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Background of

Sir Mokshagundam Visvesvaraya

Memorial Lecture

Sir Moskhagundam Visvesvaraya Memorial Lecture was founded by the

Maharastra State Centre of the Institution in 1957-58 and the first few lectures

were delivered in Bombay. Later, the lecture was transferred to the IEI HQ of

The Institution of Engineering (India) in 1960, to be delivered during the

Annual Convocation of the Institution, which was subsequently redesignated

as the Indian Engineering Congress.

Born in 1861 at Chikkabalarpur in former Mysore State, Sir Moskhagundam

took the B A degree from Madras University in 1880 and received engineering

education at the then College of Science, Pune. Early in 1884, he was appointed

as an Assistant Engineer in the Bombay PWD. In 1894, he was called upon to

undertake the execution of the water supply and drainage of Sukkur in Sind

(now in Pakistan). The construction of another waterworks scheme for Surat

City followed. In 1899, he was placed in charge of Poona Irrigation District.

The Indian Irrigation Commission of 1901-1903 appointed him to tour the

country and advise the Government of India on measures to implement and

extend schemes of cultivation by irrigation. He also designed, patented and

installed a system of automatic gates in 1903 to raise the storage level of the

lake at Khadakvasla permanently without raising the dam height and thus

combat the insufficiency of the lake as a source of supply to meet the needs of

the Mutha Canal and the water supply requirement of Poona City. In 1906, he

was deputed to Aden to prepare a proposal for sanitation, water supply and

roads. After 28 years of service, he took voluntary and premature retirement

in 1990.

In 1909 at the pressing invitation of the Maharaja of Mysore, he accepted the

services in Mysore State as Chief Engineer. His scheme for the Mysore Iron and

Wood Distillation Works, Bhadravati using wood charcoal for reduction of

iron ore received shape in May 1918. In the words of Gandhiji, ‘the

Krishnarajasagara alone which is one of the largest of its kind in the world

would perpetuate the name of Sir Visvevaraya’. At the advance age, he

prepared a flood control scheme for Orissa and was called upon to advise on

the Tungabhadra Project. One of his last assignments was the selection of

suitable site for the rail-cum-road bridge across the Gange in Bihar (the

Mokameh Bridge) opened on May 01, 1959.

He received the title of CIE in 1911 of KCIE in 1915 and Bharat Ratna in 1955.

He was honoured by a number of universities and he was a recipient of the

Durga Prasad Khaitan Memorial Gold Medal awarded by the Royal Asiatic

Society, Calcutta. He had the distinction of being the Honorary Life Member of

the Institution, Honorary Member of the Indian Science Congress Association

and other reputed learned associations. He died in 1962 at the age of 101

years.

To perpetuate his memory, The Institution of Engineers (India) is also

observing September 15 each year, his birthday, as Engineers’ Day to inspire

the members of the engineering community to his ideals.
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Use of Hydraulic Models in River Training, Flood 

Control and other Engineering Works 

Dr D V Joglekar 

 

 

BEHAVIOUR AND CONTROL OF RIVERS 

River training is a very comprehensive subject and includes flood detention reservoirs, flood control works, 

regional training of rivers (eg, the Kosi, the Ganga, etc), and local training of rivers (for instance, for the 

protection of a railway or road bridge, or, a town). Before we try to train a river, it is very essential to know the 

behaviour of the river, and connected data such as flood hydrographs, gauge readings, and type of bed material 

required. No two rivers are alike. Rivers can be broadly classified as (i) rivers in hilly regions, (ii) incised rivers, 

and (iii) rivers in flood plains. Alluvial tivers can be subdivided as (a) stable, (b) aggrading, and (c) degrading. 

Depending upon the nature of the hydrograph, the river may be flashy or carry sustained floods, as in the case of 

the Ganga or the Brahmaputra. Sometimes, rivers dry up before they enter the sea; such rivers are common in 

Rajasthan. The river near its outfall is generally called a ‗delta‘ river and is characterized by several branches 

which multiply in number as it reaches the sea. In the last reaches, the river also receives tidal water from the 

tidal waves of the ocean. Training of these rivers has to be done very carefully as they are very sensitive to 

obstruction. Some of the Indian riverscan also be classified as Himalayan rivers and non-Himalayan rivers. The 

Himalayan rivers get their supplies from the melting of the snow as well.  

A river may be stated to be well behaving when it has a definite pattern of meanders. If the load which it carries 

on its bed and in suspension is very great and renders it unable to carry, it splits up into several small channels 

building up very steep slopes, as, for instance, near the foothills of the Himalayas. In such cases, the river is 

called a ‗braided‘ river and is rather difficult to control. As the load diminishes, the river moves within its own 

khadir limits in meanders. From analysis of data ‗collected out so far, it is found that the meander length of a 

river is approximately equal to 30√Q, where Q is the maximum discharge. The meanders move down- Stream, 

the rate of movement depending upon the load the river carries, and the larger the load the larger the movement ; 

in such rivers, a ‗repelling‘ spur may in course of time become an ‗attracting‘ spur and great care is mecessary 

to watch the movements of the meanders. As these rivers approach the sea, they drop their load and form a delta. 

The growth of the delta depends on the tidal range. If the range is high, the tidal influx carries the load 

landwards, thus preventing a rapid formation of the delta; instead, the height of this delta increases as a result of 

rapid deposit of silt. If the range is small, the growth of the delta is fairly rapid, but this may also be affected by 

littoral drift, as, for instance, along the eastern coast of India. 

The engineer entrusted with the design, maintenance and operation of river training works has to know in a 

mojority of cases the complex relationships governing the flow of water and the sediment load. The successful 

solution to his problems largely depends on his conception of the phenomena occurring and capacity to visualize 

the effects of the various principal factors involved. In India, the growth of knowledge in this field is closely 

associated with the expansion of irrigation. 

Kennedy has correlated the velocity of a canal to the average depth of flow based on observations on the upper 

Bari Doab Canal, Punjab. Kennedy‘s formula is given below: 

V = CD™ = 0.84 D
0.64 

Considerable work was done by Lacey who has correlated the various factors taking into account the silt factor 

f, where f = 1.76√m, m being the mean diameter of the bed sand in mm. The formulae given by him are 

P = 2.67 √Q 
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Where P = wetted perimeter, R = hydraulic mean depth, S = slope, V = velocity in ft/sec, Q = discharge in 

cusec, and N, = rugosity coefficient.  

Lacey has developed his formulae from observations on channels in regime. Considerable divergence is 

observed in actual practice and the formulae cannot be strictly applied to rivers. As there are no other formulae, 

it is the practice in India to apply those of Lacey‘s to find the waterway for bridges in alluvial rivers, and depth 

of scour round piers, noses of groins, and other rigid structures. The Hydraulic and Power Research Station at 

Khadakvasla, Poona, has done some work on introducing silt charge but still much remains to be done. Lacey‘s 

formulae, however, show that variation of charge has a small effect on the area of a channel and its mean 

velocity, but a relatively large effect on the slope, shape and channel width. 

In designing a river training works, it is necessary to know the various features of the river such as bends, 

straight reaches, meanders, effects of its regime, cutoffs, sustained or flashy floods, earthquake, barrages and 

weirs, etc. It has to be emphasized that it is the silt laden flow which is mainly responsible in moulding ‗the 

behaviour of the river and creating a number of problems such as erosion of banks, silting of reservoirs, 

outflanking of bridges and weirs, reduction of the discharging capacity of canals taking off from alluvial rivers, 

etc. 

As many factors are still not known regarding the behaviour of rivers and there are no rigid mathematical 

formulae for designing training works, it is very necessary to test such measures by hydraulic models. A  

hydraulic model is a very useful aid in engineering practice, provided the results are properly interpreted. It is, 

of course, very important to thoroughly understand the limitations of river models such as inability to reproduce 

silting and hence changes from year to year (due to the movement of most of the material along the bed), which 

behaviour is just opposite to that in rivers. Hence, year-to-year reproduction is not possible in the models and 

training measures have to be tested against worst possible attack. This can only be done by a study of the 

various courses of the rivers in the past. 

SOME STUDIES UNDERTAKEN BY THE HYDRAULIC AND POWER RESEARCH STATION, 

KHADAKVASLA, POONA 

Some of the successful cases dealt with at the Research Station by means of model experiments are briefly 

described in the following pages. 

Curvature of a River Round a Bend 

Round a bend, the water level on the concave side is higher than on the convex side due to centrifugal force and 

hence there is a tendency for the water to flow across; but due to the forward motion, there will be a ‗diving 

flow‘, ie, the surface water hugs the concave side, the mid-depth water becomes three-fourth depth water, and 

the bed water is deflected away towards the convex side. Advantage was taken of this type of flow in excluding 

sand from the Mithrao Canal taking off from the Nara River in Sind (Figs 1 and 2). 

 

Controlling of Excessive Sand Drawing from Right Bank Canals at Sukkur 

At Sukkur, the right bank canals take off from the convex bend of the river above the barrage. The Research 

Station predicted that the right bank canals would draw excessive sand and suggested certain remedies to 

overcome it in 1930 after carrying out mode experiments. This advice was ignored and after eight years or so, 

these canals silted very badly as predicted. To set the conditions right, a curved approach channel was 

recommended. This created a favourable curvature of flow whereby water for the canals was drawn from the 

outside of the curve. This scheme when implemented improved the conditions (Fig 3). 
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Controlling of Excessive Sand Drawing in the Ye-U Canal (Mu River) Taking off from the Inside of a Severe 

Bend above the Headworks at Kabo, Burma 

The canal. drew excessive sand charge and silt excluders were suggested as a control measure. As an alternative, 

a new offtake from the outside of the bend was suggested (Fig 4). 

Protection of Dibrugarh Town from Brahmaputra Floods  

The Brahmaputra River at Dibrugarh is a braided river with innumerable channels, shoals and islands, and the 

width varies from 5 to 7 miles. It carries a very heavy sand charge and is of aggrading type, the rate of rise of its 

bed level having been of the order of 0.1 ft per year before the 1950 earthquake as shown by the minimum water 

levels observed at Dibrugarh. The Assam valley is subject to earthquakes, and due to the very severe earthquake 

in 1950, huge landslides occurred bringing down large quantities of sand, which resulted in the rise in the 

minimum water level by as much as about 10 ft. Due to the definite set of the river towards Dibrugarh town, 

heavy erosion began, and during the 1954 floods, about one-seventh of the town was washed away; the length to 

be protected was about 4 miles, and as stone required for the protection work had to be obtained from a distance 

of about 300 miles, an arrangement comprising 5 stone spurs and 15 permeable timber spurs in combination was 

prepared by the Central Designs Office, Central Works & Power Commission, and checked by means of 

models. In the original design, the spurs were pointing downstream. The model showed that much better results 

would be obtained by pointing them upstream, as the high velocity current would be f aa deflected further away 
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from the bank. This scheme was therefore, finalized and implemented before the 1955 floods. The spurs have 

successfully withstood the attack of the Brahmaputra during the last three flood seasons (Figs 5-8).  
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Flood Deflecting Spurs on the Watrak River at Kaira, Gujarat, for Protecting Right Abutment of Road Bridge 

When the road bridge was constructed, the river was flowing along the right bank at the bridge site, whereas the 

spans of the bridge were located centrally. The right approach bank was, therefore, protected heavily to prevent 

outflanking, since the bridge was actually outflanked in the first year after construction. The river persistently 

attacked the right bank upstream of the bridge, creating adverse conditions near the right abutment. Two spurs, 

the positions of which were determined by model experiments, were constructed to deflect the flow away from 

the left bank upstream of Kaira town and make it flow nearly central at the bridge as it did in 1938, long before. 

the bridge was constructed. This arrangement proved successful during the 1956 floods (Fig 9). 

Protection of the Railway Bridge on Ganga River at Garhmukteswar 

When the railway bridge was constructed, the Ganga was flowing straight through the bridge. In course of time, 

the river changed its course towards the left up-stream of the bridge, thus dangerously approaching the railway 

track. To guard the track, the left guide bund was extended by 2000 ft and provided with a smooth curved head. 

The river has receded from the railway embankment and flows smoothly through the bridge now (Fig 10). 

Training of Jamuna River at the Delhi Gate Pamping Station 

The flow in Jamuna River was held along the left bank by spurs, and as a result, it swung across to the right 

bank downstream of the pumping station, and the cold weather channel was thus always away from the pumping 

station. A temporary weir, therefore, had to be constructed in the river each year, with a long leading channel to 

feed the pumping station. A curved pitched embankment was constructed thus attracting the river towards the 
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pumping station, and the river is now held permanently on the right bank at the pumping station so long as the 

spurs on the left bank are held intact (Fig 11). 

The river was cutting the right bank downstream of the pumping station and had approached very close to the 

railway siding; hence 13 short spurs were recommended, which have been since constructed and have afforded 

complete protection.  

 

 

 

Training Works for the Railway-cum-Road Bridge on Ganga River at Mokameh 

A railway bridge was proposed at Mokameh to connect south Bihar with north Bihar, and the Research Station 

was approached to make recommendations regarding the training works, depth of foundation of piers, waterway, 

etc. As the right bank of the river near the bridge site consisted of soft clay only, a guide bund on the left was 

proposed. The optimum length of the guide bund was determined by model experiments so that the high 
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velocity flow through the bridge was kept away from the right bank. The guide bund was tested under the worst 

possible course of the river. The maximum scour at the pier was taken as 2D as observed from the prototype 

data of various bridges, where 
3
1

f

Q
 0.47 = D 








 (according to Lacey), and it was recommended that the bottom 

of the piers should be taken to 3 D below HFL. This did not require any stone pitching round the piers, as one-

third the pier depth affords sufficient grip in actual practice. Previous experience with shallow foundations has 

shown that to maintain this one-third grip the piers have to be protected by stone pitching at fairly high levels, 

as, for ‗instance, at the Harding Bridge on the Ganga (200 miles north of Calcutta). This high level pitching was 

a serious obstruction to the flow, causing a dangerous scour downstream of the bridge into which the stones 

round the piers slipped, thus necessitating a heavy annual maintenance. When the piers are taken sufficiently 

deep as in. the case of the Mokameh bridge, stone pitching is not required at all. For the Mokameh bridge, it was 

also recommended that the left guide bund with its curved head and the railway approach connecting the left 

guide bund with the left bank of the river should be completed in one working season in order to avoid trouble 

when done in stages. The training works were completed in one season accordingly (Fig 12).  

 

Training of Jamuna River at Wazirabad, Delhi 

At Wazirabad, the Jamuna River used to flow almost touching the right bank of the pumping station, which is a 

source of water supply to Delhi. During the last two years, due to very heavy floods, the river has swung across 

to the other side and the cold weather channel is about 1000 ft away from the pumping station, and the water 

supply is being maintained ata high cost by constructing a temporary weir in the river and a long leading 

channel to feed the pumping station. Experiments were, therefore, conducted to devise suitable training 

measures so as to make the river flow along the pumping station. The training measures consist of a curved 

‗pitched: embankment about 3000 ft long along the right bank with a low weir ora barrage downstream. This 

scheme is being implemented (Fig 13). 

 

Training of Rupnarain River at Kolaghat 
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There is a railway bridge across the Rupnarain River at Kolaghat, about 35 miles from Calcutta. Due to very 

high floods in 1943, the river eroded the left bank and so dangerously approached the railway embankment as to 

outflank it. Local officers suggested a series of short groins to protect the bank. The Research Station, however, 

objected to this proposal on the grounds that the river would be held permanently against the left bank, though 

the bank itself would be protected by such spurs at a high maintenance cost, and recommended a repelling spur, 

1000 ft in length, facing upstream. This was constructed at a cost of about Rs 20 lakhs and has — been very 

successful. When the spur was being constructed, there was a 20 ft deep channel along the right bank. After the 

construction, the river has been driven away from the left bank by about a-mile and. the spur is now buried in 

sand. Incidentally, the approach to the railway bridge also improved (Figs 14 and 15). 

 

      

Training of Hooghly River at Akra 

The route from the sea to the Calcutta port is very long (about 100 miles) and hazardous due to several shoals 

and bends, creating navigational difficulties. Ships take about 12 hours only to reach Calcutta on a flood tide 

but, for coming down, they take 2 to 3 days.  

A ship canal was proposed from Diamond Harbour to Calcutta to avoid the hazardous route. However, 

experiments showed that the scheme would be of use only temporarily as, after the construction of the canal, the 

river would not be maintained by dredging at present, the cost to maintain the navigational depth is of the order 

of Rs 50 lakhs every year. The construction would have resulted in the silting of the river downstream towards 

the estuary which would be disastrous. Therefore, this scheme which would have cost Rs 35 crore was 

abandoned. Experiments are now on hand to improve the bad reaches of the river by suitable training measures. 

One such reach is the Sankrail reach at Akra. Here the river is very wide compared with its width upstream and 

downstream, and both the banks are concave. This is because, in the dry season, the flood tide predominates and 

makes towards the left bank, while the ebb flows along the right bank in the Sankrail bight. This resulted in 

shoaling in the bight and the depths had to be maintained by dredging. In 1929, a spur was constructed, facing 

downstream to the flood flow, with the idea of guiding the flood into the bight, but the result was found to be 

just the opposite. This spur attracted the flood flow and rendered the conditions worse. The Research Station, 

after carrying out experiments, suggested.a repelling spur, 1200 ft long, facing upstream to the flood flow. This 
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creates a still water pocket both upstream and downstream, induces silting and makes the flood flow into the 

bight. The scheme has been implemented at a cost of Rs 30 lakhs and has given very good results. The 

navigable tracks have automatically deepened by about 4 to 5 ft than during the preceding four years (Figs 16 

and 17). 

 

 

 

Training of Narmada River at Broach 

There is a railway bridge with a road bridge downstream on the Narmada River near Broach. A straight sloping 

guide bund was constructed by the Railway Department on the left bank atright angles to the bridge, the nose of 

the bund nearly reaching the bed of the river. It was found that during floods a big swirl formed due to water 

coming from behind the bund and meeting the high velocity flow of the river. This resulted in a very deep scour 

hole just upstream of the bridge thus endangering its safety. Based on model experiments, it was recommended 

that the guide bund should be taken above the HFL and provided with a curved head. The scheme is being 

implemented (Fig 18). 
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Training of Malaprabha River near Hole Alur 

The left abutment of the railway bridge on the Malaprabha was subject to very severe action and the Research 

Station was asked to devise suitable training measures. Inspection of the site revealed that a natural cutoff had 

occurred downstream of the bridge. The cutoff induced a steep slope upstream, causing severe action at the 

bridge near the left bank. It was recommended that the projection on the right bank upstream of the bridge 

should be cut so as to relieve the attack near the left abutment. This has since been done and the river has 

completely swung over to the right bank, thus affording complete protection (Fig 19). 

 

Flood Protection Scheme for Kosi River 

There are three main distributaries of the Kosi above the gorge, viz, the Sun Kosi flowing.from the west from 

Kathmandu, the Arun Kosi flowing from the north from the Mount Everest, and the Tamur from the east from 

Kanchenjunga. After confluence at Triveni, the Kosi runs through a deep gorge and then to the plains. About a 

hundred years ago, it used to flow straight from the gorge to join the Ganga at Kursela. Since then, it has swung 

towards the west by about 90 miles. This has resulted in vast devastation of lands and severe floods every year 

leading to loss of life and property. The slope of the river initially is very steep, of the order of 4 to 5 ft a mile; it 
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reduces to 2 ft and 1 ft per mile, and the river then runs parallel to the Ganga for about 50 miles at a very flat 

slope of 0.2 ft per mile before it joins the Ganga. The present scheme envisages the construction of a barrage at 

Hanuman Nagar with afflux bunds upstream; the barrage will reduce the steep gradients so that all the coarse 

material will be deposited in the upstream reach, and the present course of the river downstream of the barrage 

will be contained within its present limits by constructing embankments, each 70 miles long. Three models have 

been constructed on which the various features of the design are being studied. For the barrage, silt excluders 

are being provided so that the left bank canal could draw sand-free water. In order to protect the embankments 

and afflux bund from erosion, several stone spurs and permeable spurs ate suggested (Fig 20). 

 

Protection of Dalaighai, Orissa, from Erosion by Surua and Katjuri Rivers 

The erosion of Dalaighai below the confluence of Surua and Katjuri Rivers dates back to 1924. Since 1924, the 

left bank of the river was subject to very severe attack and the Machgaon Canal which runs just behind the bank 

had to be receded a number of times to keep it safe from the attack of the river. In 1955, the attack wasit its 

worst, and the river cut about 100 ft into the bank.  

Based on model experiments, three stone spurs were recommended. Spurs of 125 ft length have since been 

constructed and the bank and canal rendered safe (Fig 21). 
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It will thus be seen from the foregoing examples that the training of rivers has to be done after taking into 

account all the characteristics and conditions of river flow. 

HYDRAULIC MODELS AND THEIR TECHNIQUE 

About 20 to 30 years ago, rarely were the designs of engineering structures subject to laboratory tests, probably 

because such laboratories were yet in their infancy, and those in charge of designs and construction had not 

much confidence in laboratory tests. However, since then, great advances have been made in hydraulic model 

test techniques of engineering structures. As the results obtained from the model tests are confirmed by the 

prototype, the present trend is to check every design by appropriate tests in a hydraulic laboratory. 

There are few subjects about which there is so much confusion as the role of hydrodynamic models. While some 

engineers believe that models can always be relied upon to get correct results, others believe that it is not so. 

Neither of the views is correct. Some models give results almost identical with the prototype; others give results 

which require correction for known errors. In models of alluvial rivers the banks of which erode, only short term 

accuracy is obtained; in complex river problems, correct interpretation depends on one‘s experience, natural 

flair, scientific background, and practice with regard to models. 

No two rivers present the same problems and success with model investigations depends essentially on the 

correctness of diagnosis, and the capacity to predict the conditions of the river. 

TYPES OF MODEL 

The types of model in general use are: 

Type 1: Geometrically similar models which give geometrically similar results. 

Type 2 : Geometrically similar models which do not give geometrically similar results. 

Type 3 : Vertically exaggerated models (a) tidal, and (b) river — (i) rigid, (ii) semi-rigid, and (iii) mobile. 

Type 1 : Geometrically Similar Models which Give Approximately Geometrically Similar Results 

In this type, the models are rigid and the changes in the energy relations between velocity and pressure are the 

chief facters which affect the results, requiring a similar Froude number, 
gd

V
, in the model and the prototype. 

Generally, this can be attained in models used for determining 

(a) Coefficients of discharge of rigid structures, and 

(b) Standing wave relations. 

Also, approximately accurate results can be obtained where the changes are not abrupt as regards 

(c) Lines of flow at offtakes, and 

(d) Scour downstream of falls.  

Examples 

Coefficient of Discharge of Standing Wave Flumes 

The coefficient of discharge, C, for a 2 cusec flume is 0.97 and for discharges exceeding 500 cusec, C = 1.0. 

This shows that when models are used for determining C allowance should be made for a greater loss in the 

model before applying the results to the prototype (Fig 22). 

Using Manning‘s formula, 2
1

3
2

SR  V
N

146 , to explain this point, and assuming the same roughness in the model 

as in the prototype, frictional loss 3
2

3
4

3
4

ratio Scale
ratio Scale

ratio Scale

R

V
L h

22

 f     

In other words, the frictional loss is not geometrically similar. In this connection, it is to be remembered that in 

the case of very large flumes where piers are constructed to carry a road bridge across the throat of the flume, 

the discharge formula to be used is  

Q = C(B—Kn D)D
1.5

 

where K = coefficient of contraction (usually taken as 0.082), n = number of piers, B = waterway, D = depth 

upstream over the flume, and C = a coefficient = 3.09. 
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Some other examples are the design of the offtake at the entrance to the right pocket where it takes off from the 

approach channel at Sukkur; the design of the position of the standing wave with various discharges and sill 

designs at the Sukkur Barrage; and the scour downstream of flumed fails (Fig 23). 

 

 

 

Types 1 and 2 in Combination in Siphon Spillways 

Siphon spillways provide a border line case between types 1 and 2 in that, though they come under type 1 as 

regards the coefficients of discharge, they do not give geometrically similar ‗priming depths‘. The prototype 

also behaves differently from the model when the minimum pressure falls to an equivalent of 7 ft of water above 

absolute zero pressure, or, 27 ft say, below atmospheric pressure at sea level.  

Type 2: Geometrically Similar Models which do not Give Similar Results 

High Coefficient Weirs 

In these weirs, the curvature of the weir profile is sharper than the path which the filaments of water would 

follow if discharging freely into air. The coefficient of discharge in the formula q = c D
1.5

, where q = discharge 
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per ft run, and D = upstream depth overt weir, increases with the scale and also the depth of water over the weir 

solong as thereis free flow down-stream. This is due to the fact that as q increases the natural path of flow under 

aerated conditions diverges — more and more from the curvature of the weir, and hence, so long as the water 

adheres to the weir profile, a reduction of pressure occurs. Since, according to Bernoulli‘s theroem, 

Z
g2

V

W

P 2

  = constant forafilament, the velocity is correspondingly increased and also the discharge. In this 

case, models with different scales are constructed and their results are extrapolated to arrive at the pressures and 

discharges to be anticipated in thé prototype (Figs 24 and 25).  
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Type 3: Vertically Exaggerated Models 

To ensure turbulence, it is necessary to increase the depth in the model relative to its width. This is called 

svertical exaggeration‘, or ‗depth exaggeration‘. Lacey has dealt with this aspect, and according to his 

formulathe values are  Q 2.67 = P 2
1

and  
f

Q
 0.4725 = R

3
1









the ratio 

R

P
giving the shape. 

In the case of tidal models, it is necessary that the velocity is sufficiently high to ensure ‗turbulent flow‘. From 

experiments on models of symmetrical estuaries, Reynolds came to the conclusion that in order to ensure this 

the product h
3
e should not be less than 0.09, h being the rise of the tide in ft at the seaward end of the model, 

and e the vertical exaggeration of the scale. Unless. It is a mobile bed model, it may be necessary to introduce 

artificial roughness to reproduce tides. 

An example of this is the tidal model of the Hooghly River. 

RIVER MODELS 

The usual practice followed by the Research Station has been to fix what the Lacey formulae, modified by 

experience, have shown togive suitable slope and vertical exaggeration for given conditions.  

‗Rigid bed models: can undoubtedly give useful information as regards flood levels, lines of flow, and points 

where violent action occur under specific conditions; but being rigid, they cannot give information regarding 

changes of a river course due to erosion, or reproduce accretion resulting from heavy charges of debris entering 

from tributary streams. Hence, mobile bed models should be used in such cases. The width and length scale ratio 

is given by L  Q
2
. 

Depth Scale Ratio 

Depth being a dependent variable cannot be directly enforced, but can be modified by altering the discharge, 

slope, charge, and grade of bed material. Alteration of the charge brings in other errors, and alteration of the 

grade or slope takes time both for relaying and for a new regime to be set up. Generally, to obtain satisfactory 

results, the slope has to be slightly altered. 

Slope Scale Ratio 

The relation between the slopes in the prototype and the model may be worked out by Lacey formula as 

6
1

3
5

Q

f 
0.000547 = S where f is a bed sand factor covering the charge and the grade.  

Time Scale Ratio 

Where it is important to reproduce silting, the time scale will have to be much more than where scouring is the 

important factor; and because the bed movement does not start in the model until a higher relative discharge 
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than that which causes bed movement in the river, and scouring is in excess for discharges in excess of the 

dominant discharge, low discharges have to be stepped up and run for a relatively longer time in the model, and 

high discharges for a relatively shorter time, ie, the time scale varies inversely as the discharge. 

SOME DIFFICULTIES IN RIVER MODEL EXPERIMENTATION 

The major difficulties in using rivers models are: 

(i) Exaggerated vortices and scour holes in vertically exaggerated models; 

(ii) Incorrect throw-off in vertically exaggerated models; 

(iii) Exaggerated length of standing wave downstream of weirs; 

(iv) Necessity of having different vertical scale ratios for rigid and non-rigid portions of models; 

(v) Inherent deficiency of models in reproducing year-to-year changes due to their inability to keep material in 

suspension. 

APPLICATIONS OF MODEL STUDIES TO STRUCTURES 

Aspects of Barrage Design to be Tested by Models 

Generally, the aspects of design tested are: 

(i) Alignment of barrage; 

(ii) Weir profiles to give maximum coefficients of discharge; 

(iii) Measures for dissipating energy below weirs; 

(iv) Afflux and rise in levels at various stages of discharge; 

(v) Design of pockets, including lengths and orientation of divide walls; 

(vi) Control of sand entering canals; and 

(vii) Other protective measures such as guide banks, etc. 

Some examples of these design aspects are: (i) the Hanuman Nagar Barrage on the Kosi (Fig 26), (ii) the Sukkur 

Barrage on the Indus, (ii) the Lower Sind Barrage on the Indus (Fig 27), and (iv) the Nangal Barrage on the 

Sutlej. 
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The designs should be tested not only for existing conditions but also for accreted conditions upstream and 

retrogression downstream. Further, the following points should be noted : 

(i) Coefficient of discharge for various discharges and water levels upstream and downstream. A concentration 

of 20% should be assumed due to non-uniformity of flow; 

(ii) Adequate waterway for the barrage; 

(iii) Design of the barrage sill; 

(iv) Dissipation of energy below the barrage by means of a properly located cistern, friction blocks, toe blocks, 

and sill or deflector. In the case of boulder rivers, the energy dissipating devices have to be designed with great 

care so that they are not damaged by boulders rolling along the bed; 

(v) Proper curvature of flow for sand control; 

(vi) Design of excluders and ejectors; 

(vii) Optimum length of divide walls; 

(viii) ‗Semi-open flow‘ vs ‗still pond‘ in pockets; 

(ix) Wedge shaped regulation of barrage gates; 

(x) Utility or otherwise of the higher is still of canal head regulators; and 

(xi) Orientation of offtakes. 
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Testing of Flood Control Works 

These tests are meant for testing flood embankments with regard to alignment and protection measures by 

means of spurs. 

Aspects of Bridge Design to be Tested by Models 

The following designs aspects of bridges have to be tested: 

(i) Selection of site;  

(ii) Determination of waterway; 

(iii) Design of guide banks, approach banks, etc; and 

(iv) Foundation of piers. 

Some examples where these aspects have been studied are the Ganga Bridge at Mokameh and Patna, and the 

railway bridge at Garhmukteswar.  

It is necessary for bridge engineers to know not only the maximum floods which are likely to occur but also 

whether the rivers are with sustained floods, flashy, incised with non-erodible bed, etc; in addition, the effects of 

too large or too small a waterway on the river regime, scouring, formation of shoals, etc should be studied.  

Examples like the Luni River railway bridgoen the Samdari-Raniwara branch, the Alexandra Bridge at 

Wazirabad on the Chenab (which had an excessive waterway, 9280 ft in the beginning. and subsequently 

reduced to 1800 ft), the failure of the railway bridge on the Marudayar River at Arialur in Madras State, and the 

failure of the railway bridge on the Vasanti or Yeswantpur Riverin Hyderabad State will indicate the importance 

of the nature of studies to be conducted (Fig 28). 

 

 

Falling aprons of guide bunds and the conditions under which they will function satisfactorily, and effect of high 

level pitching around bridge piers are also some of the examples. 

Aspects of Canal Falls Design to be Tested by Models 

The design aspects of canal falls are tested in geometrically similar models. It is to be noted that since channels 

upstream and downstream are geometrically similar and not vertically exaggerated as they should be, results 

regarding scour, etc are only qualitative.  
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Types of Fall 

Canal falls may be of vertical drop type, or standing wave flume type. The selection of the type of fall to be used 

at a particular place depends on many local factors such as the type of soil, range of variation in the canal 

discharge, if any, consideration of the cost involved, etc. 

Energy Dissipating Devices Used in Canal Falls 

Canal falls are designed as flumemeter falls and can be advantageously combined with bridges. 

Remodelling of Canal Head Regulators 

Canal head regulators to be remodelled have to be tested by models by bell-mouthing upstream and expansion 

downstream. Old canal head regulators can be made to give twice the discharge by this method. 

Examples of some head regulators remodelled thus are the (i) Nira Left. Bank Canal head regulator, (ii) 

Godavari Right Bank Canal head regulator, (iii) Ghataprabha weir regulator (Fig 29), and (iv) Ghataprabha 

Canal head regulator. 

 

Aspects of Spillway Design to be Tested by Models 

The crest of spillways may be designed so that there is no negative pressure as in the case of high dams, or some 

negative pressure may be allowed as in the case of low weirs. In the latter case, it is possible to obtain a 

coefficient of discharge of 5 as against 4 in the former. 

Some of the spillway studies include ski-jump buckets and roller buckets, norma design of cisterns either with 

horizontal or sloping beds with energy dissipating devices, provision of testing blocks in a cavitation tank when 

head is very high, design of deep seated sluices either pressurized or otherwise and effect of their interference 

with the flow over the spillway, proper design of bellmouths on top, bottom and sides to avoid negative 

pressures, sectional and composite geometrically similar models, regulation of overflow bays (end bays may be 

kept closed with advantage in certain cases), flow conditions in the river below the spillway and in the adjoining 

power channel, and alignment of weirs, spillways, etc (Figs 30 and 31).  
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In an electrical distribution network, considerable changes in energy demand may occur suddenly from failures 

or otherwise, resulting in power stations being suddenly cut off the grid or thrown on to it. At present, there are 

no methods by which electrical grids by themselves can deal with these sudden load changes which create 

serious problems in regard to their stability. The result is that the hydraulic system from the head race tunnel to 

the tail race tunnel has to bear the full impact of the sudden variation of electrical demand with conse quent 

pressure disturbance from sudden variations of discharge. The main function of the surge tanks as used in 

hydraulic, electrical and other schemes is the suppression of pressure waves caused by rapid changes of flow. 

The design of surge tanks and the connected system should be checked by model studies. Such a study for the 

Koyna hydro-electric project has now been undertaken at the Research Station. 

Models are also used for studies on siphon spillways, saddle and volute siphons, divide walls downstream of 

spillways, etc. 
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HYDRAULIC MODELS FOR PORTS AND HARBOURS 

Due to the complexity of wave and tidal action phenomena and the complicated geometry of harbours and 

configuration of sea bed outside the harbours, small -scale models are extremely useful for effectively solving 

problems involving the design of harbours which cannot otherwise be obtained by analytical methods.  

Classification of Harbours 

Open or Breakwater Harbours 

A harbour which is constructed in the open sea coast can be classed as an ‗open‘ harbour. The Madras harbour is 

a typical example of this class. This type is generally provided with expensive marine works such as 

breakwaters, spending beaches, etc, so as to exclude the waves and heavy seas and get an undisturbed area 

inside the harbour. 

Harbours at the River Mouths 

Harbours at river mouths are called ‗riverine‘ harbours. Cochin and Mangalore harbours belong to this class. In 

this class, interaction of tidal currents and wave action play a dominant part. This type of harbour provides a 

deep approach channel with breakwaters to prevent the formation of bars at the mouth. 

This substantially helps to concentrate the flow and hence the scouring effect of the river discharge, and thus 

keeps the channel open. 

Estuary Harbours 

Many harbours are located fairly inside the river. Tidal action in an estuary is the main factor which enables 

ships to go sufficiently inside. The strength and direction of ebb and flood currents are important in causing or 

preventing shoaling or scouring in navigation channels. Generally, trouble occurs when the ebb and flood 

currents follow different paths or where the cross-sectional area of the estuary is too large or cross-currents 

exist. The Calcutta port is a typical example of this class. 

USE OF MODELS 

Models are mainly used to solve problems connected with 

(i) Wave, surge and range action in harbours; 

(ii) Selection of the most efficient type, length and alignment of breakwaters; 

(iii) Jetties, their orientation, length, location, alignment, etc; 

(iv) Location, alignment and width of navigation channels and suitable measures to improve the depth in 

channels; 

(v) Effects of dredging an approach channel (whether it could be maintained without further dredging or not); 

(vi) Location and types of spending beaches and piers; 

(vii) Stability of rubble mound breakwaters for selection of proper size and density of rock and slope; 

(viii) Wave pressure on lighthouses, breakwaters and other marine structures; 

(ix) Beach erosion and formation problems; 

(x) Stability of shifting channels and river mouths; and  

(xi) Effects of reclamation and obstructions in tidal reaches. 

CHOICE OF SCALE FOR TIDAL MODELS 

The space and discharge available govern the length scale to be adopted; another important factor is the cost of 

the model. Entry and exit reaches should be sufficiently long to ensure correct flow conditions in the reach to be 

investigated. To reduce the length of the estuary.to be reproduced in the model, labyrinths are provided to 

absorb the tidal influx. Tidal models are mainly operated according to Froude‘s law and the discharge scale 

becomes 2
1

LDD . The choice of the material to be used for the bed in the model is mainly governed by the 

velocities obtaining in the model. Care will have to be taken to prevent formation of scum which prevents free 

movement of the bed material. In tidal models, there is no latitude for adjustment of slope exaggeration as in the 

case of one-way river models. The slope exaggeration has to be equal to the vertical exaggeration. 

Generally, with sand on the bed of the model, a correct reproduction of tides is obtained because of the 

formation of ripples when the model is sufficiently large. Friction has to be artificially increased by using blocks 



  

The First Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered at Ahmadabad, 

December 20, 1957 

 

 

 The Institution of Engineers (India) 
 

22 

or stnall nails. The time scale of a model is 
D

L
. If it is found that sand does not move sufficiently, coal 

powder can be used to show the changes in the bed configuration. 

In the general case, the optimum vertical exaggeration is of the order of  5. Tidal model studies were carried out 

for the Kandla port (Fig 32), Hooghly estuary and Mangalore port (Fig 33).  

Where wave action is the main factor affecting a problem, a geometrically similar model is necessary, as 

otherwise the waves are destorted; some example of this are beach erosion problems and the Madras harbour 

problem (Fig 34). 
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Design and Manufacture of Aircraft in India 

Dr V M Ghatage 

 

INTRODUCTION 

Up to the early part of the Second World War, interest in aviation was confined to flying and maintaining 

aircraft mainly in flying clubs. The state of engineering industries in the country was such as to make it 

practically impossible to think of undertaking work of ‗high precision. Enthusiastic individuals did attempt to 

build simple aeroplanes and gliders but such attempts were not based on a background of the different branches 

of aeronautical science. In fact, even in Europe and America, the earlier aeroplanes were designed by men who 

had more initiative and engineering feel than exact knowledge of aerodynamics or behaviour of complicated 

structures under loads occurring in flight. During the Second World War, great advance was made in designing 

faster and moreefficient aeroplanes, and research institutes, both private and Government sponsored, largely 

devoted themselves to studying problems arising in aircraft operation and supplying data for further 

improvements. Universities and technological institutes arranged courses to train students in aeronautical 

subjects, to provide the engineering and scientific manpower required by aircraft industry. 

Governments were prepared to help if the outcome of such projects could be geared to the war effort. Where, 

under normal conditions, the Government would have not given any priority to the establishment of an aircraft 

industry, under pressure of war, they were ready to help in any possible way, and when the idea of establishing a 

factory for the manufacture of aircraft was put forward, they agreed to the proposal. 

Thus, Hindustan Aircraft at Bangalore was formed with the help of an American company, who tried to 

manufacture aeroplanes in China but had to leave owing to Japanese invasion. Initial capital was invested in 

equal proportions by the Government of India, the Government of Mysore, and a group ofprivate individuals 

headed by Walchand Hirachand. 

EARLY HISTORY 

The factory at start had a programme of manufacturing three types of aeroplanes to the drawings and 

specifications from American designs. There were a few Americans from the aeronautical industry who had the 

task of setting up the factory and acquainting Indian workers and technicians with the problems of aircraft 

manufacture. The workers had to be taught to work precisely to design drawings and use processes strictly in 

accordance to the process sheets issued. The inspection staff had to learn the correct interpretation of tolerances 

required for the components and parts for interchangeability and see that the parts conformed to the correct 

specifications. Engineers had to be trained in the work of coordinating and controlling the quality of work and 

ensuring that the design drawings and technical information were accurately translated into reality. This 

naturally made it necessary to create facilities for training aeronautical engineers in the country. 

In a comparatively short time, some of the designs were put into the manufacturing shops, and in thefirst two 

years of the factory‘s life, a few trainers of all-metal construction, one or two fighters, and a number of 

components of an attack bomber were manufactured. The American General Manager of the factory at that time, 

who was the only one amongst the Americans who had experience of design of aircraft, was also enthusiastic of 

taking up a new design of our own. A troop transport glider to carry ten fully equipped soldiers was undertaken 

at that time. The prototype glider was designed and constructed in wood. It was towed by aeroplanes and 

released at heights from where it glided down, and during its stay in air, it was tested for its flying qualities. The 

project was later abandoned for reasons of changes in the policy of using gliders for troop transport by the 

Allies. 

Fig 1 shows a photograph of the structural load test of the glider wing for full limit load. 

AERONAUTICAL ENGINEERING EDUCATION 

The design of the glider revealed that proper training in aeronautical engineering must be given to engineers in 

the country if further work in this field had to be taken up. Facilities for thisurpose were organized in the Indian 

Institute of Science, Bangalore, in 1943. The Department of Aeronautical Engineering of the Institute started 

with very little staff and modest equipment. A wind tunnel with a test section ofelliptic crosssection and driven 

by an old aeroengine suitably modified for the purpose, with a balance for measuring the aerodynamic forces on 

the model on test, was designed, manufactured and installed in a very short time. This work was mainly done by 

the factory, and the fund for the tunnel construction was given by the Government of India Civil Aviation 

Department. 

Fig 2 shows a photograph of an.aeroplane model mounted in the test section of this tunnel. This tunnel was 

useful for training students in experimental aerodynamics as well as for conducting development and research 
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work. In order to avoid duplication of work, students who had an engineering degree from recognized 

universities, preferably in mechanical engineering, were admitted to the course and trained in aerodynamics, its 

application to aeroplane design, light metal structures, advanced stress analyses, and preliminary and detailed 

design of aircraft. The students so trained form the main backbone of the Design Departmentof the factory. 

 

 

In the meanwhile, the idea of Hindustan Aircraft‘s own designs received a setback since the factory facilities 

were required by the military authorities for repair and overhaul of aefoplanes and aeroengines. The 

management of the factory was handed over to the American Air Force, and till the end of the war, in the eastern 

theatre, the factory was used mainly for repair and overhaul purposes. However, the training of aeronautical 

engineers continued on a smaller scale, and many of the engineers were absorbed by the British and American 

Air Forces in their civil maintenance units.  

POST-WAR DEVELOPMENT 

At the end of the war, the Americ an Air Force handed over the factory to Governmentof India, and a problem 

arose as to what the programme of work should be at least some of the workers with experience in aircraft 

construction had to be retained in order to provide a nucleus when such work was undertaken. At the sametime, 

they had to be-provided wih work, not differing too much.from what they were trained for. Commercial work, 

such as, fabrication of all-metal railway coaches and bus bodies was undertaken and the former even now forms 

a separate division of the factory. Cargo Dakotas from war surplus were completely renovated and refurnished 

into passenger transport airplanes, thus providing the initial equipment for the country‘s airlines, which began to 

operate in large numbers. Overhaul of these transportplanes, their engines, propellers and other accessories was 

the main work on the aircraft side.  

At the request of the Government of India, a mission consisting of experts in aircraft industry from the UK 

visited the country, and after examining the facilities, made a number of recommendations for the future of the 

factory. One of the important recommendations was that India should not only buiid suitable aeroplanes under 

licence but undertake to design and build its own aeroplanes. The Design Department of the factory was 

accordingly reorganized in 1948, and a project for designing a simple ab initio, a trainer suitable for the 
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requirements of the country was undertaken. This may be said to be the real start, and the present basic trainer of 

the Indian Air Force, the HT 2, is a result of this work. 

DESIGN WORK 

Before one can appreciate the difficulties in the design work, it would be worth considering the process of 

design of a new aeroplane. The work in the design office can be roughly divided into three stages. The first  

stage is to lay down a requirement specification, giving the purpose for which the aeroplane is to be used, what 

equipment and persons it should accommodate, what flying conditions and performance it should meet, what 

duration of flight is safely expected, and to what category, viz, unrestricted aerobatic, normal aerobatic, or 

utility, the plane should belong. With these data, the designer makes the first estimates such as of the fully 

loaded weight, the wing and tail areas, the general arrangement of the aeroplane configuration, and some of the 

aerodynamic qualities which would meet the performance and stability requirements. This really forms the most 

important stage in the development of the actual aeroplane and no amount of care and careful consideration on 

the drafting board on the part of the designer is good enough. The degree to which actual requirements would be 

fulfilled by the actual aeroplane would depend upon the skill and experience put in in this first stage. 

The aeroplane is a judicious compromise of a set of contradictory conditions. Aerodynamic considerations 

require slender fuselages and wings, presenting smooth and gradually blended surfaces to the air through which 

they pass, in order to minimize drag and reduce power requirements to get a given performance such as high 

speed of flight or high rate of climb. Accommodation of equipment, on‘ the other hand, requires generous space 

provision, so that it could be operated and serviced with ease in air as well as on ground. The primary load 

carrying structural members have other requirements to make the parts lightin weight and efficient for prolonged 

use by avoiding stress concentrations to an unusual degree. The problems of comfort, at least to a reasonable 

degree, for the occupants and special requirements as presented by the aero-medical science also require careful 

consideration at this stage. What degree of importance has to be given to these contradictory conditions depends 

upon the purpose for which the aeroplane is to be used and what operational limitation one is prepared to impose 

on it. It is easy to understand and appreciate the complexity of the problem. It is no wonder when one ponders 

over the problem one has to admit that, in spite of specialized knowledge in the different fields of aeronautical 

science, airplane design is still 60% skill and 40% science. 

Considering the problems briefly in each case, it will be realized that the simple calculations of the maximum 

and minimum speeds, and the rate of climb and adequate controlability can be easily made once the 

aerodynamic characteristics of the wing, tail surface, and the available usable power are given. However, an 

aeroplane which has to move mainly in a thin fluid like air possesses all the six degrees of freedom, three of 

translation and three of rotation. A normal aircraft has one plane of symmetry, and-its motion in this plane does 

not induce any linear or angular displacements in the other two planes. Fig 3 shows the conventional axes and 

the movements about them. The asymmetric movements are generally coupled to each other and their effects on 

one another have to be considered in that case. 

In a steady symmetric flight, the lifting forces on the wing and the horizontal tail surfaces, the weight of the 

aeroplantehe, thrust due to the power plant, and the drag of the entire aeroplane are in equilibrium. Any moment 

in the plane of symmetry due to the vertical and horizontal forces not being in line, is compensated by 

adjustment of the tail angles, which adjust the forces on the tail and trim the aircraft for a given forward speed. 

If such a trimmed flight is disturbed by external forces or moments in the plane of symmetry, the plane should 

have a tendency to come back to its original trimmed condition, making it longitudinally stable. If, however, in 

trying to return to its normal position it deviates in the opposite direction due to its inertia and lack of large 

aerodynamic damping, it will oscillate about this mean position and may either return slowly after a large 

number of oscillations, or, go into a motion where the oscillations increase in amplitude and dynamic instability 

occurs. 

To investigate, one must study the relations of aerodynamic forces on the aeroplane in relation to its linear and 

angular velocities in any particular condition. The three forces and the three moments depending on the three 

linear and three angular velocities give 36 aerodynamic force derivatives but the symmetry of the aeroplane 

about the x-z plane makes 18 of these to be zero. These aerodynamic stability derivatives could now be 

substituted with mass forces into the six equations of motion of a rigid body having six degrees of freedom. 

Taking the first case ofmotion in the plane of symmetry, we get three simultaneous linear differential equations, 

with constant coefficients in two linear velocities one angular displacement, viz, u, w, . 

The theory of small oscillations is well known to physicists and mathematicians and need not be dealt with here 

in detail. This group of equations can be reduced to an equation of the fourth degree if the motion is assumed to 

be of a type where each variable is some function of et, where t represents the time measured from some 

arbitrary instant. The biquadratic would be of the form A
4
+ B

3 
+ C

2
 + D+E = 0, where A, B,C, D and E are 

constants and functions of the  stability derivatives, and  is the damping coefficient. Without going further into 

the solution of this equation, one can say that for longitudinal dynamic stability u, w,  diminish as t increases. 
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This is met only when the roots of equation are such that  is negative when real, or, the real part of  is 

negative when the root is complex. This is further met when Routh‘s discriminant, R= BCD  AD
2 
 B

2
E, is 

positive. The process now reduces to determining the constants in terms of the stability derivatives. 

This method is given to illustrate the type of work involved in determining the stability of a given aeroplane. 

The work of theoretically determining the aerodynamic forces becomes more complex when the speeds become 

high and the compressibility of the air in which the motion takes place cannot be neglected. In order to 

understand the changes that occur in the flow pattern on these parts, one has to take recourse to fluid dynamics. 

Wherever the velocity increases to the value above the speed of sound at that place, a shock wave is produced, 

and the flow in front of the shock wave and behind it differ in character considerably. Suffice it to say that such 

a condition can occur on thick wings even when the wing as a unit is moving with a lower speed than the 

velocity of sound. In general, the lifting forces fall and the drag rises considerably when the compressibility 

phenomena appears, and considerable power has to be used to overcome the abnormal increase of the drag. This 

will give a partial explanation for the use of very thin wings on modern high speed aeroplanes. 

Without going further into aerodynamic problems, some problems involved in the structural design will be 

considered. After the aerodynamic shapes of the important parts of the aeroplane such as wings, fuselage, tail 

surfaces, etc are determined, the aerodynamic forces on them in different flying conditions must be calculated. 

In order to go through all the critical cases of interest from the structural point of view, a V-g diagram is 

established for the‘ given aeroplane (Fig 4). 

      

In the diagram, the speed range of the aeroplane is the base, and the vertical acceleration experienced by the 

plane is plotted in terms of the gravitational acceleration, g. If the ratio of the acceleration a, to the value of g is 

n, then the load is n W, where W is the weight of the aeroplane and n the load factor. Within the limitation of 

flying conditions considered for a given aeroplane, this load will occur in actual practice, and so, it is called the 

‗limit load‘, and the aeroplane is expected to sustain it without permanent deformation. In cases of bad handling 

or accidental violation of limits of flying manoeuvres, the aeroplane is stressed beyond this limit load, and since 

there should be some margin of safety of the occupant, a further condition is laid down. The plane should stand 

a load of 1.5 times the limit load wihout complete failure but not necessarily without permanent deformation. 

This allows a possibility of bringing down the plane in a damaged condition back to the ground, may be with 

difficulty but without losing some of its components in the air. It must be thus remembered that there is no real 

margin of safety in the usual engineering sense. If the material used in its construction is such as to have a ratio 

of ultimate breaking strength to proof strength less than 1.5, the design to the factored ultimate load is critical; 

but in case this ratio is greater than 1.5, the design to the actual limit load becomes more important. 

The point A on the V-g diagram represents a case where the aeroplane is abruptly pulled up to give the 

maximum lift on the wings at a speed greater than its minimum speed, and the load factor, n1, is established. The 

speed at which this occurs is given by 1

2

s

n
V

V














, where VS is the minimum speed at which the aeroplane can 

be kept in a steady horizontal flight. This is the highest positive load factor that the aeroplane can sustain. The 

point A2 represents a similar condition in the negative case with a load factor n3 =  0.6 (m,  1), a smaller 

value. This may occur in an inverted flight for an aerobatic aeroplane, or, may be induced by a very heavy 



  

The Second Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered at Bombay,  

December 09, 1958 

 

 

 The Institution of Engineers (India) 
 

28 

downward gust of air striking it. The point C represents a case of the same load factor n1 but at a much higher 

speed, and fixes the limits of manoeuvre up to that speed. The point D is taken at the maximum speed which the 

plane is allowed to have even in a dive. The load factors vary from a value n4 = 0.75 n1 to 0 and must be 

investigated because the point of application of the resultant load on the wings generally shifts backwards at 

high speeds and low angles of attack, and may be critical for certain parts of the wing and other parts of the 

structure. 

Up and down gusts of air striking the aircraft in flight must also be considered. The lines representing 25 ft and 

50 ft up and down gusts are shown in the diagram, and if the points where the speeds specified for these gust 

cases meet these lines lie outside the flight envelope, they will have to be taken into account as additional 

stressing cases. There are other conditions such as landing loads and ground handling, which have to be 

investigated in case they become critical.  

A lecture such as this cannot do justice to all the details that require investigation, but, to appreciate the work 

involved, at least a basic idea of the flight envelope is important. Having known the conditions involved, the 

structure of each part of the areoplane must now be investigated for strength and flexibility for critical cases of 

loading. It is not enough to have strength alone but, in some cases, the rigidity of the structure must be obtained 

so as to keep the aerodynamic shapes and configuration to given limits; otherwise, the loads themselves would 

change. In other words, the elastic deformations coupled with consequent aerodynamic changes give rise to a 

number of new problems, some of which may be detrimental to the satisfactory controls and some dangerous to 

the structural strength due to the unstable oscillations being produced. The flutter of an aeroplane wing or tail 

surface is such a problem. 

The design of an aeroplane component has one more serious limitation, and that is, it must be achieved in a 

predetermined weight for it. In the stage of preliminary design, the total weight of the structure as a percentage 

of the total gross weight of the aeroplane is estimated and this in turn is broken down into the weights of the 

different components of the structure. How well one can produce a light structure for a given load to possess the 

rigidity required depends upon the experience and skill of the designer, and also on the availability of 

information on the behaviour of a structural part under complex loading conditions. The ultimate proof of the 

structure lies in the tests that are carried out on the actual parts under closely simulated loading conditions. Any 

premature failure will have to be investigated, and portions or parts will have to be redesigned and retested. This 

process is time consuming and expensive, and extreme care in the stage of structural design and attention to all 

details pays very rich dividends. Fig 5 shows a structural test frame where the parts are tested to destruction. 

 

 

Numerous other items such as accessibility of components requiring constant inspection, serviceability of 

components, ease of maintenance, etc impose serious limitations and weight penalty on the structural design, but 

it is not intended to go either into the details of these items or into the design of the many auxiliary items that are 

essential for the complete aircraft. 

DESIGN OF THE HT TRAINER 

This aeroplane was designed for training pilots, and as such, had to be dual controlled and a two-seater, with 

ability to withstand loads in an unrestricted aerobatic category. To avoid constant maintenance troubles, the 

design was an all-metal structure with push-pull rod controls requiring very little attention over long periods. As 

the students generally treat aeroplanes rather roughly in the earlier parts of their training, it had to stand severe 
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conditions of landing and have basic flying qualities without any undesirable tendencies. However, it should not 

be a very simple machine to fly, giving the student a false sense of confidence.  

The wing consists of two metal spars, metal ribs, and has a metal covering which forms a box capable of taking 

torsional loads from the root attachment where the two spars alone are attached to the centre section. The wing 

houses fuel in a tank, and the main landing gear leg is attached to the front spar which also has to transmit 

landing loads to the centre section. The fuselage is of semi-monocoque construction with reinforcements at the 

cockpit cut-out portion and at the front where the engine mount loads are transmitted to it. The horizontal tail 

surface is designed similar to the wing but is manufactured as one piece and attached to the fuseld at four points. 

The fin forms an integral part of the rear fuselage. The wing thickness is small for this type of aeroplane but this 

was done to give some experience in thin wing design, which would be naturally required for future high speed 

aeroplanes. Fig 6 shows the interior of the semi-monocoque fuselage and Fig 7 the load test of the wing in a 

high speed aileron case where the aileron loads are applied at the hinge points. 

       

Most of the details mentioned so far are given to show that far more details require working out and 

consideration than the product itself exhibits when completed. It has been the experience of the author during 

the design stage that two types of engineering views are met with on such problems. One judges the importance 

of theoretical and experimental work on its face value and is so confident that it assumes that everything will 

work out easily and without difficulty. The second, on the other hand, considers the problem to be so difficult 

that the engineer concerned is frightened to do anything or adopt methods which have not been used before. 

Both these views are equally away from the truth. The correct method to be used depends upon the exact 

knowledge of the things that happen in the given case, the power to analyze complicated cases into basic 

fundamental elements, and the confidence gained in the light of experience and experimentation in the methods 

used to solve individual problems.  

When a new project of this type is undertaken, constant watch must be kept on the engineers and advice given to 

them where necessary to see that they do not gradually drift into any of the two categories mentioned above. 

Some times, one has to argue and even resort to experimentation to prove a point and create confidence in the 

methods used. This naturally takes a longer time than what is usually followed in established firms where the 

responsible man in charge would specify methods and procedures which he knows from his experience. 

However, at least in the beginning, this extra time spent would pay manifold in creating a batch of 

knowledgeable design engineers with the right outlook. Of course, a high degree of specialized knowledge in 

different fields is also necessary as the problems become more and more complicated, and facilities in the 

educational field must also be increased to cope with the work. 

Security reasons prevent telling what this batch of engineers Who had the benefit of experience is now dome; 

but it can be said in general that with additional help they are today in a position to undertake designs of a 

highly complicated nature and capable of supersonic speeds, a step far greater than one could normally imagine 

for which they deserve all praise.  
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The circumstances in the factory had made it necessary to undertake other design problems which are normally 

not tackled by aircraft firms but are given to specialized concerns. Design and manufacture of undercarriage 

shock struts and their hydraulic equipment are examples of this type. Very valuable experience was gained in 

this work and it is hoped it could be profitably utilized in providing the know-how and experienced men when 

such work is undertaken separately as in other countries. Fig 8 shows a picture of the retractions rig of an 

undercarriage during its design and development. 

 

Besides all these tests, there is the final proving ground of testing the aircraft in flight. In a simple case, the pilot 

notes down performance values, judges handling qualities, and measures control forces and the like to prove the 

estimated performance. In many cases, a lot of defects or undesirable qualities are found in test flying, which 

were not suspected at the design stages. A number of modifications are introduced constantly to improve the 

aeroplane not only from, major considerations but from the points of convenience, ease of operation, and 

avoiding deterioration in long service use. An aeroplane is one of the few engineering products which is 

constantly modified in varying degrees throughout its life, and obsolescence is a very common disease from 

which it suffers from its early life. 

 

In the case of a complicated and high performance aeroplane of a new configuration, test flying imposes severe 

strain on the test pilot. In spite of all precautions, serious defects crop up and many times result in damage to the 

aeroplane and danger to the pilot‘s life. It is the spirit of adventure and sense of contribution to the development 

of the aeronautical science that makes these young men risk their life. It is necessary to recognize the large part 

these test pilots play in the ultimate success of the design of new aeroplanes. In such cases, simple methods of 

observing and noting down values in flight are not possible, as all the attention the pilot can devote is required to 

fly the plane. Elaborate instrumentation, their installation in the plane in a convenient place, automatic 

recording, and final evaluation and interpretation are taken up by a specialized group of flight test engineers. 



The Second Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered at Bombay,  

December 09, 1958 
  

 

 

The Institution of Engineers (India)  
 

31 

Only after satisfactory results which also constantly improve the methods of estimation, the airplane can be said 

to be ready for use. 

In the field of education, the Indian Institute of Science has expanded its research and teaching facilities, and 

compared with its modest beginning, it has grown many times. The following facilities exist at present. 

RESEARCH FACILITIES 

(a) A 9 ft  14 ft open-circuit wind tunnel for low speed aerodynamic tests; maximum hp 1200 and maximum 

speed 250 miles per hour. 

(b) A 15 ft diameter vertical spinning tunnel; maximum hp 150, and maximum speed 60 miles per hour. 

(c) A low turbulence boundary layer tunnel, 20 in  20 in  10 ft test section and maximum speed 80 ft per 

second. 

(d) A 1 in  3 in blowdown intermittent supersonic wind tunnel; maximum pressure level 100 lb per sq in 

absolute, and Mach number range 0.5 to 3.0. 

(e) A 1 in  2 in induced flow transonic wind tunnel, atmospheric stagnation; Mach number range 0.3 to 1.1. 

(f) A l in  4 in induced flow transonic wind tunnel, atmospheric stagnation; Mach number range 0.3 to 1.2. 

(g) A 5 in  7 in blowdown intermittent supersonic wind tunnel; maximum pressure 300 lb per sq in absolute, 

and Mach number range 1.5 to 4.0, 

(h) Polariscopes for 2- and 3-dimensional photoelastic studies. 

(i) A creep testing machine. 

(j) A vibration excitation and measuring equipment. 

(k) A brittle lacquer stress coat equipment. 

Figs 9 to 12 show some of these facilities. 

         

 

TEACHING FACILITIES 

The department now conducts two courses: 

(a) A two-year course leading to ME degree in aeronautical engineering. 

(b) A research course of two or three years leading to M Sc or Ph D, respectively in aeronautical engineering. 
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Some of the new subjects now included in the curricula of the courses are:  

(i) Compressibility effects in aerodynamics; 

(ii) Aircraft vibrations; 

(iii) Advanced fluid mechanics; 

(iv) Wind tunnel testing; 

(v) Jet propulsion; 

(vi) Experimental methods of stress analysis. 

 

From the brief description of the magnitude of work involved in the design and testing of aircraft, one can easily 

understand that an aeroplane takes nearly four to five years from the start before it is put into production. Actual 

manufacture also involves numerous problems but it is not possible to go into their details in this paper. It would 

be sufficient to point out that a good amount of work is involved in choosing materials to proper specifications, 

designing jigs and tools of great accuracy, ensuring interchangeability, and maintaining a strict control on the 

quality of work in the workshops. As the development period is long, a very well thought out planning of future 

projects is absolutely essential, if expensive equipment and skilled persons are to be profitably utilized 

continuously. In the past, we have suffered a good deal due to change of plans, which are due to lack of 

appreciation of the problems involved and the time required for such work. 

It is hardly possible to do any justice to the subject in this lecture but it will be gratifying if it stimulates the 

desire of the Indian engineers to know more about these problems. 
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Planning for Power 

Shri M Hayath 

 

INTRODUCTION 

Since our country launched on a planned economy on the basis of Five Year Plans about ten years ago, there is a 

phenomenal demand for electric power not only by the general public but also for the large programmes of 

industrialization, mining and transportation. The rate of growth during these years has been quite high, of the 

order of a doubling in a period of five years. This means that during the Second Five Year Pian we would be 

adding an amount of power generation capacity which would equal the aggregate of all that ‗was put in during 

the past 50 years. This process would be, more or less, continued during the Third and to a somewhat lesser 

extent in the Fourth and Fifth Plans. Obviously, this phenomenal growth would call for intensive efforts on 

planning and execution of power schemes. An attempt is made here to take stock of the present position with 

regard to-the various aspects of the power supply industry and also touch upon the problems which lie before us 

and. indicate the possible lines on which further course of action should follow. 

HISTORY OF POWER DEVELOPMENT 

The history of power development in India starts with the early years of the present century. The progress during 

the first 20 years was very slow and the total installed capacity of generating plant in 1920 was about 130000 

kW only. During the next 20 years, however, there was some improvement in the growth of power development, 

and the installed capacity of steam power Stations increased from 50000 kW to 600000 kW, of hydro stations 

from 75000 kW to 500000 kW, and of diesel stations from 5000 kW to 100000 kW, and thus the total installed 

capacity in India had increased to 1.2 million kW by 1940.  

The growth of power development during the period 1941-50 suffered a serious setback due to the rigours of the 

Second World War, followed by the scarcity conditions of plant and equipment in the post-war period. During 

war.time, all available power plant were pressed into service and maintenance suffered for want of replacement 

parts. In the years following the end of the war, an acute shortage of power plant capacity was felt all over the 

country. This resulted in a new awareness to large scale development of the nation‘s power resources. A number 

of schemes were initiated, mostly by the various State Governments, and many public utility companies also 

commissioned new plant. This drawn of a period of large scale power development, side by side with similar 

activity in the industrial and other sectors, brought into light the imperative. Need for a systematic and planned 

approach on nationwide basis so that capital equipment and key materials could be canalized in a rational 

manner following a proper order of priorities. This realization brought power developmentin India along with 

the developments in other sectors under the scope of an integrated national planning, which took the form of 

Five Year Plans, the first of which was initiated in April 1951.  

FIRST FIVE YEAR PLAN (1951-56) 

At the beginning of the First Five Year Plan, the installed capacity of generating plant in the country was 2.3 

million kW, comprising 0.6 million kW in the public sector and 1.7 million kW in the private sector including 

self-generating industrial establishments. During the First Five Year Plan, power plant aggregating to 1.1 

million kW was added mostly in the public sector bringing the total installed capacity at the end of the Plan to 

3.4 million kW, comprising 1.4 million kW in State-owned power stations and 2.0 million kW in company 

owned undertakings and industrial establishments. An expenditure of about Rs 250 crore was ncurred during the 

First Five Year Plan for the-power development programme including the proportionate cost of multipurpose 

projects. Although the schemes brought into commission during the First Five Year Plan aggregated to a 

comparatively small figure, 1.1 million kW, it is worth noting that during that period a number of large ‗hydro-

electric schemes were taken up for implementation, the benefits of which were to be realized during the Second 

and Third Five Year Plans. Among these, the more important projects are Bhakra-Nangal (Punjab), Hirakud 

(Orissa), Damodar Valley (West Bengal and Bihar), Chambal (Rajasthan and Madhya Pradesh), Koyna 

(Bombay), Rihand (Uttar Pradesh) and Machkund (Andhra and Orissa). 

SECOND FIVE YEAR PLAN (1956-61) 

The Second Five Year Plan provided for a target addition of 3.5 million kW in the installed generating capacity 

of power plants in the country, consisting of 2.9 million kW in the public sector, 0.3 million kW in the private 

sector and 0.3 million kW in self-generating industrial establishments. This increase comprises 1.7 million kW 

to be provided by the spillover schemes of the First Plan and 1.8 million kW to be added by new schemes taken 

up in the Second Plan, with a spillover of about 1.8 million kW into the Third Plan. The target of 3.5 million kW 

was made up of about 2.1 million kW of hydro and 1.4 million kW of thermal power plants. The Plan target also 
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envisaged the construction of adequate transmission lines (35000 miles of high voltage lines, 11 000 volts and 

above) and the necessary transformer stations and electrification of about 10000 villages.  

The per capita consumption which stood at 15 units at the beginning of First Plan and 25 units per annum at the 

end of the First Plan (March 1956) is expected to be doubled to 50 units by the end of the Second Plan (March 

1961). A financial outlay of Rs 427 crore has been provided for the power schemes included in the Second Plan. 

In the realization of the targets of the Second Plan, the progressive completion of some of the large schemes 

started during the First Plan has been of great help. Total benefits from such schemes .as Bhakra-Nangal, 

Hirakud, Koyna, etc would be realized only in the early part ofthe Third Plan. The enormous extent of civil 

works involved in these projects require fairly long periods of construction. With the gradual introduction of 

construction machinery, it has been possible to reduce the total period, but at the same time a great deal of a 

manual. labour has to be utilized in view of the special social and economic conditions prevailing in our 

country. Besides, it has not always been possible to mechanize in a large way, as it would entail enormous sums 

of foreign exchange for importing highly complicated mechanical equipment. During the Second Plan also, a 

certain number of hydro-electric projects has been initiated which would give benefits during the Third Plan. 

Examples of these are Sharavathi (Mysore), Kundah (Madras), Pamba (Kerala), Yamuna (Uttar Pradesh), etc. It 

has to be mentioned here, however, that it would have helped future planning if some more large hydro-electric 

schemes has been commenced during this period, but shortage of capital fund, particularly of foreign exchange, 

has stood in the way of implementing more schemes. As against a target of 3.5 million kW, it is expected that 

about 3 million kW of additional capacity would be achieved during the current Plan. 

THIRD FIVE YEAR PLAN (1961-66) AND AFTER 

Following the momentum gained during the Second Plan, particularlythe emphasis laid on the establishment of 

heavy industries, coal mining, oil refining, railway electrification, etc, the demand for power during the Third 

Planis expected to be quite substantial. On the basis of preliminary studies, it is clear that a further doubling 

during the Third Plan would be necessary for increasing the installed capacity from 6.0 million kW to 12.8 

million kW. Additions may consist of 3.5 million kW of thermal power, including a quarter million kW of 

nuclear power and the balance from hydro-electric stations. 

A few large hydro electric schemes will also be launched during the Third Plan, of which some of the smaller 

ones would give their benefits during the Third Plan itself but most of them during the Fourth Plan. In view of 

the long period of construction required in the case of large hydro-electric stations, special efforts will have to 

be made to authorize implementation of a number of major schemes so that, during the Fourth Plan, there would 

be a substantial contribution from them. 

Although, during the Second and Third Plan periods, a more or less doubling rate could be sustained, during the 

Fourth and subsequent Plans, it would be difficult to maintain such a high trend. Even in the more advanced 

countries where the existing development is quite high, the rate of growth is about 8% or 9%. In our case, 

however, as the base figures of power development are quite low, it may be possible to maintain a doubling rate 

for one or two more five year plans. Thereafter, the rate of growth would be somewhat less, possibly 

correspondingto a 7 or 8 year doubling period. On the basis of a very conservative forecast made in this behalf, 

it has been estimated that the total installed plant capacity in India after 25 years from now would be of the order 

of 55 million kW, as shown below: 

 

POWER RESOURCES 

As against the order of power demand and development, as explained earlier, for the next 25 years, the position 

regarding the power resourceisn our country is reviewed below. 

The hydro-electric resources of the country as assessed at present from the available topo sheets are estimated at 

over 40 million kW. This represents the potential for the sites which are capable of being developed 

economically on the basis of present day costs. As experience has shown, detailed investigations are likely to 

reveal not only a higher potential for the sites studied, but also additional sites of generation are likely to be 

discovered, thus increasing the available hydro-electric potential of the country considerably. Apart from this, 
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on the borders of India, particularly in the Himalayas and on the Brahmaputra River, very large hydro-electric 

resources exist. With the technical developments in the field of high tension transmission practice, it may not 

be-uneconomical to tap these resources and transmit the power over long distances for the mutual benefit of the 

bordering countries and India. The present known hydro-electric potentialis, more or less, adequate to meet the 

load demands in all the States except West Bengal, Bihar, Madras and Bombay, for some time to come. In the 

case of the States of West Bengal and Bihar, even though hydro-electric potential is limited, the coal resources 

of the areas are very large. In particular, the extent of availability of poor quality coal as assessed at present, 

which is not useful for any purpose other than power generation, is undertood to be very large. New fields are 

being discovered every year. Further, with the establishment of large washeries for providing coking coal for 

steel plants, huge quantities of middlings will be available which could be beneficially utilized for generation of 

power. The utilization of low grade coal as well as washery middlings is of special significance in the national 

economy for the steel industry. Washing of metallurgical coal is an essential operation for supplying good grade 

coal for the steel industry and in this process, large quantities of middlings are produced. Unless these are 

utilized on the spot, they would go to waste and coal for the steel industry would become very costly. Very large 

deposits of poor grade coal are also a national asset and should be put to good purpose. As it is not worth 

carrying them over long distances, the obvious methods of exploiting would be to locate large pit-head power 

station and carry the power to long distances by means of extra high voltage lines. In addition to hydro and coal 

resources, efforts are being made to establish nuclear power stations and develop the fuel for them indigenously. 

A start is being made by putting up a 250 MW nuclear power station in the west coast of India and larger 

installations may follow during the next plan periods. 
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PLANNING FOR POWER PROJECTS 

As in the case of all the sectors of national development, the task of drawing up an overall national programme 

for power projects on the basis of five year plans has been vested with the Planning Commission, Government 

of India. By and large, generation, transmission and distribution of electric power in India is the responsibility of 

the yarious State Governments. In certain large and medium sized towns, the power supply is continued to be 

maintained by private companies, and there is also a certain amount of generating capacity installed in their 

areas of operation. However, during the last few years, the responsibility for providing central generating 

stations and main transmission lines has passed into the hands of the State Government-undertakings. There are, 

at present, 14 major States in India and each one has a State Electricity Board to look after power development, 

operation and maintenance of their respective power systems. While the State Electricity Boards draw up their 

own programme of development, these plans are being coordinated by the Ministry of Irrigation and Power 

through the Central Water & Power Commission, Government of India, to the extent practicable for assigning 

overall priorities for allocation of foreign exchange and meeting the requirements of the areas concerned. The 

Planning Commission takes stock of the overall requirements of the country in the field of power and 

coordinates the programme with those of other sectors of the economy such as industry, mining, transport, etc. 

‗In order that the planning is continued in a flexible manner, the progress achieved by the various State 

‗Governments and their requirements in the way of funds, materials, etc are reviewed on a year-to-year basis by 

the Planning Commission in consultation with the Ministry of Irrigation and Power, the Central Water & Power 

Commission and the State authorities. Certain additional schemes in areas where large industries are located are 

also sanctioned during the course of a five year plan. Similarly, changes in the scope of a sanctioned scheme are 

also introduced when necessary, so that the needs of industryin any Particular area are met as far as possible.  

LOAD SURVEY 

In formulating a planned power development programme for the country as a whole, an essential prerequisite is 

a proper assessment of the load demand in different areas. This has necessarily to take into consideration the 

plans and programmes of large industrial installations, electric traction, etc, as well as the requirements of small 

industries, irrigation pumping and residential consumers. This assessment of load demand has to be constantly 

reviewed and brought up-to-date, so as to enable the power development programme to be suitably adjusted 

from time to time. The Central Water & Power Commission has been entrusted with the responsibility of 

carrying out a detailed power load survey throughout the country in collaboration with the State Electricity 

Boards. The results of this load survey, which are constantly being brought up-todate, provide the basic data for 

planning the future power development capacity in the country.  

In addition to the actual field survey and estimation of power requirements in the various areas of the country, a 

separate assessment of the power required by large electrochemical and electrometallurgical industries, mining, 

traction, etc is made, so that the overall demand for power for the areas concerned is arrived at on the basis of 

information available at the time. As a further check on these estimates, certain projections are also made for the 

likely increase in the power demand, by the various consumer groups, and the final estimates are suitably 

modified wherever necessary.  
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INVESTIGATION OF PROJECTS  

Before a project is included in the plan, it is essential that detailed investigations are conducted to assess the 

various features of the scheme and also estimate the cost of the works involved in order to determine the cost of 

power that would be generated therefrom. At present, due to the rapid expansion that is taking place, ad hoc 

selection of schemes is made and investigations are started. On the basis of the detailed investigations 

conducted, estimates are prepared and implementation is authorized. There is no way to check whether an 

alternative scheme on the same river would have been cheaper or not. If the whole river regime had been 

surveyed and detailed investigations had been conducted, perhaps, alternative sites which are more economical, 

with possibly larger benefits, could have been found and their implementation given higher priority. However, 

due to limitationsof State boundaries and due to want of time for conducting detailed investigations of entire 

river valleys, andin order not to throttle the industrial development, schemes as putforth, when found 

economical by the normal financial yardstick, are approved for implementation. 

During the formulation of the Second Five Year Plan, it was necessary to include in the Plan certain schemes 

which had not been investigated at all, in the hope that these would be investigated in due course, and their 

implementation could be taken up thereafter. Unfortunately, this work has fallen short of expectations due to 

various reasons. Amongst these, mention may be made of the absence of a specialized organizational set-up for 

the purpose at the State level, and in several cases, a major hindrance has been the inter-state character of the 

schemes. Every effort is being made by the Central Water & Power Commission, the Ministry of Irrigation and 

Power, and the Planning Commission to expedite this work, but experience has shown that there .are limitations 

to these methods resulting in delays in implementation of the projects. 

CHOICE OF THERMAL AND HYDRO SCHEMES 

In the choice of power schemes for implementation, opinions vary with regard to the relative merits of thermal, 

hydro and nuclear generation. Personally, there does not seem to be any reason for such a difference of opinion. 

This difference has arisen due to a misunderstanding that the three forms of generation of power are competitive 

but, in effect, they are complementary in character. If optimum utilization of hydro schemes is to be achieved, 

its integration with thermal generation is inevitable. In the selection of thermal schemes, the economics of 

generation plays an important role in the selection of the type-of fuel to be used. Availability of the fuel and the 

necessity for its utilization should play an important part in arriving at a decision. While conventional fuels 

should be used where available, nuclear generation could be adopted where transport of conventional fuels 

involves long distances and other factors which increase the cost considerably. A dispassionate study of the 

various factors that need to be examined for arriving at.a decision will point to a single solution and there is no 

room for controversies. Where economic hydro sites are available, which fortunately for us, are spread over the 

country fairly uniformly, the first choice is on them. Where large quantities of low grade coal and middlings 

from washeries are available within a reasonable distance of the load centres, the choice is obviously to utilize 

the same for power generation not only intrinsically but also to make the operation of the washeries economical. 

Where the two alternatives referred to above are not available, nuclear generation is the answer. Thus, it will be 

seen that each one of these has its place and should, as such, be utilized. With the advance of techniques of 

construction of high tension transmission lines and adoption of higher voltages economically, vast areas can be 

served from large size generating stations and interconnection of all these would be of great advantage to the 

industry as a whole. 

HYDRO GENERATION 

As already stated, the power programme ahead of us is stupendous, calling for the harnessing of all the 

resources at the disposal of the engineer. Unless a planned approach is made, the task cannot be fulfilled. In the 

case of hydro-electric schemes, it is obvious that selection of priorities for the implementation of projects should 

be on the basis of exploitation: of the most economical site on a river valley as a whole. Fortunately or 

unfortunately, the rivers in our country very rarely lie entirely in one State. In many cases, the river flows 

through more than one State. Often, the borders between the States run in the middle of the river over short or 

long lengths. Claims and counterclaims are made by the States concerned with regard to the utilization of water 

of the streams flowing through their States. Resolving of these differences by the present procedure takes a long 

time. In many cases, even though a joint scheme may be most economical, individual schemes of higher cost are 

putforth for consideration, and pressed for sanction and implementation.  

Fortunately, there is no consumption of water in the implementation of hydro-electric schemes. Just the same, 

considerable difficulties have been experienced in solving the problem of sharing of benefits. In the first 

instance, it is essential that detailed investigations of all possible sites on the entire valley of a river should be 

undertaken. Thereafter, priority to the schemes should be given in the order of merit of most economical 

development. The power so generated should be available for utilization over a large area from the site of 

generation. If the object of making power available in adequate quantities at the cheapest rate practicable on a 

national basis is to be achieved, the parochial approach by the States concerned should be eliminated. 
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THERMAL GENERATION 

As indicated earlier, the power supply industry should concentrate on utilization of large deposits of low grade 

coal — a national resource — that are available in the country, and should be available for exploitation for the 

benefit of the country as a whole. Due to the limited natural resources of matallurgical coal, the metallurgical 

industry is establishing washeries to meet the increasing demands of the country. This invariably brings in its 

wake large quantities of middlings and rejects which should be utilized if the cost of coal for the metallurgical 

industry is to be reasonable, apart from a national asset remaining unutilized. The coals referred to above will 

have an.ash content of any where between 30% to 50%, and obviously, they cannot be transported over long 

distances. Fortunately, technological development in the manufacture of boilers has reached a stage when these 

coals could be utilized for powder generation. 

FUTURE PROSPECTS 

Research in the manufacture of turbo-generator sets has resulted in the construction of very large size units with 

higher pressures and temperatures. Even though in the past we have installed in the country small size units to 

meet local needs, the time has come when we have to adopt large size units to secure maximum economy in the 

field of generation of power. All these factors lead to these conclusions, viz, establishment of large size 

generating stations at the pit-head, adoption of higher pressures and higher temperatures, and generation of 

electricity at the cheapest rate practicable and transmission to load centres far and wide. 

Very few rivers in the country are perennial. Large storages will have to be constructed if the flow of the rivers 

is to be regulated to secure large amounts of firm power. There is a limit to the construction of storages as they 

involve heavy cost, inundation of large areas, etc. Further, during monsoon, uncontrolled discharges flow in the 

rivers and these could be harnessed provided the hydro stations are linked with thermal stations located within 

reasonable distances. In each State, at present, grids are being established interconnecting several generating 

stations to secure maximum benefits as well as to reduce the standby capacity to the extent practicable, but this 

has certain limitations. Some States have very few hydro-electric sites capable of economic development, and 

the benefit to be secured by the State grid is thereby limited.  

Electrometallurgical and electrochemical industries require large blocks of power. The products of these 

industries are required throughout the country. If the end product is to be produced at the most economical rate, 

obviously, these industries should be located as near to the source of cheapest power as practicable. It is 

recognized that other factors such as raw materials and availability of labour play a part but the location near the 

cheapest power souree is the prime factor in considering the location of these industries. 

Science in the transmission of electric energy has advanced considerably in recent years. Transmission of large 

blocks of power over distances of 700 miles or more has proved economical in practice. There is nothing to 

prevent the adoption of long lengths of high tension transmission in the country provided it is found to be 

economical.  

Unfortunately, a tendency is visible in the States that a parochial approach is being made with regard to the 

establishment of generating stations and the location of heavy electrometallurgical and electrochemical 

industries. If our country as a whole is to develop industrially on sound economic lines, this tendency has to be 

nipped in the bud. A time has come when the approach to these problems has to be on a national basis rather 

than on a State basis. 

At this stage, it must be specially mentioned that the views expressed and suggestions made here are purely 

personal and have nothing to do with the position the author -holds. The power development programme is vast. 

Large hydro-electric schemes and large size thermal generation schemes will have to be undertaken in the 

country if the demand for power for the rapid industrial development is to be met in an adequate measure and at 

economical rates. Larger and: larger amounts of nuclear power will have to find a place in the power 

development programme. The establishment of electrometallurgical and electrochemical industries has to be 

rationalized, and the aim should be to produce these end products at the lowest cost and make them available to 

the people. Large size systems interconnecting generating station with aggregate capacities of 4 to 5 million kW 

each will have to be established on a regionwise basis, in order to reduce capital outlay by reducing the standby 

capacities inthe system. If all these are to be achieved and the objective of power supply in adequate quantities 

and at economical rates is to be realized, there is no alternative but to entrust the work of power generation and 

high tension transmission to a central agency, who can approach the problem on purely economic grounds 

ignoring the State boundaries. It is recognized that such a central agency cannot tackle small scale local 

generation and sub-transmission and distribution of electrical energy. This part of the work can be carried on, as 

at present, by the State Electricity Boards in all the States. Division of responsibility is not difficult, some of the 

countries have done so already. In future, if power across the borders of India is to be exchanged with the 

neighbouring countries by the development of large resources of hydro-electric power in the Himalayan region, 

a central agency of the type indicated above would be in a better position to negotiate and arrive at a satisfactory 

solution, and also undertake the execution. As already stated, these are personal views and it would amount to a 
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radical departure from the practice now being followed. After a long service in the field of electric power 

development, the author has felt the need to express these views, which, he feels, are essential to be taken note 

of and duly examined as to their merits, so that the future power supply policy of the country is laid on a sound 

foundation. 
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Steel in India — Economic and Technological 

Possibilities 

Dr M N Dastur 

 

SUMMARY 

The growth of agriculture and of consumer goods industries hinges upon the advance made in heavy industry. 

Taking a long range view of the development process, the proper investment choice is one based on heavy 

industry which maximizes future benefits rather than one which satisfies some present needs but jeopardizes 

future growth. As assured supplies of steel are vital to the growth of heavy industry and as installation of steel 

capacity is a time-taking process, planning for steel has to be done on a long term basis. A study of steel going 

into various sectors of the economy, to meet the physical targets laid down by the Planning Commission for the 

future, indicates that requirements would reach the level of 19 million ingot tons by 1970 and 28 million tons by 

1975; the probable steel demand is expected to rise to over 100 million tons by the end of the century. In line 

with worldwise trends, India would have to rely on large complexes (of up to 10-12 million ingot tons capacity 

each) for the bulk of the above steel, the balance being met from a large number of widely dispersed smaller 

plants to meet regional demands. 

India is well endowed with the raw materials and other conditions necessary to produce the lowest cost steel in 

the world, and is therefore well placed for export. Indeed, countries such as Japan and the UK, in spite of having 

to import the bulk of essential raw materials, still succeed in exporting large tonnages of steel and steel 

manufactures. For instance, in 1960, the UK produced 24 million tons of ingot steel of which 5.6 million tons 

(that is, 4.2 million tons finished steel) went into direct exports worth £230 million. According to a recent 

estimate by the UN Economic Commission for Europe, by 1972-75, the total world trade in steel for deficit-

covering after allowing for steel exchange between countries, would be over 35 million tons in the Middle-East 

and the Far-East countries alone, there would be a shortfall of about 11 million tons by that time. Though the 

steel expansion programme for India indicated earlier does not include any steel for export, it is suggested that 

serious consideration be given to export, say, 2 million tons of steel (worth about Rs 1000 million) by 1970. At 

this rate, steel could easily become the largest single earner of foreign exchange so vitally required for further 

development. The steel from the newly created capacity, whether exported or absorbed internally, will help earn 

or save foreign exchange as the case may be both very desirable objectives.  

The expansion of steel capacity requires urgent attention to ensure continuing supplies of raw materials to the 

industry. While our iron ore reserves are one of the largest and best, the present supply of coal and flux-grade 

limestone is critical and allows no ground for complacency. However, the raw materials reserves can support a 

large expansion of steel production by the adoption of new proved technological development to conserve the 

known supplies and by sustained and coordinated effort to survey new deposits. Modern, methods to improve 

blast furnace performance include beneficiation and preparatio# of raw materials, the use of self-fluxing sinter, 

higher top pressure, higher blast temperatures, and additions of moisture, fuel gas or oil, oxygen, etc to the blast. 

Economics of using sinter are so attractive that it is considered even desirable to create fines by further crushing 

the ore, over and above the natural fines available, in order to have a high proportion of sinter in the burden. 

Using the above techniques in modern blast furnaces (2000-3000 tons per day), the coke rate could in the future 

be reduced to about two-thirds of the present requirement. An examination of new developments in steelmaking 

indicates that the basic oxygen (LD) converter process — due to its lower capital and operating costs and 

present availability of scrap — should produce 30% to 35% of the total steel in India in the next ten years. 

However, to maintain a proper overall scrap and fuel balance the open hearth process, revitalized by recent 

developments such as bigger unit sizes, the use of oxygen and basic roofs will continue to find an important 

place. Small scale ironmaking plants based on electric smelting processes and small blast furnaces would also 

play a significant role in places remote from coking coal. 

The human implications of the steel expansion programme are reviewed. Future steel expansion is to be mainly 

through the agency of the public sector. To enable the new State undertakings to operate successfully, a 

reorganization of the management structure, giving it greater administrative and financial autonomy, is 

necessary. Appointment of technical personnel with requisite plant experience in top management position is 

also essential. Facilities for specialized technical education and for practical training — including training in 

management techniques — need to be greatly expanded. Greater reliance on Indian technical talent will ensure 

that processes suited to Indian conditions are adopted, equipment standardized to facilitate work of the new 

machine building plants, and construction programmes scheduled on a continuing basis to make full use of 

scarce equipment and personnel, thereby appreciably reducing present construction costs. 
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The objection raised in some quarters against rapid development of the steel industry is a short term view. Those 

who doubt India‘s ability to mobilize its raw materials and manpower resources, and cope with the large 

expansion visualized, exaggerate our difficulties — and also, do not take into account the bold progress made in 

the last decade despite heavy odds.  

INTRODUCTION 

‗I am greatly honoured by your invitation to deliver the Sir M Visvesvaraya Lecture in the centenary year of his 

birth, and I shall take this opportunity to discuss the economic and technological possibilities of the Indian steel 

industry‘. 

The subject is appropriate to the occasion, because Sir Visvesvaraya has been closely associated with the steel 

industry, both as a founder of the Mysore Iron and Steel Works at Bhadravati and as a Director of the Tata Iron 

and Steel Co from 1927 to 1955. More than that, Sir Visvesvaraya was the first to make out a consistent and 

well argued case for industrial development in his book ‗Planned Economy for India‘, which appeared in 1934. 

This book came at a time when India, along with many other countries of the world, was plunged iin a severe 

and sustained economic depression. The rising tide of distress was leading many to turn their face against 

modern industry and hark back to the idyllic world of self-sufficient village communities. In the prevailing 

climate of opinion it required both courage and clarity of vision to advocate rapid industrialization, as Sir 

Visvesvaraya did within the compass of a 10-year national plan. As he said,  

‗A planned economy is required to ensure the rapid advance of industry, agriculture, commerce and 

finance, and particularly for increasing production and earning power, reducing unemployment, and 

encouraging greater Self-sufficiency and closer interdependence between the variousparts of India‘. 

Today, a quarter of a century later, thereis no longer any debate over the merits of industrialization. All sections 

of opinion, barring certain obscurantist individuals, welcome it. In fact, the choice had been made when we 

embarked on planned development in 1951 with the idea of ‗utilizing more effectively the potential resources 

available‘ to raise the living standards, and open out to the people new opportunities for a richer and more 

varied life‘.
1 

ECONOMIC CONSIDERATIONS 

A good beginning with social overheads having been made in the First Plan, the Second Plan was formulated 

with noticeable greater weightage to industrial development, with about 20% of funds earmarked directly for 

mining and industry. Of this 20%, almost 80%
2
 was claimed by heavy industry projects, marking an important 

departure in the direction of economic advance. In the proposals made for the Third Plan, there has been an even 

greater shift towards heavy industry. Since the role of steel in the economy is dependent on the importance we 

assign to heavy industry, it will be pertinent to examine here the issues arising from the choice made by our 

planners. 

Topmost Priority for Agriculture 

Those favouring priority for the development of consumer goods industries will recognize that by far the largest 

ptfessure of consumption is on the supply of foodgrains. Over 90% of our countrymen live on less than a rupee 

per day, and must, therefore, devote nearly all their disposal income to buying food to keep alive. The 

development of agriculture will have to proceed at a high rate for many years to come, because we have not 

merely to provide a sufficiency of cereals to sustain an increasing population but must also aim at improving the 

standards of nutrition. The present day Indian diet is gravely lacking in calorific content as well as the essential 

elements needed for the protection of health. 

Agriculture Depends on Industry 

Undoubtedly, agriculture must receive top priority in our planning. But to look at the problem of agriculture in 

isolation would be a mistake. The major increase in food production in future, as in the Second Plan, will have 

to depend on measures relying heavily upon science and technology, such as improved seeds, major irrigation 

and fertilizers. 

There is also the separate but equally pressing problem of drawing away from the countryside the underutilized 

manpower already there. The magnitude of labour surplus in agriculture will be immediately evident if we 

remember that in the more advanced countries only 12% to 15%
3
 of the population is deployed on the farms, as 

against over 70% in India. While a shift in the occupational pattern will have to be a gradual process spread over 

several decades, we cannot even begin to tackle the problem except in terms of such rapid industrial 

development that makes possible large scale absorption of manpower in sectors of the economy other than 

agriculture. 

The case for rapid industrialization, therefore, rests not merely on the merits of industrialization per se, but also 

on the patent need to rehabilitate agriculture itself. As the Third Plan outline states, ‗It is recognized that beyond 

a stage, the growth of agriculture and the development of human resources alike hinge upon the advance made 
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in industry. At all times, agriculture and industry must be regarded as integral parts of the same process of 

development‘.
4  

Choice between Capital and Consumer Goods Industries  

The building up of heavy industry and the development of consumer goods industries to ameliorate the living 

conditions of the common man, are not mutually exclusive alternatives. Indeed, as the Third Plan visualizes, 

both must develop side by side, We may note, for instance, that the Third Pian envisages increases of 33% to 

40% in foodgrains
5
, 22% in cotton textiles (taking the mill and hand sector together)

6
, and 33% in sugar.

6
 The 

whole scheme of development is predicted upon the assumption that consumption will rise by over 4% per 

annum
7
. 

The question really is one of deciding the allocation between consumption and investment in the rising national 

income. There is no doubt of the real need to raise consumption standards as rapidly as possible. However, 

should we settle for a strategy of growth that maximizes immediate benefits but jeopardizes the long term 

prospects, or, should we opt for a pattern of development which, while not bringing immediate benefits on the 

same scale, will ultimately, make possible much higher rates of economic growth and consumption than 

otherwise ? It is really, therefore, a question of making the right choice between present needs and future hopes. 

With miserably low living standards today, and with population growing at over 2%
8
 per annum, our pace of 

development has to be greatly accelerated. If we seek a more rapid growth, we would obviously have to depend 

on increasing production from the heavy industries generally, which would increase the capacity for capital 

formation. 

Economic Development  The Upward Spiral 

As is well known, economic development in India and similarly placed countries is ‗held back by a series of 

‗interlocking vicious circles‘. Before it starts, economic development is hard to visualize because so many 

different conditions must be fulfilled simultaneously.‘
9
 But once development gets underway, all the 

prerequisites and conditions for development are themselves brought into being, and the process becomes an 

upward spiral. 

The choice of investments is decisive in determining this tempo of development, because, as has been said, 

‗investment is a many-sided factor on the economic scene.‘
10

 It not only generates income and creates capacity, 

but it plays a third role on the top of the other two, viz, setting the pace for additional investment. Our approach 

should, therefore, be to look for investment that induces the largest amount of investment in subsequent periods. 

For instance, it has been convincingly argued
11

 that an expenditure of Rs 450 crore with a foreign exchange 

component of Rs 300 crore in plants for manufacture of heavy machinery, mining and chemical machinery, 

machine tools, and other basic industries, will enable us to equip a large of complex industrial units whose 

annual output will run into hundreds of crores. This will ensure both faster economic growth and greater foreign 

exchange saving than would be possible if we were to take today the line of least resistance and apply our 

limited resources to securing the larger immediate benefits available from an emphasis on consumer industries. 

Foreign Exchange Considerations 

Quite apart from this strategy of economic development, there is urgent need to press on with heavy industry on 

the compelling grounds of foreign exchange difficulties. Today, about 50% of the capital goods requirements of 

the Indian industry are met from imports. Since maintenance of imports alone exhaust our foreign exchange 

earnings,
12

 the growing requirements of capital equipment as industrial development proceeds will impose an 

intolerable pressure on balance of payments. Our traditional exports of plantation crops and other agricultural 

produce are stagnating, which is evident from the fact that while the total volume of world trade has increased 

by two-thirds in the past 30 years, the volume of India‘s exports has actually declined. Clearly, therefore, the 

increase in world trade has passed this country by, because the demand for the kind of things we have to sell is 

not particularly elastic. 

The only viable solution is, therefore, two-fold. Firstly, we must diversify our exports, particularly in the 

direction of new industrial products like metal manufactures, engineering goods, chemicals, etc in which world 

trade is rapidly expanding, and secondly, we must cut down our foreign exchange requirements by attempting to 

manufacture the capital goods ourselves, which in turn require the continuing expansion of the steel industry to 

provide an assured supply of the basic raw material. This point of view is now widely acknowledged and was 

given authoritative expression by Shri H V R Iengar, Governor of the Reserve Bank of India, in his address at 

the Annual Meeting of the Bureau of Industrial Statistics on November 30, 1959, when he said that ‗if a steel 

plant had been put up during the First Plan period, India would have not only got the plant cheaper, but also 

saved considerable foreign exchange spent to import steel. 
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Exportability 

India is well endowed with the raw materials and other conditions necessary to produce steel more cheaply than 

any other country in the world. Indeed, Japan and the UK which import the bulk of essential raw materials — 

ore in the case of the UK and both ore and coal in the case of Japan — still succeed in exporting large tonnages 

of steel and steel manufactures. For-instance, in 1960, the UK produced 24.2 million tons of steel, of which 5.6 

million tons (that is, 4.2 million tons finished steel) went into direct exports. In value, this represented some £ 

230 million, which more than covered the cost-of all raw. Materials imports by their steel industry. In addition, 

indirect export of steel in manufactured articles was equivalent to about 4 million ingot tons. 

Similarly, in 1960, Japan imported two-thirds of its total requirement of iron ore and almost one-half of its 

coking coal at approximately four times the raw materials costs incurred at Indian steel plants; however, it still 

succeeded in exporting about 1.8 million tons of steel (1.35 million tons finished steel). According to a report by 

the Government of Japan Economic Deliberation Council, by 1970, Japan plans to import 45 million tons of its 

requirement of 57 million tons of ore, and 22 million tons of its requirement of 31 million tons of coal, to 

produce 48 million ingot tons of steel of which 4 million tons would be exported. In addition, another5 million 

tons of steel will go into its export of ships, machinery, etc. 

Due to the significant role of steel in any country‘s economy, there is a widespread desire for self-sufficiency in 

steel, and a large number of new countries are joining the ranks of the steel producers. However, according to‗a 

recent estimate by the UN Economic Commission for Europe, by 1972-75, the total world exports of steel for 

deficit-covering after allowing for steel exchange between countries would be over 35 million tons; in the 

Middle-East and the Far-East (excluding mainland China and North Korea) alone, there will be a shortfall of 

over 11 million tons per year by that time.  

The steel expansion programme for India indicated later does not visualize any steel for export. It is suggested, 

however, that serious consideration be given to export 2 million tons of steel (worth-over Rs.1-000 million), say, 

by 1970. At this rate, steel could easily become the single largest earner of foreign exchange vitally needed for 

development of the economy. The steel from newly created capacity, whether exported or absorbed internally, 

will help earn or save foreign exchange as the case may be — both very desirable objectives. 

It is believed that the cost of Indian steel could be fully competitive in the world market as indicated by the 

following comparison with foreign home trade prices.
13

In this comparison, ‗retention prices‘ have been used for 

Indian steel, because these prices are realized ‗by the producers and reflect their production costs plus profits; 

thus, they are comparable to the ‗home trade prices‘ in the foreign countries. 

 

Apart-from direct export of steel, India is also in a position to export manufactures of iron and steel. Our export 

of engineering goods (using iron and steel) has recently risen in value‘ from Rs 34.7 million in 1959 to Rs 62.7 

million in 1960 and can be further increased substantially in the Third Plan. 

ROLEOF STEEL IN ECONOMIC DEVELOPMENT 

Having discussed why heavy industry should speathead economic development in India, let us now discuss the 

role of steel — the first requirement for building up heavy industry itself. As we all broadly know, a correlation 

can be established between the per capita consumption of steel and. energy and the levels of national income. 

This is only another way of saying that the degree of industrial development, of which the per capita 

consumption of steel and electricity are good indicators, determines the country‘s prosperity and the living 

standards of its people. 

Steel and Economic Growth 

In a recent study by the Economic Commission for Europe, the steel consuming countries are divided into three 

arbitrary groups. The first consists of countries at the very start of economic development with a per capita steel 

consumption under 5 kg. The second group, which India has just entered, occupies an intermediate position and 

has a. per capita consumption ranging from 6 kg to 50 kg. In the last group are highly industrialized countries 

where theper capita consumption is more than 90 kg to 110 kg. Statistics collected for 50 countries to show the 

relationship between steel consumption and four major. Indicators of economic growth help us to see very 
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clearly the role of steel in development (Fig 1). The indicators chosen are first the national income per capita, 

because this by itself is a good index of the degree of economic development attained. The second is the value 

of industrial production per capita which indicates the degree of industrialization. The third is the-per capita 

gross capital formation within the country which indicates the rate of economic growth. The last criterion is the 

consumption expenditure per capita, which is a good measure of the standard of living. 

It is interesting to note that in the early stages of economic development steel consumption seems to increase at 

a rate faster than industrial production, because steel is being mainly used at that, time for investment in 

infrastructure projects like bridges, dams and railways, as in India‘s First Five Year Plan. In fact, in some cases, 

living standards may actually decline in this initial stage. Once this stage is passed, every increase in steel 

consumption brings about a larger increase in industrial production and income, until very high levels are 

reached. 

Apart from the generalizations made on the basis of economic correlations, a recent study
16

 of the degree of 

interdependence of industries in Italy, Japan and the USA is of exceptional interest in judging statistically the 

role of steel in the economy. The degree of interdependence is defined by computing the proportion of total 

output of each industry that goes to other consuming industries (and not to final demand), and also by 

computing the proportion of its output that represents purchases from other industries. These measures show the 

extent to which one industry interlocks with others, indicating the ‗forward and backward linkage effects.‘ It 

follows that industries with the highest linkage effects provide maximum growth stimuli in relation to industries 

using their output and also in relation to other industries from which purchases are made. 

The conclusions of this study may be summarized thus: ‗In any event, it is interesting to note that the industry 

with the highest combined linkage score is iron and steel. Perhaps, the underdeveloped countries are not so 

foolish and so exclusively prestige motivated in attributing prime importance to this industry.‘
17 

This is amply 

borne out by my own experience in Peru, Colombia and Venezuela where I was associated with the initiation of 

new steel plant projects. These countries with small populations, and some of them even lacking major raw 

material resources such as coking coal, still decided to have their own steel industry. Here also, initially, grave 

doubts were raised from some quarters that it would not be economic. However, they went ahead with their 

plans, and even before construction was completed it was found necessary to expand the initial plants. Also, in 

countries such as the Philippines, Indonesia, Ceylon, Pakistan and Iran, indigenous steel manufacture is being 

developed in spite of severe handicaps. 

Employment Potential of Steel 

Some critics of steel expansion take their stand on its low employment potential. If the number of jobs created 

by each unitof investment was the sole criterion for the choice of projects, the same people should even more 

vehemently oppose investment in power which calls for a capital outlay of Rs 250000 per worker as against Rs 

80000 in the steel industry. The answer to this argument was very succinctly given by our Finance Minister, 

Shri Morarji Desai, in an address last year at Jamshedpur when he said:  

‗It should be obvious that the development of secondary industry itself hinges on steel, the basic raw 

material for all industries. If the emphasis had been on steel production in the First Plan, we would not have 

to worry now.... As the needs of industry and agriculture are bound to grow in the years to come, the solution 

lies in increased production of steel.‘
18

 

Just as the employment benefits of investment in power cannot be measured simply by calculating the returns on 

the power plant or the employment it provides, we have to look for the employment benefit of the steel industry 

over the entire chain of developments set in motion by the bringing into being of a steel plant. Indian data on 

this being lacking, I shall cite here some estimates of employment generated by steel which were worked out by 

the American Iron & Steel Institute. It is reported that every worker in the steel industry creates factory jobs for 

another eight in plants which could not come into existence without an assured supply of steel. These factory 

jobs apart, the steel industry creates additional jobs in non-manufacturing industries like mining, transportation, 

construction, etc which are not included in the data presented above. This illustrates the ‗backward and forward 

linkage effect‘ discussed earlier. 

I feel sure you will now agree with me that while the objections against the further development of the Indian 

steel industry are well taken from the short term viewpoint it is difficult to accept their validity taking a longer 

view of the development process. I suppose, however, that one can only take a long view if one has faith in the 

country‘s economic future, and has confidence in planning as an instrument of advance. 

PLANNING FOR STEEL 

In the foregoing sections, I attempted to show that heavy industry, which is largely dependent on steel, alone can 

provide a reliable foundation for rapid and sustained economic growth. In fact, even advance in agriculture will 

call for increasingly higher industrial outputs. This provides then the rationale for accelerating the development 

of the steel industry. 
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Although steel production is known to play a key role in the growth of a country‘s economy, steel development 

in India has lagged. At the beginning of the First Plan, based upon the work of the Iron and Steel Major Panel, 

the future demand seems to have been underestimated, and half-hearted planning for a onehalf million ton steel 

plant initiated. It is now generally recognized that the severe foreign exchange crisis in the Second Plan was 

largely due to this lapse in comprehending our future needs and providing for them by building a steel plant in 

the First Plan. The urgency of expanding steel production seems to have been better appreciated in a country 

such as China which is faced with development problems similar to ours. This is evident from the fact that in the 

last eight years, while steel output in China multiplied more than twelve-fold, production in India only doubled. 

While some Chinese statistics may be of doubtful accuracy, I for one have no doubt, after seeing the Chinese 

industry in 1959, that it is pushing forward boldly and rapidly. 

Cement/Steel Imbalance 

The development of the steel industry has so far been very halting in our country and is sharply brought out by 

the unusual ratio obtaining betweethne output of cement and steel. In most industrialized countries, steel 

production is considerably higher than that of cement. For instance, during the 1950-59 period, the ratio of 

cement to steel production in the USA, the USSR and the UK was always between 0.4 to 0.67,
19

 that is, the 

tonnage of cement production was only one-half that of steel. In India, however, the cement/steel ratio has been 

2.5 to 3.26. It is not suggested that cement production be curtailed, only that steel output must increase more 

sharply than hitherto, so that eventually a ratio similar to that found in other industrialized countries begins to 

obtain. 

Here again, it is interesting to see the Chinese performance shown graphically in Fig 2. A decade ago, China and 

India were at the same level and both produced twice as much cement compared to steel. However, China has 

already caught up with the trend prevailing in the highly industrialized countries, and currently produces more 

steel than cement, but Indian steel production continues‘ to be only one-third as compared with cement. 

  

Long Term Planning Essential 

As installation of new steel capacity together with development of ancillary facilities such as new mines 

washeries and railways is a time-taking process, planning for steel has necessarily to be done on a long term or 

perspective basis. It has in: fact been said that the difficulties faced in the Second Plan period-in the expansion 

of the steel industry are largely the result of inadequate realization of this inherent lag factor, emphasizing the 

need for planning well ahead in the  future. Consequently, while‘ planning for 1965-66, we have to keep in mind 

the possible requirements of the Fourth, Fifth and succeeding Plan periods, to ensure continuing expansion of 

existing capacity and initiation of new capacity at appropriate intervals. 

Estimating Future Steel Requirement 

A number of methods are available for forecasting future steel requirements, for instance, establishing a 

correlation between steel consumption and macroeconomic variables such as national income, industrial output, 

gross capital formation, or, per capita consumption expenditure. These projections are more meaningful in a 
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stabilized economy, but they are not wholly relevant in an underdeveloped country where growth is being 

accelerated by planned effort, and the components of national income are consequently changing. In fact, 

economic development is predicted on the assumption that the dynamic industrial sector should yield an 

increasingly larger share of the national income. Under these circumstances, more reliable can be obtained by 

the ‗end-use‘ estimates approach, 

‗End-use‘ Approach 

The ‗end-use‘ method works out the steel component of various industrial and construction targets laid down by 

our planners, thus arriving at an aggregate of the demand from various sources. The exercise is based on the use 

of predetermined norms of steel required per unit of production or construction, the norms themselves having 

been established as a result of both empirical study in Indian conditions and comparisons with those worked out 

abroad, chiefly by the American Iron & Steel Institute. After arriving at the requirements under the major heads, 

additions are made to take care of unspecified consumers and stocks, basing again on past experience. 

A recent study made by my colleagues, in connection with a preliminary report on the fourth steel plant at 

Bokaro, estimated the steel requirements by the ‗enduse‘ method at about 12 million ingot tons by 1965-66, to 

meet the various production and construction targets as set down in the Plan. This level of production is by no 

means large when viewed in the light of our vast population. Expansion from 6 to 12 million tons in a five-year 

period is also well within our capabilities. It should be noted that the USSR accomplished a jump from about 6 

million tons of crude steel to 18 million tens in seven years from 1931 to 1938 and China attained an even faster 

rise — from about 3 million tons in 1955 to 18.5 million tons in 1960
19

. There may, however, be ideological 

objection to the examples cited. It is necessary, therefore, to point out that at the beginning of the century 

Germany advanced from 6 million tons in 1900 to about 14 million tonsin 1910; the USA moved up from about 

4 million tons in 1890 to over 10 million tons in 1900 and 26 million tons in 1910. 

A consumption of about 12 million ingot tons by 1965-66, when the population is expected to be about 480 

nullions, would give a per capita consumption of only 25 kg, As against this, the currént per capita consumption 

is 40 ke to 70 kgin many Latin American countries, such as Argentina, Chile, Cuba and Mexico, which also 

have underdeveloped, largely economies. 

110 Million Tons by End of the Century 

Following the éstimate of 12 million tons in 1965-66, we attempted to develop a long term projection which 

indicated a probable requirement of about 110 million tons a year at the end of the century (Table 1). The object 

of the exercise was-to indicate the scale of effort that will be neededin the future because it has important 

implications on present day policies. 

 

The above estimates have been arrived at by assuming levels of per capita consumption to be attained in 

successive periods, corresponding to the degree of industrialization and increase in the national income as 

envisaged in the long term perspective plans, At 130 kg per capita, or a consumption of about 110 million tons, 

by 2000 AD, we shall barely reach the level of Japan and Italy in 1957.  

Expansion of Steel Capacity 

Practically all the existing steel capacity has been installed in the Bengal-Bihar-Orissa-Madhya Pradesh area 

which possesses the two principal raw materials for the steel industry—the largest reserves of iron ore and the 

only reserves of coking coal. This area has sufficient reserves to support the expansion of the existing plants and 

initiation of several large new steelworks, while smaller ore-based plants can be located in other parts of the 

country. The new steel plants at Rourkela, Bhilai and Durgapur have been designed for future expansion to only 

2 to 3 million tons. As there are serious physical limitations to any appreciable expansion beyond the above 

capacities, it is essential to initiate new capacity on the lines envisagedin order to meet our large future 

requirements. 

Table 2 shows the possible pattern of development of future steel capacity. It is evident that, as in the Second 

Plan, at least three major steel plants need to be initiatedin each of the succeeding Plan periods. 
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In addition to planning on a time-scale, the locations of future plants must be decided well in advance. This is 

necessary in order to enable all facilities such as water, power and transport to be organized ahead of time, ‗and 

also to avoid the dissipation of time and energy that takes place in ‗lobbying‘ for a project.  

Size of Future Steel Plants 

As the number of sites available in India for the location of steelworks with large capacities (of the order of 3 

million tons and over) are likely to be a few, it is Mecessary that, wherever such sites are availible, adequate 

provision be madein the initial design for the maximum future expansion. Large plants are also indicated on 

technological considerations to realize possible economics in capital and operating costs. Once the organization 

and procedures are properly established, the management of a large complex need not present any more 

difficulty than the running of a smaller plant.  

The worldwide trend towards the growth in size of iron and steelworks is brought out by the fact that the USA 

had 19 plants of over a million tons capacity in 1930, which increased to 26 in 1950 and. 48 in 1955. There was 

only one plant above 4 million tons annual capacity in 1930, the number had increased to four in 1950,
20 

and 

eight in 1960 — the figure for the latter year including five plants of over 6 million tons capacity. The same 

trend is noticeable in the USSR where there were 12 plants of over a million tons in 1958 (including one of over 

6 million tons).
21 

One may generalize, therefore, that whereas the typical large integrated works of a few 

decades ago was a million-ton plant, ‗the minimum economic size is now likely to be not less than 3 to 4 million 

tons of steel per year.‘
22

 Indeed, recent technological advances and economic considerations have already made 

a 10 to 12 million tons steelworks a desirable proposition wherever the raw materials and other conditions 

permit it.  

Planning Steelworks Layout 

To enable a steel plant to grow rationally to a large future capacity, its initial layout must be planned with great 

care. The provision of space should be such as to allow additional coke ovens, blast furnaces, meltshops and 

rolling mill complexes to be added without interfering with the operations of the existing units. At the same 

time, utilities such as tracks, power and water should be designed so that they can be expanded with minimum 

alterations to existing facilities. Such provision adds only a negligible amount to the initial plant cost but pays 

off handsomely in the future. This is even more true in a country like ours where rising steel demand inevitably 

requires that plants be expanded even before their installation has been completed. At Bokaro, which has a 

strong raw materials base, we have designed for expansion of the initial capacity to 10-12 million tons in the 

future when required. 

The importance of providing ample facility for future expansion was well expressed by the British Productivity 

Team that studied the US steel industry a decade ago, as follows: 
23 

‗In new works it is mainly a question of having the courage to look far enough ahead andprovide a basic 

layout which can increase in size beyond anything which may be contemplated at the time or during the life 

of the people immediately concerned.‘ 

In this connection, it is interesting to note that some plants installed in the USA over 60 years ago with very 

small initial capacities have, today, due to the foresight of their early planners, reachéd capacities of some 6 to 8 

million tons, that is, 20 to 30 times the initial capacity. 
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Large Plants Essential 

The necessity of having large plants in India is also dictated by the sheer arithmetic of trying to provide a 

sufficient number of plants of varying sizes to total up to a capacity of over 100 million tons in the next 40 

years. As in other steel producing countries, the bulk of our capacity will have to come from a few large steel 

complexes, while, at the same time, a large number of smaller plants will be required to serve as nuclei for 

future growth, and also to disperse the steel capacity to meet regional demands. To illustrate, a hypothetical 

pattern of size distribution of the future steel industry is attempted in Table 3. It is seen that although less than 

10 large integrated plants (over 3 million tons each) produce one-half the total steel required, more than 100 

smaller plants (under 0.5 million ton each) are also necessary. These small plants, though serving a useful 

function, make a comparatively minor contribution to the total capacity. 

 

Equipment Manufacture 

By the end of the Third Plan, the heavy machine building plant at Ranchi is expected to be completed to provide 

the main equipment for metallurgical industries. It will have an annual output of 80000 tons of equipment which 

will enable it to meet the bulk of the requirements for establishing a million-ton steel plant each year. Similarly, 

the development of other machine building industries envisaged in the Third Plan, eg, heavy electricals, heavy 

plate and pressure vessels, heavy structurals and mining machinery, should enable us to rely more and more 

upon indigenously produced capital equipment. 

In order, however, to insulate the ‗steel expansion‘ programme from the uncertainties of foreign credits and aid, 

it is necessary that progress of heavy machine building industries should not be needlessly checkmated by 

indecision and executive delays. Another point to be noted is that a steel plant requires such a large variety of 

plant and machinery that the task of equipping it must necessarily be spread over a very large number of 

engineering units. For instance, equipment for Bhilai has come from 400 different sources in the Soviet Union. 

It follows, therefore, that a serious quest for self-sufficiency requires an imaginative policy of looking ahead not 

merely to create new equipment capacity but also to mobilize and develop the productive potential already 

existing in the country. 

OUTLOOK ON RAW MATERIALS 

The expansion of steel capacity requires urgent consideration of the raw materials base of the industry. While 

iron ore reserves are one of the largest and best in the world, the known reserves of good coking coal are 

comparatively low and the ash content is high. The present supply of suitable fluxes with low insolubles for 

steelmaking is even more critical. Table 4 shows the estimated-reserves of the principal raw materials and the 

probable period these will last assuming the successive production targets listed in Table 1 earlier. It should be 

noted that the figures in Table 4 are only approximate. 

 

The figure for limestone reserves covers only the good flux-grade material (up to 6°4 insolubles) occurting in 

the Sundargarh District of Orissa, the Jabalpur, Durg and Bilaspur Districts of Madhya Pradesh, the Shimoga 
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and Tumkur Districts of Mysore, and the Salem and Madura Districts of Madras. When the steel industry is 

forced to accept limestone with higher insolubles and over longer distances, this reserve figure would increase. 

Coal and Limestone Supply Critical 

The above figures emphasize the urgency of stretching out the supplies through the upgrading of high ash coals 

by washing, by petrographic preparation to permit large mixture of non-coking coals in the blend, by the use of 

self-fluxing sinter in the blast furnace burden and other technological improvements to reduce specific coke 

consumption. 

It cannot be too strongly emphasized that the coal and limestone positions allow absolutely no ground for 

complacency, and that the large investments being made in steel plant facilities are likely to be idle unless, 

taking a lesson from the Second Plan, there is a sustained and coordinated effort to survey, investigate, raise and 

transport these materials to the steel plants. 

Some of our main raw materials problems are given in order of their importance.  

Coking Coal 

The Second Plan target of 60 million tons coal production capacity is likely to be reached, although supplies 

may be hampered due to transport bottlenecks. During this Plan period, the problem was to mainly expand the 

existing operations, while in the Third Plan, it will be essential to open a greater number of new mines. To 

achieve the 97 million tons coal target by 1965-66, requires a ‗massive‘ programme and a long term policy, 

including adequate subsidies for stowing and deep mining operations, arrangement of finance for development 

work, new washeries and better movement of coal away from the pithead. 

While the steel industry‘s coal requirement is only a sixth of the total coal consumed by the country, this 

requirement is very discriminating and, therefore, the problem is not only that of raising the required quantity 

but also one of ash content and coking quality. 

Problem of High Ash Coal 

During the last 20 years the average ash content of Indian coal has increased from about 16% to over 24% and 

is-likely to go up further with larger future production by mechanized bulk mining methods. The inferior quality 

of the majority of our coking coals forces the Indian blast furnace operator to accept coke with 22% to 23% ash, 

which is twice the proportion of ash in coke used by the majority of works in other parts of the world. Increase 

of ash in the coke charge to the blast furnace is known to decrease production and increase the overall 

production cost. It also increases the phosphorus content ofthe iron, requiring higher flux consumption for 

steelmaking. 

It will, therefore, be essential to wash practically all Indian coal supplies to the steel plants in order to reducé the 

ash content and thus bring down the ash in the coke produced. But it is necessary to arrive at a compromise 

between the yield of usable washed coal ‗and the ash content that may be tolerated in the coal. Each one percent 

reduction of ash in the coal through washing entails proportionately a much higher increase in the quantity of 

the middlings and rejects produced. The utilization of these high ash middlings has posed serious problems. 

To achieve a fair quantitative yield of clean coal from the washery, and at the same time, to ensure reasonably 

economic operations at the blast furnace, it may be necessary to limit the maximum ash in the coal charged to 

the oven to 16% to 17%, which would produce blast furnace coke wih asth content of about 22%. 

The poor planning and consequent delays in setting up of washeries in the Second Plan has contributed 

substantially to the production bottlenecks at our steel plants. Washery capacity to produce about 9 million tons 

of clean coal should have been ready by 1960-61, but actually only one-half of this capacity is ready at present 

and the other half is either still under construction of the equipment: is yet to be ordered. Even after these 

washeries are completed, there will be a severe shortage of washed coal in the Third Plan, unless detailed coal 

blending and washing investigations are immediately initiated, new washeries started, and existing ones 

expanded to meet the 1965 requirement of about 18 million tons of clean coal.  

Conservation of Coking Coal 

In order to conserve our limited low volatile coking coal resources, the larger use of higher proportion of high 

volatile coals in the blend at Indian steelworks is desirable. Pilot plant investigations at the Central Fuel 

Research Institute, Dhanbad, indicate that it is possible to blend poorly coking coals to the extent of 20°% or 

more, thus reducing the requirement of good coking coals. 

Petrographic Preparation 

To produce metallurgical coke of adequate strength from such a blend, the selective crushing process, based on 

the separation of the petrographic constituents of coking coals, needs to be considered. 
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The different coals which make up the coal blend, as well as the various petrographic constituents of each coal, 

vary in hardness and grain size as well as in coking properties. For instance, constituents such as vitrain and 

clarain are easier to coke and are also more easily crushed, as compared with the relatively inert materials such 

as durain and shale. 

In conventional coal preparation practice, coal is subject to indiscriminate crushing in a hammer mill, which 

reduces the softer materials to a very fine size and leaves the harder constituents too coarse for satisfactory coke 

production. The principle of petrographic preparation process is to avoid indiscriminate size reduction, and by 

means of various combinations of screens and disintegraters, ensure that vitrain/clarain is not crushed too fine, 

but the infusible constituents are crushed to a narrow size range. The process is also reported to increase bulk 

density, which results in increased production from the ovens due to increased charge weight and higher 

conductivity. 

Also, in the interest of coal conservation, the minimum size of coke for the blast furnaces should be reduced to 

about 25 mm, with 25 mm to 40 mm and 40 mm to 100 mm fractions being charged in separate layers. The 

undersize pearl coke and breeze should be rationally allocated to electric pig iron and ferro-alloy plants, etc. 

Decrease in Coke Rate 

The present consumption of coke per ton of iron in Indian blast furnaces is about 900 kg. By the use of 

techniques suggested later — such as burden preparation, self-fluxing sinter, high top pressures, high blast 

temperatures, etc, it is considered possible to bring the coke rate down to 650 kg. This figure could be even 

further reduced as technology advances, and the injection of hydrocarbons such as oil or coke oven gas proves 

successful. 

In this connection, it is interesting to note that, according to factual maximum results reported
24

 on furnaces in 

the US and Canada, the coke rate per net ton of iron has declined from 1750 Ib (800 kg) in 1930 to 1250 Ib (570 

kg) in 1959, and is expected to drop further with the addition of hydrocarbons, etc (Fig 3). It should be noted 

that the above coke rates are based on about 85% fixed carbon and 10% to 12% ash in the coke, whereas Indian 

coke has 75% fixed carbon and 22% to 23% ash. 

 

If, using Indian raw materials, it is possible in the future to reduce the coke rate to about 600 kg, it means that 

iron production from the known coking coal reserves could be extended by more than 50%. This is the objective 

towards which our steel plants and research laboratories should urgently apply their efforts. There are before us 

the examples of the USA cited above, and of the USSR which reduced specific coke consumption by 359% 

between 1930 and 1958. 

Limestone 

Known reserves of high grade limestone in proximity to the steel belt are very limited. The increased demand 

created by new plants will require that the steel industry get its stone over larger distances, which will slightly 

increase the cost of the iron produced. At the same time, the use of stone with higher insolubles may be 

necessary, which would result in higher flux consumption— each one percent of SiO, requires more than 2.5°% 

of lime to flux it and adversely affects the performance of the blast furnace. It is, therefore, necessary to 

undertake extensive prospecting to locate new deposits of good flux-grade stone and investigations to wash the 
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stone to reduce the insolubles. This beneficiated limestone, in its crushed form, could be used in making self-

fluxing sinter for the blast furnace. 

Iron Ore 

Unfavourable Alumina Content 

The quality of ore for iron and steelmaking is not determined by the iron content alone; other factors such as 

physical characteristics and reducibility, association of undesirable elements like phosphorus and sulphur, and 

the chemical nature of the gangue must also be considered. Many Indian ores have comparatively high alumina 

content in the gangue material, producing an unfavourable alumina/silica ratio. This together with the high ash 

in the coke produces blast furnace slag high in alumina (about 26% to 28%). This slag has a poor desulphurizing 

quality and is more refractory, requiring a higher range of temperature for operation which increases the coke 

rate in the blast furnace. 

Use of siliceous material (quartzite) helps to lower the alumina percentage in the slag and, as in the case of 

addition of dolomite, increases the fluidity of the slag. The lower coke rate by the use of dolomite may offset the 

increased cost of flux. 

Fines in Indian Ores 

Another factor which determines the quality of ore is its physical characteristic. The parent rock for most of the 

hematite ores in India is banded hematite-quartzite. However, hard compact ore for the blast furnace and as 

charge ore for the open hearth is limited to certain areas only. The rest of the hematite deposits are generally soft 

and produce considerable quantities of fines (minus 12 mm about 30% to 50%) during mining and sizing 

operations. In order to improve the usefulness of the available ore, it is necessary to prepare the burden for the 

blast furnace. Adoption of sintering becomes essential as increased mechanized mining methods are adopted. 

These techniques, as applicable to Indian conditions, are discussed later. 

Manganese Ore 

Need to Conserve Manganese 

Metallurgically, there is no substitute for manganese in steelmaking. Steel — no matter what grade or type — 

cannot be made and rolled into the required shape without the proper amount of manganese in it. Most other 

alloying elements used in steelmaking can be substituted to a lesser or greater degree, as shown during the last 

two World Wars, but not manganese. It is, therefore, necessary to sound a note of warning regarding the 

indiscriminate export of this vital raw material. A mistaken notion seems to prevail that our reserves of good 

manganese ore are practically inexhaustible, and therefore, it has been and continues to be exported at arate of a 

million tons a year for the last several decades. However, a look at Table 4 indicates that, for the magnitude of 

steel production visualized, the better grade ores must be conserved. Already our growing ferro-alloys industry 

is experiencing shortage of high grade ores. It is, therefore, imperative that the present rate of export of such 

ores should be reduced drastically, if not completely stopped. This also emphasizes the necessity of 

beneficiating low grade ores. 

Long Term Outlook on Raw Materials 

The raw materials outlook is likely to be improved by new discoveries. Although geological surveys for 

minerals have been carried out since the middle of the last centuty, the programme has lacked an overall long 

term approach, and large areas have yet to be intensively studied. For instance, at the beginning of the Second 

Plan, only one-fifth of the country had been coveredby detailed maps. Also, most of the prospecting has been 

confined to surface observations. We will have to use modern techniques such as geophysical methods in order 

to adequately cover larger areas, so as to extend our known reserves and also discover new minerals which have 

so far eluded us. 

Therefore, it is imperative that an intensified and coordinated long term geological investigation programme be 

initiated. This in turn requires a large increase in. our present strength of geologists by an expansion of their 

education and training facilities. 

However, between finding new deposits and delivering them to steel plants, there is a long preparatory period, 

six to eight years, say, in the case of coal. This requires forward planning to open up the known reserves and 

provide transport and other facilities for their exploitation. 

TECHNOLOGICAL POSSIBILITIES 

Problems of high insolubles in our fluxes, high ash in coke, unfavourable alumina/silica ratio in some of our 

ores, together with bottlenecks of transport are plaguing our steel industry at a time when it is already hard 

pressed by the difficulties of running in new plants with inexperienced personnel. Undoubtedly, the problems 

posed by our raw materials are major ones, but these can be solved by proper planning and more intensive use of 
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all available technical facilities, together with the adoption of proved new developments in the metallurgical 

field. 

I would, therefore, like to review some of the major technological trends, and how these could be utilized to 

conserve our critical resources and enable the Indian steel industry to expand rapidly at low investment costs. It 

may be emphasized that the discussion that follows relates specifically to Indian conditions, and it is believed 

that the suggestions made can be effectively applied. 

Ironmaking 

The blast furnace is the starting point of metallurgical processes in a steel plant, and also the source of many of 

its troubles. The present method for the extraction of iron from its ores is a very old pyrochemical process, 

which only recently attained its present high state of engineering development. Essentially, the blast furnace is a 

large chemical reactor (vertical shaft) in which, under our conditions, about 1.7 tons iron ore, 0.9 ton of coke 

and 0.4 ton of limestone are charged at the top, and about 4 tons of heated air (blast) blown at the bottom, per 

ton of iron produced. Gases from the combustion of coke reduce the iron oxide in the ore to iron, while the 

limestone fluxes the gangue materials in the ore and the ash from the coke to form slag.  

Evolution of Blast Furnace 

Without belittling the efforts of the metallurgical engineer, it is fair to point out that the blast furnace owes a 

large part of its present day efficiency to the contribution made by his electrical and mechanical colleagues. The 

hand-charging of the early blast furnace has been replaced by automated scale cars and skips, the old 

reciprocating blowing engine has given way to the more efficient turbo-blower and may perhaps, in time, be 

replaced by the gas turbine. Such improvements have made the coke blast furnace the only feasible method for 

the commercial production of iron on a large scale. 

Basic Technology Unaltered 

However, the basic technology of ironmaking in the blast furnace has remained practically the same for almost 

100 years. This technology has some major disadvantages. For instance, from a metallurgical point of view, the 

blast furnace gives only an impure product containing impurities such as carbon, silicon and phosphorus, which 

must be subsequently refined to make rollable steel. From the heat economy point of view, it needs to be 

remembered that the blast furnace takes more than twice the heat that is theoretically required to convert iron 

oxide to pure molten iron. 

During the last ten years, engineers and scientists have taken a close, critical look at the technology and 

economics of ironmaking, and have achieved a substantial increase in blast furnace productivity and a 

consequent decline in the coke rates. The main techniques being used or proposed to improve furnace 

performance include preparation and beneficiation of the burden, use of fluxed sinter, high top pressures, high 

blast temperatures, and additions of moisture, fuel gas or oil, and oxygen. 

Burden Preparation 

The reduction of iron oxide in the ore to iron takes place mainly in the stack of the furnace and is a gas-solid 

reaction. The presence in the blast furnace burden of materials of varying size allows the gases to escape up the 

stack without effective use of their heat content or reducing ability. Consequently, coke consumption is 

increased and iron output decreased. Therefore, burden preparation to ensure uniformity in size and composition 

is the first step in raising blast furnace performance.  

Bedding and Ore Drying 

This calls for an ore blending system to homogenize the ore arriving from a number of mines or even from 

various seams in the same mine. The Messiter system together with a stockyard may be used for stocking, 

bedding and reclaiming the ore. To facilitate screening out of fines below 8 mm to 12 mm under Indian 

monsoon conditions, the provision of ore drying facilities may be necessary together with dust extraction 

equipment at all crushing and screening points. Alternatively, wet screening may have to be adopted. 

Self-fluxing Sinter 

The attempt to utilize iron ore fines led to their agglomeration by sintering. Soon it came to be realized that the 

use of sinter has also other far greater advantages. Today sintering is recognized all over the world as the most 

important recent development for increasing iron production at low cost and also conserving raw materials. 

Unfortunately, while there is much talk about conserving our critical materials such as coking coal, one of the 

most useful conservation measures, viz, use of self-fluxing sinter, has not received the attention it fully merits at 

the Indian steel plants. 

The advantages of sinter in improving blast furnace performance have now been amply demonstrated. Ata 

Swedish blast furnace plant
25

, the sinter in the burden was raised progressively to 100% over a 20-year period, 
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resulting in a 90% increase in iron production. Recent tests at the Steel Co of Canada?
26

 show that the coke rate 

was reduced by 26% from 1700 lb (775 kg) per net ton with 40% unfluxed sinter in burden to 1254 lb (570 kg) 

with 100% fluxed sinter. At the same time, daily iron production increased by 43% and flue dust losses 

decreased from 132 lb (60 kg) to 28 lb (13 kg) per ton iron. Similar work done in Japan with 100% self-fluxing 

sinter burden in general blast furnaces over a li-year period showed that the furnaces operated efficiently on a 

coke rate as low as 550 kg per ton iron. 

Coke Rate Iron Output 

Fig 4 summarizes the impressive effects of sintering on iron output. Blast furnace production is raised by 45% to 

60% and coke rate is lowered by 25% to 40% when using 100% sinter in the burden. It may be noted that best 

results are obtained when sinter as a proportion of the burden exceeds 60%. 

 

 

 

World Trend 

The success of the early work on sintering at Domnarvet in Sweden, and subsequently at the Appleby- 

Frodingham works in England and at Russian steel plants, has led to an upsurge in sinter production all over the 

world. The steeper rise in sinter production as compared with the rise in pig iron output in three of the largest 

steel producing countries of the world, the USA, the USSR and the UK, is shown in Fig 5. It is seen that in the 

USSR the tonnage of sinter production now exceeds pig iron production. 

Superfluxed Sinter 

The extentto which a sintered burden is used in blast furnaces in different countries is shown in Fig 6. Blast 

furnace operators are aiming at still higher share of sinter, with the ultimate aim of an ideal two-component 

burden — superfluxed sinter and coke. Judging from the present trends, it would seem that 100% use of sinter or 

a position close to that will be reached in many steelworks in different parts of the world. 

Economics of Using Sinter  

The economics of sinter are so attractive that it is even desirable to create fines by further crushing the ore, over 

and abbdve the natural fines available, in order to have a high proportion of sinter in the burden. With Indian 

ores and coke, it is considered possible by using 100% self-fluxing sinter to increase production by over 40% 

and reduce coke rate by 30% from the present average of about 900 kg per ton iron to about 650 kg. This would 

have a major impact on the economics of ironmaking, besides helping tremendously in conserving our limited 

stock of coking coal. 

Utilization of iron ore and coke fines, reduced coke rate, lower conversion cost, and increase in the productivity 

of a blast furnace make the use of sinter a very economic proposition. Table 5 gives a comparison under Indian 

conditions of blast furnace economics, operating on faw iron ore without sinter and operating with 100% 

superfluxed sinter. For the purpose of this exercise, it is conservatively assumed that with an all-sinter burden 
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the production would be about 30% higher and the coke rate 28% lower. It is seen that the production cost 

(including fixed charges) would be about Rs 7 per ton lower with the use of sinter burden. The capital cost of all 

facilities (such as coal mining, washing and carbonizing, ore mining, sinter plant and blast furnace) for 

ironmaking with sinter is about Rs 72 per ton lower. This saving is achieved in spite of providing additional 

sintering facilities bacause (i) the production capacity of an equivalent furnace goes up when using 100% 

selffluxing sinter, and (ii) the reduced coke rate requires lower investment in mining, washing and carbonizing 

coal. Thus, there is a saving in the initial capital investment of about Rs 72 millions and a recurring annual 

saving in operating cost of Rs 7 millions for every million ton of iron production. In addition, there is a 

significant saving of a quarter million ton of good metallurgical coking coal per year. 
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Advantages of Sinter 

I should like to recommend strongly the use of sinter in the context of our conditions, because of the significant 

advantages summarized below: 

1. Conservation of our limited coking coal by 

(i) Lowering the coke rate due to reduction in thermal load inside the blast furnace, as fluxed sinter does not 

need the heat that would be required in an unsintered burden for the calcination of limestone and the coke for 

the reduction of carbon dioxide from the stone. 

(ii) Better burden permeability, permitting more efficient heat utilization. 

(iii) Utilization of coke fines in the sinter mix, helping to stretch out coke supplies. 

2. Utilization of the large quantities of iron ore fines produced in mining and crushing operations. We have been 

improvident and wasteful in dumping vast quantities of such fines (containing 60% Fe) at the mines over the last 

50 years. These fines in our ores, which in the past were-a major problem, can now be used to our advantage by 

converting them into sinter. 

3. Simter in the blast furnace burden permits the use of weaker coke from inferior coals which could not be used 

otherwise. Sintering permits installation of larger blast furnaces, resulting in farther economies. 

4. Increase in blast furnace productivity; this in turn means saving in production cost and on fixed capital 

charges per ton of output. 

5. Lower capital investmentsin coal mining, washing and carbonizing due to greatly reduced coke consumption. 

6. Utilization of the iron content of flue dust and mill scalein the sinter mix, and reduction in dust the losses 

from the blast furnace. 

7. Better regulation of analyses of charge materials and furnace operation, resulting in the better control ofiron 

analysis. 

Trend in Blast Furnace Size. 

The trend in ironmaking is towards larger blast furnaces. During the last 60 years, the blast furnace has grown 

steadily from a small unit producing about 100 tons per day to the modern giant with outputs of over 3000 tons 

per day. For instance, in the USA, in 1918, a total of 455 blast furnaces produced 53 million tons, while today 

only 265 furnaces produce almost twice as muchiron. In Russia, about 70% of the total iron is currently 

produced in furnaces with a working volume of over 1100 m
3
 and furnaces of 2133 m

3
 (output 4000 tons per 

day) have gone into operation. Similar furnaces are being planned in the USA also. The majority of Indian blast 

furnaces have a working volume of about 1100 m
3
, the largest being about 1300 m

3
. 

The increase in average blast furnace size in selected countries is shown in Fig 7.
30

 The reasons for building a 

large blast furnace are that its larger output reduces unit operating costs, and also gives a small but significant 

saving in coke. Further, there is a considerable reduction in the capital cost per ton annual capacity. In view of 

these technological trends, it would be desirable for large integrated steelworks in India to standardize on blast 

furnaces of, say, 1600 to 1800 m
3 

working volume. There is nothing inherent in our raw materials which could 

prevent us from using furnaces of this size to advantage. Moreover, our blast furnace men, who have 

successfully run medium size furnaces under difficult conditions, can now handle large blast furnaces. 
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Blast Furnace Operation with High Top Pressure 

The use of high pressure inside the blast furnace has a sound technical basis, resulting in economic advantages 

such as increase in productivity and substantial decrease in flue dust. The theory behind top pressure operation 

is that putting a blast furnace (which is essentially a closed chemical reactor) under increased static pressure by 

a throttling valve in the discharge gas main permits more wind to be blown without increasing the upgoing gas 

velocity. The supply of additional oxygen in the air blast enables more carbon to be burnt at the tuyeres, ie, 

provides more CO gas to reduce the iron ore. Longer retention time of the gas in the stack with correspondingly 

longer gas-solid contact increases the amount of gaseous reduction of iron oxides and minimizes the direct 

reduction by solid carbon. The less this reduction by solid carbon the more efficient the blast furnace becomes 

since this reaction absorbs rather than liberating heat as in the case of gaseous reduction.  

At the Ore Research Laboratory of HA Brassert & Co, New York, during my work on ‗direct gaseous reduction‘ 

processes for iron making, some investigations were made on the effect of pressure on the time of reduction of 

iron oxide with hydrogen at about 700°C. As can be seen from Fig 8, increase in pressure from 1 to 2 

atmospheres reduced the time for 90% reduction from 85 min to 45 min. A pressure of 5 atmospheres further 

lowered the reduction time to only about 20 min.  

 

In summary, the operation of blast furnaces at elevated top pressure increases iron production, reduces dust 

losses, and consequently reduces the production cost of iron. The objections to the use of high top pressure, such 

as increase in maintenance and blower costs, are more than compensated by better performance. Although this 

idea was patented in 1938 in the USA, it was fully implemented on a commercial scale first in the USSR, so that 

today more than 80% iron in the USSR: is from blast furnaces operating on pressures up to 2 atmospheres. 

Blast Preparation 

The supply of additional external heat in the blast has been known to decrease the carbon consumed at the 

tuyeres per ton of iron, and consequently increase the iron production rate.It would be.desirable for Indian blast 

furnaces to operate on 950°C to 1050°C to realize this benefit. Currently, blast temperatures of 1100°C to 

1200°C are being contemplated abroad. Further, fluctuations in humidity under Indian conditions and the trend 

towards high blast temperatures call for the use of steam for controlled humidification of air. Although the 

dissociation of steam is endothermic, the gases produced perform useful functions — the hydrogen is a useful 

reducing agent, and the oxygen serves to enrich the blast. 

Auxiliary Gases 

Another interesting development is the injection of natural gas into the smelting zone of a blast furnace. The 

Colorado Fuel and Iron Corporation has been injecting up to 5% natural gas in the hot blast at one of its furnaces 

for the last two years, with a coke saving of about 35 kg per ton iron for each 30 m
3
 of natural gas used. Recent 

investigations by the US Bureau of Mines on an experimental blast furnace showed a reduction in coke 

consumption-by about one-third over the base period. This caused a 30% increase in pig iron production. The 

results are summarized in Table 6. 

Similar work is also being done in the USSR where the Petrovskii works has increased productivity by 3% to 

5% and reduced coke rate by 12% to 15% by using natural gas and higher blast temperatures. The injection into 

the blast furnace of hydrocarbons in the form of heavy oil is being investigated by an USA oil company with 

promising results. In India, where natural gas and heavy oils are not likely to be abundant, the injection of coke 

oven gas into the blast furnace needs consideration. 
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Summarizing, it may be said that with the use of the techniques suggested above the production from a blast 

furnace with a specified working volume can be increased by 100%. This means that Indian furnaces currently 

rated at 1000 to 1200 tons per day could produce about. 2000 tons using self-fluxing sinter, high top pressure, 

prepared blast, high blast temperatures, and other advanced techniques. 

Steelmaking 

We turn now to steelmaking, that is, the refining process by which iron is converted to steel. The molten iron 

from the blast furnace contains numerous elements such as carbon, manganese, phosphorus, sulphur ‗and 

silicon, which must be reduced to the desired levels by oxidizing them out of the bath ; the oxidized impurities 

then combine with the flux to form slag. 

Effect of Raw Materials 

The quality of available raw materials, particularly their phosphorus content, has a major influence on the 

selection of the appropriate steelmaking process. If the phosphorus in the iron is low (below 0.09%), the acid 

Bessemer process is feasible, whereas if the phosphorus is high enough (over 1.8%), the basic Bessemer 

(Thomas) process is indicated. The use of oxygen with steam or carbon dioxide is extending the usefulness of 

the Bessemer processes which produce steel at a low cost. However, the phosphorus content of Indian ‗coal and 

ore result in an iron containing 0.3% to 0.4% phosphorus, which rules out both acid and basic Bessemer 

operations. 

Of the remaining processes, three technically feasible alternatives could be considered for large scale 

steelmaking: 

(a) Duplex process (acid Bessemer-basic open hearth), 

(b) Basic open hearth, and 

(c) Basic top-blown oxygen LD process. 

Duplex Process 

The conventional Duplex process, using acid converters and basic open hearths, requires higher capital 

investment and operating costs, and gives lower yields than one-stage refining operations. With the advent of 

faster pneumatic processes and improved open hearths, the Duplex method is becoming obsolete except under 

very special circumstances. 

Basic Open Hearth 

The basic open hearth today produces the bulk of the world‘s steel. One of its major advantages is its technical 

flexibility; it can produce quality proudcts from a wide variety of raw materials. Also, the metallic charge to the 

furnace can vary from all-cold scrap to 80% hot metal from the blast furnaces. 

Oxygen in Open Hearth 

In the last decade, while there has been spectacular progress in the LD and other pneumatic processes such as 

‗Kaldo‘ and ‗Rotor‘, a number of significant improvements have also been madein the open hearth process. The 

most important of these is the increasing use of oxygen both for flame enrichment to accelerate heating and 

melting, and for oxidation of the steel by direct insertion through roof lances. The combination of the two 
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methods, ie, flame enrichment and direct oxidation, can increase productivity by 40% to 50% and at the same 

time, decrease the fuel consumptionThe Appleby-Frodingham ―works has developed the Ajax Furnace
32

 for 

using oxygen where productivity has increased by some 30%. With an oxygen input of about 40 m
3
 per ton, the 

fuel consumption is decreased to one-fifth of good British practice, and the cost of fuel plus oxygen is one-half 

the total fuel cost. The Ford Motor Co has reported the use of two oxygen-fuel lances along with the standard 

end-burners to give production rates of up to 100 tons per hour on a 360 ton open hearth furnace. 

Another important application of oxygen is for the pretreatment of iron to lower the metalloid content and thus 

reduce the metallurgical load on the open hearth furnace. This ladie desiliconization has been provided at the 

Durgapur steel project. 

In view of the developments indicated above, it is not surprising that the use of oxygen in open hearth 

steelmaking is spreading rapidly. In the USSR, the share of open hearth steel made with oxygen increased from 

about 1% in 1950 to over 25% in 1958. 

Basie Roofs 

One of the important consequences of the use of oxygen is that the higher temperatures inside the furnace call 

for the use of the more refractory basic bricks in open hearth roofs. In order to maintain their competitive 

position, the existing and future open hearths in India will have to use oxygen requiring basic roofs, which, in 

turn, will call for a change in the pattern of refractories production in India, as indeed everywhere else. 

According to present indications, the total brick capacity in India will be about one million tons by 1962, of 

which only 65000 tons will bein basic bricks. It is appropriate, therefore, that basic refractories projects are 

under consideration to help redress the shortfall. 

Increase in Open Hearth Size 

Another line of development which is improving open hearth economics is the increase in furnace size from 

about 40tons per heatin the twenties to an average of about 200 tons per‘ heat in the USA and the USSR today. 

The largest furnaces are those of 500- and 600 ton capacity in the USSR and China, which are capable of 

production rates of over 100 tons per hour. Furnaces with heat size of 850 to 950 tons are now being designed, 

each furnace to produce about three-fourths of a million tons of ingot steel annually. This increase in heat size 

not only improves output but also lowers fuel and refractories consumption. The overall effects of these 

improvements may be gauged from the fact that annual steel production per open hearth shop worker rose in the 

USSR from 524 tonsin 1940 to 1163 tons in 1957.
33

 I have no doubt that large furnaces of 500 tons capacity or 

more will also have to be adopted in India. Indeed, a welcome trend in this direction is the decision to instal 

500-ton furnaces in the Bhilai expansion, though, unfortunately, the other plants will continue with smaller 

furnaces.  

The open hearth process revitalized by these recent improvements is thus better able to meet the challenge of the 

LD converter and other pneumatic processes which have made very big headwayin the last few years.  

LD Process 

Rapid Growth 

Although the first commercial LD plant came into operation in Austria only in 1952, there were 46 converters 

with an annual capacity of 12.5 million tons by 1957, and another 50 vessels will soon have been brought into 

operation, taking the total LD capacity to some 26 million tons. 

In the LD process, oxygen of 99.5% purity is blown vertically through a water cooled lance on the surface of 

liquid iron in a closed bottom vessel. Scrap, iron ore or cold pig iron are added‘to regulate the heat. Burnt lime 

and limestone are added during the oxygen blow which lasts from 18 min to 24 min. The high temperature 

created by the oxygen jet and the eddying of the bath result in a very brisk refining action. The rapid formation 

of a reactive slag enables satisfactory dephosphorization. 

Advantages of LD Process 

The process combines the advantages (comparatively lower capital investment and rapid refining rate) of a 

pneumatic converter operation with the flexibility of an open hearth to some extent (use up to 35% scrap), and 

produces a variety of steels of open ‗hearth quality. Steel can be finished to the desired analysis and contains 

very low nitrogen. The process is well suited for the productionof all sections, andis particularly suited for deep 

drawing quality sheets. 

Size of Converters 

While a few years ago the average LD converter size was only about 40 tons—such as the converters installed at 

Rourkela—today, converters of up to 300-ton capacity are being designed, which will give production rates of 

over 200 tons per hour per vessel. The Great Lakes Steel Corporation in the USA is installing two: 270-ton 
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vessels to produce 1.8 million tons per year, while the Colorado Fuel & Iron and McLouth Steel in the US, the 

Imjuiden Works in Holland, and a number of other companies are installing vessels with capacities of 100 tons 

or more. 

The development of large converters has increased the attractiveness of the LD process in comparison with the 

conventional open hearths. A recent study made by us indicates that the capital cost of a two-million ingot ton 

per year meltshop using three 120/150-ton LD vessels (including oxygen plant) would be about Rs 200 millions 

as compared with a cost of about Rs 350 millions for an open hearth shop of equivalent capacity with six 500-

ton furnaces with desiliconizing, ie, the LD plant would cost only about 60% that of the open hearth shop. The 

LD process in this case was advantageous not onlyin terms of capital cost, but also was lower by about Rs 20 

per ingot ton in production cost. 

Share of LD in Total Steel 

In view of the above considerations — lower capital and operating costs, and suitability in the context of our 

iron analysis and scrap available — it is believed that the LD process should produce 30% to 35% of the total 

steel in India in the next 10 years. Indeed, the share of the LD process all over the world is expected to rise from 

under 10% at present to 20% to 25% of the world‘s steel production. However, to maintain a proper overall 

scrap and fuel balance inside an integrated steel plant, the open hearth will continue to find an important place. 

Other Steelmaking Processes 

Other oxygen steelmaking processes of great interest are the ‗Kaldo‘ process developed in Sweden, and the 

‗Rotor‘ process developed in West Germany. Until recently, both these processes have been operated on a small 

scale, but the Kaldo plants at Sollac in France, Oxelosunds in Sweden, and Consett in the UK, and the Rotor 

plants at Iscor in South Africa and Richard  Thomas & Baldwins in the UK are now coming into production, 

bringing the combined annual capacity to about 3 million ingot tons. These new developments must be watched 

with interest by Indian steelmakers, as they promise to combine the speed of the LD process with the versatility 

of the open hearth. 

Small Scale Iron and Steelmaking 

Alternative Ironmaking Processes 

The preceding discussion of technological alternatives has been based on the assumption that the mode of iron 

production is the blast furnace using coke, with the subsequent steelmaking operations being carried out by 

either the dominant open hearth or the fast LD growing process. This, however, limits the economic location of 

the steel industry to sites at which metallurgical coking coal and ore can be cheaply and conveniently 

assembled. In Indian conditions where the relatively meagre reserves of such coal are concentrated in a small 

area on the Bengal-Bihar border but the iron ore deposits are widely dispersed, there is a strong case for 

investigating methods of production which either eliminate or substantially reduce reliance on coking coal. 

However, it must be remembered that, in spite of worldwide developments in new smelting and direct reduction 

techniques, the blast furnace still remains the most economical mass producer of iron, and that the pursuit of 

alternatives is mainly dictated by lack of resources needed in conventional technology. 

Scope for Small Plants 

While, as discussed in an earlier section, the bulk of our future steel must come from large integrated plants, 

there is ample scope for a great number of smaller plants in widely dispersed locations away from coking coals. 

These small plants could meet a part of the regional demands and, as we have already discussed, open the door 

to a variety of processing industries, which in turn would further accelerate the industrial development of the 

region. Such plants could be installed with much less dependence on foreign supplies of equipment, and could, 

as observed in China, create the enthusiasm and technical skills for evolution of the small units into larger, more 

complex plants. 

Small Scale Ironmaking 

Turning again to ironmaking, it is well known that the heat efficiency and the reduction of iron oxide by carbon 

monoxide improves as the height of the shaft increases. However, this has the disadvantageous corollary that a 

high shaft furnace requires a strong coke to support the burden anda sized ore free of fines. It is also known that 

by reducing the particle size of the burden the same thermal efficiency can be achieved with lower shaft heights. 

The lowering of the shaft height then opens the possibilities of using substitute materials such as a weaker coke 

from poorly coking coals. 

‗Low Shaft‘ Furnace 

Furnaces with low shafts have been used successfully at Calbe in East Germany to produce a quarter-million 

tons of foundry iron per year. The Calbe furnaces use coke made from lignite, which is similar in analysis to the 

Neyveli lignite in south India. It is understood that this lignite coke is to be tried out at the pilot-scale furnace set 
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up by the National Metallurgical Laboratory in Jamshedpur. Since good lignite depoits are also available in 

other parts of India, notably Kutch and Bikaner, the trials will have a wide national interest.  

The attempt to use raw coal, either as lump or as orecoal-flux briquettes, in shaft furnaces has not met with 

much success, although considerable amount of research work has been done in this direction. 

Electric Smelting Furnace for Ironmaking 

One of the most useful devices for substantially reducing the requirement of coking coal—at the same time 

making small scale ironmaking possible—is the electric smelting furnace. This substitutes electric energy for the 

purpose of heating and a low grade carbonaceous material as reducing agent. The electric furnace needs only 

one-half as much fuel/reductant per ton of iron as a blast furnace. Of this smaller requirement, only a part need 

be coke and the rest can be low volatile coal or coke breeze which cannot be used in conventional blast furnaces. 

However, conventional electric smelting requires about 2400 kWh of energy per ton of iron, and its commercial 

feasibility, therefore, depends on the availability of cheap power.  

Here also, considerable amount of development work is being done on preheating and prereducing the burden in 

rotary or shaft kilns using the byproduct gas from the furnace itself, thus reducing the power consumption by 

almost 50%. The new Strategic-Udy and the Dwight-Lloyd-McWane processes are examples of this type of 

development. At the same time, the size of electric smelting furnaces has been increasing, and a 50-ton per day 

furnace using prereduction techniques and having a power consumption of only 1000-1200 kWh per ton now 

appears to be on the horizon. 

Direct Reduction Processes 

The search for ironmaking processes which can produce small tonnages at low investment costs, and at the same 

time use a wider range of available raw materials, has created widespread interest in direct reduction techniques. 

Sponge iron or a powder (later briquetted) is produced for use as metallic charge to cupola, open hearth, or 

electric furnace. These processes utilize a reaction vessel (Hojalata y Lamina and Madaras processes), a shaft 

furnace (Wiberg process), rotary kilns (Krupp-Renn, R-N and Basset processes), and fluidized beds (Esso-Little, 

H-iron, NU-iron and Stelling processes). Although some semi-commercial units are now in operation abroad, 

the economics are yet to be proved for large scale application. The availability of very high grade iron ore and 

the limited reserves of blast furnace fuel are factors favouring the development of ‗direct reduction‘ processes in 

India.  

Small Scale Steelmaking 

Steelmaking on a small scale does not present the same problems as ironmaking. The LD converter processes, 

which has already been discussed earlier, can readily be used to convert molten iron into steel. 

Electric Arc Furnace for Steelmaking 

At the same time, mention must be made of electric arc furnaces for steelmaking which have increased in size to 

about 200.tons capacity. In countries with ample sources of cheap electric energy—which unfortunately do not 

include India—electric furnaces produce steel at costs comparable with open hearth furnaces on a cold charge. 

At the same time, investment is much lower, only about 60% of the open hearth. Till recently, one of the major 

drawbacks of electric furnaces for production of plain carbon steels was that molten iron could not be used 

effectively in them. However, the recent work in the steel plants at Brymbo (UK) and Gerlafingen (Switzerland) 

points to the feasibility of refining liquid pig iron in the electric arc furnace, thus improving its economics and 

increasing its scope. 

Continuous Casting 

Another technique worthy of mention, but still in the development stage, is the continuous casting of steel. 

Theoretically, this will make it possible to cast molten steel direct into billets, blooms and slab sizes, thus 

eliminating conventional casting, stripping, soaking pits and primary cogging mills, which are the most 

expensive factors in steel production. In addition to the lower investinent cost, there is a substantial 

improvement of 10% to 12% in the overall metallurgical yield of the primary rolled product from liquid steel. A 

large four-strand continuous casting installation with a capacity of about 400000 tons is being built at Stalino in 

the USSR for the production of plain carbon steel slabs to be later rolled into flat products. The success of the 

plant at Barrow, UK, in casting mild steel into small billets is of significance for India‘s small electric furnace-

cumrolling mill plants. 

Sendzimir Mills 

While the hot strip mill is the most economical mass producer of flat products, the new Sendzimir hot planetary 

mill makes it possible to roll slabs to strip on a relatively smaller scale. Continuous casting together with a hot 

planetary mill to roll slab to strip and a cold Sendzimir (cluster) mill to further cold roll the strip to the required 

finish are likely to provide a very satisfactory combination for steel production on a small scale. 
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HUMAN IMPLICATIONS 

The crucial role of steel in economic development having been established, and the technological possibility of 

achieving in successive stages a production level of over 100 million tons by the end of the century considered, 

we now go on to discuss the human requirement of this dynamic programme. Our concern here is with the 

organization of management and with the training and development of Indian technical talent on a scale 

adequate to the size of the task before us. 

This concern is prompted by the difficulties that have developed over the steel programme during the present 

Pian period, which forcefully underline the fact that proper management organization and competent personnel 

are as vital to success as any other factor. In view of the scarcity of capital resources, future development in our 

conditions is bound to be jeopardized unless plant and equipment installed at such great cost are fully utilized to 

generate the maximum surplus for reinvestment. It is important, therefore, to examine in some detail the 

requirements of efficient management of design, construction and operation of large industrial complexes such 

as exist in the steel industry. Since it is mainly through the agency of the public sector that future steel 

development is to be realized, our discussion will relate to State undertakings.  

Autonomy in Management  

Most of these State industrial undertakings were organized as joint stock companies, with the idea of ensuring to 

them a degree of autonomy in management and free them from the elaborate and cumbersome Government 

procedures. This autonomy is needed because decisions in a productive enterprise must be made far more 

rapidly than in Government departments. As the distinguished economist, Prof J K Galbraith has said, ‗The 

State having created the organization must in effect, be willing to hold it at arm‘s length. It must remove it from 

any close connection with the civil service. It must accord it freedom from civil service clearances, procedures, 

and working rules. It must give it freedom of decision — this is the most difficult point of all — including 

freedom even to the point of making mistakes, Some mistakes are inherent in the tempo of business decisions.‘
34

 

These mistakes could, perhaps, be avoided if we were prepared to wait and let each decision be approved, 

recommended and eventually finalized in the normal course of civil service procedure. As the professor 

remarks, this dilatory method is just the thing that inhibits and retards economic growth. In his judgment, the 

civil service procedure ensures ‗that each decision is right at the price of overall failure in the result. While the 

individual trees are being saved, the forest is destroyed.‘
34 

It was, as I said, to ensure business like operation that the company form of management was adopted, but the 

object is frustrated by the fact that the majority of members on the Boards are permanent officials attached to the 

controlling Ministry or seconded temporarily to the enterprise. This official predominance has led many to 

doubt whether the. Boards can at all function as genuinely autonomous units. There can be no objection to 

formal and manifest intervention by Government under the powers legally reserved to it, since such specific 

steps attract the constitutional responsibility of the minister in charge and he becomes answerable to Parliament 

for his actions. But when interference is informal and takes place behind theclosed doors of the Board Room, 

autonomy of the enterprise becomes a facade ‗erected‘, as has been said, ‗mainly to defeat parliamentary 

control.‘
35 

Delegation of Authority 

Apart from interference with autonomy, the basic fact is that there is insufficient delegation of authority to the 

Boards. This view finds authoritative endorsement from Shri Asok Chanda, former Comptroller and Auditor-

General of India, and one time Chairman of the Sindri Fertilizers and the Hindustan Machine Tools, who cites 

the case of a Rs 100 crore multipurpose river valley project whose administrator‘s powers were less than those 

the same person previously enjoyed as Chief Engineer of a State. Criticizing the insufficient delegation of 

financial powers, Shri Chanda points out that the delay in the issue of sanctions results in considerable idle 

overheads being added td the capital cost of a project, often affecting its economics. In Hindustan Steel, the 

company charged with the execution of projects costing over Rs 500 crore, the Board‘s powers for sanctioning 

capital expenditure are limited to a maximum of Rs 40 lakhs or one-twelfth of one per cent of the total capital 

cost. It is suggested that industrial enterprises should be required to draw up periodic capital budgets, say, on an 

annual basis, which once accepted should obviate the need for executive sanction on individual items. 

Otherwise, financial restrictions and delays will seriously militate against efficiency and it will be impossible to 

run these enterprises on commercial lines. As Shri Chanda has remarked regarding the present financial and 

administrative structure: ‗The cumulative effect of these arrangements has been to make these companies move 

even slower than departments of the Government, although quick decisions and speed are essential for their 

efficient operation comprehensive reorganization should now be effected, and the conception on which this form 

of management was adopted should be fully introduced.‘
35  

The limited autonomy most public undertakings enjoy is rendered even less effective by the present practice of 

giving the finance man a veto over the decisions of the Board since anything he disagrees with has to be referred 

to the Ministry. Where large sums of public money are involved, the Government admittedly has to retain a 
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degree of control over their disbursement, but arrangements whereby a financial adviser is made primarily 

answerable to his parent Ministry and who cannot therefore identify himself with the goals of the enterprise or 

take responsibility for its overall efficiency, are not conducive to the management functioning as a team. His 

special prerogative undermine the authority of the chief executive, and a sort of dual control operates to the 

detriment of the efficiency of the enterprise. 

The basic organizational defects referred to have contributed to the poor performance of a few public sector 

undertakings, causing some demoralization amongst young engineers within the country and concern abroad 

among India‘s important and influential friends. As examples of the latter, I invite your attention to the 

comments of Prof Galbraith, the American Steel Delegation to India, and the World Bank Mission, widely 

published in the last few months. To quote Prof Galbraith: ‗Even a fairly brief stay at the actual sites of the new 

steel mills reveals numerous faults and further difficulties are on the way. Competent executives are frustrated 

and angry over the centralization of purchasing, personnel and financial decisions in New Delhi. These delays 

are a source of discouragement to the younger engineering and technical personnel who should be showing great 

enthusiasm. The result is poor morale where it should be high.‘ 

Role of Engineers 

It is undesirable that the management of large and complex industrial undertakings should be entrusted to 

persons with no previous background of the particular industry or in many cases of any other. In the USA, most 

of the top management personnel in its nature and long established steel industry are qualified technical people 

with a wealth of practical experience acquired as they have risen up the ladder from junior positions. In the 

USSR, as a paper on the management of industrial enterprises states,
36 

all leading appointments are occupied by 

engineers or people with technical education, who have shown their ability in practical work.‘* 

*Observations of the American Steel Delegation that visited the USSR in 1958 confirmed the statement quoted here. The 

delegation reported: „In general, the plant directors met by the American Delegation were sound, capable men with many 

years „of experience and full technical backgrounds in steelmaking. Delegation members were told that the Soviet Union‟s 

aim is to have technically trained men in all management positions.‟ 

There is now widespread appreciation of the need for radical changes in the present pattern of administration. 

As the Third Plan outline recognizes, the efficiency of public enterprises to yield the maximum results feasible 

is one of the important conditions to be fulfilled in order to sustain a large plan of economic and social 

development. It is proposed, therefore, to ―strengthen the executive machinery ‗to function effectively on their 

own responsibility.‘ In the second place, within the sphere of responsibility assigned to the executive, the 

planners desire that ‗there should be no interference with his decisions.‘ There is thus a healthy recognition of 

present shortcomings. It is reasonable, therefore, to hope that once the proposed reorganization of the 

administrative apparatus is effected, industrial growth in India will proceed apace, unhampered by procedural 

delays and red-tape. I believe that those who doubt our ability to mobilize our technical manpower. resources, to 

cope with the large expansion we visualize, exaggerate our difficulties — and also do not take into account the 

progress we have made in the last decade despite heavy odds.  

Self-reliance 

One of the main purposes of this reorganization must be to give more responsibility and authority to the 

technical personnel not only at the top management levels, but also at lower rungs. This is particularly important 

in the planning and execution of our industrial projects which have suffered from a lack of confidence in Indian 

engineering talent. As a result, we have tended to rely to an undue degree on foreign technical knowhow. It is 

not my intention to suggest that we are in a position to dispense altogether with foreign technical assistance. But 

we should make a discriminating choice and import only such talent as is not available within the country. 

Where foreign experts need to be engaged, we should invariably associate our own technical men with them at 

each stage of their work.  

The attitude towards Indian engineers is highlighted by the fact that many highly qualified men, with 

specialization and actual working experience abroad in various technical fields, find it difficult to obtain suitable 

work in India. As a result, many such men have preférred to work abroad, much as they would have wished to 

have a chance of working in their own country. A decisive break with the past policy is needed if we are ever to 

become self-reliant. The argument that Indian personnel lack sufficient experience is misleading, because Indian 

experience will never develop if the opportunities for acquiring it are constantly denied.  

If some of our plan projects have been running into trouble, it is often because they are started without sufficient 

planning, investigation and adequate technical study of such factors as layout, availability and characteristics of 

raw materials and services. Such setbacks would be avoided if experienced technical personnel were associated 

with the projects from the inception, and given responsibility for such vital aspects as the design of plants, 

particularly from the viewpoint of choosing of processes and equipment suited to Indian raw materials and 

operating conditions. 
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Standardization 

An important aim of associating Indian engineers would be to secure standardization of equipment going into 

our new plants. The importance of standardization cannot be sufficiently emphasized if we aim to reduce our 

dependence on imports for capital equipment. The machine building industries how coming into existence will 

have a better chance of meeting the country‘s needs economically if they can concentrate on a limited range of 

standardized equipment. For instance, we have today five major Indian ‗steelworks, each with plant buildings  

of varying spans requiring cranes of separate designs ; ladles, transfer cars, and other auxiliary equipment are 

also non-standard. In the future, equipment size and ancillary units should be standardized to the maximum 

extent, because this would reduce costs by enabling longer production runs of various components, shorten 

delivery periods, and cut down on inventories of spares. For instance, we might standardize on two or three sizes 

of blast furnaces — small, medium and large, and produce standardized castings, forgings, etc for their 

components. Similarly, building and construction costs could be .appreciably reduced by standardizing.  

Reduce Construction Costs 

After the designing stage, the engineers can play an important role in further reducing construction time and 

cost. Such savings can be effected, for instance, by careful planning and scheduling construction on a continuing 

basis so that trained personnel and expensive construction equipment are: fully utilized. It is unfortunate that at 

the steel projects today trained construction labour has been largely disbanded, and skilled workers with 

valuable training on the job have taken other employment. As the expansion of these projects is already decided, 

and there are new projects like the alloy and tool steel plant at Durgapur and the fourth steel works at Bokaro 

definitely scheduled, it seems a great waste of scarce skill to allow trained men to disperse. 

Careful phasing of construction can considerably expedite a project and reduce costs. For instance, the building 

of quarters for workers and installauon of engineering and maintenance shops to be used initially for structural 

fabrication and repairs to construction equipment should precede work on the major depart ments themselves. 

This construction sequence, which is being used effectively in other countries, would, help to minimize the 

temporary construction facilities and enable a good part of the fabrication work to be done at the site at lower 

costs. 

Training 

In the management of large industrial undertakings, particularly in the engineering industry, top level decisions 

require a thorough knowledge and understanding of the technological aspects as well as of modern management 

techniques. If Indian engineers and technicians are to shoulder wider responsibilities, we should strive to enlarge 

the supply and improve the quality of new cadres. An important method to achieve this is to introduce, as is 

being done all over the world today, industrial management courses as part of the curriculum of all engineering 

and technological institutions.  

Another important reform needed is a better integration of practical training and theoretical study. One way in 

which this can be done is to run pilot scale production units as adjuncts to teaching institutions. Working in such 

plants will give the students an understanding of the dignity of labour and of team spirit, and train them in 

organizing and managing production.  

As aspect of training that deserves very special attention is that of developing personnel for maintaining the 

highly complex and expensive facilities already installed. The maintenance function, which unfortunately tends 

to be generally neglected at the Indian plants, requires engineers and technicians of high calibre, with training in 

modern preventive maintenance techniques. Such maintenance can contribute substantially towards continuous 

and trouble-free production. 

A problem of more immediate importance is to find technical personnel with specialized training for each of the 

numerous industrial projects now being established. It is interesting to note in-this connection thata high level 

Government committee recommended,
38

 as early as 1956, that even before the construction of a new factory, 

requirements of technical personnel at different levels must be carefully assessed and: recruitment made from 

training institutions. Recruits should then be ‗sent to the industrial undertakings of the country similar to the one 

proposed to be set up and trained on the job with the result that, when the factories are built and machinery 

installed, no time is lost in manning it by persons of requisite skill.‘ However, the experience of some of the 

current industrial projects shows that such advance recruitment and traiming 18 not yet being effectively done. 

This situation must be altered, especially since the establishment of steel and other engineering complexes has 

created a large base for technical training within the country itself.  

Suitably qualified and correctly oriented cadres of engineers and technologists can make all the difference 

between success and failure in Indian planning, provided, of course, they are given the opportunity to make a 

full contribution. In other words, engineers would have to broaden their horizons in order to equip themselves to 

perform administrative functions in addition to technical tasks. One of the most outstanding examples of the 
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engineer-administrator is, of course, Sir Visvesvaraya himself, whose 100th birthday is the occasion for this 

lecture. 

The numerous tributes paid to Sir Visvesvaraya and the great honours bestowed on him like Bharat Ratna, the 

highest distinction of independent India, indicates the esteem with which he is held by his countrymen. The 

most fitting monuments to him are the institutions he founded such as the Mysore Iron & Steel Works, the 

College of Engineering at Bangalore, the University of Mysore, and the Mysore State Railways. I shall conclude 

with the wish that his great example will inspire young engineers of today to the efforts they must make on their 

part to win for the technologists an increasingly important role in the life and the future of the country.‘ 
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The Engineer and Society 

Dr M S Thacker 

 

‗I deem it a great privilege to be called upon to deliver this lecture, established by the Institution of Engineers 

(India), in honour of Dr Mokshagundam Visvesvaraya. Visvesvaraya‘s has been a rich and eventful life and 

success has come to himin a measure that is given to few. His many-sided genius as engineer, educationist, 

statesman and champion of industrialization has obtained wide recognition. Governments, universities and 

professional bodies have showered honours on him and independent India has conferred on him the highest 

honour of all, the Bharat Ratna. 

The subject of my addressis, in a way, the Engineer and. the Society, tracing in a ‗general way important 

landmarksin the history of engineering and and technology referring to some of the complex interactions 

between technological advance and social conditions from the earliest times to the present day. I may define 

technology as the science and art of manipulating the sources of power and materials available in nature, 

modifying them where necessary and utilizing them for the manifold purposes of man. In this broad sense, 

technology includes engineering and extends over the entire field of what we call ‗applied science.‘ And in the 

history of the world, in all ages and in all countries, the engineer has played a decisive role in shaping the lives 

dan activities of men. 

May I go back to trace the history of the‗development of technology — or, as we may call it, ‗engineering.‘ 

During the Palaeolithic or Old Stone Age, which began 500000 years ago, man learnt to make tools from stone 

bone, horn and wood. At first, he picked up and made use of suitable natural objects but gradually elaborated 

skilled techniques for working them and evolved a number of specialized tools like the axe, knife, saw, scraper, 

needle, spear and harpoon. He also used two important machines, the bow and the spear-thrower. The bow was 

the first machine for storing energy. 

The Palaeolithic Age continued up to about 12000 years ago and accounts for 98% of the period of man‘s 

existence on earth. In the ensuing Mesolithic or Middle Stone Age, fishing tackle and some refined carpenter‘s 

tools were invented. The sled and the dugout canoe with paddles were developed for transport by land and 

water. 

During all this immense stretch of time, there was no basic change in man‘s way of living. He remained a 

hunter, a food-gatherer, with no fixed habitation, following game where it moved. Food procured by great effort 

and ingenuity was barely adequate. And human communities were small, to be counted in tens or hundreds at 

the most.  

The Neolithic or New Stone Age began about 8000 years ago and owes its name to the emergence of new, 

ground and polished stone tools of greater refinement. The domenstication of plants and animals in the early 

Neolithic Age brought about a major revolution in human life. With the practice of agriculture, man became a 

producer of food instead of being merely a hunter and gatherer. A fundamentally new mode of life now became 

possible and produced a spate of inventions during the two millennia preceding 3000 BC. 

Agriculture made settled living necessary and gave rise to villages. At the same time, it stimulated the invention 

of special appliances — the hoe, the plough and the sickle. The flail was invented for threshing grain and the 

quern for grinding it. Pottery arose in response to the need for vessels to stone and cook grain. 

The Palaeolithic hunter covered himself with the skins of the animals he killed. The Neolithic farmer learnt to 

make textiles from various fibres—flax, wool, linen and cotton—and invented two new machines, the spindle 

and the loom. 

The new mode of living, became established first in the valleys of the Euphrates-Tigris, the Nile and the Indus 

where the annual floodin.ogf the rivers renewed the fertility of the soil. Rivers were also used for water transport 

which was soon revolutionized by the invention of the sailing boat. The sail is the first instance of the use of 

inanimate energy for motive power. 

The invention of the wheel is an application of true rotary motion. The potter‘s wheel led to large scale 

production of pottery. Combined with the invention of the harness for oxen, the wheel initiated a revolution in 

land transport. All subsequent advances in communication up to the jet engine — steamship, railway, 

automobile, aeroplane — have been dependent on rotary motion. And, rotating machines driven by water, steam 

electricity were among the crucial factors of the Industrial Revolution. 

From very early times, a number of copper ores had been used as charms or pigments on account of their bright 

and striking colours. The discovery that these could be reduced to metallic copper by heating with charcoal was 
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one of fundamental significance. Once the metallurgical processes were mastered, tools and weapons of copper 

proved immensely superior to those of the traditional materials — stone, bone and wood.  

The metallurgy of copper was followed by that of silver, lead and tin. It was found that casting is easier and the 

product more durable if copper is alloyed with other metals, particularly tin. Bronze came into use in India, 

Mesopotamia, Asia Minor and Greece by about 3000 BC and the next two millennia until the advent of iron 

remained as the Bronze Age. 

Life in settled communities naturally encouraged the art of building and the original dwellings of mud, reeds 

and thatch gradually gave place to structures of brick, wood and stone. 

The flood of inventions that followed in the wake of the transition from a hunting to an agricultural economy 

gave rise to a number of specialized occupations such as carpentry, pottery, boat-making, spinning, weaving, 

building, and metallurgy which was the most specialized of all. However, the full exploitation and wide 

diffusion of the new techniques required a new type of social organization which was developed in the cities 

that arose in the river valleys of the Fertile Crescent and the Indus region by about the beginning of the third 

millennium BC. These cities grew into flourishing centres of civilization. 

Planning of cities, building of houses, temples, palaces, provision of water supply and sanitation, and the 

construction of canals for irrigation and transport, stimulated the development of structural and hydraulic 

engineering. Techniques of metallurgy, boat-building, chariot-making also greatly improved. 

However, the increase of production that resulted from these developments did not bring any prosperity to the 

craftsmen and labourers who were the teal producers of wealth. The surplus was appropriated by the State, by 

the King and his supporters. The peasants and the workers were progressively reduced to a state of serfdom and 

slavery and forced to live miserably at the level of bare subsistance. The art of writing was the monopoly of 

priests and accentuated the divorce of learning from craftsmanship. Such a state of affairs was hardly conducive 

to innovation and the Bronze Age produced few basic advances in engineering and technology. 

Meanwhile the rulers lived in glittering splendour and built on a grandiose scale. The size, beauty and technical 

excellence of these structures justly evoke our admiration, particularly in view of the limited mechanical aids 

available at the time. Thus, the Egyptians used only the lever, the inclined plane and the wedge in building the 

pyramids and yet succeeded in incorporating huge blocks of stone in building an enormous structure of almost 

perfect geometrical design. And yet, we must not forget the immense expenditure of manpower; Herodotus tells 

us that a hundred thousand men were employed during three months each year for 20 years in building the Great 

Pyramid. In fact, it was the merciless exploitation of human slave labour that prevented the development of 

other sources of power for almost three millennia.  

The contradictions inherent in the river valley civilizations of the Bronze Age led to technological stagnation 

and decline; and the civilizations readily succumbed to barbarian invaders from the north, equipped with 

weapons of a new metal, iron. Though iron ores are abundant and widely distributed, the metallurgy of iron is 

complex and unlike that of copper. The smelting of iron on an appreciable scale was first achieved by an 

Armenian tribe in the fifteenth century BC but the Iron Age really began only some three centuries later when 

the use of the metal had spread to other areas. 

On account of its cost and comparative rarity, bronze had all along been available only to a privileged few or for 

special uses as in warfare. Once the technique of iron making was mastered, metal tools and weapons became 

available in far greater measure than hitherto and led to profound social and technological developments.  

The new Iron Age civilizations took root in India, Persia and Greece, on the outskirts of the older centres which 

they overran. Though the early part of the Age did not bring forth any great inventiveness, a few developments 

are worthy of mention, among which the pulley is perhaps the most important. Another is the rotary quern for 

grinding corn. 

In these various ways, the onset on the Iron Age enhanced the productive capacity of mankind. Goods became 

available in far greater measure than in the previous Age and more people could aspire to a higher standard of 

livirig. Yet the widespread prevalance of slavery remained a bar to technological progress. Among the early 

civilizations of the Iron Age, the Greek was of the greatest significance to the subsequent history of mankind. 

The Greek civilization is noted for its brilliant achievements in art, philosophy, literature and science, and 

attained its highest development in Athens in the fifth century BC. The Greeks were the first people in antiquity 

to attempt to understand nature and originated science, but the division of society into citizens and slaves 

prevented them from applying science to engineering and technology. Science was held to be a mental exercise 

fit for free men. 

After the death of Alexander and the break-up of his empire, Greek culture passed on to Egypt and the next few 

centuries brought some advances in engineering. Archimedes is credited with the invention of the screw pump 

which was used for irrigation and pumping water from mines and ships. He also developed the theory of the 
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lever and founded the science of theoretical mechanics. He constructed several ingennious military machines but 

seems to have been ashamed to putting his genius to practical use. The same attitude prevented the application 

of the force pump invented by Ctsibius. Hero of Alexandria constructed gadgets incorporating the principle of 

the windmill and the steam engine. Though these could have been developed into effective prime movers, they 

remained mere mechanical tyos as did various other devices constructed by others during this period. So long as 

slaves were available to do the work, there was no pressing need to harness natural power. 

The Romans were the greatest builders of antiquity, and their roads, bridges and aqueducts extended all over 

their far-flung empire. Some of these are still in use today. Roman cities had elaborate arrangements for water 

supply and sanitation, which were not equalled in Europe until quite recent times. They learnt to make concrete 

from sand, lime, stone and water and established construction techniques which persisted until the advent of 

modern machinery. In architecture, they used the vault, the dome and above all the arch. Most of their technical 

knowledge was, however, obtained from the Greeks, and the Romans contributed little that was original or 

fundamental.  

With the waning of Roman power, slavery began to decline and feudalism arose in Europe during the Middle 

Ages. Non-human sources of power now began to be exploited on an increasing scale. The water wheel was 

invented in the East, probably in India, early in the first century BC and was known to the Romans soon after, 

but little use was made of water power until the fourth and fifth centuries AD when Roman power had declined 

and the paucity of slaves had resulted in serious labour shortages. Water power was used for several centuries 

almost exclusively for corn grinding but its use gradually extended for other purposes like fulling of cloth, 

sawing wood, metal forging and pumping mines. The use of water power to blow a blast of air and thus attain a 

higher temperature made the production of cast iron possible. Blast furnaces were erected in the fourteenth and 

fifteenth centuries.  

Another source of power became available when the windmill was introduced into Europe from Persia in the 

twelfth century. The wide use of animal power for transport and driving machinery became feasible when an 

efficient horse-harness was introduced from China in the tenth century. Other significant inventions also came 

to Europe from China — the rudder, the compass, gunpowder, paper and printing. The rudder and the mariner‘s 

compass came into use in the twelfth century and radically improved navigation and extended the limits of 

trade. Gun powder revolutionized warfare and was instrumental in the break-up of feudal power. The effects of 

printing on the diffusion of learning paved the way for the Renaissance. 

Towards the end of the Middle Ages, technological supremacy was shifting from the East to the West. And the 

Renaissance accelerated the process by breaking down the shackles of tradition. A new spirit of enquiry and 

adventure was in the air. Classical learning was studied and assimilated and soon began to be questioned. 

Experiment and observation were established as the only means of gaining a knowledge of nature. Modern 

science was born and a greater interest in mechanical appliances brought learning and technology together in a 

mutually fertilizing liaison.  

At the same time as man‘s mental horizons were being extended, spatial frontiers were also receding. Building 

of better and bigger ships and the improvement of navigation had made possible the great voyages of Columbus, 

Magellan and Vasco da Gama, who brought knowledge of new lands and established sea routes for trade and, 

later, conquest. The era of capitalism and imperial expansion had begun. 

By the end of the seventeenth century, industrial production in factories had made considerable progress in 

Europe, particularly in England. Mining and metallurgy had made great strides. Animal power, the water wheel 

and the windmill were exploited to a large extent but one serious problem remained. Mines were becoming 

deeper and the pumping of water was proving more and more difficult. The steam engine was invented to solve 

this difficulty but soon brought about profound changes which inaugurated the Industrial Revolution in the latter 

half of the eighteenth century. 

The early engines of Savery and Newcomen worked but were inefficient. It was said that the steam engine 

required an iron mine to make it and a coal mine to run it. However, improvements were soon made and in the 

hands of Watt, the steam engine became a really efficient prime mover which was mobile and thus free from the 

disadvantages—undependability and fixity of location—of wind and water. 

At about the same time, several important inventions were made in the spinning and weaving industry. The 

exploitation of these with the newly found power of steam rapidly brought Britain to the forefront in the 

manufacture of textiles. 

The Industrial Revolution raised the productive capacity of mankind to a level undreamt of ever before. The 

mass production of goods brought them within the reach of all and not merely of a privileged few. But its 

immediate effects were not an unmixed blessing. Women and children came to be employed in factories and 

made to work too long under appalling conditions for a miserable wage. However, the very fact of working 

together led to the emergence of a labour class which became increasingly conscious of its common interests 
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and united to secure them. This and the pressure of social reformers gradually brought progressive improvement 

in their condition. 

The discovery of electromagnetic induction by Faraday in 1831 laid the foundations of the electrical industries. 

which have attained immense proportions today. The water turbine has made possible the generation of 

electricity by the power of moving water. The applications of electricity in the telegraph and the telephone, the 

electric motor and electric lighting in the factory, the office and the home have transformed life during the 

present century. 

The discovery of atomic energy in our time is comparable in its potentialities to that of agriculture or 

metallurgy, though its first use was for destructive purposes. The effective harnessing of atomic energy for 

power demands engineering and technology of the highest order and not all of the attendant problems are solved 

yet. A major problem is to find a practicable method for the direct conversion of heat into electricity. 

Electronics engineering has fostered automation and brought the completely automatic factory within the realm 

of practicability in the near future. The almost unlimited power made available by atomic energy, and the 

release from monotonous and exhausting toil that automation promises, hold forth the prospect of an immense 

improvement of the material welfare of mankind. 

Several new materials have had important effects on engineering and technology. Plastics and other synthetic 

materials are available for almost any purpose with almost any specified properties. Developments in the field of 

light alloys and special steels are taxing to the utmost the ingenuity of engineers and technologists. Reinforced 

concrete and now prestressed concrete have revolutionized building practice. 

Today, the phenomenal increase in the range and speed of communication by radio and aeroplane has virtually 

annihilated time and distance and enhanced contacts between peoples. With the end of colonialism, the newly 

independent nations of the world are undergoing what has been termed ‗a revolution of rising expectations‘. 

Many of them have launched ambitious plans for industrialization with a view to economic development and 

improvement of living standards.  

I am sorry if I have inflicted on you rather a long matter-of-fact account of the growth of technology from the 

pre-historic times. I have attempted to show that right from the ages past, growth of technology and the streams 

of civilization have mutually interacted, often times for good but not always so. Social conditions have, in many 

instances, hampered technological growth and similarly, important landmarks of technology have adversely 

affected society. 

Coming to our own days, we have heard it often said by eminent men that modern technological developments 

are not an unmixed blessing. Partly, all of us will agree with this point of view. Several examples could be cited 

to show how developments in technology have not added to human happiness in an unadulterated manner. The 

pessimist can take the view that some of these developments have, on the contrary, brought in untold misery to 

man. 

It is in this context that I consider that scientists, technologists and engineers have an important contribution to 

make. Should they be merely carrying out the behests of those who are in power and position; should they not 

contribute in a more positive manner to the shaping of ideas and events which may in the long run orient and 

strengthen the constructive forces? If we accept the thesis that technology has great influence in the shaping of 

civilization—I know all of you will accept this thesis — then, it is incumbent on you to see that the various 

forces which are having their play in this world are directed towards constructive purposes. 

‗If scientists, technologists and engineers could rise above mundane and personal considerations and deal with 

these problems in an objective and constructive manner, I am sure they could make a great contribution to the 

welfare of mankind. We should be thankful to Providence that in India today scientists, technologists and 

engineers have a wonderful opportunity to play such an effective role. 

‗Planning has come to stay in India; we have already successfully completed two Five Year Plans and are 

embarked on the third. The achievement of the objectives of these and of such subsequent plans will depend in a 

large measure on the devotion, efficiency and initiative which our engineers show in their allotted tasks, and 

they shall have to be equipped with the latest knowledge and trained in the most modern methods in their field. 

May I end: sixteen times a day, a man-made satellite can circumnavigate the earth. Homo Sapien, the earthling, 

has shrunk his world to the dimensions of a very small planet. Scientists and engineers have outdone the 

ancients, whoin the arrogance of their material success built pyramids as the gravestones of their civilizations, 

but modern man can throw his pyramids into space and they may orbit eternally round this planet. Will the 

modern scientist and engineer choose to use his science and wisdom and cooperate with all his kindin the noble 

task of enrichment of the people? 

The Sixth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the Forty-third Annual 

Convention, Bangalore, May 19, 1963  
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Orissa‘s Decade of Destiny 1963-73 — A Plan for the 

Integrated Development of the River Basins of Orissa 

Dr A N Khosla 

 

SUMMARY 

This is a Master Plan for the integrated development of the river basins of Orissa. 

The Plan reveals the promise and the hope of tomorrow — the ‗Destiny of Orissa in the Decade 1963-73—and 

the new opportunities for development in Orissa and the adjoining States of the eastern region in the years 

following. 

It is a multi-State Plan, providing complete flood control of the Mahanadi, Brahmani and Baitarani Rivers; 

irrigation facilities to Orissa, West Bengal and Andhra ; inland navigation to the Haldia, Visakhapatnam and 

Paradeep ports and their hinterlands through a network of irrigation-cum-navigation canals; and additional 

power to West Bengal, Bihar, Madhya Pradesh, Andhra, and possibly Uttar Pradesh and Maharashtra. 

The overall benefits of the Master Plan and its component units will be: 

 

The total Master Plan will cost Rs 1621 crore and be completed in the Eighth Plan. 

Out of this, Rs 206 crore have been or will be spent on projects completed or under construction, including 

installation of 250 MW of thermal power at Talcher. 

A sum of Rs 825 crore (under the head ‗River valley projects and hydro power‘) will be needed to complete all 

the new river valley projects to provide complete flood control ofthe Mahanadi, Brahmani and Baitarani Rivers; 

irrigation; hydro power and navigation facilities plus the installation ofan additional 250 MW of thermal power 

at Talcher. This part of the Plan will be completed by 1983. 

A sum of Rs 590 crore (under the head ‗Thermalpower project‘) will be the cost of generating additional 8500 

MW of thermal power with Talcher coals and middlings at the Bengal-Bihar coal washeries. This part of the 

Plan will continue into the Eighth Plan, possibly to the year 1991. 

A sum of Rs 469 crore (under the head ‗Core project of the Master Plan‘) of the Rs 825 crore plan will be 

needed to complete the core project of the Plan — the Tikerpara-Gania complex. The irrigation part of it will 

continue in the Fifth or even the Sixth Plan. 
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A sum of Rs 175 crore (of the Rs 469 crore) will be required for the completion of the Tikerpara power project 

and the Gania Barrage to the minimum essential level with a small part of canal system under way during the 

period 1963-73—‗Orissa‘s Decade of Destiny‘. This part of the Plan will be executed in two stages: 

 

This net return of nearly Rs 40 crore* a year will transform the economy of Orissa into a self-generating one, 

enabling the balance of the Master Plan to be largely executed with the resources generated from the Tikerpara 

power project. 

*The figures of cost and return will be somewhat modified as a result of more detailed designs and estimates, and changes in 

the assumption of sale price per unit or per kW of electric power, as also of any additional cost on account of high voltage 

transmission lines. 

‗I feel honoured in having been invited: to deliver the Sixth Sir Mokshagundam Visvesvaraya Lecture. I 

accepted this invitation at the insistent persuasion of our President, Maj-Gen Harkirat Singh. I am glad I did so 

despite the apprehension that after assuming charge as Governor of Orissa—which I did on 15th September, 

1963, the birthday of Sir M Visvesvaraya — I would have little time to prepare this Lecture. It was not till the 

3rd of May, 1963, that I could get the time to think of the subject of my Lecture and settle down to put it on 

paper. 

The subject of the Lecture posed a problem. I decided to break away from general subjects and write on one 

which had a direct link with some planning or engineering activity of Sir M Visvesvaraya and was at the same 

time of general interest particularly to the State of Orissa. Such a subject I discovered in ‗A Plan for the 

Integrated Development of the River Basins of Orissa,‘ and the first ten years of its implementation as ‗Orissa‘s 

Decade of Destiny‘. Visvesvaraya had been associated during the 1930‘s with the flood problems of Orissa and 

had been invited to advise the Government of Orissa in this connection on two occasions, once in 1937 and 

again in 1939. 

INTRODUCTION 

One of the earliest references dealing with the flood problemof the Mahanadi River — the biggest river of 

Orissa and which poses the major flood problem—that has come to hand, is a report dated 31st August, 1859, by 

Capt John C Harris (Bengal Engineers), Executive Engineer, Mahanadi Division, in which he recomamended : 

The demolition of all embankments; 

Throwing a dam across the Mahanadi opposite Kundlepur (a short distance. above the Mundali weir now under 

construction);  

Taking a diversion canal from above this dam, cutting through the Daltolla ridge, to carry 50000 cusec (with 

opportunity for developing itself to carry 400 000 cusec) and discharging into the Chilka Lake; and  

Opening of a new mouth to the Chilka Lake for discharging this into the sea.  

He estimated the cost of this dam and diversion cut at Rs 11 lakhs. For lack of funds, this scheme did not 

materialize. 

In 1858, Sir Arthur Cotton recommended the construction of anicuts across the Mahanadi, Brahmani and 

Baitarani Rivers, which recommendations were not immediately given effect to on the ground of being ‗not 

productive‘. These anicuts were, however, constructed later and, by providing irrigation, reduced the drought 

problem to some extent. But the flood problem persisted in its old severity. 

The Government of Orissa appointed Flood Enquiry Committees in 1927, 1938 and 1940. 
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The 1927 Flood Enquiry Committee recommended against the construction of reservoirs for the control of 

floods as being impracticable; and also against the construction of embankments, because of the obstruction 

they would cause to the flow. They recommended the removal of all embankments in the semi-protected areas. 

Visvesvaraya, in his advice of 1937, laid emphasis on investigating the feasibility of constructing flood control 

reservoirs on any of the three main rivers, but particularly on the Mahanadi. He stated that if a reservoir is 

constructed, it may be useful in several other ways as well — for extending irrigation, generating electrical 

power, etc. 

The 1938 Committee‘s Report advocated the policy of flood control through improvement of main rivers by 

control of discharges and the silt charges; providing better outlets to the sea; adequate strengthening of the 

embankments; and provision of high level escapes; and recommended that the question of detention or storage 

reservoirs should be taken up for investigation after other cheaper methods had been tried. 

In his advice of 1939, Visvesvaraya expressed satisfaction that flood protection by storage reservoirs in the 

upper reaches of the rivers had received some consideration, but he appreciated the difficulties regarding 

construction of these because of State boundaries and the poor financial condition of Orissa Province. He also 

referred to the proposals made in the past (by Capt Harris) to make a cut through the Daltolla ridge to divert a 

portion of the Mahanadi River in times of high flood into the Chilka Lake. He said, ‗The proposed cut will be 

deep and expensive. It might be cheaper to construct a dam provided with uhdersluices across the Mahanadi at 

or above Naraj weir and reduce the cutting across the Daltolla ridge. This will probably fulfil two objects a 

portion of the floods will be impounded, and the other portion diverted, thereby reducing the discharge of the 

river through the delta to harmless dimensions‘. 

The above resume, besides bringing out the part played by Visvesvaraya in dealing with the flood problem of 

Orissa, will help in a better understanding of this and other problems of the State. 

ORISSA AND ITS PROBLEMS 

Orissa mirrors the paradox of all backward areas — poverty amidst potential plenty. Orissa has. Untold wealth 

of natural resources — land, forests, water, minerals, a long sea coast; and a population of 17.57 millions. Yet it 

is the poorest and most backward State of India. Any plan for development of these vast | natural resources will 

help transform poverty into plenty in the State and may well serve as a model for other similarly situated areas 

in India and elsewhere in the world. 

Floods and Droughts 

For centuries, Orissa has been haunted by the twin spectres of flood and drought, and of these, the latter has 

been the more terrible. The distribution of rainfall and consequently of the river supplies through the year 

vary.within wide limits. Thereis too much water during the rains and too little during the dry part of the year, 

with the result that Orissa continues to suffer devastation by floods and starvation, misery and disease from 

droughts. Terrible famines occurred in the 14th, 15th and 16th centuries. In the memorable famine of 1770, 

people were reported to have died in hundreds and thousands. Nearly a century later came the great Orissa 

famine of 1865-66. The rainfall in 1865 was scanty and ceased prematurely. Foodcrops failed and it was 

estimated that nearly one million people died in the District of Cuttack alone. In the District of Puri, nearly 

40°% of the population perished. Then followed the flood of 1866. Crops and property were destroyed and what 

the drought had spared was engulfediin the wide flood waters. 

Only two years ago in 1961, serious flood damage occurred over 3600 sq miles of area; 650000 acres of crops 

were damaged and 19 human lives lost. The expenditure on relief alone was Rs 5.77 crore.  

Severe drought conditions prevailed in most districts of Orissa in 1962 due to failure of rains. Twenty-five per 

cent of the total cultivated area of the State was affected. The estimated loss of kharif crop was more than Rs 60 

crore. 

Flood control and irrigation are the two basic ‗needs of Orissa. 

General Features 

Physical (Fig 1) 

The State of Orissa is situated in the north-eastern section of the Indian peninsula and extends over an area of 60 

136 sq miles. It is a maritime State with a coastline of 250 miles along the Bay of Bengal. It has a common 

boundary with West Bengal in the northeast, Bihar in the north, Madhya‘ Pradesh in the west, and Andhra 

Pradesh in the south-west. It can be divided into four main physical regions — the northern plateau, the central 

tableland, the Eastern Ghats, and the coastal plain. 
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Climate 

The mean maximum temperature is 91°F (33°C), rising to 101°F in April and May, and falling to 80°F in. 

January. The mean minimum temperature is 70°F (21°C). The average rainfall is 59 in. About 81% of ‗this 

rainfallis received during the period June-September, mainly from the Bay of Bengal branch of the southwest 

monsoon. 

Population 

According to the 1961 census, the population of Orissa has gone up to. 17.57 million, with a density per sq mile 

of 292. The increase in the total population during the decade 1951-61 was 1.99% per annum. The coastal 

District of Cuttack has the heaviest density of population which is over 600 per sq mile. Adibasis, scheduled 

castes and other backward classes constitute nearly 67% of the State‘s population, the Adibasi population 

accounting for nearly 24%. 

Living Standards 

The per capita income of Orissa during 1960-61 was Rs 212, as against the all-India average of Rs 330. 

Natural Resources 

The most important of Orissa‘s natural resources are its land, forests, water, mineral and marine wealth. 

Land and Agriculture 

The total area of the State is about 38.4 million acres, of which about 36% was cultivated in 1955-56. Orissa‘s 

main weakness stems from its poor agricultural base, archaic cultivation, vagaries of the monsoon, and damage 

due to recurring floods, all resulting in low yields and uncertain harvests. The yield of rice, which is Orissa‘s 

chief crop, accounting for over 63% of the total cropped area, is the lowest in India  514 lb per acre as 

compared with 1255 Ib in Madras and 806 ib for India as a whole. This can easily be doubled or more if 

adequate irrigation and modern facilities can be assured. 

Eight out of every ten oriyas subsist on agriculture. 

Forests 

Next to Madhya Pradesh, Orissa has the largest forest area amongst the States of the Indian Union, covering 25 

331 sq miles, or nearly 41.01% of the total land area. Apart from their effect on climate and their role in 

preventing soil erosion, the forests provide valuable raw materials for industry and are an important source of 

revenue to the State. 

Water 

Orissa has enormous water wealth in its many rivers which are fairly evenly scattered over the State. Between 

them they carry a mean annual flow of nearly 121 million acre-ft, or, roughly one-tenth of the total runoff of the 

entire river system of India. The runoff is, however, very unevenly distributed through the months. There is 

either too much water during the monsoon period resulting in heavy floods, or too little during the dry season, 

resulting in failure of crops. 

Minerals (Fig 2) 

Orissa has enormous mineral wealth. The resources so far known are considerable and diverse, and the potential 

mineral occurrences give promise of discovery of large deposits. Moreover, several occurrences are yet to be 

explored and about one-third of the State remains to be surveyed by the Geological Survey of India. Taking all 

these facts together, Orissa would have perhaps the largest mineral resources among all the mineral-bearing 

States of India. It has iron ore, manganese ore, coal, dolomite, limestone, chromite, china clay, graphite and fire 

clay.. The present estimate places the iron ore reserves at about 10000 million tons, and of coal at about 40000 

million tons, both nearly 50% of all-India estimates. 

Fisheries 

Fisheries, both inland and marine, occupy an important place in Orissa‘s economy. Nearly 35000 persons have 

fishing as their principal means of livelihood in the Chilka Lake (450 sq miles in area) where nearly 3500 tons 

of fish are raised each year. The yield per acre from Chilka Lake is 75 Ib to 100 Ib, one of the highest in the 

world for brackish water fisheries. 

Orissa has a 250-mile long coastline which is covered in many parts by river mouths and estuaries. On an 

average, the State produces a total of 23000 to 25000 tons of fish per year, of which about one-third is sea fish 

and the remainder estuarine and fresh water fish from all the inland sources. Fisheries contributed roughly Rs 

1.76 crore to the State income in 1956-57. Considering that Orissa is a maritime State, the share of fisheries in 

the State income is low. There are hardly any fish-based industries in the State. 
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Coastal fishing is confined to a narrow belt of 3 to 4 miles over a relatively short stretch of the coast. On account 

of lack of proper berthing, landing and other harbour facilities, no offshore fishing has developed in the State. It 

would be possible and profitable to use a large number of bigger boats and operate trawlers if proper berthing 

and harbour facilities were developed at suitable locations along the coast. There are rich fishing grounds in the 

sea off the coast of Orissa. 

Industries 

Orissa, one of the richest States in India in land, forests, minerals, water and marine resources, has remained 

industrially backward because of the lack of cheap electrical power and adequate transport and communication 

facilities. The total power installed in the State was 300 kW in 1945. 

One sugar mill, a glass factory, a soap works, a few oil mills, and a number of rice mills comprised the entire 

industry of Orissa in 1945. 

The First and Second Five Year Plans have, however, provided a much-needed impetus to the industrial 

development of the State with power becoming available from the Hirakud and the Machkund hydro-electric 

projects. The Rourkela steel plant, with an annual production capacity of one million tons of ingot steel, was put 

up during the Second Five Year Plan. A fertilizer factory, with an annual capacity of 50000 tons of nitro-

limestone, has been set up in the immediate neighbourhood of the steel plant to utilize the by-products of the 

steel works as raw materials. Ferromanganese plants have been set up at Joda and Rayagada. An aluminium 

smelter, with an annual capacity of 20000 tons, has been set up near the Hirakud power station. Orissa has two 

large cotton mills near Cuttack, three sugar factories at Aska, Rayagada and Singhpur Road, with three more 

coming up; and three paper mills at Brajarajnagar in Sambalpur District, at Chaudwar in Cuttack District, and 

near Rayagada in Koraput District. 

Transport and Communications 

Inadequate transport and communication facilities have been a major barrier to the economic and industrial 

development of Orissa. As against an all-India average of 31 miles of rail track for every 1000 sq miles of 

territory, the State has only 14 miles. Similarly, for every 1000 sq miles, Orissa has 53 miles of surfaced roads 

compared to 261 miles for Madras, 124 miles for Andhra, and 102 miles for West Bengal. 

Ports 

Despite an extensive coastline, Orissa will be having by the end of the Third Five Year Plan one port — the 

Paradeep port—only recently taken up for construction, which will be ready by the end of 1965 and will handle 

2 million tons of iron ore by 1965 and may be extended later to handle 10 to 15 million tons per year. 

Inland Navigation 

Orissa has a network of small navigable canals — Taldanda, Kendrapara, High Level, Coastal and Jajpur canals, 

totalling 154 miles in length, which provide the cheapest-means of transport in the coastal areas of Orissa. These 

have been somewhat improved after the completion of the Hirakud Dam project and the Delta Irrigation 

Scheme. 

 



The Sixth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Forty-third Annual Convention, Bangalore, May 19, 1963 
  

 

 

The Institution of Engineers (India)  
 

75 

PLANNING FOR PROSPERITY 

From many points of view, Orissa, potentially the richest, is probably the most backward region in the country. 

The poorer the region the more urgent is the need for accelerating growth, but the greater also is the difficulty in 

raising internal resources for investment. This is Orissa‘s dilemma 

Given these resources and the will to achieve, Orissa is destined to be the most industrially advanced State in 

India.  

The plan provisions during the First, Second and Third Five Year Plans and the expenditure during the First and 

Second Plans are given below. 

Orissa has 4.02% population and 4.96% area of the all-India figures. It has 10% water wealth and almost 40% to 

50% mineral wealth of the total water and mineral wealth of India. 

Any plan for the overall development of this extremely poor but potentially richest State in India must give first 

consideration to the solution of the problems of flood and drought. Conservation of flood waters during the 

monsoon through storage and their utilization through regulated releases during the dry parts of the year for 

purposes of flood control, irrigation, power generation, navigation, fish culture, tourism and. Other facilities 

must, therefore, constitute the core of the plan. This coupled with the accelerated pace of development of 

industries based on the immense water resources and mineral wealth of the State and consequent on scale 

increase large in agriculture, power and transport facilities under the plan, will need proportionately much 

greater outlay in the Fourth and subsequent Plans than has been provided for Orissa in the Third and earlier 

Plans. 

THE MAY 1945 PLAN 

The plan for the unified development of the Mahanadi basin as a first step in the overall integrated development 

of the river basins of Orissa, was conceived by me a Chairman of the Central Waterways, Irrigation and 

Navigation Commission (Central Water & Power Commission) in May 1945. This plan envisaged the 

construction of three storage dams on the Mahandi at Hirakud, Tikerpara and Naraj, for securing complete 

control of the Mahanadi floods, and for developing power, irrigation, navigation, pisciculture and other 

facilities. 

The construction of the Hirakud Dam and power plant was undertaken in 1949-50 immediately after the surveys 

and investigations were completed and the project report was prepared and approved. This constituted the first 

stage in the plan of basinwide development of the Mahanadi River. It was completed in 1956 and inaugurated in 

1957. The project for the construction of the Naraj Dam was later substituted by that of a diversion weir at 

Mundali nearby, which is now in progress. 

The project for the construction of the Tikerpara Dam, which constitutes the core of the May 1963 Master Plan, 

is actively under investigation and preparation. 

 

THE MAY 1963 MASTER PLAN 

The May 1963 Master Plan for Orissa is a continuation of the May 1945 Plan and has been conceived in the 

background of the history of droughts in the 14th, 15th, 16th and 18th centuries and the recurring devastating 

floods, of the more recent flood of 1961 and the drought of 1962 with its estimated loss of crops worth over Rs 

60 crore, and the continuing miserably low standard of living of the people. It is a Plan for the total development 

of Orissa for agriculture, power, transport, industry and social services through the integrated development of its 
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river basins. The development for power includes hydro power from stream flows as well as thermal power 

from Talcher coals and from middlings at the coal washeries in Bihar-Bengal coalfields. 

The Master Plan will provide all the essential requisites for the development of agriculture, mining and industry, 

which constitute the base for all economic advance and defence build-up. These requisites are protection from 

floods; water for irrigation, industry and domestic use; electric power for factory and farm water and other 

transport facilities, lakes and reservoirs for pisciculture, recreation, tourism, etc. The present exposition of this 

Plan deals with these aspects of development only and that in broad terms. The details will have to be filled in 

after due investigation by the appropriate departments of the State or States concerned. 

The development of the various industrial complexes made possible by the above developments will be dealt 

with separately. 

The Master Plan can be considered in two parts: 

Part 1 — River Valley Projects: dealing with all developments pertaining to water, which includes flood control, 

irrigation, hydro-electric power, inland waterways for navigation, fish culture, tourism, and a possible seaport 

and harbour at Chilka Lake. 

Part 2 — Thermal Power Projects: based on Talcher coals or, alternatively, also on middlings from washeries in 

the Bihar-Bengal region, the phasing of thermal power development in step with the stages of development of 

the river valley projects, and the economics thereof. 

The salient features of part 1 projects are summarized in Table 3 and those part 2 projects in Table 4. 

For Part 1 — River Valley Projects, the programme of development is envisaged under six groups — A, B, C, 

D, E and F. 

For Part 2 — Thermal Power Projects, the programme of development for optimum results is tentatively phased 

in Table 4 to correspond to and dovetail into the programme of development under groups A, B, C, D and E of 

River Valley Projects. This assumes that the necessary resources will become available at each stage. This 

phasing can be altered to suit availability of funds and regional power needs. 

Priorities 

The river valley projects have necessarily to be developed first. These, besides power, provide ‗firstly the basic 

needs of Orissa, namely, flood control, irrigation and fish culture, and incidentally also navigation, tourism, etc ; 

and, secondly, power at a much lower ‗unit cost than thermal power whether developed with cheap coals at 

Talcher or with: middlings at the washeries (see last columns of Tables 3 and 4). 

A Multi-State Plan 

The 1963 Master Plan is not a plan for Orissa only. It is essentially a multi-State plan for the six eastern States 

of India. In respect of power, it isa plan for the eastern region comprising Orissa, West Bengal, Bihar, Madhya 

Pradesh, Andhra Pradesh, Uttar Pradesh, and possibly also Maharashtra. In respect of irrigation, it is a plan for 

Orissa, West Bengal and Andhra. 

The pace and pattern of development of power will be determined, besides the needs of Orissa, by the combined 

needs of the region as a whole, and also by consideration at each stage, of the relative proportions of hydro and 

thermal power generation to ensure maximum utilization of installed capacity (both hydro and thermal) and 

minimum unit generation cost. 

As regards irrigation, it appears possible to extend irrigation from the Mahanadi water stored at the Tikerpara 

Dam to a million or more acres of land in Midnapur Distrjct in West Bengal, extending from the Orissa border 

to the Rupnarain River and Haldia port, and to a similar acreage (if physically within limits of command) in 

Andhra Pradesh extending from the Orissa border to Visakhapatnam port. 

Participation of West Bengal and Andhra Pradesh Governments 

As to whether West Bengal and Andhra would like to share in the stored waters at Tikerpara for the purpose of 

irrigation, a decision will have to be taken at an early stage, as that will vitally affect the scope of the project and 

the design and layout of its channels. Providing irrigation water to agricultural areas in these States and water 

for domestic and industrial use to the ports of Haldia and Visakhapatnam will need substantial enlargement of 

the main canals on the two banks and adjustment of their full supply levels to feed these additional supplies. 

Haldia and Visakhapatnam Ports 

There is also the possibility of providing reliable water supply from this source for the port and town of Haldia 

as also for the port and town ofVisakhapatnam, including all future extensions. The latter is under investigation. 
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Navigation 

Regarding navigation, the main irrigation canals will be navigable. These and the various reservoirs will provide 

about 1000 miles of navigable waterways traversing through Orissa and, if the Governments of West Bengal and 

Andhra agree, 80 miles in West Bengal and 150 miles in Andhra, terminating at Haldia port in West Bengal and 

Visakhapatnam port in Andhra. The Paradeep port under construction, the proposed Santrapur port on Chilka 

Lake, the proposed Haldia port, and the Visakhapatnam port will form part of this inland waterway system 

linked to each other through this network of irrigation-cum-navigation canals. 

PART 1: RIVER VALLEY PROJECTS 

The following are the six groups of river valley projects (Table 3 and Fig 3). 

Group A — This includes projects which were completed during the Second Pian, viz, the Hirakud Dam project 

for flood control, irrigation and hydro-electric power (completed 1956), and its extension, the Chiplima power 

canal and power plant (completed 1963); and the Machkund Dam project for hydro-electric power (completed 

1959); and projects approved and taken up for construction, viz, Balimela Dam project for irrigation and 

generation of 360 MW of hydro-electric power and thermal power generation of 250 MW at Taicher. These 

between them, will provide irrigation for 2.53 million acres of crops and have an installed capacity of 0.95 

million kW at 30% load factor. 

Group B  This includes the Tikerpara-Gania project — the core project of the May 1963 Master Plan— and 

the small Tikra project. These will provide complete control of the Mahanadi floods in the delta, irrigation to 

nearly 6.3 million acres of new area (kharif plus rabi), hydro-electric power generation to the tune of 4.29 

million kW at 30% load factor, and a network of navigable canals about 750 miles.in length, extending from one 

end of Orissa to the other, and, if Andhra and West Bengal participate, also to Visakhapatnam and Haldia ports. 

The Tikra Dam project, which will ultimately become a part of the Barkot Dam project under Group D, is 

essential for water supply to the Talcher thermal station and the coal-based industrial complex to be established 

between Talcher and Tikerpara. This will later provide the navigation link between Talcher and the Mahanadi 

River and from there to Paradeep port. 

Group C —This includes the Indravati and the Upper Kolab projects in the Districts of Koraput and Kalahandi. 

These will irrigate 880000 acres of new areas and will have an installed capacity of 1.16 million kW of hydro-

electric power at 30% load factor. Of these, the Indravati project appears to be the most attractive. 

Group D—This includes the Barkot Dam project on the Brahmani River — the second key project of the Plan—

and the Lower Kolab project in the Kolab tributary of the Sabari river. These between them will irrigate 1053 

million acres and have an installed capacity of 1.42 million kW (at 30% load factor). The Barkot project will, in 

addition, provide flood control.of the Brahmani River and a navigable waterway connecting the Rourkela steel 

plant and the Bonai iron ore deposits with Talcher coalfield and the Paradeep and the proposed Santrapur ports. 

It will also provide a navigation link to Tikerpara reservoir through the Barkot-Tikra-Rampur link and further on 

to Chiplima and to Hirakud reservoir through the Rampur-Deogaon link. 

Group E —This includes the Bhimkund project on the Baitarani River. This will provide flood control of the 

Baitarani River and an installed capacity of 624000 KW (at 30% load factor). It will also provide a small 

amount of irrigation, the bulk of the area under command having already been taken care of under the 

Tikerpara-Gania project. A project report for this has already been prepared, but this project has been kept 

lowest in order of priority, and can be taken up only if the need for flood control and additional power provide 

the justification. 

Group F—This includes projects on the many tributaries of the rivers of Orissa. Of these, the ones on the 

Mahanadi appear to possess considerable potential for irrigation and to a smaller extent for power. These 

projects have not been examined even in a preliminary way. Some of these maybe taken up as medium irrigation 

irrigation projects at various stages of development of projects under Groups B, C and D.  

Apart from the Tikerpara project, the survey, investigation and preparation of project report relating to which 

are in an advanced stage, and the Bhimkund project, the report on which has already been prepared, the planning 

for the other projects is based mainly on available hydrological data, printed topographical maps, site 

inspections, and limited site investigations. The figures of runoff are a fairly close estimate. The figures of cost 

are in the nature of the best guess possible under the circumstances, but believed to be fairly representative. 

Those for Tikerpara power project are firm figures as a result of detailed designs and estimates.  

Table 3 gives salient features of each group and of each project in that group. 



  

The Sixth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Forty-third Annual Convention, Bangalore, May 19, 1963 

 

 

 The Institution of Engineers (India) 
 

78 

 

PART 2 : THERMAL POWER PROJECTS 

The justification for thermal power generation on a large scale arises : 

Firstly, because the Talcher coalfields are said to have a resetve of some 40000 million tons of non-coking 

coals, the poorer qualities of which can be used for power |generation to any extent, and also because it is stated 

that large quantities of middlings will be thrown up by the washeries in the Bihar-Bengal coalfields, which will 

become available for the picking for generation of relatively cheap thermal power, and which, if not used for 

that purpose, will occupy space for disposal and cost money later to remove; and  

Secondly, because hydro power stations unless backed by thermal support in a grid and thermal power stations 

unless similarly backed by hydro support, will not be able to ensure maximum utilization of the installed 

capacity of either system, and will; therefore, not achieve maximum economy in generating costs. 

As will be seen from the last columns of Tables 3 and 4, the unit cost of generation of hydro power is much less 

than that of thermal power. It is particularly so in case of the Tikerpara project. For instance, unit costs of hydro 

generation at Tikerpara and thermal generation at Talcher (which will also be the cost of generation based on 

middlings at washeries for equal price of coal), as given in Table 4, compare as follows:  

From the above, it.is obvious that generation of hydro-power which is much cheaper than thermal power and has 

the further advantage that the works constructed for this purpose will also serve the other vital purposes of flood 

control, irrigation, navigation, fish culture, tourism, etc, must receive first priority, particularly, if funds are 

limited. 

Even where funds are available and stream flows still exist for generation of hydro-power, thermal power will 

be justified only to the extent that it firms up hydro generation and permits maximum use of installed capacity. 

In cases where stream flows are no more available for generation of hydro-power, thermal generation is the only 

alternative for augmenting power supply to meet rising demand. 

Where thermal electric power has to be generated in bulk for other reasons, such as the necessity to use 

middlings thrown up by the washeries in the Bihar-Bengal coalfields—which will otherwise use space and cost 

money to remove — the important fact should be recognized that unless hydro power is available in a grid to 

take the peak loads and otherwise cater to the wide fluctuations in load, the cost of thermal generation will rise 

unduly highly. 

Effort has been made towards striking a rational system balance between hydro and thermal generation (Tables 

4 and 6). A system load factor of 65% will obtain in phase 4 and after, and of 70% during phases  1, 2 and 3. 

This may be summarized as follows.  
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Table 6 will be valid on the presumption that funds are available for thermal generation in addition to hydro 

generation and irrigation in accordance with the above proposed phasing. The pattern of actual thermal 

development, in addition to 500 MW at Talcher which will be installed in any case, will of necessity have to 

follow the pattern of financial allocations in this respect. Tables 7 and 8 explain this. 

Cost and Benefits of the May 1963 Master Plan  

For assessment of the economic justification of various components of the Master Plan in relation to availability 

of resources, the Plan may be divided into the following five component-combinations: 

CC1 Projects completed or under construction as given in Group A of Table 3 plus 250 MW thermal 

generation at Talcher of Table 4. 
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CC2 New river valley projects, which constitute the core of the Master Plan and, therefore, must have the 

highest priority, given in Group B of Table 3 plus another 250 MW thermal generation at Talcher 

bringing the total thermal to 500 MW. 

CC3 All new river valley projects included under Groups B, C, D and E. 

CC4 All new river valley projects included under Groups B, C, D and E including the 250 MW thermal 

plant under CC 2 above plus thermal generation of additional 8 500 MW. 

CC5 The total Plan. 

               

The cost and benefits figures of ‗the various components and component-combinations mentioned above ‗are 

given in Table 7, data having been obtained from Tables 3 and 4. 

The total cost of the Master Plan (exclusive of the cost of the industrial complex that will be established as a 

result of the development of power, irrigation and navigation under the Plan) has been estimated at Rs 1621.32 

crore. Of this, Rs 205.86 crore is accounted for by projects already constructed or under construction, leaving Rs 

1415.46 crore as the cost of new projects. 

Thermal generation at Talcher will not be necessary beyond the 250 MW under installation (CC1) and the 250 

MW included under CC 2 (serial 2 of Table 7) until the 7743 MW of hydro power under CC3 (serial 6 of Table 

7) which are the cheapest to generate, have been used up. 

The total cost of projects under CC 3 (serial 6 — all new hydro projects plus S00 MW of thermal power) is 

estimated at Rs 825.46 crore. This componentcombination of the Master Plan estimated to cost Rs 825.46 crore 

is, therefore, the one which needs consideration at this stage. The balance of Rs 590 crore for thermal generation 

may be left for consideration at a later date. 

For implementation, however, Orissa must proceed forthwith with the core projects of the Plan (CC2), namely 

Group A plus the additional 250 MW of thermal power (serial 2 in Table 7) estimated to cost Rs 469.31 crore. 

The TVA of USA 

It was in 1933 that the US Congress set the Tennessee Valley Authority to the task of developing the resources 

of the Tennessee valley. The TVA has cost 1.757 billion dollars to the end of 1962, the equivalent of Rs 842 

crore (at Rs 4.79 to a dollar). It will be 30 years old this year. 

The TVA has tamed the once treacherous Tennessee River whose floods used to carry away topsoil, houses and 

barns. 

The waters of these rivers now provide one of the world‘s finest inland recreation areas and yield some 10 

million lb fish per year. 
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The main stem dams have navigation locks permitting the passage of vessels with 9 ft drafts. Over 13 million 

tons of traffic moved on this waterway in 1962. 

 

 

The TVA today has 31 major dams and hydroelectric plants and ten steam plants with installed capacity of 12 

million kW of which 4 million kW is hydro and 8 million kW is steam, producing 60 billion kWh of power. The 

generating capacity of the TVA amounts to 8% of the total US capacity. The generation cost of its power is 2.1 

mils (1.01 nP) per kWh against 4.2 mils (2.02 nP) of private utilities in the USA.  

Hydro and Thermal 

In 1951, eighteen years after start of construction work, about 85 % of the power produced by the TVA came 

from hydro-electric plants and the balance 15% from steam electric plants, ie, 2.872 million kW hydro and 

0.638 million kW thermal, or a total of 3.51 million kW. By the end of 1955, the TVA system was supposed to 

reach 9.4 million kW of which slightly over 60% would be steam electric. The great expansion of thermal 

generation began when most of the hydro potential had been developed and the growth in the electricity needs 

of the people went beyond the river‘s ability to produce hydro power. 

Achievement 

The TVA transformed the entire economy and life of the people living in the Tennesseea Valley, covering 80 

000 sq miles in seven States. One of the most properties-stricken and backward areas in the USA in the thirties 

of this century (as Orissa is today) is now throbbing with life and is among the most prosperous regions in the 

USA—progressive in agriculture, power, industry, navigation, fisheries, inland recreation, and in living 

standards.  

The Master Plan of Orissa  

The 1963 Master Plan of Orissa will do all that and more. Estimated to cost Rs 1621 crore, it will provide 

complete control of floods of the Mahanadi, Brahmani and Baitarani Rivers; 1.25 million acres of reservoir area 

for inland recreation, tourism and fish culture; 1230 miles of navigable inland waterways of say 9 ft draft 

running through the whole length and breadth of Orissa and terminating at Haldia port in West Bengal and 

Visakhapatnam in Andhra with links to Paradeep port and the proposed Santrapur port in Chilka Lake; 17.44 

million kW of installed power capacity (8.44 million kW hydro and 9 million kW thermal) ; and what is more, 

irrigation water to 11 million acres (9.8+-1.2) of crops (kharif and rabi), of which 9 million acres will be in 

Orissa and about one million acres each in West Bengal and Andhra—in other words, 44 % greater installed 

power capacity than the TVA and 11 million acres of irrigation crops against none in the TVA. 

Rs 825 Crore Component-Combination of Master Plan (CC 3) 
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A more realistic comparison wiil be with the component-combination CC 3, comprising all new projects for the 

development of the water resources of Orissa for flood control, irrigation, power, navigation, fish culture, 

tourism, etc, with 250 MW of additional thermal power generation at Talcher. 

This component-combination is estimated to cost Rs 825.46 crore (total cost of TVA Rs 842 crore) and will 

provide: 

Complete flood control of the Mahanadi, Brahmani and Baitarani Rivers; 

1250000 acres of additional reservoir area for fish culture, inland recreation and tourism; 

1230 miles of navigable inland waterways; 

A new portat Santrapur in Chilka Lake; 

7.74 million kW of additional installed power of which 0.25 million kW will be thermal at Talcher and the 

remaining hydro; and 

8.5 million acres of new irrigation (Kharif plus rabi), of which 7.5 million acres will be in Orissa and about one 

million acres each in West Bengal and Andhra; 

the figures of power being over twice those in the TVA in 1951 and somewhat less than thosein 1955, the 

figures of irrigation being 8.5 million acres against none in the TVA. 

Rs 469 Crore Component of Master Plan 

The most attractive component CC 2, which should be considered and undertaken for implementation forthwith, 

consists of projects under Group A (serial 2, Table 7), estimated to cost Rs 469.31 crore and to provide benefits : 

Complete flood control of Mahanadi River; 

654000 acres of reservoir area for fish culture, recreation, tourism, etc; 

6.5 million acres of irrigation (kharif plus rabi) of which 2 million acres will be in Bengal and Andhra; 

4.54 million kW of installed power; and 

795 miles of navigable waterways and the new Santrapur port all linked to Haldia, Visakhapatnam and Paradeep 

ports. 

Rs 175 Crore Sub-component 

Of the Rs 469 crore component of the Master Plan, the part of which must be taken up for construction 

immediately is the Tikerpara power project, estimated to cost Rs 175 crore. This component will provide : 

Complete flood control of Mahanadi River; and 

654000 acres of reservoir area for fish culture, recreation, tourism, etc, but no irrigation.  

This sub-component is dealt with in greater detail. 

Priorities and Programme of Implementation 

The priorities in broad terms are indicated in Table 3 and consolidated in Table 7. The first priority goes to the 

Tikerpara-Gania project and the Tikra project under group B. A further description of this group is given in 

subsequent pages. 

The generation of thermal power beyond 500 MW at Talcher will come last in order of priorities, but if thermal 

power is to be generated based on middlings, this can be developed as required but will be outside the Orissa 

Plan. 

Assuming that financial resources will be available to the extent indicatedin Table 8, the schematic programme 

of implementation may be somewhat as given in that table. 

Tikerpara-Gania Project 

This project will consist of 

(i) Tikerpara Dam across the River Mahanadi, 100 miles downstream of Hirakud; 

(ii) Gania Barrage, 22 miles downstream of the Tikerpara Dam; 

(iii) Right bank irrigation-cwm-navigation canal from the Gania Barrage passing through Puri and Ganjam 

Districts over barrages at the river crossings and terminating possibly at Visakhapatnam port; 

(iv) Left bank irrigation-cum-navigation canal crossing the Brahmani, Baitarani, Subarnarekha and other minor 

rivers over barrages and terminating at Haldia port; 
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(v) Power plants and locks at the various falls; and 

(vi) Pumping stations for lift irrigation on both canals. 

 

The Tikerpara Dam will be in three parts: (i) a masonry dam across the main river channel 4170 ft long at crest, 

(ii) a masonry or possibly rockfill dam, 70 ft high and 820 ft in length at crest, and (iii) a masonry or possibly a 

rockfill dam, 120 ft high and 5000 ft long at crest. The crest level of the dam will be at elevation 450 and 

reservoir level at elevation 430, the same as the tailrace water level of the Chiplima power station, which will 

provide a gross storage of 47 million acre-ft and a live storage of 38 million acre-ft, with a waterspread of about 

1000 sq miles. 

The capacity of each length of canal, the full supply levels, falls, power installed, pumping lifts, and details of 

irrigation are given in Table 9 and Fig 4. 

There are some noteworthy features of the right bank canal. It will feed two major power plants, one at Tulsipur 

(discharge 12200 cusec, head 96 ft, and installed power capacity 279 MW) tailing into the Mahanadi River 

above Mundali weir; the second at Tangi (discharge 29160 cusec, head 166 ft, and installed power capacity 

1250 MW) tailing into the Chilka Lake through a 40 ft deep channel into the sea. At the mouth of this tail 

channel will be a deep seaport, the Santrapur port. The Chiika Lake will be divided by this channel and its bund 

on its south bank into two parts — one of fresh water in an area of about 80 sq miles, and: the balance of 

brackish water. The lake will be developed for fresh water and brackish water fishing and for industrial 

establishments on its periphery. 

The actual distribution of water supplies between the Tulsipur and Tangi Canals and power houses will be 

adjusted to suit the needs of irrigation and the maintenance of proper regime of the Mahanadi River Mundali 

below weir.  

Tikerpara Power Project 

In view of the limitation of funds, as also of the urgency of making a start with the construction of parts of the 

Tikerpara-Gania project, it is proposed to take up this very large project as two separate projects, viz,  

The Tikerpara Dam power project—purely as a power project; and 
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The Gania Barrage project—as an irrigation-cum-power project; 

and also to implement each project in stages, such that each stage on completion starts bringing substantial 

benefits and financial returns and enables implementation of the subsequent stage or stages later without 

involving technical and constructional difficulties or undue additional expenditure. Also, the aim is to utilize the 

returns from an earlier stage of the project for financing a good part of the expenditure for the next stage. 

 

The Tikerpara-Gania project has accordingly been studied as two separate projects. Also, each of the two 

projects has been studied for construction in stages in line with the requirements set forth above. This study has 

confirmed that stage development is economical and technically feasible in respect of both projects. 

In respect of the Tikerpara project, the returns from the first stage will provide some resources for the 

implementation of its second stage, and, from the second stage, ample resources for the implementation of the 

other component units of the Master Plan. 

There will be a return of 

Rs 3.95 crore per year on completion ofstag1e, estimatedto cost Rs 108.15 crore; and 

Rs 39.45 crore per year on completion of stage 2 (final stage), estimated to cost Rs 174.97 crore (Table 10). 

This study has also revealed that the construction of the Tikerpara Dam must be the very first work to be taken 

up, whether it be the project for generation of power at Tikerpara or the project for the extending of irrigation 

from the Gania Barrage canal system and the development of power on that system. 

The Tikerpara power project will, as indicated above, be completed in two stages :- 

The first stage to comprise construction of the dam to optimum minimum height, which will enable maximum 

generation of power with minimum submergence of land, thus keeping the capital investment to the barest 

minimum and at the same time bringing substantial financial return; 

The second stage to comprise construction of the dam to the full height and the installation of power units to full 

design capacity, in other words, the completion of the project in every respect. At this stage, the entire area 

under the reservoir at full design level will have to be submerged and full expenditure incurred on compensation 

and rehabilitation. 
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Stage 1 

The optimum minimum level of storage in the first stage works out to elevation 355. With a spillway crest at 

elevation 340, the maximum flood of 2.7 million cusec, which is supposed to occur once in 1000 years, will rise 

to maximum elevation 373 and will stand at that level for a couple of hours. The Sonepur town which is at 

elevation 370 and above will, therefore, remain above the maximum flood rise. Its lower lands may, however, 

have to be protected by an embankment of no more than 5 ft high. 

Land in the first stage may be acquired to RL 355, to which level the reservoir can be filled when the floods 

have passed. It may be noted that the flood discharge considered above is of the magnitude of 2.7 million cusec 

as against the maximum observed flood discharge of 1.36 million cusec. This latter flood will not rise 

appreciably above elevation 355. 

The dam will be constructed to full section from fundations up to spillway crest level elevation 340 in the 

spillway portion and-up to safe level elevation 380 or 40 ft above crest level for the rest of the dam to prevent 

overtopping during maximum floods. 

For obtaining a reservoir level of 355, shutters 15 ft high will be installed as a temporary measure over the 

spillway crest in the river bed and the spillway at sandle 1.  

All penstocks will be installed in the entire power dam including portions where generating units are to be 

installed after stage 1. 

All the work-in connection with the power house up to about elevation 10 will be completed, including the 

tailrace channel. This latter becomes necessary to permit the construction of the Gania Barrage, with its 

designed pond level at 183, being undertaken at any stage. Once the barrage is constructed, the pond level 

cannot be lowered below 183, otherwise both irrigation and power generation from the canal system will either 

stop entirely or be seriously affected. 

Also, the Gania Barrage must be completed as far as possible before the first stage of the dam becomes 

operative. If the barrage were to be constructed ahead of filling up the reservoir for the stage 1 of the dam, its 

closing phase of construction will have to deal with a manageable river discharge of about 9830 cusec as 

released from the Hirakud Dam. If the barrage is constructed after completion of stage1 of the dam, its closing 

phase of construction will have to deal with about 23820 cusec discharge. This will be quite a big discharge and 

difficult to handle. But when the dam is completed and the final stage becomes operative, the final closure will 

have to deal with a discharge of about 55 000 cusec, a most difficult and expensive undertaking. It will, 
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therefore, be necessary to complete the river part of the barrage, simultaneously with the filling of the reservoir 

for stage 1. A provision of Rs 8 crore has been made for this. 

The costs and benefits of stage 1 and stage 2 are given below : 

Stage 2 

The works left over after the completion of stage1 will be the completion of the dam in the river section to full 

height; the construction of masonry or rockfill dams over saddles 2 and 1; and the installation of the re maining 

power units. The additional cost involved in this will be as below (Table 10): 

 Rs, Crore 

Civil Works 6.30 

Land 30.00 

Power Generation 24.38 

Overhead Charges 6.14 

Total 66.82 

The cost of completing the entire dam and ancillary works after completing stage 1 will thus be only Rs 6.3 

crore which can well be finished in a year. After the reservoir is raised gradually, the installation of power units 

can continue to suit load demands and the reservoir level proposed for the year, and thereby the investment on 

power and expenditure on land acquisition and rehabilitation can be spread over a longer period. 

In view of the present acute power shortage and the mounting demand of anticipated loads of industrial and 

other undertakings already approved or likely to be approved, there is every likelihood that the 409 MW of 

available power (at 70% load factor) in stage 1 will be committed even before it becomes actually available, and 

that there will be a pressing need for the installation of additional units. Since the dam can be completed in a 

year or so after completion of stage 1, the work of sub-structure of the power house, including penstocks 

(embedded parts having been already completed under stage 1), and the installation of additional units to the full 

capacity of 2000 MW will be a relatively simple matter, the total additional cost involved in electrical 

installations being Rs 24.38 crore. 

Table 10 shows that the gross return on completion of stage 2 will be Rs 50 crore a year. Deducting Rs 10.44 

crore for interest, maintenance and depreciation costs per year, the net return will be Rs 39.56 crore a year. 

This net return of nearly Rs 40 crore* a year will transform the economy of Orissa into a self-generating one, 

enabling the balance of the Master Plan to be largely executed with the resources generatedfrom the Tikerpara 

power project. 

*The figures of cost and return will be somewhat modified as a result of more detailed designs and estimates,.and changes 

in the assumption of sale price per unit or per kW-year of electric power, as also of any additional cost on account of high 

voltage transmission lines. 

Resettlement and Rehabilitation 

For the resettlement and rehabilitation of the displaced persons, it is proposed to reclaim Government lands, as 

far as possible close to the original habitations which will be submerged, and in all cases, to provide such new 

areas with irrigation facilities, set up model villages or townships with appropriate industries and technical high 

schools, and to so arrange the programme of reclamation and rehabilitation that the displaced persons will have 

the option of moving into their new homes, farms or factories one or two years in advance of the date of actual 

submersion. This will ensure smooth and orderly movement of the people from the old to the new surroundings, 

which latter will be better and have better facilities for gainful employment. 

The reclamation, building and industrial works will, as far as possible, be carried out by those who will be 

displaced; who will be encouraged to work in the reclamation of fields and building of homes which will 

ultimately be theirs, and on building schools and factories in which they will get training, and, finally, 

employment. This will give the displaced persons a feeling of participation and a sense of belonging, and, at the 

same time, a definite fillip to rural industrialization and rural uplift. 

A sum of Rs 25 crore has been provided for acquisition and rehabilitation for stage 1 and an additional Rs 30 

crore fer stage 2 of the project, making a total of Rs 55 crore. 

Large areas of cultivable lands have been located in the forest areas of Dhenkanal, Sambalpur, Bolangir and 

Phulbani Districts and plans for providing irrigation water to these from medium irrigation projects are under 

investigation and finalisation. These areas will be mostly on the fringes of the Tikerpara reservoir and therefore 

not far from the areas to be submerged. The search for similar other areas located somewhat further away, but 

with possibilities of being provided with irrigation water, is in progress. 
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Diversion of Water for Irrigation in Madhya Pradesh  

About 26 880 sq miles of the catchment area of the Mahanadi lies in Madhya Pradesh. Only a small quantity of 

water of that catchment has so far been tapped for purposes of irrigation in that State, although considerable 

areas in it may be in need of irrigation. Further, diversions of the Mahanadi waters for irrigating these areas and 

for power generation in course of time are, therefore, inevitable. 

Any storage for power in Madhya Pradesh will add to the flood control and power potential at Tikerpara and 

help save flood waters in wet and very wet years being wasted to the sea. But any diversions for irrigation which 

involve consumptive use of waters will reduce the availability of water and may, therefore, affect to some extent 

the power potential at Tikerpara. This may not happen for 15 to 25 years from now. The reductionin quantity of 

water supply would be of no consequence so far as irrigation is concerned, as a good deal of water will; in any 

case, have to be escaped to the sea through the Mahanadi River or the Chilka Lake., But the reduction in power 

potential as a result of reduced storage will need to be made up if the industrial and economic structure built on 

designed power availability has to be maintained at peak level. Fortunately, it will be possible to take care of 

this deficiencyin full and more by.the diversions of the Brahmani-waters after the construction of the Barakot 

Dam (Group D), the work on which would, it is hoped, start soon after the completion of the Tikerpara Dam. 

Tikerpara — A National Power Project 

The Tikerpara project, with its potential for installation of nearly 3000 MW (at 30% load factor) and later more 

when Indravati and Barakot. Dams and teservoirs with regulated discharges of 3000 and 15000 cusec, 

respectively, are constructed and the waters of these (about 18 000 cusec) diverted into Tikerpara Lake, is one 

which can serve not only Orissa, but all the neighbouring States, viz, West Bengal, Bihar, Madhya Pradesh, 

Andhra, and possibly Uttar Pradesh and Maharashtra. In integration with the-proposed thermal power generation 

based on Talcher coal and middlings from the Bihar-Bengal coalfields, the Tikerpara power station, which by 

itself will generate about the cheapest power, can enable maximum, utilization of the entire thermal capacity and 

its own, thereby making available in the aggregate much greater and cheaperuseable power than would be the 

case if the two sets of stations were to work in isolation. 

Hydro power, as stated earlier, is much cheaper to generatethan thermal power and should have the highest 

priority. 

It has been stated that by the end of the Fourth Plan the availability of middlings from the washeries will rise to 

20 million tons which will be enough to provide fuel for a 5-million kW thermal generating station. These 

middlings must necessarily be used to avoid national waste. But to back up this thermal generation, steps must 

simultaneously be taken to develop hydro power, where it can be done in quantity and at cheap rates, to secure 

maximum utilization of installed capacity, thermal as well as hydro, and minimum cost of generation. As to 

what hydro power has to be developed to provide the correct system balance between hydro and thermal for 

maximum utilization will depend on the nature and location of loads. 

The Tikerpara power project affords an ideal opportunity for developing such hydro power to provide a rational 

system balance between hydro and thermal. 

Therefore, apart from its own intrinsic justification in points of cost and returns, its immediate development 

becomes a necessity in the wider interests of the region and the country, in order that power becomes available 

as needed and at reasonable cost and there is no recurrence of the chronic power famine in the eastern region 

which 174.97 presently is standing in the way of industrial development. 

Prevailing Tariffs in Orissafor Powerfrom Hirakud Grid 

Aluminium 

 First 25 MW  Rs 125 per kW-year of maximum demand 

 Second 23 MW  Rs 166 per kW-year of maximum demand 

Ferro-manganese 

 First 7.5 MW  Rs 210 per kW-year of maximum demand 

 Balance  Rs 204 per kW-year of maximum demand 

Caustic soda Rs 350 per kW-year of maximum demand 

Low shaft furnace Rs 360 per kW-year of maximum demand 

Cement factory, Railways,  

DVC, Bihar State Rs 550 per kW-year of maximum demand 

Electricity Board Made up of Rs 5.50 per month plus energy charges at 8 nP per unit 
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Steel plant (Rourkela) Reservation charge Rs 120 per kW-year on peak demand, energy being supplied 

on demand and returned to the same extent any time during the month so that 

there is no actual consumption of Hirakud energy by the Rourkela steel plant. 

 

An avetage rate of Rs 250 or even Rs 275 per kWyear of maximum demand would appear to be in order in the 

light of existing tariff given above. 

Chilka Lake and Santrapur Port 

The Chilka Lake (Fig 5) covers 450 to 500 sq miles during the rains and about 350 sq miles during the dry 

season. The water levels during these periods fluctuate between 3 and 6 ft. 

The level difference between high tide and low tide is almost nil in the northern, central and southern sectors of 

the lake and ranges between 6 in and 1.7 ft in the outer channels and 4 to 6 ft at the lake mouth. 

The lake is connected to the sea at its north-east end, 2 miles north of Arakhakud (14 miles from Puri) through 

an opening 300 ft wide and6 ft to 30 ft deep. A new cut is being excavated to connect the lake at its south-west 

end of the sea. 
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The Daya and Bhargavi Rivers, two of the deltaic arms of the Mahanadi River, discharge their flood water into 

Chilka Lake. With the construction of the Tikerpara Dam, the flooding will be stopped completely and only 

regulated supplies will be passed into the lake, as required. Apart from these, there are only small nullahs 

discharging into the lake during the rains. 

As a result of the present fresh water flood discharges into the lake, the salinity in its various sectors varies. The 

maximum variation is in the northern (Kalupara ghat) sector, which is affected by flood waters from Daya and 

Bhargavi, less in the central (Balugaon) sector, and least in the southern (Rambha) sector. The outer channels 

near the sea have, of course, the highest salinity content. 

The salinity content of sea water is 32 parts per thousand. The optimum salinity content for brackish water fish 

is said to be 15 parts per thousand and for fresh water fish less than 1 part per thousand. Fresh water ‗fish 

generally breed in the north sector and brackish water fish in the rest of the lake, though, with changes in 

salinity, there is migration of either into type the other sector. 

The sale prices of fishes are said to be generally as follows : 

Sea fish  Rs 300 per ton 

Brackish water fish  Rs 1000 per ton 

Fresh water fish  Rs 2500 per ton 

The lake yields about 3500 tons of fish per year estimated to fetch about Rs 60 lakhs. About 35000 fishermen 

inhabiting 105 villages live around the lake. 

The water depth in the lake ranges between 1.5 and 5 ft in the north sector, 5 to 7 ft. in the central sector, and 7 

to 12 ft in the southern sector, the fringes in all cases being shallower. There appears to have been no 

appreciable change in the depths since 1860, except that some silting has taken place in the northern sector as a 

result of silt-laden water brought by the Daya and Bhargavi floods. 

With the construction of the Gania irrigation-cum-power-cum-navigation canal, there will be an average flow of 

about 28 000 cusec (suitably adjusted to suit the regime requirements of the Mahanadi River) of fresh silt-free 

water passing through Chilka Lake more or less throughout the year. It is proposed to carry this water through a 

dredged channel about 36.5 miles long, about 40 ft or more deep as need be, of which about 31 miles will be 

inside the lake and five miles outside it to the fall and power house near Tangi. The excavation from this 

channel will be deposited on its eastern side forming a continuous embankment 400 to 500 ft wide, which will 

divide the lake into two parts, the eastern part having brackish water and the western part fresh water. 

In the fresh water part, the level of water can be kept steady, if so desired, at or a couple of feet above high tide 

level by means of suitable navigation locks at the mouth of the channel. This fresh water part of the lake will be 

a potential port and protected harbour of about 80 sq miles with about 32 miles of berthing space along the 40 to 

50 ft deep dredged canal, a sizeable sheltered harbour near Rambha completely protected power from cyclones, 

and a liberal additional harbour area for accommodating ships, submarines, dockyards, shipyards, etc. This fresh 

water harbour-area will also be available for rearing fresh water fishes through properly planned fish farms. 

Deep sea fishing trawlers can find a safe haven in this part of the lake.  

The wide embankment along the outfall channel will provide a road and/or rail link from the Calcutta-Madras 

main railway line at the northern end of the lake to its southernmost end at its mouth into the sea. The area 

between the sea and the lake and the fringe areas on the land side of the lake will, with road, rail and water 

transport facilities provided, become available for setting up processing and heavy industries. Water for 

irrigation, domestic and industrial use can be supplied from the fresh water in the outfail channel. 

The construction of the deep outfall channel has to be carried out in any case, as an integral part of the 

Tikerpara-Gania project for purposes of irrigation and power. The other facilities such as berthing for ships, 

harbour facilities, dockyards and shipbuilding, etc are byproducts of this project and can be taken advantage of 

as and when the need for them arises. 

It is felt that the mouth of the outfall channel will automatically remain clear almost to the excavated depth 

because of the perennial flow of about 29000 cusec of fresh and almost silt-free water. Should, however, it be 

decided to make use of the extensive harbour facilities already made available incidental to the irrigation and 

power project, and there be doubt about the width and depth of this mouth being maintained, the question of 

adding a breakwater or breakwaters can be considered at the appropriate time. The cost in involved this will be 

relatively small. 

It may be noted that the five-fathom contour of the sea is within about half-a-mile of the shore. 
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The Demand Patterns of India of Tomorrow 

Dr K L Rao 

 

‗I deeply appreciate the honour you have done me by inviting me to deliver the Seventh Sir Mokshagundam 

Visvesvaraya Lecture, and I thank you for it. Dr Visvesvaraya was a stalwart among men, as he wasa giant 

among engineers. He will be ever remembered as one of the greatest Indians, and this city of Hyderabad itself 

owes a debt to him. It was his plan of 1909 for controlling the Musi that has freed Hyderabad from the menace 

of floods, and has provided the expanding population of the city with an unfailing source of water supply. I feel 

that the city of Hyderabad should erect a statue in honour of Visvesvaraya. 

Dr Visvesvaraya was a bold dreamer, but the engineer in him always enabled him to keep his feet firmly on the 

ground. Therefore, his flights of imagination were practical dreams. He himself shaped many of them into 

magnificent forms and it is left to us to bring the others into reality. 

Mysore was his experimental laboratory. His theories, views and ambitions for the advancement of the people 

were many  he tried them out on a pilot plant scale as it were in the State. There was no aspect of the people‘s 

welfare, or economic endeavour, or nationbuilding that escaped exhaustive study at his hands. And he touched 

nothing he did not improve upon immeasurably. Whether it was the system of irrigation, or development of 

banking and commerce, or education of women, or industrialization of the country, Visvesvaraya laid a plan, a 

programme, a blueprint for execution. And every one of them was based on downto- earth facts and figures. He 

was an engineer to the core; he insisted on data, all necessary data and correct data, before he considered the 

subject. He insisted on systematic collection of statistics. Our planning today could have been easier and more 

far-reaching if only the Government of his time had followed his advice. And this holds good in planning for 

industrialization too. He was the champion of industrialization  that too at a time when the foreign rulers were 

averse to it; when many of our own people, without seeing the writing on the wall, without an eye for the future, 

were crying against the machines and modern industry;when were still they waxing eloquent on the beauties of 

primitive methods in villages. 

There were two traits in his character which must be emulated by all of us. One of them is his high sense of 

integrity. He kept separate pens, one for office work and one for private correspondence. He used to explain 

smilingly that if he used the same pen for both, the ink provided by the Government might come to be utilized 

for his private use. 

The other fine trait of his was how he raised the self-respect of his countrymen. He wanted every Indian to hold 

his head high and feel equal to his counterpart in any country. He deprecated any inferiority, even in a 

subordinate. Once when he was touring a district as Dewan, the Deputy Commissioner introduced his Assistant 

Commissioner. The Assistant Commissioner bowed humbly and said that he had had the privilege of serving 

under the Dewan Sahib earlier in the Secretariat. Dr Visvesvaraya at once corrected him: ‗I know you were 

working with me, not under me‘. 

Dr Visvesvaraya‘s ‗Planned Economy for India‘ is a precious testment and will of a great engineer for his 

country. The effort, the vision and the faith of the man are enshrined in it. The greatest homage we can pay to a 

dedicated life like his is to carry out his message, and to extend and enlarge his message of economic 

development of India. He has laid out in it the lines, the methods and the philosophy of development for the 

nation. 

THE PRESENT 

India, with 450 million people inhabiting 806 million acres of territory, is in the category of developing 

countries. Only three hundred years ago, she was one of the most prosperous nations of the world. Since then, 

due to loss of her independence and failure to participate in the scientific and industrial revolution, she slipped 

down to poverty and is now unable to support her own people. In every basic need — food, power, clothing and 

shelter — she is far below the mark. Against her minimum food requirement of 100 million tons in 1966, she is 

now hardly able to produce 80 million tons, as compared with the total production of 1000 million tons in the 

world. In the field of power, the installed capacity is only 7 million kW, or 1.3% of the world figure. For the 

barest coverage of the body, she has to import cotton from outside costing Rs 70 crore in foreign exchange 

every year. From this stage, she has to march ahead rapidly. This march started in 1951, toward the set goal of a 

more prosperous way of life — a march unprecedented in world history, of a large nation in its search of 

wellbeing through peaceful developmental works. 

It is important that we study the reasons for the deterioration of India‘s economy in the recent past in greater 

detail, specially because in the field of rhetaphysics, religion and mathematics, her attainments were once 

impressive. As I said earlier, the main reason is her non-participation in the scientific age which commenced in 
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reality from the days of Galileo 1564-1642, two famous years in which Shakespeare and Newton were 

respectively born. Galileo had immense difficulties in disproving the dogmatic statements made by Aristotle in 

384-322 BC. From about this time began a stream of discoveries and inventions such as the physical laws, steam 

and diesel engines, electric power, etc. The later discoveries of automobiles, rockets, turbojets, computers, etc 

indicate the staggering pace of the new scientific age. Men of each generation have passed on their observations 

to the next, and science has grown through the ages by collective effort. Science and technology always grow on 

the shoulders of earlier giants. We in India were completely left out of this gathering momentum of hectic 

progress. 

Scientific development in the last three centuries can be divided into two broad classes — pure science and 

applied science. Pure science aims at original approach, interpretation and formulation of natural laws of 

behaviour of matter. It has rarely a bearing on daily life, while applied science is a deliberate attempt to 

influence the mode of life for the better. Engineering technology and medical science come under this category. 

The dominating influence of technology in modern is so life great that it can be said that we are living in a 

technocracy instead of in a democracy. Whatever we use in our life, right from the early morning till we go to 

bed, is an application of science. Man has applied science for getting benefits from nature according to 

circumstances. The sciences are the languages of nature and engineers have used them in extracting benefits.  

Engineering is a service to mankind. It is a field of activity which eschews violence, and satisfies both man‘s 

desire for order and his craving for change. It endows society with an approach of reason to its problems, and 

ensures stability of the community. It offers by far the surest and safest way to improve the backward lot of the 

majority of mankind. 

THE FUTURE 

To this wonderful panorama of the rise of technology, we are recent entrants, having woken up from a forced 

slumber. We should also remember that independence and planned development have bred in India a revolution 

of expectation — the slow elimination of the depressing attitude of fatalism. The Indian has rightly begun to feel 

that there is no reason why he should not have sufficient food, adequate clothing, a roof over his head, 

employment for himself, education for his children, and health for all. We have to take steps to meet not only 

the present demands but the mounting demands of tomorrow also. 

I have taken ‗tomorrow‘ to cover up to 2000 AD, ie, only 35 years ahead of us. This round figure is not far off, 

nor is it short for developing a progressive picture ofthe shape of things to come. For serving as a base, I 

propose to take the economic conditions that prevailed some 40 years ago in such of the countries as were close 

to our present conditions. The growth of economy between 1920 and 1960 in the USA and the USSR and Japan 

are given in Table 1, The nearest parailels, I think, would be the USSR at the time of the 1919 revolution, ‗and 

Japan: just before the First World War. The world economic survey of 1931-32 published by the League of 

Nations states: ‗Russia is one of the prodigies of the times. From backwardness, it has advanced at a stride to the 

forefront of mechanical development.‘ Japan, when she started modernizing in about 1870, was in the same 

position industrially as India was at the time. She went on investing in expanding industry and trade the money 

she made from early enterprises. Particularly, during and after the First World War, the progress was 

extraordinarily rapid. The income from manufacture rose from Rs 206 crore in 1914 to Rs 937 crore in 1925; a 

rise of over 355%. 

I am aware that the analogies cannot be perfect because politically the conditions were different in those 

countries; the state of technological advancement of the world was much behind than what it is today; and the 

methods of achievement, and the nature and character of the people in each of the countries, and many other 

tangible and intangible factors differ considerably from country to country. But I hope it will be realized we can 

only use instances which are nearest to ours for comparison. By this approach, the castle we plan for the 21st 

century will not be in the air. On the whole, my thesis is that it should be possible for India, which can learn 

from the experience of similar countries and avoid errors and pitfalls, to achieve more or less as much within a 

corresponding span as those countries have been able to do.  

The first fundamental on which development depends is the size and rate of growth of population. It is in fact to 

meet the needs of the entire growing population that our plans and econonty have to cater. Quite a few pointers 

are available as to our population trend in the coming decades. 

At present, the growth rate exceeds 2.2% per annum. We have seen in countries in the West and in Japan that 

prosperity breeds ambition, just as poverty breeds recklessness. As employment and income rise, the urge for 

restricting the size of the family also rises. We may therefore, assume — since family planning is a national 

policy as in Japan, where even abortion, is legal — that the growth rate will soon stabilize at about 2%. The 

population estimates for 2000 AD vary between 800 and 1000, million, say 900 million, that is, double our 

present population. Now, I shall try to assess the nation‘s requirements in the major sectors. 
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Water 

Just as power is required for energising man and fertilizing industry, water is required for the growth of plant 

life. Irrigated land yields far more than nonirrigated. It is estimated that out of the total land area of the world, 

less than 1% is irrigated. The cultivated area of the world is 10% of the land area. Table 2 gives the land 

utilization pattern in India. Still the watered areas grow sufficient food for 25% of the world‘s population. In 

India, we have at present 324 million acres under cultivation. Of this, only a total of 70 million acres are being 

irrigated, of which 44% is under major and medium irrigation. Thus, minor irrigation accounts for 56% of the 

irrigated land. It is to be remembered that in a large country like India, proper and timely rains do not always 

occur all over the country and minor irrigation under tanks is the first casualty in the event of failure of local 

rainfall. It is therefore necessary to consider only a portion of the area under minor irrigation as effective and 

non-failing. In India, we have the possibilities of extending irrigation to 100 million acres under major and 

medium schemes and 75 million acres under minor irrigation due to surface and subsurface extractions. On the 

completion of the projects undertaken so far in the three Plans, 43 million acres will be irrigated under major 

and medium projects, and 47 millions under minor schemes. This indicates that we have still a long way to go. 

Fortunately, we have still a few good projects that can be exploited. In the Narmada valley, Navgaon alone can 

supply water for four million acres. 

After all the irrigation projects are completed, it will be possible to produce 120 million tons of foodgrain. By 

double cropping, improved methods of cultivation, use offertilizers, and other modern agricultural practices, the 

output can be increased by 50% to 100% at least. This will enable us to supply a minimum of balanced diet to 

India‘s millions at the end of this century. It will be interesting to note from Table 2 that there would not be any 

increase in sown area between now and 2000 AD. Table 3 shows the present yields and future requirements of 

agricultural products. Thus, the foodgrain production has to be increased from 80 million to 200 million tons. 

Water Transport 

Waterways are another important item to which we have to pay increased attention. With heavy addition of 

population and saturation of rail transport, it will become increasingly necessary to transport agricultural output 

either by waterways or roadways. In view of their cheapness, the former have abundant advantages. If at the 

present we cannot provide navigation due to insufficiency of funds, we should not cut them out altogether. 

There are some important water highways which we should particularly keep in mind. By connecting the 

Brahmaputra with the Ganga at Farakka, and the Ganga with the Arabian Sea through the Narmada, the schemes 

will provide an east-to-west cross country waterway of immense economic value. 
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Drinking Water Supply 

Drinking water for rural and urban areas is another problem which has to be solved in India. The value of public 

health engineering in this country has yet to be realized. Industrially advanced countries like Great Britain and 

West Germany are grappling this problem with new techniques. Plastic pipes are being used to serve rural parts 

in the United Kingdom. Automatic filtration plants capable of self-cleaning are becoming a normal feature to 

reduce manpower requirements. Sewage disposal works in urban areas are another necessity requiring 

immediate attention. Oxidation ponds, recently being talked of, seem to have application in certain areas. 

Continuous research leading to evolution of cheap techniques is greatly needed. We must aim at providing water 

supply for all and sanitation facilities for towns with a population of more than 5000, ie, neatly 6600 towns and 

big villages at present. 

Power 

Abundant supply of energy forms the most decisive factor in the economic development of the country. It is. 

therefore essential for any appraisal of the future, to examine the prospects of development of the energy 

resources in general and in the form of electricity in particular. 

Some of the peculiarities of energy supply in India at present require to be noted. Whereas in countries of 

Europe about one-half of the energy consumed is now utilizedin the form of electricity or gas, in India, the bulk 

of energy supply is being derived from non-commercial sources, ie, cowdung, wood, farm waste etc. It has been 

estimated that the contribution from non-commercial sources has been of the order of 60% to 70% of the total 

energy consumption in the past decade, of which firewood alone provided about 40%. The contribution of 

electricity has been very negligible, being only about 4% to 7% of the total energy consumption. Even as a 

proportion of the commercial energy supply (coal, oil and water power), its contribution has not been more 

than13%to1l8%. However, as the country is getting rapidly industrialized and since electricity constitutes the 

most flexible form of energy, the demand for electricity in India should be expected to grow at a much more 

rapid rate than all other types of energy. It is interesting to point out here that the average rate of growth of 

consumption of electricity during the last decade was 11.5%, while that of coal and petroleum products have 

been 5% and 8.5%, respectively. The high efficiency and versatility associated with energy in the form of 

electricity has been responsible for its replacing other forms of energy as the main source of mechanical power. 

In the domestic sector which so far has relied almost entirely on cowdung and firewood, both of which require 
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to be conserved for other purposes, the scope for replacement with electricity is even greater in the absence of 

adequate resources of equally convenient forms of energy like oil and natural gas. All factors considered, the 

potential demand for electricity in India may be considered vast. 

One has also to examine very critically thé resources available for energy production on a commensurately large 

scale. Although according to the current pattern of energy use and the trends foreseeable in the next two or three 

decades, the available resources of conventional commercial energy, viz, coal and water power, appear to be 

adequate to meet the requirements of the country, it has to be examined whether the known resources of 

conventional fuels: would-be adequate to meet the-longterm requirements of energy towards the end of the 

century. Special measures have to be taken even at this stage to ensure that these long-term requirements are met 

and that shortage of energy does not hold back the future growth. 

Magnitude of Future Requirements 

As explained earlier, the demand for electricity can be expected to grow more rapidly than for most other forms 

of energy. There are, however, considerable difficultiesin forecasting the long-term trends primarily since the 

growth of demand for electricity depends on many uncertain factors, eg, the overall rate of growth of the 

economy, the growth of population, the extent to which electricityis required to substitute other existing sources 

of energy, etc. The lack of adequate resources of conventional fuels, ie, oil, natural gas, etc, which form an 

important source of energy in a modern industrial economy, also complicates assessments of future electricity 

requirements.  

The Picture by 1980 

Studies have been carried out by the Energy Survey Committee appointed by the Ministry of Irrigation and 

Power, Government of India, based on physical assessments of the demand for electricity today and its clearly 

foreseeable rates of growth in the context of overall energy development during the next two decades. It has 

been estimated that an installed capacity of the order of 60 million kW may be required by 1980-81 on the basis 

of a steady growth of 7% in the country‘s economy, which, according to current thinking, is essential to realize 

our social objectives. This would increase the per capita generation potential of electricity from about 100 as 

expected at the end of the Third Plan to about 400, on the basis that the population of country by the end of 1980 

would probably be about 700 million.  

The magnitude and distribution of the requirements for electricity in 1980 are such that practically all of them 

can be met by conventional power resources of water, power and coal. The economically utilizable hydro 

resources within the territorial limits of the country have been estimated at about; 40 million kW at 60% load 

factor. This potential can meet much higher loads at lower load factors. By 1980, about 30 million kW of hydro 

capacity can be installed and used to operate at 40% load factor, drawing upon roughly 50% of the estimated 

limit of economically utilizable hydro energy resources. 

On the coal front, the byproduct coals from washeries have necessarily to be consumed and additional 

requirements met by coal savings purely for use in thermal stations. According to the steel target set out for 

1980 which envisages an annual production of 47 million tons of steel (corresponding to an overall growth of 

7%), the byproduct fuels thrown out from the coal washeries to be installedin this connection would be of the 

order of 60 million tons and this can feed about 18 million kW of thermal power plant capacity. In addition to 

the 7 million kW of thermal plant capacity (of which six can use washery coal) installed by the end of the Third 

Plan and the new washery oriented stations totalling 12 million kW, it is expected that a further 6 million kW of 

thermal plant would have to be located at or close to the outlying collieries of Madhya Pradesh, Maharashtra and 

Andhra Pradesh by 1980, raising the total thermal station capacity to about 25 million kW. The approximate 

coal consumption for the thermal stations by 1980 would be about 80 million tons at the prevailing standards of 

efficiency (the rest ofthe 5 million kW would have to be met by nuclear stations). The total raisings of coal by 

1980 to meet the requirements is expected to be of the order of 300 million tons, against these annual 

requirements, the country‘s known reserves of coal now placed at about 130000 million tons appears to be 

ample. 

The important heavy electrical public sector manufacturing centres at Bhopal, Ramachandrapuram and 

Hardwar, on full development by about 1971, are planned to turn out thermal generating plants at the rate of 3 

million kW per year and hydro units at the rate of 1.7 million kW. These can be augmented to slightly higher 

targets for 1980, thus. Ensuring selfsufficiency in the primary equipment required for electricity production. It 

can also be safely expected that, with the active participation of.the public and private sectors, the requirements 

of ancillary equipment, eg, about 40 million kVA of transformers, switchgear, etc, can also be indigenously 

produced. If the above programme is effectively implemented, no great difficulty need be anticipated by 1980. 

The Picture by 2000 AD 

The trend of developments during the period up to 1980 can be extended directly through the last two decades of 

the century to arrive at'a rough first assessment of the electricity requirements by 2000 AD. By 1980, the 
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country will have reached a fait stage of industrialization and further growth can be expected to conform more 

or less to the present pattern of industrially advanced nations. The general experience in these advanced 

countries is that growth of electricity development generally corresponds to a re-doubling period of about 8 to 

10 years. On this basis, it may be seen that the total installed capacity in the country will have to rise to 

something of the order of 240 million kW at the end of the century. While this may appear to be very ambitious 

from the point of view of our present standards (with an existing total plant installation of 7 million kW), on the 

basis of a population of about 900 to 1000 mitlion expected by that time, the per capita generation would be of 

the order of about 1000 only, which is far below that of almost every industrially advanced country today. This 

overall target of about 240 million kW by 2000 AD is, therefore, something for which we should prepare 

ourselves. We shall now examine the extent to which the country‘s resources would be able to sustain such a 

programme of development. 

Probable Pattern of Development (240 million kW of Plant Capacity) by 2000 AD 

That future electricity development will have to be based on power supply through Regional Grids, which merge 

ultimately to a single All-India Grid, has already been widely accepted. From the point of view of power, it has 

been found convenient to constitute five such regions, the Southern, the Western, the Northern, the Eastern and 

the North-Eastern. The problem of increasing the installed capacity in the country to about 240 million kW by 

2000 AD has been examined within this framework, the general trends in these regions being preserved 

substantially as at present. 

The value of hydro stations in the earlier stages of development would be both on account of their energy 

potential and peaking capacity, whereas during the latest stages of development, the main importance of the 

hydro schemes — with their power installations suitably expanded — would be on account of their tremendous 

advantages for meeting peak demands in the most economical manner. On these considerations, coalbased 

thermal generation, utilizing modern techniques, forms.a close second to hydro development. However, the 

potential for installing thermal stations on the large scale required at the end of the century will have to be 

considered, taking careful account of the problems of coal mining and transport. All the collieries of the Bengal-

Bihar belt as well as those of the outlying fields in Orissa, Madhya Pradesh and Andhra Pradesh will have to be 

fully developed for the purpose. These stations would command a large sphere of influence, extending through 

the States of West Bengal, Bihar, Uttar Pradesh, Madhya Pradesh, Maharashtra and Andhra Pradesh. Taking 

into account the distribution of different types of resources and their relative economics, it would appear that the 

capacity required by 2000 AD can be derived from about 100 million kW of hydro installation working hydro 

plants at 25° load factor and about 100 million kW of coal-based thermal installation operating at base load, the 

balance of about 40 million kW coming from nuclear plants.  

Some Broad Conclusions 

The programme of hydel development will utilize all the presently estimated potential, leaving a small margin 

only in the North-Eastern Region. The coal requirements for thermal stations aggregating to about 100-million 

kW operating at base load out of 80% load factor is estimated at about 400 million tonnes annually. At the end 

of the Third Plan, the programme of coal mining envisages a target of 100 million tonnes per year, of which 

only about 10% or 15% is for electricity production. The production of coal used for electricity production will, 

of course, increase with time. However, in the absence of more convenient fuels, there would be a continued 

dependence on coal for most of the industrial developments and probably for a good part of railway traction. 

Even assuming that thermal power production accounts for about one-half of the total coal production in 2000 

AD, the annual raisings of coal by the end of the century would be of the order of 800 million tonnes. Allowing 

(a) for the fact that out of the known resources of coal, slightly more than one-half may be actually recoverable; 

and (b) for the consumption of coal during the next 35 years, the resources of coal left for further development 

would be only about 40 000 million tonnes (utilized at the rate of 800 million tonnes per year) and this would 

lost only for a short period of about 50 years. In view of our limited coal reserves, we will have to restrict the 

use of coal to essential purposes. 

It is in this context that the importance of nuclear resources has to be appreciated. While there may be certain 

doubts about the extent to which nuclear development has to be undertaken at the present time, there will be no 

question that the bulk of the energy generated after 2000 AD will have to be inevitably met from nuclear power 

resources. The most current nuclear technology is based upon the utilization of uranium either in its natural form 

or as enriched. The proved resources of uranium in the country, of about 2000 tonnes according to the latest 

estimates, are barely sufficient for the operation of a one million kW of nuclear plant capacity for its expected 

life. However, the country‘s known resources of thorium, ie, 500 000 tonnes, are reportedly the largest in the 

world and can be expected to sustain a massive programme of nuclear power development once the 

technological programmes involved are satisfactorily overcome. Thorium in its natural form could be used as 

fuel for nuclear stations, but it has to be first converted to fissile material. Special methods will have to be 

evolved for this conversion and suitable nuclear reactors designed before thorium can be utilized to generate 

nuclear energy in an economical manner. Efforts towards this end will have to be made in time, since the future 
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programme of electricity production in this sub-continent is so essentially tied up with these developments. It 

should even be considered whether the total investment being made on nuclear developments in India should not 

be entirely concentrated on this subject, especially during the coming decades when conventional resources can 

meet all our requirements. 

An inescapable conclusion is that, whereas the picture by 1980 indicates hardly any necessity for nuclear power 

generation on a very extensive scale or reveals any serious inhibiting features, the picture by 2000 AD brings us 

perilously close to the full utilization of the country‘s resources of water power and of virtual elimination of our 

coal resources as proved and estimated at present. This, of course, is due to the well known fact that, as 

compared with the industrially advanced countries of Europe and America, the resources of fossil fuels in India 

are meagre. Attention has naturally to be immediately focused on the problem of conversion of these limited 

fuels to the maximum possible extent. This can be achieved in two ways. In the first instance, hydro resources 

which constitute a non-wasting asset should be developed to the maximum extent possible and sufficiently 

early. Secondly, attention has to be oriented even at the present stage to deriving the full advantages of high 

efficiency of thermal power generation which have been attained in the Western countries. The overall thermal 

efficiency in the power stations in this country today is about 20% and is less than one-half the efficiency 

currently obtained in the latest installations in foreign countries. Calculated on the basis of the present 

production of about 10000 million units of thermal energy, an improvement in efficiency, of the order of even 

1%, would save the country annually about 350 000 tonnes of coal. The corresponding figure in 2000 AD would 

be of the order of 4 million tonnes. Steps taken in this direction will not only husband our limited resources, but 

aid economy by reducing the associated overheads on mining and transport of fuel.  

All the energy losses have to be reviewed. For example, out of the total electrical energy produced, a substantial 

percentage, of the order of 15 to 20, is generally lost in transmission and distribution. The position in this 

respect needs careful study. Steps have to be taken to reduce these to the minimum possible extent, consistent of 

course with economy.  

The steady march of population requires us to consider whether even the known resources of thorium would 

sustain the country‘s energy requirements for an indefinite period. It would appear that these also have 

important limitations in relation to the country‘s vast future requirements and that alternative sources of energy 

production, ie, controlled fusion, use of solar energy, improved methods of direct electricity production in fuel 

cells, magnetohydrodynamic generators, etc, have to be fully and thoroughly explored during the next three or 

four decades. Research programmes in these fields will have to be initiated and important contributions made by 

our scientists and engineers. 

Some of the other problems attendant on such large scale production of electricity require careful consideration. 

It is obvious that programmes of development can be sustained only on the basis of indigenous manufacture of 

all the components: required for transport, transmission and utilization. On the generating plant side, the annual 

output of manufacturing industries will have to be increased to about 25 million kW, which involves -a fourfold 

increase over the figures expected to be achieved by 1975 from the factories now being set up at Bhopal, 

Ramachandrapuram and Hardwar. These should be well within accomplishment, since the country has or can 

develop practically all the basic raw materials for special iron and steel, insulation, etc, with the possible 

exception of copper, for which special substitutes may have to be considered. The annual transformer 

production capacity required for main as well as distribution transformers would be roughly of the order of 150 

million kVA, which requires approximately 150 000 tonnes of steel (most of which will be of special quality), 

75000 tonnes of copper, etc, on the basis of present designs. 

It is in the realm of transmission and distribution that problems of magnitude begin to become overwhelming. It 

is already apparent that with the preoccupation of providing essential power station capacities, necessary 

attention has not been given to augmenting and strengthening the main transmission systems, and more 

specially, the distribution systems. The main transmission systems have to be sufficiently reinforced, for it is 

only then that power generating facilities can be utilized to the fullest possible extent and at utmost economy. In 

regard to distribution also, it is obvious that in all the important urban centres, the distribution systems are 

relatively inadequate. 

On a rough assessment, projecting the experience on some industrially advanced countries, whereas in India, 

fairly long transmission distances are involved, it is expected that by 2000 AD, we would require approximately 

7 million km of main and sub-transmission lines and low voltage distribution systems, of which about 5 million 

km comprise low voltage distribution lines and about 2 million km represent the main and subtransmission 

lines. As against these, the present distances in India are about 20 000 km and 150 000 km, respectively. The 

steel and aluminium requirements for transmission lines alone by 2000 AD would be of the order of 15 to 20 

million tonnes and 1 to 1.5 million tonnes annually. These are very large figures compared with the present use 

of steel and aluminium for these purposes, and it is obvious that considerable research and special studies will 

have to be carried out to determine designs which would require the minimum use of raw materials. Colossal 

investments would therefore be required both for main transmission and distribution systems. 
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While it will be seen from the foregoing that in terms of raw materials and resources it would be possible for the 

country to sustain the massive programme of electricity development required by the end of the century, 

bottlenecks in actual development might crop up in the requirements of personnel. Already, the electricity 

development schemes are hampered by a shortage of technical, personnel extending right from the category of 

personnel competent to undertake the complex work of research, planning and designs to the level of skilled 

operating personnel needed to maintain the expensive power stations and transmission and distribution facilities. 

STEEL 

Steel is considered as the symbol of economic potency and prosperity of a country. This is still so in spite of the 

development of alternative materials. It is a notable coincidence that up to a limit the steel output runs parallel to 

the power output. Thus, in Japan, steel production is 24 million tons, while the installed capacity is 25 million 

kW. 

At present, we are producing about 4 million tons and importing about one million tons of steel as compared to 

the world‘s production of steel of 354 million tons in 1961. This has to be increased to 50 million tons in 1980, 

and to about 75 million tons at the end of the century. The iron ore required to manufacture steel of this order 

will be about 150 million tons as compared with 10 million tons at present, of which we are exporting about 

35%. 

The total estimated reserve of iron ore in India is of the order of 21 579 million tons, of which 6790 million tons 

have been proved. With the rate of consumption envisaged at the end of the century, the proved reserves will 

last for about half a century, while the total estimated reserves may last for another 100 years. 

NATIONAL INCOME 

In order to determine a goal for our per capita income, it will be worthwhile to have a look at the per capita 

income and the structure of national income of other countries. Tables 1 and 4 give the relevant figures. From 

the tables, it is evident that Japan has a per capita income which is five times and Yugoslavia has a figure three 

times that of India. If our target for 2000 AD is the present per capita level of Japan, it means that relative to the 

rate of population increase, the rate of national income must be five times and the total increase will be tenfold. 

A tenfold increase in national income during a period of 40 years is equivalent to a compound interest growth at 

the rate of 6% per annum. In order to visualize the direction of effort needed, a rough sectoral break-up of 

national income in 2000 AD is estimated in Table 4. If the break-up is taken as a target by itself, the maximum 

growth rates are needed in industry and the constructional sectors, followed by mining and quarrying and 

transport and communication. These are the sectors particularly requiring engineering effort at various levels. 

Table 5 gives a projection of the industrial demands in 2000 AD.  
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CONCLUSIONS 

This broad and basic picture of the needs of India of tomorrow, only 35 years ahead of us, is alarming and 

indicates that we should make a bold and radical approach to our problems. 

In the main, the problems resolve themselves into two vital issues. Firstly, we have to positively control our 

population growth. Secondly, for raising the economic edifice, we have to adopt a basic remedy. Recent history 

has shown, as in Japan and Germany after the last war, that capital is not so very important as technical 

knowledge and skills in the nation. One we have built up the technical knowledge within the country, prosperity 

will automatically build itself. Thus, what we urgently need today is a relentless restriction on population 

growth and the development of a reservoir of technical manpower. Only then we can ratify our political 

independence by economic liberation. 

If eternal vigilance is the price of liberty, endless effort is the price of progress. 
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Industrialisation in India and Public Health Engineering 

Shri N V Modak 

 

It is a signal honour to be invited to give this lecture and I appreciate it greatly. I have had the privilege of 

knowing Sir M Visvesvaraya intimately, whom we remember with gratitude on this occasion. I had heard about 

him when I was a boy and had the good fortune of being closely associated with him in professional work when 

I became an engineer. In my professional life, he was my Guru, friend and philosopher. He was not only an 

outstanding irrigation engineer but also a great and distinguished sanitary (public health) engineer. Besides, he 

was a very eminent and efficient administrator. In the latter part of his life, he was keenly interested in the rapid 

industrialization of the country as he firmly believed that it was the best way to increase national wealth and to 

provide employment to large numbers of people which in turn would contribute to raise the standard of living of 

the people. He served the country with great distinction in a spirit of and dedication devotion.  

NEED FOR INDUSTRIALIZATION 

His emphasis on the rapid industrialization of the country was rational. It is recognized all over the world that 

the prosperity of a nation and the well-being of its people depend largely on the agricultural and industrial 

production of the nation. It is also recognized that high level of productivity can be achieved only if individual 

‗and public health is‘ satisfactorily maintained. This is aptly summed up in the proverb ‗Nation‘s Health is 

Nation‘s Wealth‘. Sir M Visvesvaraya took a prominent part in the promotion of public health, by constructing 

monumental works of water sewerage and sewage treatment supply, 

Efforts Made by the State and Central Governments Towards Industrialization both in Public and Private 

Sectors 

We are lagging far behind the advanced industrialized countries, though vigorous efforts are being made by the 

Central and State Governments since independence, to make us self-sufficient in food and other necessary 

things required for healthy and comfortable living by establishing certain basic industriesin the public sector and 

by encouraging development of other primary as well as ancillary industries in the private sector.  

Growth of Industrial Development in the Country  

Industrialization which involves manufacturing activity in factories of modern type is, however, a comparatively 

new phenomenonin India. It was in about 1860 that large-scale industries began to be set up chiefly with British 

capital. The pace of industrialization was however slow. It received a great momentum during and after the 

Second World War. The construction of railways was first started in 1853, when the railway line about 20 miles 

in length was built between Bombay City and Thana. The development of road transport on a national scale 

started only after 1930. The transport system has since grown considerably butis stillin need of further 

expansion for affording facilities for transport of raw and finished materials to industries as well as for linking 

towns and villages in the country.  

The Planning Commission has done well in undertaking a comprehensive survey of transport requirements and 

traffic problems of the country. One of the main features of the present survey is that.it is being conducted state 

by state. This will also facilitate an assessment of transport needs on a regional basis. The previous survey has 

revealed that road transport has-made considerable headway on long distance routes, accounting for about 8000 

miles out of the total 15000 miles of national highways and another 2000 miles of State highways.  

Export and inland trade was started much earlier by the British for exporting indigenous raw materials to Great 

Britain and for importing large quantities of British-made finished products into the country. This position 

would have continued even after the Second World War if there had been no changein the administrative set-up 

of the country. 

Sir M Visvesvaraya‘s Ten-Year Plan for the ‗Planned Economy of India‘ 

It was in 1934 that Sir M Visvesvaraya published a Ten-Year Plan for the ‗Planned Economy of India‘. The 

objectives of his Plan were fivefold : (1) to concentrate attention on increasing production by using modern tools 

and machinery, (2) to obtain for this activity all the guidance that could be had from foreign experience, (3) to 

mobilize the country‘s resources in men and money, (4) to regenerate the national will for accomplishing 

national well-being not only for India but also for the world at large, and (5) to make India economically strong, 

ie, industrially efficient, educationally strong and thoroughly modernized in collective cooperative effort. 

The outline of his Plan was such as to retain the best features of individualism to which India had been so deeply 

attached and to build up at the same time the system of collective effort without which economic progress was 

not possible. He emphasized that in order to achieve the above objectives, the ideals of sacrifice, surrender and 
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service should be accepted in the place of mere individual gain, personal profit and single pursuit. He was 

confident that if his Plan was vigorously implemented, the three fundamental needs of the country, namely, 

education, industries and military training, would be adequately met and remarkable progress would be made 

towards economic growth and nation building. The implementation of the Plan according to him would have 

also brought under control unemployment, poverty and suffering and thus made India ‗a progressive, better, 

lovelier and happier place to live in‘. 

Effect of Industrialization on Towns and Villages 

Since independence, the pace of industrialization has grown faster. It has, however, brought in its wake certain 

problems. It has promoted the growth of urban centres and made certain fundamental, economic, social and 

political changes. The growth of non-agricultural industries, as a major source of earning, has brought about an 

important economic change. This has been accompanied by changing occupational ‗patterns, changing 

employment status and changes in the location of production. The modern organized industry has also made 

significant impact on the social life of the community. 

All this has resulted in increasing the proportion of population living in urban areas from 11% in 1901 to 18% in 

1961. The proportion of population living in large towns having populations of 100000 or more has increased 

faster from 2.5% to 8%. Since 1941, the population movement from rural to urban areas has been more 

conspicuous. During the last decades (1941-61) it is estimated that nearly 14 million people have migrated to 

urban areas. 

This exodus from rural to urban areas has affected the traditional agrarian economy of the country. It has acted 

adversely on the village handicrafts and village industries resulting in large-scale unemployment in villages 

which has led to the migration of villagers to urban areas in search of employment. This exodus of villagers to 

towns has resulted in changing the ‗on account workers‘ into ‗employees‘ and the relationship between the 

worker and the final product has become more indirect. Due to this, villagers have become more and more 

dependent on urban centres. The interaction between villagers and town people has also exposed ‗the village 

community to the influence of the urban type of living. 

In 1961, 87% of urban workers were engaged in non-agricultural industries. The corresponding percentage for 

rural areas was 18%. While most of the workers in urban areas are ‗employees‘, a large number of them in rural 

areas are owners of land, farmers and ‗on-account workers‘. About 30% of the urban workforce is engaged in 

services of low productivity. Some of the urban workers are living in conditions of rural poverty in urban areas 

without any impact on the urban way of life? 

It is the technically superior large-scale manufacturing, that brings not only higher level of productivity but also 

a higher degree of urbanism in the life of the community. Unfortunately employment in such organized 

industries is still small even in urban areas. 

The city-ward migration is typically unorganized and haphazard. The worker is unskilled and remains unskilled. 

There is a continual drifting back and forth between the country-side and the city of unskilled unstable labour 

force, which brings no lasting benefit to industry, to agriculture or to the worker himself. A villager does not 

acquire fully the urban mode of life as he is unwilling to sever his connections with his village and land. This is 

the root cause of absenteeism of the industrial worker who continues to remain a part-time peasant. 

Experience elsewhere has shown that modern industry can bring about a high standard of living and extensive 

economic and social changes, but in India, it still continues to be a minor source of employment. Without major 

economic changes in terms of industrialization and employment structure, striking social changes cannot take 

place quickly. So long as the standard of living remains at the subsistence or below subsistence level, only 

minor social changes can be expected. 

The national income during the past ten years (1951-61) increased by 40% but a major part of it was absorbed 

by the rapid growth in population, so that the per capita income increased hardly by 16%.  

Effect of Abnormal Increase in the Growth of Population in the Country 

At a time when most experts fear that India is fast heading towards the demographic point of no return, which 

would nullify all her efforts at raising the standard of living, a British economist, Prof Colin Clarke, has 

enunciated an exactly opposite viewpoint. In a paper submitted at the population control symposium held in 

December 1964 under the auspices of the Eucharistic Congress in Bombay, Prof Clarke said that far from 

getting perturbed over the population explosion in this country, we should be happy over our baby boom. 

According to the Professor, the anxiety expressed over inadequate supply of capital in developing countries with 

fast growing populations is unfounded. He feels that a growing population in itself provides opportunities for 

enterprise and with that, the capital supply will look after itself. The British economist‘s arguments may be right 

in general context but one cannot help questioning their relevance to conditions in over-populated countries. It is 

true that population growth provides incentives for enterprise and capital creation in under-populated. countries 

where ‗there is plenty of scope for expansion but in countries where the saturation point has already been 
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reached, further growth in population would only hinder progress. With limited opportunities, the dynamism of 

the people would be stified and the economy is likely to be retarded. 

Prof Clarke also challenges the proposition that our agriculture is afflicted with surplus labour. He contends that 

as the country‘s agricultural operations are controlled in particular seasons, over a restricted period, all the 

available labour is needed during that time to produce sufficient food. He holds out a warning against 

employment of ‗surplus‘ farm labour to other fields of activity because by doing so he thinks that we would be 

facing the fate of China, which by shifting her agricultural labour to industries invited a major food crisis. It 

must be pointed out in this connection that labour is not the only factor contributing to adequate food 

production. Other important factors are better methods of farming and irrigation which ultimately cut down 

human labour. It will obviously be wasteful to keep a big labour force idle for a major part of the year. 

On the other hand, the two renowned American economists — A J Coale and E M MHoover — have pointed 

out in their Princeton Study Report, that if the population growth in developing countries including India is not 

checked effectively and immediately, no development would keep pace with the population.  

Eugene Black, President of the World Bank, told the United Nations, ‗Population growth on this scale (2% or 

more) would be a serious challenge to a country with adequate living standards. Where the incomes are low and 

economic developments are a desperate need, such growth can be a crippling handicap. Population growth 

threatens to nullify all our efforts to raise living standards in many of the poorer countries. Unless it can be 

restrained, we may have to abandon for this generation our hopes of economic progress in the crowded lands of 

Asia and the Middle East. It is high time the respective governments gave earnest attention to this threat to their 

aspirations‘. So far as India is concerned, its increase in population is 2.1% per annum. 

Memorandum of the Planning Commission Issued in December 1964 

This view has been confirmed in the memorandum released on December 2, 1964, by the Planning Commission 

in respect of the Fourth Five-Year Plan. According to the memorandum, the national income was expected to 

increase by 30% during the Third Five-Year Plan but it has increased by only 10% during the first three years of 

this Plan. Even with better performance during the remaining period of the Plan it is not likely to rise beyond Rs 

17400 crore against the target of Rs 19000 crore for the current Plan. This target of national income of Rs 19000 

crore was set in 1961 when a 15 year long-term Plan was formulated. 

The anticipated rise in the population during the current Plan of 492 million is likely to increase to 495 million 

at the end of the current Plan period. 

The basic objectives of this 15-year long-term Plan were to lay sound foundations of self-sustaining economic 

growth to provide avenues and opportunities of employment to all those who seek it and to narrow the economic 

and social disparities, to ensure a minimum level of living to every family in the country. It was anticipated that 

the per capita income would increase from about Rs 350 at the end of 1960-61 to about Rs 385 at the end of the 

Third Five-Year Plan, to Rs 450 at the end of the Fourth Five-Year Plan and to Rs 530 at the end of the Fifth 

Five-Year Plan.  

It is indicated in the memorandum that the 15-year perspective will be revised in the light of the experience so 

far gained but there would be no resiling from commitments regarding employment and living standards. 

It is further stated that if a high rate of growth is not achieved during the Fourth Five-Year Plan, it would have 

serious consequences on the country‘s progress. The shortfalls in the Third Five-Year Plan make it necessary for 

the economy to strive for much higher rate of growth than originally envisagefodr the next two Plans. 

Why Anticipated Targets Have Not Been Achieved?  

I now propose to discuss some of the reasons why the anticipated targets of the Plans are not being achieved. 

For the growth of successful industrialization, stress must bé laid on programming, organization, management 

and training of labour and technical staff employed from its inception to completion, putting into commission, 

and economical and efficient operation and maintenance thereafter. Programming is found to be deficient in 

terms of detailed forward planning of technical, material and manpower requirements, economic results, 

phasing, time and production schedules, etc. It also appears that the modern techniques used in foreign countries 

for successful operation of industries have not been fully made use of. The Government of India have created a 

central management pool to provide managerial personnel for public enterprises but the scheme has not made 

much progress so far. The development of such personnel from within the undertakings and enlarging their 

competence and of attracting outside talent of superior calibre does not appear to have been given the attention it 

deserves.  

There is an intimate connection between the quality of preparation that goes into the first phase and the 

efficiency of management planning and control ‗downstream‘ in the construction and production phase. There 

is, therefore, more need for effective management techniques in the initial period. In some projects, the cost of 

inadequate planning in the pre-construction phase has been very heavy. 
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The first step in the construction planning is the preparation of a work breakdown structure. Once the 

programme objectives are identified and translated into the work break-down structure, a plan of work for 

achieving each objective or item of work in the most desirable manner has to be developed. The ‗network‘ 

technique or Programme Evaluation and Review Technique (PERT) or Critical Path Analysis (CPA) should be 

then adopted to put the work activities in some sequence as all activities pertaining to the work cannot be 

simultaneously started due to technical constraints and resource limitations. These techniques are being used in 

the USA. Both of these techniques describe the work of the entire projects in the form of a network, showing the 

interdependence between the various activities. Although, PERT and CPA started as two different techniques, 

they have now grown very similar and-are known as ‗Network Planning‘. 

Two seminars on this subject were held, one in Delhi and the other in Bombay in October 1964. The seminars 

focused the attention on the most striking handicap in the field of management in India, the absence of 

information system designed to facilitate decision making. It was pointed out at the seminars that the top people 

should be able to visualize the future conditions and needs and to plan growth accordingly. The growth will 

create more opportunities and chances for those people at lower levels of creative application and instil into 

them a sense of freedom, dignity and responsibility. Training courses for engineers and upper level technicians 

in the application of PERT and CPA are, therefore, essential. Steps in this direction are needed urgently 

Inspection of end-products is also of vital importance to the industry. It has to be integrated with production 

processes at various stages of manufacture to avoid a major rejection of the end-products. It is becoming more 

and more evident that quality control cannot be regarded as a separate function, completely independent of the 

design. Manufacturing and sales activities, sampling techniques, control charts and inspection methods are only 

a part of the total quality concept. Economic analysis of procedures, relation between product quality and 

process control and evaluation of maintenance and after-sales service are vital for total quality control. All these 

factors have to be balanced against cost and they are not only important to the consumer and the manufacturer 

but also for national productivity. 

Some Reasons for Shortfalls in Public and Private Sectors 

Investment iin the public sector industriesis reported to be about Rs 1400 crore while the profit is said to be of 

the order of Rs 12 crore, ie, less than 1%. Really speaking, the profit should have been at least 10 %. This 

shortfall, according to some, is attributable to the following factors: 

Public Sector 

(i) Lack of far-sighted administration at the top, 

(ii) Constant transfers of the chief executives, 

(iii) Lack of development of team-spirit, 

(iv) Lack of fixing responsibilities at different levels which impairs efficiency, 

(v) Lack of productive incentives, 

(vi) Provincialism and nepotism, 

(vii) Lack of appreciation of good work bygiving proper rewards on the one hand and extreme difficulty and 

complications to remove, demote or otherwise penalize employees in cases in which such steps are undisputably 

justified, 

(viii) Unawareness of the importance of preventive maintenance, 

(ix)  Lack of qualified personnel of adequate ability at various levels both in administration and productivity, 

(x) Lack of standardization of ifidigenous raw materials and their shortages in places where industries are 

located to enable the top executives to plan in advance for particular production, 

(xi) Unimaginative and constantly varying import policies and administrative delays in obtaining licences for 

materials required to be imported, 

(xii) Structure of the existing labour legislation which is not conducive to industrial efficiency, 

(xiii) Scales of salaries offered being low, the private sector is able to secure the best talent in the country, 

leaving the public sector to make good with the available personnel of lower talent,  

(xiv) Railway facilities are over-strained and are unequal to fulfil the task imposed on them, and  

(xv) Lack of sufficient electric power and frequent breakdowns. 

Private Sector 

(i) Government control at various levels. Bulky and complicated provisions of the Company Lawand its 

administration,  
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(ii) Tapping of available financial ‗resources for public sector industries and Welfare State projects leaving a 

small residue for investment, 

(iii) Differentiation in making available public facilities between the public and the private sector industries, and 

(iv) Labour legislation as in the case of the public sector. 

The Objective of Planning 

Planning is not only an aid to cost control but a sine que non for an industry which is interested in reducing the 

cost of production andin serving the nation by bringing down prices of consumer goods. 

All planning activities have two elements — one is a comprehensive ‗stock-taking of the real and financial 

resources of the economy, and the other, an attempt to project into the future the use of these resources in such a 

way as to achieve the maximum development. The two key questions are —‗where are we now‘ and ‗where 

shall we go from here‘. The second question is a challenge to the imagination of the expert and the policy 

maker. If enough importance is not attached to the first part, planning becomes a mechanistic exercise of 

spelling out with various degrees of detail and accuracy under various assumptions which may or may not be 

justified. Further, the more the planning period extends into the unknown and the more ambitious the planners 

are about methods and refinementthse, greater is the gap between the presumed basis of the plan and its real 

basis in work-a-day economy. Many development plans in different countries have become obsolete, before 

they were completed, because they were not up-to-date to begin with. The only way to avoid such a situation is 

to improve the flow of current information from the various sectors of the economy and particularly from 

government departments to the planners. It is only on the basis of a thorough knowledge of what is going on in 

the present that any meaningful determination of what is to happen can be made. Moreover, the stimulation of 

the constant flow of data is bound to help the planners to make a rational choice among alternatives and to 

determine attainable targets. Even more useful is the appraisal of the response of various sectors of the economy 

to measures already taken. 

In this context, the views recently expressed by Mr Goodman of Great Britain, industrial specialist of the 

‗Electrical Department‘, will be found interesting. He said ‗conditions we create in the next few years will 

determine the position of this country (Great Britain) in the 21st century. It was essential to plan for the future in 

such a way that radical innovation could be made without big social or technical disturbances, without large 

wastage of capital, and not the least, without human wastage. It was useless planning for the future on the basis 

of today‘s equipment. Initiative, enterprise, imagination and technical ability are essential.‘ He further stated 

‗the right type of leadership is essential in order that the right type of technical change comes about. Automation 

will bring about radical changes. It is imperative that our industrial leaders understood what automation is all 

about. The challenge for change must be the watchword for our young men and they must be encouraged to 

innovate and to change wherever it is practical and economical.‘ 

Mr Goodman forecast that machines in the future would be made of some type of organic material which would 

completely reorganize production as it is now understood. It will not be possible to readily identify the units as 

machines at all. There would be a great expansion in the use of electricity in factories. Automation would be a 

better way of putting more and more energy — electrical energy — at the workers‘ disposal. He added, by 2000 

AD we would not see the large industrial conurbations we have today. Small highly productive factories will be 

scattered about the countryside producing goods, throughout the 24 hours, seven days a week, just as electric 

power stations generate electricity today. Automatic cars and lorries, dialled for their destination, would go 

running unattended on motor roads.‘ 

Regarding aspects of design, Mr Goodman said ‗products must be designed for the function they would perform 

and they must also be designed to suit production methods. This would be the key to the introduction of 

automation. The handling of components by mechanical hands requires a different shape of article to that 

suitable for easy handling by human hands‘. In conclusion, Mr Goodman pointed out that automation would 

make many skills superfluous. With the increasing pace of technical advance the problem of redundancy would 

always be with us. He asked ‗what can we do about the traditionally trained man whose skill is no longer 

required, and how can we train our young people so that they can swim on the tide of technical advance? Both 

aspects require intensive study now. In future, hybrid skills would be required electromechanical technicians, 

system technicians and men who can maintain complex mechanical, electrical and electronic plants‘. 

Increase in the Output of Trained Personnel 

It is reported that since 1961, the industrialization index has gone up three-fold, but the production has not.come 

to that level, for want of trained personnel. In the USA, the ratio of the output of technologists is about 120 per 

one million population while in the USSR it is three times this figure. Unless the output of trained personnel is 

increased in the country, the productivity may not increase as required.  
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Role of Trade Unions 

Trade unions in the country must be made to play an important role in increasing productivity. Today, they do 

not appear to make any contribution towards increasing the productivity as is the case in highly industrialized 

countries. The work of training workers in advanced countries is organized by trade unions. The worker is made 

to realize his position in the economy of the country, despite his illiteracy and what the country expects of him. 

The Russians have started a tremendous educational aid organizational campaign, designed to promote the 

initiative and creative urges amongst the working people, especially to enhance their role in economic 

development. The most significant factor today in the Soviet Union is that trade unions are playing an 

increasingly important role as a ‗school of management, a school of administration and perhaps also as a school 

of teaching political doctrines‘. Previously, their role was limited to collective bargaining and the running of 

welfare services for their members. In recent years, however, scientific and technical societies have developed 

through the Help of trade unions for improving management in the whole gamut of industrial development. 

Public design and technological officers, economic analysis teams, research institutes and laboratories, rate 

selling bureaux, technical information offices and other creative public bodies have begun to function on a 

voluntary basis through the help of trade unions. They are becoming an important economic force. Their 

activities help to raise labour productivity and accelerate scientific and technical progress. In a way, they are a 

school of management, a new example of participation of workers in managing production. 

This development is organically connected with the new stage of sophistication, the Soviet industry has reached 

today. It is found that without extension of industrial democracy and release of creative energy of the working 

people, the Russians cannot improve labour productivity and reduce costs of production. It seems that it is 

primarily more for economic reasons rather than for any moral or political purpose that the institution of 

industrial democracy has come about in the Soviet Union. 

Technical Education and Industrial Training at Present Imparted not Conducive for the Achievement of Plan 

Targets 

One important reason for non-achievement of the targets of the Five-Year Plans according to some, is the 

unsuitability of technical education and industrial training that is being imparted today in our technical schools 

and colleges. The teaching methods followed are not such as would stimulate and direct individual student‘s 

intellectual effort. Very little research into methods of teaching technical subjects appears to have been made in 

the country. In Britain, effective work has been done by enthusiasts, over the years, and there is a growing 

support for studies directed to improve the quality of technical teaching. The teaching method problem is to 

apply the fundamental educational ideas to the wide range of technical students‘ abilities and needs. 

The Ministry of Education (Great Britain) have made many recommendations regarding integration of school, 

further education and industry. They include a greater emphasis on the theory and practice of technical 

education and training of student teachers in the University Department of education and training colleges, 

period of industrial experience for all student teachers fairly long exchanges between the staff of schools and 

technical colleges, more frequent seminars, study groups, courses, conferences and meetings. between school 

and technical college teachers and their colleagues in industry. Though education is intended for living, the 

tendency in the practice of traditional education has been to ignore that living includes the earning of livelihood 

and that education must provide learning for earning a livelihood.  

Industrialists in the USA are also feeling that the gap has been widening in recent years between the educational 

needs of the American industry and the educational offerings of the American higher education. Due to the 

interest in the sophisticated fields like nuclear energy and space exploitation, the curricula of most engineering 

colleges have gradually shifted a little away from preparing students for employment in the bread and butter 

segments of industry such as engineering design, manufacturing processes and production, supervision. One of 

the reasons for this widening gap is the trend towards promotion of scientifically oriented scholars into positions 

of administrative leadership in engineering colleges and universities. Such leadership is bound to perpetuate, if 

not to lay, the emphasis upon the theory rather than upon the practice and the ‗science‘ to the exclusion of the 

art of engineering and technology. 

In this connection it may be mentioned that a programme for giving experience of technological decision-

making in industry to young engineering professors has been recently announced by the Ford Foundation. 

Training for Preparing Semi-skilled and Skilled Workers 

We must provide increased facilities for more employment by giving some sort of training to the millions of 

unemployed so that the best and most efficient and effective use could be made of them. They musbte prepared 

for efficient performance of the work on which they would be employed. Most of them will have to be trained as 

semi-skilled or skilled workers. For this purpose, they must be technically trained. This training must be 

preceded by elementary general education. Literacy should be the condition precedent for all technical training. 

It is therefore essential that the present rate of rise in literacy of 1% per year must be raised to 5% per year if 
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literacy is to rise from the present 20% to at least 75% in the next 10 to 12 years. The education for the young 

and the adults must include instruction in the three R‘s and study of trees, plants, birds and the land, they see 

around them. A little training in the use of hands through gardening and carpenters‘ tools will provide the 

beginning of the technical training. The adults who already know manual work will not need this part of 

instruction. To achieve this objective, the budgets for primary and adult education of the States and the Centre 

will have to be appropriately increased. It is absolutely necessary to provide facilities for technical training for 

those who leave primary school at the age of 11 and 12 or middle school at the age of 13 or 14 because they are 

not in a position to pursue higher general education on account of financial or other reasons. 

Apprenticeship System 

In England, the apprenticeship system has been made cumpulsory. The Industrial Training Act of 1964 gives the 

Minister for Labour power to set up boards for industry and commerce whose duty is to ensure that training is 

provided by firms and to supervise its quality. Employers who do not provide such training will have to pay a 

levy but they may be compensated by those who provide training facilities for their workers by a grant towards a 

part or whole of the cost. No legal obligation has however been placed on the employers to engage apprentices 

or to release them for instruction in day colleges. The British industry has always realized its responsibility in 

this matter. 

In other European countries like West Germany, France, Italy and Netherlands, the apprenticeship system is 

more extensively used. In West Germany, training of apprentices is considered to be the primary responsibility 

of the industry itself. There, an applicant for apprenticeship is put through intelligence and aptitude test, and, if 

acceptable, enters into a contract with the employer firm. The training given is general and varied and not of a 

specialized character. This enables the trainee after completion of his training, to work in any branch of the 

industry. During the training period, the apprentice keeps a work book in which he describes in detail what he 

has learnt, week by week, and this helps to determine the quality of his performance. The period of 

apprenticeship training is three years and not five years as in England. The theoretical training is given in 

technical schools. An indentured apprentice in Germany who fails at the National Organization Examination can 

sue his employer if his training is inadequate. 

Kind of Technological and Scientific Training Necessary  

There is no denying the fact that the rapid application of modern techniques in industry depends upon men 

trained in those applications and this, in turn, gives rise to the need for a copious supply of high level training 

and research necessary for any appropriate target. 

Technological and scientific training must be based on multi-faculty technological universities, which will 

attack the problem of modern industry on the basis of groups such as (i) Engineering Sciences and Technology, 

and (ii) Industrial Engineering and Management Studies and Sociological Sciences. These technological 

universities should be fed by groups of feeder colleges corresponding to the regional and district technical 

colleges on the lines of Great Britain. 

In the United States and Russia nearly 25% of university graduates take degrees in Industrial Engineering and 

Applied Management and Production Technology and engineering is contained in the curricula of studies. This 

development is proceeding at a high rate in these countries because of the increasing development of numercial 

methods, in the connection between the drawing board, manufacturing techniques and quality and cost control. 

It is recognized in that country that the development of Industrial Engineering and Applied Management has 

created the need for an equation between high level industrial engineering calling for a number of skills rather 

than single skills on the part of individual craftsmen and that fluidity on a multi-skill basis is necessary from the 

craft side. 

The apprenticeship system exists in our country but the training given to the apprentices cannot be said to be 

satisfactory. It is reported to be causual, indifferent and unsatisfactory. We have still much to do in the training 

of artisans and craftsmen especially for medium and small scale industries.  

Recommendations of the Estimate Committee of the Third Lok Sabha 

The Estimates Committee of the Third Lok Sabha in their report on personnel policies of public undertakings 

published on April 6, 1964, has touched the problem of training for industry. Its recommendation inter alia is as 

follows : 

‗From the point of view of the long-term economic development of the country, it is necessary to plan for 

training the required manpower to meet the increasing demands of public undertakings. A fully coordinated 

and integrated training programme for the undertakings functioning broadly in the same field of technology 

is called for. A study should be made of the utilization of training facilities available in different public 

undertakings, which have been organized at considerable cost, and steps taken to utilize the surplus capacity 

if any.‘ 
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‗The Government should consider the desirability of setting up an advisory committee under the Directorate 

of Employment and Training to ensure that new training institutions are not set up by public undertakings if 

their needs could be met by the existing ones, The Government should impress upon public undertakings the 

need for introducing a regular induction course for their employees.‘ 

‗Regular programmes for training supervisory and middle level personnel should be organized to meet the 

increase in the workload and responsibilities as a result of the expansion of the public sector. Training within 

industry schemes may be introduced in all public undertakings on a wider scale.‘ 

NEED FOR RESEARCH 

In addition to the measures necessary for manning our industries with qualified and skilled and semi-skilled 

personnel, science and engineering must work in continuous partnership for placing India on a higher plane by 

continuous research. In foreign countries, enormous mechanical engineering developments in the launching of 

huge vehicles into space and their subsequent orientation and control in designed orbit has taken place. There 

have been revolutionary developments in electronic circuit design with miniaturized components. Radio 

communication is being used for conveyance of instructions to a space craft as well as for transmission of 

information it gathers to receiving stations on the ground. 

Advanced industrialized nations are financing research to modernize their equipment and administration and to 

train technologists and technicians to increase productivity. They are insisting on the apprentices attending 

technical college courses to obtain the appropriate qualifications. They have provided efficiently staffed and 

well-equipped training workshops and schools. If factory training is not possible outside the production shops, 

their apprentices attend apprenticeship courses in the local technical schools or colleges. 

For increasing productivity to maintain an overall balance in the national economy, Mr F G Donner, Chairman 

of General Motors, in his message to the teachers of engineering and allied sciences said, ‗It is the engineer, by 

list, the design engineer, the process engineer, the production engineer and the research engineer whose 

innovations are chiefly responsible for increasing productivity. The engineer has been in the forefront of those 

who have worked to accelerate economic growth. He has been primarily responsible for finding ways to make 

new and useful products and to make them more efficiently. Only in this way, has it been possible to build more 

and better products, which in turn has meant increased employment opportunities, higher real wages, and higher 

standard of living. It is the equipment coupled with better product design and improved manufacturing methods, 

often the endproducts of years of engineering development, that translates advancing technology into lower 

costs and better quality.‘ 

Qualities Necessary for Leadership 

It is needless to observe that the engineer in India must play a leading role for the achievement of the targets of 

our Five-Year Plans. To enable him to do so he must possess certain qualities. They are firstly, courage, it is the 

basis of all virtues both in man and beast. The higher you get in any structure the more of that courage must be 

moral courage. Secondly, willpower, because whenever you want to do anything new, it is astonishing how 

much opposition you will meet. Thirdly, flexibility of mind, because we live in a changeable world and without 

flexibility of mind, courage and will-power can be dangerous. Fourthly, knowledge, not of how to do the other 

fellow‘s job but enough to know about how long it should take him and how best you can help him. Fifthly, 

integrity, upon which all other qualities depend. It is because of your integrity that people trust you. These five 

qualities are basic for a leader in any situation. 

Industrial Townships and Decentralization of Industry 

The world has undergone and is still undergoing great changes in economic structure and output. Amidst these 

world conditions, the disquieting change that is taking place in our country, as pointed earlier, is the rapid 

growth of population without a corresponding rise in production or income. Similarly, with the increase in 

industrialization the problem of ‗Ekistics‘ which means the settlement of population is being neglected. Though 

a few industrial towns for heavy and basic industries have been established in the public sector, the pressure 

exerted by the expansion of existing and new industries in the private sector is being actually felt by our major 

towns and cities. The lure of lucrative industrial employment is acting like a magnet on the village population to 

the detriment of corresponding increase in agricultural production which is so essential for the country‘s 

balanced economic development. At the same time, industries have created undue pressure on the public utilities 

provided by the towns and cities which are falling short of requirements. This imbalance has resulted in creating 

housing shortage, new slums and increasing juvenile delinquency and lowering of morale standards.  

To avoid such evils and to attain a better standard of living, befitting a ‗Welfare State‘, the settlement of new 

population in urban areas must be organized on a rational basis. To be so, decentralization of industry consistent 

with its basic needs is imperative. This will ensure even distribution of industrial population all over the country 

and check the exodus of village population to towns. This will necessitate the preparation of regional and 

national plans as a part of the Five-Year Plan. The regional planning should lead further to Master Plans for 
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towns, villages, sectors, neighbourhoods and housing. This appears to be one of the ways for ensuring balanced 

distribution of our growing population and reducing unemployment whichis rampant at the present moment. 

Role of the Public Health Engineer 

This urbanization created by industries has posed several problems in respect of public health. Though the 

products of rapid industrial development and improved technology are beneficial of mankind, some of the by 

products are not so beneficial.  

The Public Health Engineers comes in the picture here. First, he has to discover the nature of the threat; second, 

to determine the extent of damage, actual or potential; and third, to develop means for its effective and 

economical removal or suppression. For this, he has to look to research, to control the environment we are 

creating.  

Historically, public health engineering has developed as a field of specialization for the civil engineer. The work 

of the public health engineer affects public health in such diverse ways that it is clearly impossible within the 

compass of a lecture, such as this, to deal exhaustively with the subject and all that can be done is to select the 

more obvious services which have a direct on bearing health. 

Public health engineering may be defined as application of engineering principles to man‘s environment to 

water, air, food, shelter and working areas for the protection and promotion of public health. 

To enable the public health engineer to tackle the problems in the above fields, he must have some knowledge 

of bacteriology, virology, parasitology, entomology, hydrobiology, physiology, epidemiology and ecology. He 

must also have some acquaintance with biochemistry. 

Growth of Public Health Engineering 

Public health or sanitary engineering, as a science, had its origin in the USA in the last decade of the nineteenth 

century. It started with the water phase of the environment, ie, water supply and treatment, sewage collection 

and treatment, and disposal. Its sphere was gradually expanded to include the control of insects and rodents of 

public health importance. 

Really speaking, public health engineering has existed ever since men began to congregate in communities. It 

was however neglected during the period when men were more concerned with the well-being of the spirit and 

the soul than with cleanliness and hygiene.  

In England, the General Board of Health was formed in 1848 to tackle the insanitary conditions prevailing in 

that country at that time which were appalling due to the flocking of labour from villages to towns, which 

provided employment, resulting in the worsening of the living conditions of the population as a whole. 

Studies of environmental problems in our country have been made by various teams and commissions for more 

than a century. Most of them were occasioned by some public health crisis.  

Sanitary Commissioners were appointed in the provinces of Bengal, Bombay and Madras about the year 1864, 

with primary responsibilities in the field of sanitation. Along with the Sanitary Commissioners, posts of Sanitary 

Engineers were created in the three provinces, referred to above, to help the Sanitary Commissioners in 

providing safe drinking water supplies and adequate arrangements for hygienic disposal of excreta for major 

towns in the provinces. Health Boards were established in the remaining provinces by 1893 and the Government 

of India started giving grants for water and sewerage facilities as early as 1896. The Government of India Act of 

1935 conferred more responsibilities and freedom to act in public health matters on the Provincial Governments. 

Since then the State Governments have been doing a great deal of work in the field of environmental sanitation. 

Realising that the economic progress of the country cannot be achieved without good sanitation, the 

Government of India appointed a Health Survey and Development Committee — known as the Bhor Cothmittee 

which made a comprehensive report in 1946. This Committee was followed by the Environmental Hygiene 

Committee which submitted its report in 1949 recommending the implementation of the Bhor Committee‘s 

programme regarding improvement of sanitary conditions in towns and villages. 

A few years ago, most of the public health activities in our country were connected with the curative side and 

very little was being done on the prevention side by promoting the improvement of environment. This fact was 

admitted by the Health Survey and Development Committee which observed ‗The creation and main tenance of 

an environment conducive to healthful living may be considered to be of even greater importance because in the 

absence of such provision, the services rendered by the doctor, nurse and other members of the health 

organization will largely fail to produce the, desired results. In the campaign of improved health, drugs, 

vaccines, and sera can in no way replace such essentials as hygienic home, good food, fresh air and safe water 

supply.‘ 
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Magnitude of Water Supply and Sanitation Schemes 

The National Water Supply and Sanitation Programme was sanctioned in August 1954 and was in operation for 

only 18 months during the First Five Year Plan period. This programme envisaged granting of long-term 

interest-bearing loans, returnable in 30 equal annual instalments for undertaking water supply and sanitation 

schemes in urban areas. Rural projects approved under the programme receive 50% loans from the Central 

Government. 

The magnitude of the National Water Supply and Sanitation Programme can be gauged from the following: 

The urban population of the country in 1961 was about 78 million. It is estimated to increase to 120 million in 

1981. 

It is believed that the existing water supply systems are serving about 30 million people and only 13 million 

enjoy sewerage facilities. Most of the systems may be said to be inadequate due to continued expansion of 

towns and industrial activities. From the information available, it appears that about 45% of towns, having 

public water supply facilities, are supplying water at the rate of less than 10 gallons per head per day and about 

6% are supplying at the rate of 30 gallons or slightly more per head per day. In most towns in 1961, the supply 

per capita per day ranged between one and 15 gallons per head per day. In most of the towns the supply is 

intermittent. 

The Report of Water Supply and Sanitation Committee (1960-61) contains the following information which 

does not include figures for Maharashtra: 

Number of towns listed 2447 

Number of towns with adequate water supply system 371 

Number of towns with partial water supply system 203 

Number of towns with no water supply system 1873 

Number of towns with adequate sewerage facilities 48 

Number of towns with partial sewerage system 34 

Number of towns with no sewerage system or with open drains only  2365 

As regards rural areas, the rural population in 1961 was about 360 million living in about 550000 villages. Of 

these, more than 330000 villages do not have adequately protected water supply and 110000 to 140000 villages 

have no water supply at all. The hygienic disposal of excreta in villages lags behind the provision of water. 

It is estimated that for providing all towns and villages with adequate water supply and adequate arrangements 

for collection and disposal of excreta more than Rs 1000 crore will be required. 

The Report of the National Water Supply and Sanitation Committee (1960-61) has made some 

recommendations for expediting the programme of providing water supply and sanitation schemes for urban and 

rural areas. 

Considering the totality of the problems ahead, the Third Five Year Plan allocations form but one-tenth of the 

total requirements for urban schemes. It is desirable to complete the entire urban phase of the programme within 

a period of 10 to 15 years, but from practical considerations the period may have to be spread over 25 years. 

Even such extended period may involve a capital outlay on urban schemes of the order of Rs 40 crore per year. 

Such a programme is not possible under the current methods of financing such schemes, where subsidies create 

an inhibiting tendency. The concept of water as a merchandize has to be popularized and local bodies 

encouraged to prosecute water and sewerage systems as a joint utility venture on a self-paying basis. Special 

help may, however, be necessary in the initial stageosf the programme to encourage sewerage schemes being 

taken up side by side with water supply schemes. 

Independent statutory bodies styled as ‗Water and Drainage Boards‘ on a regional basis, may be set up clothed 

with adequate statutory powers to promote and finance water supply and sewerage schemes for all urban local 

bodies. The statutory bodies will exercise control on investigation, design, construction and operation of the 

projects on behalf of the local bodies in the same manner, in which commercial enterprise is managed by 

business houses. Independent statutory bodies for the purpose are necessary to infuse confidence in the 

subscribing public that their investments on the urban schemes would be properly safeguarded. 

The Local Self-Government Ministry should have an effective voice in the implementation of all urban schemes 

and should have control over the Public Health Engineering Department. The officers manning the department 

will then have their roots in the local bodies and their policies and actions will be in tune with the aspirations 

and needs of the local bodies and will be better able to do promotional work in the local bodies to sponsor and 

pilot their schemes to better advantage. In any case, there is need for greater liaison between the Health and 

Local Self-Government Ministries in the implementation of the schemes. 

The Public Health Engineering Department of the states should gradually encompass within its activities all 

legitimate functions pertaining to environmental hygiene. 
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The report lays stress on the procurement of materials required for the implementation of the schemes. If the 

programme is to be speeded up, the critical materials required for the programme should be made available as 

they are today much in short supply. It is suggested that the States should participate in the manufacture of the 

critical materials like CI pipes and specials to control the quality and price of such materials.  

A judicious choice of materials should be made by the engineers to correspond with actual needs and scarce 

materials should be conserved for meeting appropriate requirements. 

The report includes a suggestion to set up a high power committee to go into this major question to work out 

details of future requirements and indicate the extent and scope of the industrial expansion needed in this field. 

Water Supply 

In the early days of the nineteenth century water supply consisted entirely of delivery of raw water in the 

condition in which it was obtained at the source and there was no system of purification. The first attempts at 

improvement in the quality of raw water were a few subsidiary reservoirs in which some settlement of river 

water was affected. 

It was in 1829 when James Simpson, Engineer to the Chelsea and Lambeth Water Company, built the first sand 

filter. It operated on a head of approximately 4 ft and could not be backwashed. This filter was intended to act as 

a strainer. It was found however that the slow sand filter produced much greater purification than mere straining. 

The film produced on its surface removed a large portion of bacteria present in the raw water. Slow sand filters 

are incapable of treating water containing large quantities of organic matter and water of high turbidity. 

The exact action of the slow sand filter in removing turbidity from the settled water is still not known. Some of 

the factors responsible for cleaning action are sedimentation in the filter bed, adsorption due to opposite electric 

charge, adhesion due to Brownian Movement and conversion of stream lines between sand grains, coagulation 

within the filter bed, biological agencies and colloidal mesh structure on filtering media. 

Subsequently, other and more efficient methods of purifying water were developed and they are the pressure and 

rapid gravity filters. Rapid sand filters could be cleaned by backwashing operations which are generally limited 

to approximately 6ft to 10 ft head loss before backwashing, due to reduction of flow. Pressure rapid sand filters 

are generally used for small installations or for water required for industrial use. Their advantage over the 

gravity rapid sand filter is that they can be normally backwashed as they operate under pressure. Backwashing is 

usually done when the head loss is approximately 23 ft. The rapid sand filter can be operated at the rate of 

filtration ranging between 80 and 300 gallons per sq ft per hr. 

The raw water before its admission to the filters is required to be subjected to chemical dosing, flocculation and 

settlement. The exact performance of this type of filter is also not yet known. A porous layer is deposited on the 

top of the sand bed, but this layer is believed to be composed of mostly heavy flocculated material collected on 

the surface of the sand bed, either by settling, straining or adhering action or by the combined effect of all these 

factors. The filtration phenomena is so complex that none of the above factors can be said to be responsible for 

the filtering action. 

The object behind treating water is to make it potable and safe from the point of view of health to prevent spread 

of waterborne diseases. It has to be made acceptable to the consumer by removing tastes and odours. It must 

also appeal to his aesthetic sense. 

The modern concept of a good water supply system is to supply safe water at the consumer‘s tap by (i) selecting 

the best available sources of supply, (i) treating the raw water in a modern rapid sand filter plant with pre- and 

post-chlorination, adequate coagulation, flocculation and settling, and (iii) a well-maintained distribution system 

capable of supplying water equitably and at adequate pressure to the different parts of the town or city served. If 

the water is hard, it must be softened to bring down the hardness within permissible limits. The supply has also 

to be constant, ie, available for 24 hr and not intermittent as is the case today in most towns and cities in the 

country where public water supply has been provided. The system should also provide for superchlorination and 

dechlorination for being brought into operation in emergencies.  

The art of water treatment, as practised today, is not adequate to prevent transmission of diseases caused by 

viruses, amoebas and nemotodes. The present water treatment plant is approaching perfection in eliminating 

transmission of bacterial diseases through water. 

It is pertinent to observe that no change has taken place in the design of filters during the past 40 years. Filter 

beds consisting of graded sand 24 in to 30 in deep with effective size from 0.4 mm to 0.7 mm and uniformity 

coefficient 1.3 to 1.8 supported on a layer of gravel are still in use. 

From the study so far made on the working of rapid sand filters abroad, it appears that an ideal filter bed would 

consist of a relatively coarse top layer, which will remove most of the turbidity without introducing excessive 

headloss anda relatively fine bottom portion which can also effectively remove the turbidity which passes to it. 



The Eighth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Forty-fifth Annual Convention, Lucknow, February 21, 1965 
  

 

 

The Institution of Engineers (India)  
 

113 

It is quite likely that a properly sized filter bed made of anthracite or another similar material and sand would 

give a better performance than the conventional graded sand bed. In some experiments carried out in the USA, 

the best combination was found to be 8 in of 30 to 40 mesh sand and 22 in of 6 to 18 mesh anthracite. It is 

claimed that by this combination filter-water turbidity could be kept less than 0.01 ppm for all raw water 

conditions at a filtration rate of 360 gallons per sq ft per hr. 

The upward flow filters are in use in the USSR and Singapore. The contact clarifier used in the USSR is a 

combination clarifier and filter. It is similar to a rapid sand filter but the water in the control clarifier is filtered 

upwards. The raw water without any pretreatment is injucted with coagulants just ahead of the filter inlet. The 

filter effluent is collected by a trough at the top of the filter bed. Several advantages are claimed for this type of 

filter. 

Robert A Taft Sanitary Engineering Centre (USA) is studying several modifications in water filtration for over 

two years. The modifications taken for studies include such ideas as high rate filtration with coarse light weight 

media on top of sand, control of floc strength and its passage with poly-electrolytes in the filter effluents, the use 

of filters for flocculation of low alum doses as well as for removal of turbidity and the use of granular activated 

carbon in filter beds. The pilot plants have been of various sizesto determine the passage of coliform bacteria, 

powdered activated carbon, virus and gross turbidity through the filters. 

It is not yet realized that the pre-treatment of water before its application on the filter bed should receive utmost 

attention. If the pretreatment is perfect, the part played by the filter itself in upgrading the water quality is 

insignificant. The most expensive component of a water treatment plant is the filter and its accessories. For this 

reason, more study on the filter is called for to make its value more commensurate with its cost.  

Research problems in the treatment of water are numerous as they reflect new needs for information as well as 

new problems of water pollution. Improved controlled methods for coagulation dosages are needed. We have 

still to learn as to how to designa filter scientifically and to operate it effectively with maximum economy. 

Investigation is necessary to gather correct data as to the extent of the influence of water quality, management of 

filtration facilities, sand characteristics and hydraulic conditions of the filter itself on the rates of filtration. 

There are a number of other items which require investigation but I have alluded to a few of them which I 

consider to be of utmost importance. 

Chlorination of water supplies came to the forefront during 1914 to 1918. The engineer in charge of a water 

undertaking is now able to supply water to the consumer which is almost bacteriologically pure. It was not 

known until about 1880 to 1890 that bacterial analysis of water supply became available as a measure of the 

impurity and danger of a polluted water supply. Regular bacterial analysis carried out at frequent intervals helps 

to detect any falling off in quality and serves as a warning signal of danger at an early stage before disease is 

caused.  

In European countries and the USA, steps taken for treating and disinfecting water have proved successful in 

combating the spread of waterborne infection. In these countries, the people expect a-safe-water supply and feel 

secure in the knowledge that it hay been subjected to bactericidal treatment before entering the mains. This 

proven high level of safety for public supply and consequent reduction in frequency of epidemics must not let 

the engineer forget the possibility of sporadic cases arising from untreated water. 

The causative organisms of anthrax, dysentery, infectious hepatitis, typhoid, cholera, tuberculosis, etc as well as 

eggs of parasitic worms can survive in sewage and river water for varying periods. Many outbreaks of typhoid 

have been attributed to sewage infected water supply. 

The seasonal increase of typhoid in one continental city was attributed to the harvesting of salads from sewage 

farms. 

Automation of water treatment plants is on the increase both in the USA and the UK and it is likely that 

automation will play an important role in water treatment as it is doing in other industries.  

What can we look forward to in the future? With the tremendous research being done on Resin Technology, we 

can look forward to new and improved resins permitting higher flow rates and continuous processes. The trend 

towards automation will continue at an even greater rate with the developments in the rapidly expanding 

electronic field. When we consider the reliability that is now being built in complex control systems in this 

missile age, the automation of water treatment process will not present any serious problem. This I believe will 

be the greatest contribution in our time. 

While remarkable progress is being made in the processes of water treatment, we should not forget that water 

supply is not available in some parts of the world in sufficient quantities to meet domestic, industrial and other 

beneficial requirements. For this purpose, the following investigations are in progress in the USA: 

(i) Charting courses of underground rivers; 

(ii) Cloud seeding ; 
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(iii) Reduction of water losses caused by evaporation, seepage and eroded land surfaces; 

(iv) Desalting of salt waters; 

(v) Pollution of abatement and reclamation of sewage effluent, and 

(vi) Reuse. 

We have, however, yet to learn a good deal regarding the economic designs of water treatment plants to suit 

different types of water. The operation of plants is much neglected. The operation of plants is as important as 

their design. The public health engineers must make every effort to change the ‗art‘ of water treatment into a 

perfect science. 

Sewage Treatment 

I now come to the subject of drainage or sewerage. Mr Rawlinson (afterwards Sir Robert Rawlinson), the first 

Chief Engineer of the Local Government Board of Great Britain, is generally accepted all the world over as the 

father of modern public health engineering, 

The earliest attempts at treatment of sewage were confined to the application of sewage to land. As schemes 

grew, difficulties arose in England owing chiefly to the very large area of land required especially on clay soils, 

and the engineer proceeded to look first for means of lightening the load on the land and later for a substitute for 

land treatment. 

The first stage in sewage purification was to provide settling tanks to remove as much of solids as possible. In 

some cases, chemicals were added to assist and hasten precipitation. It proved to be costly and accentuated the 

problem of sludge treatment and disposal.  

The next stage was the introduction of artificial filter bed — intended at first merely as a strainer but developed 

later into a biological filter on which the purifying organisms were encouraged to grow. 

Later, the activated sludge was developed which is being used largely though not to the exclusion of other 

methods, in foreign countries. There are a few activated sludge plants in India and the biofilter is being used for 

purification of sewage on a large scale. In Great Britain, it is found that from an economical point of view there 

is nothing to choose between trickling or biofilters and the activated sludge. It follows that every case must be 

considered independently. 

It is believed that bacteria beds require less skill in operation than the activated sludge plant. It is the 

susceptibility of the activated sludge plant to sudden overloads of strong sewage such as are encountered when a 

sudden discharge of strong trade effluent is received at the works without adequate dilution which renders the 

activated sludge plant more difficult to supervise. 

In deciding which type of biological treatment to adopt, due consideration should be given to the means 

available for treatment of the sludge — since the activated sludge is more difficult to dewater than the humus  

sludge produced by a bacteria bed system. While designing the filter beds, sufficient fall should be ensured to 

enable the system to operate without pumping. Filter beds are not economical if the depth is less than 5 ft. A 

further head of 2 ft is needed for the effluent pipes to convey the effluent to the final settling tanks. The walls of 

filter beds do not normally have to withstand great hydrostatic pressures, but in the design an allowance should 

be made for the expansion of the medium which can exert considerable outward thrust. If convenient, the 

ground level surrounding the beds should be kept well down the walls to permit easy ventilation to the lower 

levels of the media. Where the beds are to be built below ground level, provision must be made for ventilation 

by ducts or pipes down the walls. 

As regards the size of the filtering medium, it is not considered advisable to have grades less than 1 in as the 

small media soon become choked and ‗ponding‘ develops. The general practice is to use media about 1
1
/2 in to 

2
1
/4 in grade with perhaps a layer of large size at the floor level.  

Most types of the activated sludge plants require fairly deep tank construction which, in the type of subsoil 

conditions, frequently found on sewage works, may prove very costly.  

The final settling tanks are usually circular for medium and large size plants. On small works, Dort mund type 

tanks are sometimes used. Extended aeration, stabilization, oxidation ponds and oxidation ditch for small 

installations are also being perfected.  

Refinement in treatment methods created the problem of the treatment of sludge, ie, the deposits at the bottom 

of settling tanks. This problem is as important as the purification of sewage. 

The purposes of sludge treatment are to reduce the volume, to stabilize the organic matter and destroy 

pathogenic organisms. 
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The methods of sludge treatment most frequently employed are anaerobic biological digestion followed by 

partial dewatering on sludge drying beds, or by the use of vacuum filters. The partially dewatered sludge from 

vacuum filters is sometimes reduced to an inert ash by incineration. 

Other less frequently used processes include thickening, elutriation, heat drying, biological flocculation and 

lagooning. Two new processes which are in use in the present-day practice are the ‗Zimmarman‘ process and 

the ‗Atomized Suspension Technique‘. 

The discharge of treated or partially treated effluents from sewage plants into streams and rivers has created the 

problem of water pollution. This means that the present methods of sewage treatment require modifications and 

improvement. 

The standards of 20 and 30 ppm laid down by the British Royal Commission for the quality of sewage effluents 

to be discharged into streams and rivers are not suited to the present time even in England due to a reduction in 

the dilution available because, (i) the volume of effluents discharged into rivers has increased, (ii) the rivers 

have decreased in volume because more water is being abstracted for domestic, industrial and agricultural 

purposes, (iii) the Jand drainage work, carried out to prevent flooding and water logging of the land, causes 

rainfall to pass more quickly to the sea, and (iv) with the increasing development of land for housing, the rain 

which falls on impervious surfaces drains away more quickly. Besides, the treatment must be such as to make 

the final effluent fit for ‗reuse‘. To achieve this objective, advanced methods of tertiary treatment such as 

adsorption, foam separation, electrodialysis, evaporation, liquid extraction and oxidation are under investigation. 

The quality requirements for reuse vary widely. Sometimes BOD plays a part but often other characteristics are 

more important. For example, water that contains gross solids or tends to develop slimes would be undesirable 

for reuse in most cooling systems. Colour, hardness, concentration of specific minerals and ions, temperature, 

pH, turbidity, salinity, uniformity of quality — any of these may be determining characteristics for a. particular 

use. Sometimes, further treatment to remove the objectionable materials may be warranted. 

This change from pollution control to effluent reuse was emphasized by Martin Lovett in his presidential 

address to the Institute of Sewage Purification (Engtand) in 1961. This change was referred to again in 1962 

byArnold Holroyd in his presidential address to the same Institute. He said ‗the important problem today is not 

that of pollution in its older sense but rather of how completely we must reclaim water before employing it for 

other purposes‘. He then went on to refer to the pincer movement of abstraction of water on the one hand and its 

substitution by reclaimed water on the other. Whatever these changes may be, he continued, ‗It is clear that the 

members of our Institute must play a large part in meeting their consequences. It is not too soon to think about 

these changes‘. 

A good deal of research in the methods most suitable to meet our requirements is necessary. 

Water Pollution 

The prevention of water pollution is also an integral part of the broader problems of water resources 

development and conservation. It is also an inseparable part of environmental health protection, because clean 

water is essential for life, industry and other beneficial uses.  

Before the location of a particular industry is decided, the main factors usually considered are cost of land, 

transport facilities, water, power and availability of labour but the main problem as to how to dispose of the 

effluent is not at all considered. This is very important because in our country, barring a few, most of the rivers 

get dry in the hot weather and the dilution required for purification of the effluent discharged into our streams 

and rivers is not adequate. It is found in England that while enforcing the enactment for water pollution control, 

small industries located on the banks of the rivers had to be shifted. It is therefore necessary to stress that this 

aspect should be thoroughly studied before any site for the location of an industry is selected. 

As water is a strategic element in the economy and is related, in some degree, to every major activity of life, 

problems created by water pollution have to be solved by harnessing old skills, bringing in new talents and 

changing some of the ways of doing things. 

For this, vigorous research is necessary. Research is not a luxury or a voluntary activity but an integral and 

strategic activity in the mode of life which is increasingly shaped by science and technology. 

The United States Public Health Service published in 1958, an inventory indicating the amount and kind of 

research under way in the water and water pollution control fields. The service also planned to provide basic 

data to constitute the first step in estimating research progress and needs. 

Some of the problems suggested for research in the water pollution field are: (a) reclamation and utilization of 

waste waters and the ecology of receiving water, (b) development of improved methods for sludge 

concentration, (c) determination of toxicity in natural water, and (d) physiological aspects of water quality to 

understand the significance of the effect of minerals, trace elements, insecticides and organic substances in 

potablewater. 
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The National Conference on Water Pollution held in December 1961 at Washington laid emphasis on research 

needs. One of their recommendations was as follows: 

‗We need to increase our research effect on the behaviour and fate of newly recognized viruses. We need to 

develop more effective means of removing pollutants from water in municipal and industrial water treatment 

plants, more effective process control of industrial waste discharges, better recovery or utilization of 

industrial process wastes and more sophisticated industrial waste treatment process‘. 

‗To discover and develop the required technologies will demand a major coordinated research programme 

utilizing the best minds in the country and attracting physicists, physical, organic and biochemists, 

toxiologists, hydrologists, economists, geographers and anthropologists who have not been up to now 

seriously engaged in water pollution control‘. 

Collection and Disposal of Refuse 

The problems of collection and disposal of refuse do not appear to have received adequate attention in the 

country. The methods followed for collection and disposal in major cities in the country are unhygienic and 

unsatisfactory. Public cleansing plays the same role in the promotion of public health as the provision of 

protected and adequate supply of drinking water and the hygienic disposal of excreta and the ‗spent‘ water of 

the community. For the past 20 years or so, major cities in advanced countries have been making strenuous 

efforts to make this service as hygienic as possible compatible with economy. Firstly, as it is one of the most 

costly services, efficiency and cost must be kept in proper perspective; secondly, it is a modern technique and as 

such it needs to be dealt with strictly on business lines and this can only be done by strict and correlating cost 

returns for each phase of its operation. Public cleansing includes four interdependent stages of storage, 

collection and haulage and transport to the site of disposal and disposal proper. The Panel appointed by the 

Committee on Plan Projects on this subject has recommended the setting up of a committee to go into this 

question and make recommendations for the improvement of this service. 

Air Pollution 

Industrialization has also created the problem of air pollution. It has become acute in the advanced industrialized 

countries of the world. Legislation in most of these countries has been enacted for its control. Air pollution has 

been the cause of death in a number of verified cases. 

Air pollution not only causes illness and death but it degrades urban environment. Its harmful effects include 

physiological irritation, cracking of leather, unpleasant odour and decreased visibility as in Los Angeles. It 

damages vegetation and the physical fabric of a city causing a sense of stifling and confinement. 

The air pollution problem in its broad aspects has not only a health but also political and social significance. It 

affects the rubber tyred vehicles, as it is found to crack leather as already mentioned. 

In the USA, research is in progress to observe the effects on laboratory animals of breathing the same air 

breathed by people in Los Angeles where an automobile exhaust has created a great health problem. The test 

animals breathe the air at special sites located at varying distances from the heavily travelled thoroughways, a 

control group of similar animals are living in purified air from which contaminants have been removed. This 

study represents the largest research effort of its kind yet undertaken in the field of air pollution. 

So far, the National Air Sampling Network in the USA was concerned with the collection of solid particles in 

the atmosphere. The network has now expanded its research efforts to include the sampling of gases. Other 

studies in the USA are pointing the way to possible changes in automotive engine design or petroleum use, to 

lessen pollution with the least possible economic penalty to the manufacturers and the public. 

At the same time, meteorologists are seeking to develop methods of forecasting weather conditions which are 

conducive to pollution build-ups in a given area. 

As our country is being industrialized rapidly, air pollution control will be found necessary in the near future to 

protect public health. Some kind of network must be started for collecting the data and for fixing standards to 

suit local conditions. The principal weather elements affecting air pollution are wind, speed and direction and 

vertical temperature distribution. The wind speed and direction are influenced by topography. It has also been 

realized that there are a number of fields which need to be explored in the control of air pollution and the work 

has been developing very intensively under the following headings : 

(1) The development of instrumentation for the continuous recording of the many parameters, ozone, aldehydes, 

oxides of nitrogen, oxides of carbon, hydrocarbons, which need to be studied.  

(2) Studies of the chemical composition of the atmosphere of large cities with a view to finding out which 

gaseous compounds are common to all cities or at least to many cities and which are peculiar to some cities. In 

this work, the mass spectrometer and the infrared spectrometer have been the most valuable tools, the one 

assisting the other. 
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(3) Attempts to unravel -the complex chemical reactions which apparently give rise to the type of pollutant that 

causes eye-irritation are being made in Los Angeles. This problem is being approached both by the synthetic 

method, in which compounds are produced and their biological effects are tested and by the analytical method, 

in which attempts are made to separate out of normal air, some components which will produce specific 

biological effects. 

(4) Toxological studies of the effects of various materials particularly ozone on animals and population studies 

in which attempts are made to co-relate general population symptoms with the rise and fall of various factors in 

city air. Here of course, the industrial hygiene experts are coming into closer contact and cooperation with the 

workers on air pollution than they did before and it is evident that air pollution studies are an extension of 

industrial hygiene. 

(5) Metereological studies to develop a sound knowledge of the nature of air movement in the first few hundred 

feet above a city, the mechanism by which pollutants are dispersed above a city and the sort of measurement 

which will most reliably indicate what degree of dispersal rate is in process at the time of the measurement. 

(6) Study of damage to vegetation as a means both of learning how the damage takes place and of being able to 

use specific plants as a form of instrument to indicate the degree of pollution which is present at any time. 

(7) Development of methods for the control of effluent from all types of industry and all processes which may 

produce effluent including domestic burning of coal and burning of in petrol private automobiles.  

It has been established that air pollution cannot effectively be controlled by placing the control in the hands of 

the public health organizations ofa city, a state or a country. The requirements are diverse and complex and a 

team of trained minds is necessary. Medical, physical, chemical and engineering abilities are needed and must 

be supplied if the job is to be done effectively. A well-planned effort is required in every country of the world. 

The rapidly expanding applications of radioactive materials and of nuclear energy must inevitably lead to a vast 

increase in radioactive pollution of the atmosphere unless effective preventive measures are taken without delay. 

Such measures as are essential for safeguarding the health of both radioactive workers and the population at 

large, must be conceived as part of a programme for the control of air pollution in general. 

Measures for preventing possible harmful effects of radioactive pollution of the atmosphere must be based on 

the fundamental principle that the prescribed maximum permissible doses should on no account be exceeded. 

The first requirement is therefore a rigorous monitoring system to determine the nature and the level of 

radioactive contamination, effective methods can then be applied.  

NEED FOR CONSULTING ENGINEERS 

I would now like to say a few words regarding the necessity of encouraging Consulting Engineers in the country 

to fulfil their role in the designing of works of all sorts within the sphere of public and private sectors, 

government departments and local authorities. The announcement made by the Government of India a few 

months ago, that the work of preparing and completing the Bokaro Steel project was entrusted to a firm of 

Indian Consulting Engineers aroused great enthusiasm in the engineering world of the country. It is not however 

known why Government are now thinking of getting this work done through the Engineers of the Soviet Union. 

This report is very disturbing especially to the younger engineers in the country. 

Status of the Public Health Engineer 

I would also like to say something regarding the status of public health engineers in the country. 

It is unfortunate that an impression still prevails in our country that public health engineering does not need any 

special training and can be practised by any engineer — civil, mechanical or electrical. New developments have 

taken place so extensively during the last 10 to 15 years that the public health engineering has become a 

specialized science and the days are gone when engineers had only to invite tenders and leave the designing and 

execution to specialist equipment companies. What else could be the reason that until a few years ago schemes 

for water supply and sewage treatment were the monopoly of a handful of firms? I recall the days when the 

tender for a complete water and/or sewage treatment plant consisted of one or two pages couched in high 

sounding but vague language, leaving all the design criteria to the tenderers. 

Unless we assign to the trained Public Health Engineer his rightful place, we will not develop any initiative in 

the field of public health engineering. A question may be asked as to how wecan give the Public Health 

Engineer his rightful place? The present position has perhaps arisen as a result of Government attitude. 

Government, who are the largest single employer of public health engineers, have not set a worthy example. 

Somehow public health engineers came to be excluded from the All-India Service of Engineers. How can we 

expect to attract good talent to this branch of engineering if we do not give proper recognition to them? This 

matter has been represented to the Ministry of Health of the Government of India and it is understood that the 

Ministry are trying their utmost to have public health engineers included in the list of engineers of the All-India 

Service. 
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It has been brought to our notice by post-graduate professors of public health engineering that the standard and 

mode of teaching this subject at the undergraduate level leaves much to be desired. Often the postgraduate 

students have to be made to unlearn the wrong concepts picked up by them from their undergraduate days, when 

they were taught this subject by general civil engineers with no special training in public health engineering. It is 

obvious that we need well trained and specialized persons to teach this subject at the undergraduate level so that 

the quality of teaching will be good and first-rate students would be attracted to pursue higher studies in this 

field. 

I am afraid I have exhausted your patience by dwelling upon the various aspects of our community life affecting 

the industrial and economic progress and public health. I shall not bore you any more. I would however like to 

make an appeal to my brother engineers to ward off ‗obsolescence‘ by continuous study, research and 

development. It is only by these measures that an engineer can continue to make himself fully useful to the 

community and the nation. In support of my appeal, I shall reproduce what an eminent engineer Dr R G Folson, 

President of Renissclear Institute, said in his address to a group of engineers in 1962. 

‗Engineers of tomorrow will be made obsolete by the facts discovered today, unless they make up their 

minds to be students all their life. The difference between the education that many engineers experienced 

previously and the education that we are attempting to give today, is that when you went to college you were 

trained to be guides to take people over well travelled paths, whereas today, we are trying to give people the 

necessary training so they can become leaders in uncharted routes.‘ 

CONCLUSION 

I shall now conclude this lecture by paying my respectful tribute to the illustrious engineer, industrialist and 

administrator in whose memory these lectures are arranged every year. May I express the hope that his life of 

dedication to the service of India in various fields of human activity will inspire us to utilize our technical 

knowledge, wide experience and creative ability to accelerate the scientific, technological, industrial and 

economic progress of India ?‘ 
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Vision for the Future  The Industrial India of 

Visvesvaraya‘s Dream 

Dr T Sen 

 

The Institution initiated and established in 1957 this Lecture in memory of Sir Mokshagundam Visvesvaraya, 

one of the greatest sons of this country, who apart from his outstanding accomplishments in the field of 

engineering, played a great role in consolidating and promoting awareness of the problems of industrialization 

in the betterment of its communities. During these eight years, eminent men and specialists have, with thought 

and study, undertaken the task of delivering this Lecture. This task has fallen on me now and it is indeed an 

onerous one. But I have accepted this assignment with all happiness, for it has given me a chance to associate 

myself with the memory of this great man, a freedomfighter in more than the accepted meaning of the term, 

whose wisdom and strength, conviction and courage, vision and understanding, have ensured for him an 

immortal place in the foundations of the integrated structure we have aimed at through our successive Five Year 

Plans. 

The edifice of national life seeks in constant demand architects to elaborate its innumerable, and rather elusive, 

elements and to bring them together into an organic balance. Ours is a comprehensive society with many castes 

and creeds, ideals and aptitudes. Its professions and ways of life are as diverse. The evolution of a morally free, 

physically fit, harmoniously developed autonomous whole out of this diversity has been a challenge from the 

time man began to shape nature to his own needs. Kings and common men, the wise and the valiant, alike have 

set themselves against this immense challenge, sharing their beliefs and experiences in the moulding of this 

myriad-faced society into the one ‗individual‘ of their dream. And it is in this awesome background, in a time of 

great moral and material want, hidebound under an alien rule, that Visvesvaraya commenced his great task of 

reconstruction, building a new and better India, which could show itself up in the community of nations. 

Untouched by politics, he gained, through selfless work, the warm affection of his countrymen and others. It is 

just this unanimity which gives us a glimpse of ‗his stature and personality. Brilliance and intellect brought to 

his work a high moral content in which favour and special pleadings found no nourishment. He sprung, as he 

did, from a traditional Hindu family, as if predestined for a unique mission, which took him into careers wide 

and varied — engineer, author, economist, industrialist and statesman. He fought passionately and tenaciously 

whatever the cause was, fostering truth into the still young institutions of his day — an inestimable service 

which he carried out with dignity, brilliance and generosity, melting the distrust between individuals and 

winning many friends not only for himself but for the country. He was no doubt an engineer by profession but 

he was something much more. A new and profoundly felt feeling of community bothered him. In the 

consciousness that full life was a dream in the conditions that prevailed and hunger and deprivation took away 

the better part of men, he was convinced that his own mental attitude and the springs of action underlying his 

approach to tackle these problems in the country needed metamorphosis. Survival and success depend on 

exceptional moral and physical effort. They do not come about without effort. 

War on hunger and poverty need as much engineering as war for expansion. Fresh desires and new ambitions 

require for their fulfilment persistent and devoted regimentation to these precepts: hard work, planned 

discipline, aimed efficiency, courtesy and service. These are also the qualities essential for harmony and unity 

and cannot be acquired without preparation or training. In this sense, every effort, irrespective of its description, 

needs the ‗engineer‘ in every man, to bring out his working power, sense of duty, and prospects of 

selfsufficiency and success. A common slogan of the West to which Visvesvaraya attached the greatest 

importance was ‗If you do not work, neither shall you eat‘. Here lay his philosophy. 

There are many ways open to the engineer to help himself and the others around him: To quote Visvesvaraya, 

‗In the present crowded state of the world, sound habits and good behaviour are indispensable for every 

community to constitute itself a body of successful business men. The average citizen will learn from experience 

that what keeps him in sound health and prolongs his life is organized planned work and disciplined habits. 

Regular hours of work, punctual attendance to duty, standard business habits, appreciation of the value of time 

are some of the practices which help to improve the individual‘s chances of attaining a prosperous, care free 

healthy life. 

Natural intelligence and capacity may be high or low but they have to be further developed by forethought, 

industry and willpower to obtain their due reward. 

Success in any profession or trade is due largely to the capacity, individuality, integrity and foresight of the 

person who attains it. Man‘s success in life depends on man‘s own exertions. Most shipwrecks in life, perhaps 

all which are not caused by accident, occur because people follow pleasure and avoid pain. A man whose 
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maxim is to seek pleasure and avoid pain is sure to go to the wall. Mastery over.pleasure.and pain is the basis of 

any permanent and well deserved success in life. It is the stamp of dignity that moral actions bear: it is the 

indispensable condition of a great man‘s greatness.‘ 

The label ‗engineer‘, in the above contexts, is, so to speak, the birth certificate of aman of work — his identity 

card. The distinguishing qualities expected of each such engineer have been laid down on the basis of academic 

attainment or practice and convention and as such, have become to be regarded as authentic. The active spheres 

of each, though prescribed, have been shrivelling into ‗in distinguishables‘ in the ocean of the present-day 

scientific and technological race. 

Today, technology nourishes us. The immensity or the want of products and luxuries produced by rational 

scientific and technical results keep us either in peace, or baked and boiled in turmoil. We want, as developing 

countries, to become industrialized, mechanize our farms, and escape starvation on the one hand, and to fight an 

aggressive enemy on the other. We look to men, engineers, to arm us with the necessary material abundance or 

the operative means of force accordingly. While we accept peace and disarmament as most vital for co-

existence, we cannot desist from our minds the need for disastrous weapons and techniques, the breeding ground 

of all catastrophe. In the approach to either of the summits, we need technical ability, and a slip here may well 

mean a fatal end.  

Man today is well aware of his needs; he knows that to survive with dignity he must build up a conscious 

understanding of the good and bad of technology. 

The developments in the technological world of tomorrow are made by the engineer of today. In his public 

assignments, the engineer‘s responsibility is enormous, his field of activity broad. He must be more than a pure 

technician to be truly successful. He must deal with people and direct them, to make his contribution to the 

building of the human spirit. He must shoulder the burdens of an outlook that generate strength and grandeur not 

only in the discovery of facts but in their application; not in receiving but in giving; he has to continually 

regenerate contemporary knowledge and technical skills to bale out drudgery and insufficiency; and he must 

optimize for a social end an economic and workable answer. 

War or peace, no matter, men have to live, and to live, they require contrivances which can give them food, 

shelter, clothing and protection. Military forces or civilian agencies cannot operate in a vacuum. They have to be 

backed up by an integrated national effort. What is of ultimate importance is the quality of engineersupport the 

nation can provide. Just as it has to face emergent demands for its preparedness in the case of war, the society 

has to protect its codes, patents, safety, health and economic and social machinery in times of peace. The 

growing inability of the lay public to assimilate the advances and the validity of technical achievements that are 

being thrown out in an unending measure has placed a weighty burden upon scientists and engineers. In this 

background, it has become obvious that it is the engineer‘s responsibility to contribute his professional 

competence towards the solution of society‘s problems. The engineer, in this task, cannot just have the role of a 

mere consultant. Exercise of integrity in this role is not merely a question of technical insight or accuracy. The 

engineer needs to develop an awareness of the social forces, the humanities and their relationship to his own 

field of work. He must have active participation in the affairs of the neighbourhood or the nation; his 

responsibility in the protection of the nation‘s heritage of integrity and morality is more than casual. Over and 

above the requirements of the country‘s laws are his obligations as the good neighbour, the helpful colleague 

and the practicing professional. In summing up, lam tempted to quote from our Code of Ethics. 

‗Many facets of life elude definition and ethics is one such, for ethical enquiry is by no. means the product of a 

passive observance but something which we cannot claim to know until we have made it a part of our own 

experience. And yet we seem to be familiar with its concepts when we characterise questions of right or wrong, 

of personal responsibility and social action, of human and moral values, of honesty and justice, of courtesy and 

fidelity, of knowledge and enterprise, of honour and dignity, of competition and obligation — all ingredients of 

an intellectual concept we talk of as ‗integrity‘, the keystone of professional conduct. Do we then discern that 

ethics means tenets of professional morality, or is it a superabundance of legalistic documents that try to compel 

observance of such tenets? In neither indeed seems to be the answer. Its vision is simple and its purpose 

sanctified—to remove the blinkers of unhealthy functionalisms, self-interests and delayed and differentiated 

reciprocities and hold fast the fundamental values of altruism, generous thinking, tolerance and understanding in 

the pursuit of professional disciplines in whose fertile soils the seeds of many an effort can flourish to do the 

highest good to the largest number. 

‗The task of ethics‘, said Jacques Maritain, ‗is a humble one but it is also magnanimous in carrying the mutable 

application of immutable moral principles even in the midst of agonies of an unhappy world as far as there is in 

it a gleam of humanity.‘ This is the picture of the engineer that I have in mind. In short, the engineer is both the 

product and producer of our exciting times. 

He must therefore be equally in readiness to cope with the escalating tasks stemming from sudden aggression, 

and expose and acclimatise himself to the uncommon — elevated altitudes, intense colds, burning deserts, bleak 
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and desolate forests and rugged mountain terrains to keep the wheels and weapons of the army going. It is a 

truism that in peace a nation has to prepare itself for war. Restive neighbours on our borders and an ominous 

unabated build-up of hostile forces on the rampage have forced the nation to make the abstract a truism, an 

immediate and vital part of her national plan. 

He is, therefore, called upon to match up hisefficiency and operational fitness to the modern mechanised army 

not only as an engineer but as a gallant soldier as well. Maintenance and repair of equipment unheard of a few 

years ago, and balancing the intellect to understand equipment that are progressively getting sophisticated in 

design, construction and functional ability have needed more than his own brains. With the equipment we have 

today or are likely to have in the future, tanks like the Centurion, the 20-pounder (British) guns, the L-70 

(Swedish) with associated radar equipment, the new types of miniaturised and transistorised wireless sets and 

counter-weapon surveillance radars, technology in the army has advanced rapidly. This trend is bound to 

continue unabated in the future as well with the introduction of guided missiles and such other newer weapon 

systems. As an age of electronics, engineering skills and techniques have tended to become highly specialised in 

nature requiring specialisation not only in engineering and technical skills but in management methods, to be 

able to meet the challenge of the rapidly changing technology in warfare. 

The gallant infantryman, the dashing tankman, the game gunner, the ubiquitous sapper and the steadfast 

signalman can fight or function when armed with engineering skills. The craftsman engaged in making and 

mending the weapons, the tanks, the guns, all required to serve the nation, cannot go without engineering. 

The development of integrated defence systems has come about over the last decade and few have realised their 

importance or even their existence. Their appearance has brought new importance to many sciences and even 

fathered some new ones. Air defence in the present world is no longer an art where a country‘s defence to attack 

is decided by conferences and discussions between high ranking officials. The fact is, men just cannot think of 

all the possibilities and plan accordingly. Nowadays computers and electronic brains have come of age in all 

large and some not so large countries of the West. The defence programmes are fed into these and the results are 

optimised so that the most power is obtained for the least cost to the country compatible with the complete 

destruction of the enemy before the country can no longer carry on effectively. The results are then obtained in 

the form of where to put bases, what type of equipment to buy, and the specification thereof, when to buy, 

whether to use missiles or aircraft or a combination of these. PERT, a method of scheduling operations for a 

project, was specially developed for the Polaris submarine and allowed it to go into service two years ahead of 

what would have been possible with normal methods. 

To do these, the defence planner has to turn to his intelligence sources, from whose data a list of the enemies, 

forms of air attack, and the numbers of each of the weapons he possesses are made. Here the need for accurate 

intelligence becomes vital and can save a country millions a year. Therefore, for the successful appreciation and 

execution of engineer tasks — these broadly fall into three categories: in the battle area; in the communication 

zone leading up to the battle area; and in the base which supports and sustains the latter — engineer-officers 

must understand and know tactical concepts of battle fully, in addition to being sound professional engineers. 

With the cost of weapons spiralling, non-integrated, haphazard and prejudiced decisions of men other than the 

engineers cannot just be afforded. 

I have drawn attention to this manifold nature of engineering as I have described so far and which I have 

continued to elaborate further, not only as a fascinating field of study but to render some background concerning 

the need for the formation of special professional groups in these fields in our own country, specially when we 

have given the utmost priority to defence. 

There goes hardly a day without a report giving attention to current achievements in medicine. Such 

achievement has been the result of coordination and application of engineering thinking and technology. Some 

of the advances that immediately come to mind, to mention but a few, are: (i) the development of artificial 

pacemakers for the heart and other organs; endoradiosondes, that is, small radio capsules employed for 

telemetering information from various portions of the anatomy of a human under near natural and hence 

physiological conditions (a recent and particularly spectacular news report contains an account of an effort to 

learn about the nature of forces in the mouth when chewing, drinking and swallowing. A group of American 

workers are said to have equipped false teeth with minute radio transmitters which deliver a signal each time 

two spots of gold on the chewing surfaces of two opposing teeth come together. These signals are then 

correlated with the indications upon an electromyograph (muscle activity meter) attached to the skin of the jaw); 

(ii) the artificial limbs and their control systems developed in Russia; (ii) the measurement of the electrical 

activity of the heart and the brain through the media of the electrocardiograph and the electroencephalograph 

respectively and notably the impact of the latter on brain surgery specially with regard to the location of the foci 

of lesions and tumours; (iv) electronic analogues of physiological function; and (v) digital computers as an aid 

to processing and interpreting data of a scientific and clinical character. The accomplishments mentioned here 

have created the need for trained persons of a special type and a new breed of engineers has been emerging in 

the fertile areas oversea where virtually all of the vital advances are being made. The appellations by which such 
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engineers are known are varied, the most common being ‗biological engineer‘, ‗bio-engineer‘ and ‗bio-medical 

engineer‘. It is becoming evident that a demand exists in our country as well for engineers of these types and 

there is a case for the study of biophysics and biomedical engineering in our institutions.  

Engineers and doctors are taking advantage of the latest technical developments in control engineering and 

applying new techniques to the design of artificial arms. The most advanced artificial arm in the world will soon 

be undergoing its final testing trials. This artificial arm, or prosthesis in medical terminology, will be an 

electronically controlled electrically driven device, motivated by signals from the surface of the skin. Several 

similar projects are being carried out in other countries. A miniature transmitter is being developed which will 

telemeter the muscle output through the skin without the need for surface electrodes. In yet another system, 

myoelectric signals from the wrist flexors or extensors are used to switch on the control. Work on the 

development of a new electro-pneumatic valve, and a simplified mechanical layout for the pneumatic system are 

said to be in progress. 

Attention has not been limited to these. Designs are in the offing for artificial hands which will have several 

movements, and look similar to the human hand. A hand which will open and close four fingers together and 

move the thumb independently has already been developed. 

The artificial arms do not represent the limit of necessary cooperation between doctors and engineers. In fact, 

the servo-arm has attracted many workers, often working‘away from patients and from other required 

professional disciplines. In the last 15 years, we have seen abroad the medical profession accept engineers as 

equal partners over a wide range of activities. Several schools of medical engineering have grown up as aresult. 

There is one at the University of Strathclyde, financed with a large grant from official sources. This is looking at 

the mechanical behaviour of skin and tissue and at the mechanics of walking as examples. The University 

College of London is investing a major effort in the control of artificial limbs. Loughborough has a large grant 

to investigate the anthropometrics and needs of wheel-chair patients. 

The papers read at the gatherings of some of the biological engineering societies in the West have displayed a 

wide range of activity, which include artificial kidneys, heart-lung machines, radio pills transmitting data from 

within the body, prosthetics, measuring techniques, breathing machines, indicating the limitless extent to which 

engineering can coordinate with medical science in the welfare of mankind. 

Industry has not failed to take note of the tremendous potentialities of medical engineering — a better name than 

human engineering, an Americanism for ‗ergonomics‘. 

The development of infrared for both military and commercial applications received impetus during the Second 

World War. The history of infrared dates back to 1800 when Sir William Herschel, the famous astronomer, 

coined the phrase ‗invisible light‘. The term infrared is used to refer to the portion of the electromagnetic 

spectrum between the visible region and the microwave region. All objects at a temperature above absolute zero 

emit infrared radiation. This radiation increases as the fourth power of the absolute temperature. The 

temperature of such items as rocket motors, jet engines and furnaces makes them suitable for infrared radiation. 

At the present time, the use or IR for detection is drawing the most attention and for poses many challenges the 

young mechanical engineer. IR field occupies the same position that radar did at the beginning of the Second 

World War. 

The practical use of infrared is still in the pioneer stage, and in the opinion of many, it has a ‗bright red future‘, 

The potential of infrared utilisation is unlimited, and many new applications will be evolved during the coming 

era of technological progress. Infrared principles are used in spectrometry (identification of chemical 

compounds); detection (missiles and objects in space); photography (infrared film); space navigation; weather 

forecasting; stabilization of space vehicles; astronomy; process-control applications; pyrometry; and firecontrol 

systems. 

The infrared field is a combination of physics and engineering. It has required the services of many types pf 

engineers and scientists and offers challenges in many elds. 

When we look at the buildings around us, or at the bridges and towers which abound in every big city or hear 

the drone of a jet plane, we are viewing the accomplishments of a score of different types of engineers, perhaps 

the devoted efforts of several thousands of them. The street we walk upon was laid out by the civil engineer, its 

construction planned by another engineer. Bridges and water towers are similarly the construction of one group 

of engineers, erected by another group. The airliner is designed, tested, and its development supervised by 

hundreds of engineer specialists qualified in that particular field. 

The unbreakable plastic plate or ceramic on your table is the brain child of chemical and ceramic engineers. 

From the toothbrush to the spaceship, from the typewriter to the automobile, the hands and brains that perfect 

each new technological achievement are the hands and brains of the engineer. What then, is meant by the word, 

engineer? 
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The engineer as we know of old was a rugged outdoorsman who erected bridges possibly without plans or 

without being bothered with the period he occupied to do it. Today in real life, the engineer is the partner of the 

scientist in the tremendous technological race of our times. The work of both is closely knit and interrelated, and 

civilisation cannot progress with just one and not the other. 

A US Presidential Commission on Scientists and Engineers defined a ‗scientist‘ as one who seeks to extend the 

boundaries of knowledge. The ‗engineer‘, on the other hand, has the task of combining the knowledge of 

science with his knowledge and awareness of the needs and limitations of human society to develop and create 

new things for human use‘. 

‗The scientists and engineers form the team that paces today‘s technology. In science lies the foundation upon 

which the engineer builds towards a goal of the utility, comfort and advancement of man. The engineer is 

concerned with machines, the environment in which they operate and the men who work with them and to effect 

their control,‘ 

‗The profession of engineering‘, concludes the Commission, ‗has thus become one of the most important in 

modern society. Out civilisation would deteriorate, would become too weak to survive without the work of the 

hundreds of thousands of trained men (and the too few women) who create new and useful products, who 

envisage, design and build great factories, intricate communications, power and transportation systems and vast 

irrigation, navigation and flood control products... .‘ 

While basically the scientist is a thinker and discoverer, the engineer is the man who has to harness the 

discoveries and formulae enunciated for practical utilisation. In fact, the tremendous upsurge of technology has 

brought about the need for a new group of ‗technical managers‘ to bridge the gap between the scientists‘ 

laboratories and the more practical world of engineering. An example of this is nuclear energy, which was  

brought from the laboratory just during the Second World War and in a matter of less than two decades was 

ready for use to propel ships and light cities. When we contrast this with the steam engine, the principles of 

which were known to Greek scientists centuries before the birth of Christ, we know that it did not find practical 

and largescale use until over 1800 years later. The present advances have been shortening the technological lead 

time, rendering keeping abreast of the latest discoveries and their possible uses almost impractical. For this 

reason, the scientist-engineer has forced himself as a key member of major industries and government 

development agencies in advanced countries. 

Going back to engineering alone, we find many specialised areas; yet there is still a wide range of different 

types of jobs an engineer may perform — one may be a research engineer, another a design engineer, yet 

another a production engineer, and fourth a maintenance engineer. 

All these above functions are different though interrelated, yet all these engineers described may be mechanical 

engineers. 

It may not be out of place to mention here that the technological world is opening its vistas to newer and newer 

engineering branches. Apart from the accepted major category of engineers, viz, civil, mechanical and electrical, 

and the other major groups, ie, materials engineers, automotive engineers, petroleum engineers, and sanitary 

engineers, included in ail the above broad categories are many gradations—for instance, materials engineers 

may include engineering fields some of which, such as nuclear engineering, are bound to metallurgical, plastics 

and ceramic engineers. There are also many other become major segments of the profession transforming it in 

years to come. Just a few of the other specialities are marine, architectural, acoustical, cryogenics, welding, 

industrial and heating and airconditioning. 

All industries, large and small, need engineers, but the major future opportunities for large scale engineering 

employmenliet with the so-called ‗growth‘ industries. What I imply here is, these are industries dynamic in 

nature which, over a decade or two, will tend to double or triple. In almost every case, the growth industry has to 

have its growth and stepping up in the shelter of advanced science and engineering. 

In today‘s hectic race, brand new fields have been coming into existence, beckoning giant industries in a matter 

of 10 to 30 years. One instance is electronics. The fabled transistor; the miniature communication systems that 

send signals back to earth from 22000000 miles in space; the computer; the television — all are products of 

electronics, an industry that was almost non-existent in 1945. Other such fields already are on the horizon. One 

well publicised is the nuclear field, but an example of an even more infant industry is ‗radiation chemistry‘, a 

field that has born of a merger of nuclear and chemical science. One of the major future uses of this branch, for 

instance, will be to irradiate food to make it possible to keep it almost indefiniteliyn or out of a refrigerator 

without spoilage. Although most of its promise lies in the future, radiation chemistry is of use even today. An 

instance is the irradiation of plastics. 

Each industry employs a wide range of different types of engineers over and above the engineers with specific 

training in the field. For example, the aerospace industry needs a large number of aeronautical engineers, but, in 

addition, it also requires mechanical engineers to design machine tools linkages, controls of a missile fin 
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surface, or a landing gear; civil engineers can apply structural principles to design not only missiles and  

spacecraft launch emplacements, but the structure of the vehicle itself. And just about every type of engineer 

from the materials specialist to the electron-electrical designer has a vital role in this combination.  

Similarly, the oil industry naturally looks up for engineers from geological and petroleum or mining engineering 

specialists. However, it too requires civil engineers to supervise design and construction of pumping systems, 

storage facilities, cracking plants and the other auxiliaries. In the chemical field, chemical engineers are likewise 

supported by such specialists as electronic engineers. In this case, the electronic engineer may be required to 

monitor a process control system or to automatically run many chemical operations, right up to the complete 

control of a major chemical process plant. 

This brief discussion will indicate how varied and flexible engineering can be. I have also made just a mention 

of the tremendous future possibilities of engineering particularly in the continuing influx of brand new industries 

to serve war and peace alike. One may ask, wherefrom can engineers for such industries come? The answer is 

that new types of engineers cannot be trained in a short time in colleges, since in most cases, the colleges will 

not have been themselves aware of what will be required for a new and previously unknown technology, and 

also because of the lack of modern equipment which generally needs to be imported from abroad. 

Let us consider electronics, for example. Electronics is related to the theory involved in electrical equipment. 

But the products turned out by the electronics industry differ radically from the heavy electric generating 

equipment, conventional motors, radio tubes, etc turned out by the electrical industry. Electronics produces the 

highly versatile computers, solid-state semiconductors, and other sophisticated equipment as are used today. 

Thus the electronic engineers must cope with a whole range of new problems other than those faced by 

engineers in conventional electrical firms. 

But as electronics shaped up as a separate industry, it had perhaps to draw upon the young-in-heart, 

adventuresome engineers from other fields — electrical, mechanical, etc — who desired a change and a chance 

to work in a new, challenging industry. Where, then, will, engineers for radiation chemistry come from? Again 

not from specific ‗radiation chemistry engineers‘, but from chemical engineering, nuclear: engineering, and 

other related fields. It is this potential trade-off that again renders engineering a versatile field, one in which the 

engineer with capacity, intuition, ability and drive has the chance to ‗get out of a rut‖ into something paying and 

exciting. 

An early form of army engineer was Ramses II‘s Superintendent of Works in the fourteenth century before 

Christ; army engineers had built the pyramids 1500 years before that. It was not until 1818 that engineers in 

England broke away from the military sphere and established the Institution of Civil Engineers. They styled 

themselves civil engineers because they wanted to proclaim their new status — they were no longer connected 

with the military. 

In America, the Corps of Army Engineers was established by the Congress in 1802 when West Point was begun. 

The engineers ran West Point until 1866. With the founding of the American Society of Civil Engineers in 1852, 

engineers and greater specialists became available; mechanical engineering took on a separate identity, and was 

followed by mining, chemical, electrical, aerospace, materials and others. 

During the Second World War and after, aeronautical engineering had all the glamour. The war fliers made 

anything connected with aviation attractive. Aeronautical engineering treads on a number of specialities and the 

wide field has never been saturated. It still isn‘t. 

Nonetheless, we require highways, hydro projects and airfields, which again call for construction of bridges, 

sewers, water channels, telephone lines and structural work. These all but spell out the civil engineer, the 

structural engineer, and so on. We know that civil engineering is required in our everyday life. Every piece of 

land has had a civil engineer either walk over it, or plot out parcels of land for the use of people. 

Every construction first sees the light of the day on some civil engineer‘s drawing board. It is he who has to 

sketch the streets, show where utilities should run, and the course and depth of underground works and sewers, 

He has to arrange for drainage so that the streets do not flood into rivers in a storm. He has to plan to drain or fill 

low places to avoid water stagnation. 

The civil engineer who has a natural love of water employs himself to measure water flow in rivers and 

arranges, by means of dams or other flood control devices, to regulate them. He plans harbours, breakwaters, sea 

walls, and jetties. Wherever there is a harbour, he must have to plan wharfs, docks, warehouses, service streets, 

roads and other utility services. Rail service may be required and certainly power of some sort, again the 

engineer‘s enterprise. 

The construction engineer is the specialist who has to prepare for building large brick, steel, or concrete 

buildings. This means changing the land surface by blasting, using mechanical equipment such as the steam 

shovel, bulldozer, rock drill, and pile driver. Construction engineers have the world as a workshop. They have to 
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team up with hydraulic engineers to build our giant dams. Again, wherever oil is sought, we see there the civil 

engineer spotting wells. 

The hydraulic engineer who teamed up with the civil engineer for the great irrigation projects has his field of 

‗fluids‘. Pipelines that carry water, oil, gas and other petroleum products are his responsibility, as are the 

pumping stations that keep the fluids on-moving. He is needed in industry as well where he has to design 

hydraulic systems that automate the military planes, or the transport jets, or the buses that carry millions of 

wotkers every day. The civil engineer is all important to railroad operations. The man on the job who knows his 

work inside out is the one it needs. It is the civil engineer again that routes the road bed, the yards where freight 

is switched about, the shops where the engines are repaired; as well as the railroad buildings, the stations, the 

bridges, the underpasses, and the tunnels. The transportation engineer does much the same kind of work for our 

great air terminals. Here he is concerned with runways, run-up ramps, lighting passenger stations and lounges, 

and the like. 

No city department of water can operate without the sanitary engineer. He may be a public health officer 

charged with the purity of drinking water. In this capacity, he has to plan and maintain systems of lakes; dams, 

reservoirs, wells, treatment plants, and pipelines and get rid of the waste and sewage water after use by industry 

and by people. 

Last but not the least, is the teaching engineer. He has a cloistered life which is remote from the strains of active 

business competitions. 

This list is not, however, the sum total of the miraculous touches of engineering. In the of our background 

exploding population, new towns, new cities and all the necessities that permit a community to ‗live and grow‘ 

must have to be shaped. The whole world is growing, with the underprivileged countries offering a continuing 

challenge. Many engineers of many types are the need of the times. The space age is withus too, and, to many 

young men, anything less than space engineering seems to be too prosaic. 

Be it for defence, industry, commerce or the community, public works have no single purpose. They represent a 

great variety of purposes for serving the public need. Most natural resources are in limited supply and must be 

used with full recognition of eventual exhaustion. This, of course, is stating the problem in its extremity. 

Exhaustion of supply in some situations could be anticipated only in the distant future. Even so, the lack of 

immediate danger could hardly be a justification for waste. Rich arable land is a precious natural resource and 

unless continuous effort is made to restore its fertility, it can become useless. Depletion through excessive 

farming over long periods is a common wasteful practice in agricultural countries. Better methods of farming 

can reverse this trend, but some other natural resources cannot be as easily replaced — oil and mineral deposits, 

for example. These are in limited supply and, subjected as they are to immediate and often strategic pressures, 

they require special governmental regulation and control. We tend to forget the natural gifts of land and water 

which contribute so much to superior productivity. A country which is without sufficient land suitable for 

cultivation can in many instances increase the supply by investing capital in public works which promote 

agriculture. Industrial development requires food supplies at low prices. If food can be increased by 

conservation and development of water and land resources, this is a first step to general national improvement 

for industrialisation. Of course, there is no point in forcing production of inferior farm products by means of 

expensive investments in reclaiming land which would be better left for other purposes, for instance, woodland 

or forests for serving either immediate or future recreational needs. It would be better to import food on a very 

limited scale and that for a very short period of time, than to launch an uneconomic public works programme. 

Unfortunately, the government official is likely to have a limited perspective, accustomed as he is to viewing 

each kind of public works project by itself — a highway, a bridge, a dam, a public building. Budgets are made 

up largely by adding together projects, each of which is viewed in this way. But if a programme is examined 

with the intention of coordinating these parts and if, in addition, it is considered in its long-term context, the 

results are different. The outcome in public works planning when carried to its logical conclusion is nothing less 

‗than designing a setting for the economic life of the whole country. Public works planning cannot be based 

solely upon the physical features of a country as they exist at a given moment, it is quite the contrary; public 

works planning is the work of the engineer, an attempt to forecast location of these items and to some extent 

direct them to the most effective system which can be foreseen and devised. 

When planners have gone this far, there is no logical way to refuse to take a further step; specifically, to take 

account of the effect on the economy of the process of constructing public works. Economic life is affected not 

merely by the services rendered by the completed works but also by the very process of completing them... It is 

a question not only of the kind of physical equipment with which the community will ultimately be supplied, but 

of the stability and prosperity of the people as they are influenced by the process of building equipment. In brief, 

the logical development of public works planning beginning with the narrowest conception of it, leads 

inevitably to a kind of planning which includes the actual effect of construction of public works on business 

prosperity. This accomplishment is clearly the work of the trained specialists equipped to observe, record and 

compile information in meaningful terms which once gathered can be assembled and presented to making public 
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or governmental decisions. These factors primarily hinge on one factor — affording the widest mobility in the 

broadest sense of the term to such men. The engineer‘s tasks cannot however be executed in isolation. They 

have to fit into the strategic or tactical framework of the national plan. Naturally the overriding factor which 

determines the type of engineer required is the training and employment he should be given. 

The engineer is all this and more. His influence alone can build up a liveable society. Stability depends on three 

things: an organized society, a flourishing industry, and adequate communication, and these are the only factors 

that can bring in reorientation preparatory to a better and more understanding civilisation. Visvesvaraya was 

intent likewise on such reorientation, and drew for this purpose, inspiration from men who had been the salt of 

the earth and who had leavened the society around them with their superb gifts. He himself was superb, with his 

evangel of ceaseless and selfless work. 

In addition his unremitting labour to the welfare of the States he served, in addition to organisation of industries 

and. of centres of technical education and of communication links, his attention to village reconstruction was 

unflagging;and his ideas which were discountenanced as impractical and newfangled, are now surprisingly the 

commonplaces of planning programmes. He emphasised the importance of rural education and of planned 

productivity, and also that every agricultural family should be given a subsidiary industry or occupation. At a 

time when deficit financing was severely criticised, he pronounced that the greater the spending capacity of a 

country, the more progressive will be its character. His book ‗Reconstructing India‘ is a thorough and 

comprehensive statement of India‘s requirements. He was nearly the first to insist upon a wise assimilation of 

modern methods of production, marketing and distribution and he was never wearied of referring to countries 

like Canada and Japan as examples, to be wisely, but not slavishly, copied. He dealt with social reform, the 

building of the political system from the village upwards, with insurance and technical education, with uplift of 

women and the depressed classes, and above all the problem of unemployment, and reorganisation in villages 

and the countryside as the sole means of economic stimulation and uplift. To him we owe the inculcation of the 

importance of vital industries like shipbuilding, machine tools, chemicals, paper and motor vehicles. He put 

forward schemes of nation-building modelied on methods adopted in America in order to cultivate the spirit of 

initiative and the acquisition of business disciplines as well as the eradication of obsolete practices; the 

importance of science and uptodate scientific methods to industry and agriculture for increasing food supply and 

raising the standard of living. 

Tardily and almost reluctantly his outlook and his services were appreciated and he become successively the 

President of the Indian Science Congress, the Indian Economic Enquiry Committee, the New Capital Enquiry 

Commission, and the Irrigation Enquiry Committee. The reports produced by these Committees form the basis 

of present-day economic thinking in India. Through his ‗Pianned Economy for India‘ and ‗My Working Life‘ 

and as President of the All-India Manufacturers Association, he pleaded for an allround ‗development of 

agriculture and industrial planning. He was fully conscious that without improved social conditions it would be 

difficult to bring about economic regeneration. He said ‗The unfettered spirit of industrialism will result in 

anarchy and violence unless the employing class meets the problem by peaceful methods of negotiation and 

conciliation‘. Looking back on the evolution of the techniques of raising financial resources for our Plans, one 

will be amazed at his confidence and faith in the progress of the country, a faith which events have to a great 

extent justified. His actions, speeches and writing are replete with ideas and programmes which — they were 

received with scepticism 30 to 40 years ago  have passed into the current economic change of the country and 

its national policies. His social philosophy was enunciated in words like these: ‗The nationality of our people 

rests on a religious and fatalistic, not on economic basis, as in the West. The Hindu ideal of life is that it is 

preparation for the next and not a place to stay in and make ourselves comfortable. There is yearning for the old 

ideals and a halfhearted acquiescence in the new, and on the whole the genius of the people is even today for 

standing still. If we are to follow in the wake of the other countries in the pursuit of material prosperity, we must 

give up aimless activities and bring our ideals into line with the standards of the West, namely to sptead 

education in all grades, multiply occupations and increase production and wealth. All other activities should 

conform themselves to the economic ideal.‘ 

This sounds very much like the present economic creed of our country. While the government is resorting to 

regimentation to achieve economic ends, Visvesvaraya remained a believer in private initiative and enterprise 

with the encouragement of the State and other expert aid agencies. He did not indulge in the past or in political 

argument. He talked of the present. The ideas he expressed in ‗Planned Economy for India‘ in 1934 have an 

astonishingly modern touch about them. In those days, the expression ‗underdeveloped nations‘ was not current. 

Neither among the world statesmen nor among economists was there any awareness that poverty and hunger 

were world problems. While Gandhiji felt this and was working primarily on the political and social planes, 

Visvesvaraya worked at the very roots of the problem from the technical and economic planes. 

Talking of agriculture, for instance, he wrote: ‗The Indian cultivator is the mainstay of the economic structure of 

the country at the present time and he gets very little sympathy or aid to improve his condition. . . . His chief 

needs are education, instruction in modern methods of farming, and efficient organisation for rural uplift. Lack 

of organisation has been the bane of agriculture as of so many other activities of national importance in India....‘ 
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‗The outstanding defects of rural life may now be summed up. They are: the excessive pressure of the 

population on land, the small size of holdings and their progressive fragmentation, the primitive methods of 

cultivation followed, the waste of farm measure, irregular hours of labour, insufficient and uneconomical 

utilization of women‘s services, the lack of finance for farm work, the old-fashioned character of the subsidiary 

occupations pursued, the crushing indebtedness of the ryot, short employment, universal illiteracy and 

phenomenal poverty.‘ 

Very much the same was said when the First Plan was published and was repeated when the Second Plan was 

formulated. Subject to changes, the Third Plan had this very theme stressed and the Fourth Plan has followed. 

The remedies that we are thinking of today, namely, community development, extension of cooperatives and the 

like would follow directly from the thesis which he propounded many years ago. He attached utmost importance 

to industries, particularly heavy industries, almost exactly in line with the current policy. He foresaw the need of 

the management agency for the scrutiny of various abuses that have crept into the working systems. Time and 

again he referred to the massive assistance required in the initial stages of industrial development of the nation. 

Visvesvaraya the engineer is dead and his precepts are now old. The formulations he propounded many years 

ago have still remained, some having become apart of the accepted policies and some others will become such. 

In ending this Lecture in memory of the great Visvesvaraya, I cannot resist from referring to you yet another 

personality of our times, Churchill, for to both of them ‗life was work‘, and work personified the engineer in 

men. One senses in both the hand of the trained scientist and engineer. 

‗During a visit to the United States some years ago, Churchill toured an oilfield. On being shown an oil derrick, 

he asked the President of the company a question about the detail of its working, but the President was unable to 

help. Churchill insisted on an engineer being found to explain the technicality. This took some little time, and in 

fact delayed lunch an hour, while Churchill went to the top of the derrick with the engineer and listened to the 

explanation. When he came down, he turned to the President and said, ‗Now I will explain to you how your 

derrick works!‘ 

The incident was characteristic of that great man. In the First World War as First Lord of the Admiralty and 

Minister of Munitions, and in the Second World War as First Lord again and then as Prime Minister and 

Minister of Defence, he had the power to foster some of the wildest proposals for new weapons and defence 

equipment. He seems never to have shrunk from these decisions. He was not technically qualified, but this did 

not deter him. He was surrounded by technical experts, but they could not frighten him. He grasped every 

opportunity of innovation in design, giving an immediate order for this or that to be made in quantity even 

before the experts were satisfied. He undoubtedly gave his supreme authority to a number of projects which 

were worse than useless, but the overall effect of his enthusiasm was to ensure that good use was made of the 

nation‘s creative talents. Engineers are often better for working under a lay leader who demands the seemingly 

impossible, for only thus do they become aware of their full creative powers. The conflict between Tizard and 

Lindemann, however, highlighted the difficulties created for his technical advisers by his fertile imagination. He 

was not markedly interested in science as such (Haldane and Balfour had greater influence in this respect) but he 

took great delighint everything from small arms to battleships. In the wilderness years between the two World 

Wars, when he learnt to lay bricks and built a dam and a swimming pool at Cherwell, he was close to those 

scientists and engineers who, like him, were pressing for action in the development of armaments.‘ 
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Bridge Engineering in India 

Shri S B Joshi 

 

I am thankful to the Council of the Institution for inviting me to deliver the Sir M Visvesvaraya Lecture for the 

year 1966-67 at this year‘s Annual Convention. I hope and pray that the memory of the great Engineer 

Statesman may inspire us for generations. I am conscious that my long association with the Institution‘s work 

nay perhaps have weighed more in this selection rather than my contribution to the profession. I am therefore 

speaking more in a representative capacity as a junior brother amongst bridge engineers and not so much in my 

own right. I have selected the subject of Bridge Engineering in India — much against the wishes of Ex-President 

Shri B P Kapadia who wanted me to speak on subjects pertaining to Defence or Food. Paradoxically enough, the 

subject of bridge engineering is also intimately connected with Defence and Food, because well planned and 

efficient lines of communication with bridges constitute the primary necessity for Defence and for Food 

distribution. Bridges do not merely cross the gulfs physically — they integrate the peoples — culturaily and 

economically. Under the rules framed for this lecture, I am enjoined to give a popular lecture which will be 

interesting to members of all branches of engineering. This is at once an advantage as well as a handicap to me 

— advantage because my ignorance of high techniques is less likely to be exposed and handicap because the 

task of making the lecture interesting is much more difficult. 

ANCIENT BRIDGES 

Bridge Engineering has grown through ages since several thousand years before Christ. Present day forms of 

bridge superstructure can be traced back to primitive man who in his turn adapted them from nature. Rama 

crossed over to Lanka along the SETU built by boulder filling. ‗In ancient times wide ditches were excavated 

round ‗towns and their gates connected with rivers.‘ ‗The ditches were spansied by bridges. These bridges could 

be raised or lowered when occasion arose. They were in some instances so adjusted with mechanical devices 

that an enemy, once having set his feet on them could be easily swung into the ditches. It is described in the 

Ramayana that at every gate of Lanka, the capital of Rawana, was suspendeda gigantic bridge from a 

mechanical structure which defended the bridge from the onset of the belligerents. It was by means of this 

machine that the antagonists were slung into the trenches‘. Chinese traveller Fa-Hien (399 AD to 414 AD) gives 

the following account of crossing the Indus in the Himalayan ranges. ‗The travellers went on the South-West for 

15 days at the foot of the mountains, and following the course of their range. The way was difficult and rugged 

running along a bank exceedingly precipitous, which rose up there, a hill-like wail of rock, 10000 cubits from 

the base. When one approached the edges of it, his eyes became unsteady; and if he wished to go forward in the 

same direction there was no place on which he could place his foot, and. beneath were the waters of the river 

called the ‗INDUS‘. In former times man had chiselled paths along the rocks and distributed ladders on the face 

of them to the number altogether of 700, at the bottom of which there was a Suspension Bridge of ropes, by 

which the river was crossed, its banks being there eighty paces apart.‘ A similar description of travels in the 

Ladakh area by another traveller is interesting ‗From Skado to Rongdo and from Rongdo to Mapkon-i-shang-

ring, for upwards of 100 miles, the Indus sweeps sullen and dark through a mighty gorge in the mountains 

which for wild sublimity is perhaps unequalled. Rongdo means the country of defiles. Between these points the 

Indus raves from side to side of the gloomy chasm, foaming and chafting with ungovernable fury. Yet even in 

these unaccessible places has daring and ingenious man triumphed over opposing nature. The yawning abyss is 

spanned by frail rope bridges and the narrow ledges of rock are connected by ladders to form a giddy pathway, 

the seething Caldron below‘. There are several such instances of suspension bridges. The most outstanding is 

that of an iron suspension bridge of 200 ft span constructed in 1826 (six years after the fall of the Marathas) 

entirely by Indian talent and Indian workmen — with Tendukhada iron across the river Beas — 10 miles from 

Sagar — MP under the direction of Col Presgrade Mint Master Sagar. This bridge existed till 1942. Meenai 

suspension bridge built in the year 1826 is known to be the most outstanding achievement of Telford. Sagar 

bridge in MP has therefore the pride of place as one of the world‘s earliest iron suspension bridges. The iron 

used for this bridge was smelted in India at Tendukhada, Dist Narsingpur. Wrought iron produced in India in 

small blast furnaces was then in great demand on account of its excellent quality. It was superior to any English 

iron or the best Swedish iron. It is stated that when Britania Tubular bridge was constructed in the British 

Isles—preference was given to the Indian iron. Fourteen cast iron suspension bridges — seven over Tollys‘ Nala 

and seven over the Circular Canal were reported to have been constructed between 1823 and 1841. Stone arches 

were constructed in India during ancient times for underground water channels, for aqueducts and for bridges at 

places where good foundations existed. Methods of designing and constructing arches are found in ancient 

Sanskrit manuscripts. The bridge with 15 arch spans of 16 ft to 20 ft in the city of Jaunpur on Allahabad-

Gorakhpur Road was built across Gomati river in the 16th century and is still existing. The famous experimental 

brick arch (of flexible type) of about 150 ft span designed and constructed by a French Engineer during the days 

of Tipu Sultan in Mysore State has been seen by many of us. Similarly, bridges have been built in India in 
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timber, stone, fibrous plant, etc since very ancient times. In other countries also magnificent bridges of all types 

were built. In 1754, a Swiss mason built the Rhine bridge at Schaffhausen of 350 ft span. An American author 

states  

‗Many of the types of bridges in use may be traced to beginning from 500 to several thousand years earlier. 

Our suspension bridges are off-spring of rope and chain foot bridges found all over the world — from 

Ireland to Hindustan — some as much as 500 years old and in spans up to the astounding length of 600 ft.‘ 

It is not known if ancient Indians who could calculate the motion of celestial bodies, applied their mind to 

development of structural analysis for bridges. It is likely that they built their bridges by intuition and model 

experiments. 

EARLY GROWTH OF BRIDGE ENGINEERING AS SCIENCE 

Presumably due to the long periods of unrest, records of advances made in India in Science and Technology are 

lost to us. It is primarily through the writings and research of Western scholars that we can have glimpse of the 

achievements of our ancestors. It was during the 18th and 19th century that the foundations of structural analysis 

were laid in Europe and America and bridges could be designed by these methods. Present spectacular 

achievements in bridge engineering throughout the world are entirely due to the advances made in Europe 

during the 18th and 19th century, in the science of mechanics and strength of materials including the concept of 

elastic stability due to Euler, Science of metallurgy — giving to the Engineer structural materials like cast iron, 

wrought iron, bessemer steel, open hearth steel, alloy steel, high tensile steel, aluminium, etc, development of 

portand cement, invention of steam engine, oil engine and electric motor and miscellaneous mechanical and 

electrical devices, etc. The first Engineering College is known to have been established in 1747. A testing 

machine with a 12 inch press, one inch diameter pump, and a lever of ten to one was devised to test the strength 

of stone samples of four inch cubes as early as 1830. The mechanical advantage was 1449 to 1, and 7 lb weight 

at a time was equivalent to the application of four and a half ton load. 

Since 1827 masonry arch bridges were rationally designed and constructed in the Western countries with 

increasing spans (Table 1). 

 

Care taken in building the Chester Bridge arch and the device used to ensure uniformity of pressure on the arch 

stones are worthy of note. 

‗To prevent flushing near the haunches, and rectify any tendency to change the form in the arch on the removal 

of the centre, the first course about the springing was laid upon a wedge of lead of 14 inch thick on face and 

running out to nothing at the extremity of the bed, and strips of sheet lead eight or nine inches wide were also 

introduced in the joints on each side up to where the point of pressure was considered to change its position 

from the front to the back of the arch stones, or in fact over about two-third of the whole soffit. The lead sheet in 

the joints and the lead at the springing by their yielding nature caused the pressure to be spread evenly over the 

whole of the bed of each course and prevented drafts or openings at the back of joints. In setting the keystone 

three strips of lead were first hung down on each of the stones between which they were to be inserted and the 

keystone being then besmeared with a thin greasy putty made of white lead and oil was driven down with a 

small pile engine, the lead acting as a slide and preventing grating until the stone was quite home.‘ 

Cast iron was recognized as a structural material in the year 1735. It was actually used for construction of arch 

bridges when strength beyond the capacity of available stone was desired. Some of the arch bridges of cast iron 

are: 

 Place  Span, ft  Year  Engineer 

 River Severn at Coal Brookdale  100  1773  Pritchard 

 River Severn at Shrewsbury  130  1795  Telford 

 Sunderland Bridge over Wear   236 (Rise 34 ft) 1796  Wilsow 

 Over River Spey at Graigellache 150 ft  1811  Telford 

 South Work over River Thames  1819  Rennie 
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It was after 1827 that cast iron beams were used on Railway bridges by Prof Hodgkinson. Spans were generally 

less than 50 ft. But an attempt at using 108 ft span bridge with cast iron girders and jack arches ended in a 

collapse three weeks after completion. Reason given was collection of large quantity of ballast on the carriage 

way. 

With the improvement in the quality of wrought iron, and the invention of the steel making process by Bessemer 

in 1856, rapid advances were made in the use of truss spans and plate girders for bridges. Bridge engineers were 

quick enough to make use of these inventions in the construction of the manumental Forth Bridge in 1883-1890. 

It was a double line Railway Bridge of the cantilever type. Its length was 5330 ft made up of six cantilever arms 

of 680 ft, two suspended spans of 350 ft, a central tower of 260 ft, and side towers each of 145 ft. The quantity 

of steel used was 100000 tons. One of the special features of this bridge is the rational use of tubular steel for its 

compressive members (about 13 ft diameter). 

In the beginning of the 20th century, theory of reinforced concrete was developed. In about the year 1934, 

Freyssinet developed the theory of prestressed concrete by use of high tensile steel. 

Bridge engineering as a science has developed on the above background. Hereafter bridge building was no more 

the job of one man. It required a team of specialists drawing upon inventions made in different sciences and 

techniques. 

CONCERNED GOVERNMENT DEPARTMENT 

Due to the British connection, engineering as a science steadily developed in India on the heels of the advances 

made by European and British engineers. Bridge engineering in India has principally grown through three 

organizations, viz (a) Railways ; (b) Departments of Roads and Buildings in different States under the central 

advisory control of the Ministry of Transport — Roads Wing ; and (c) Defence department.  

Indian Railways are of course the pioneer bridge builders in the country with a record of over 100 years. They 

have the accumulated experience of bridges in all parts of the country, Central Roads Organization, viz, Roads 

Wing of the Ministry of Transport is a younger organization which took root only during the last 25 years. Road 

bridges.in all States have been constructed since then with some uniform standards under the guidance of the 

office of the Consulting Engineer Roads — now called Director General of Roads. During the short period of 25 

years road bridges in India have shown remarkable progress principally dueto the element of competition 

encouraged by the Ministry of Transport, and the open minded approach exhibited by the officers, at the Centre 

and the States. Railways have a separate Research Design and Standards Organization. The Roads wing of the 

Ministry of Transport has the advantage of the Road Research Station and also of the Indian Roads Congress 

with its multitude of committee for preparing standards. Bridge standards are prepared by the Bridges 

Committee which in its turn is advised by small sub-committees and panels. These committees and sub-

committees are formed from officials and nonofficials and as such have the benefit of the representative views 

of the profession. The standards and codes prepared by the IRC Committees are expected to represent the 

concensus of the views of the profession.  

PLAN TARGETS 

The importance of road communication for the prosperity of the country is well known. The 20-year road 

development plan made in 1943 called the Nagpur Plan envisaged the completion of a total length of 123000 

miles of surfaced roads and 208000 miles of unsurfaced roads. 

These targets have been exceeded by the road development programme undertaken under the First and Second 

Five Year Plans except for unbridged river crossings and in other respects. Another 20-year road development 

plan for the period 1961-81 has now been formulated with a target of a total of 252000 miles of surfaced roads 

and 405 000 miles of unsurfaced roads. In the order of priorities under the new 20-year Plan of Road 

Development for the year 1961-81 the first priority is given to the construction of missing bridges on all arterial 

routes. Transport forms a vital link in the country‘s development, prosperity as well as defence. Bridges 

constitute an important artery in the transport system. Importance of bridge construction has been fully realized 

by the Planning Commission and in the successive Five Year Plans progressively large provisions have been 

made for bridge construction. The outlay on the general road development programme in the First and Second 

Five Year Plans was Rs 153 crore and Rs 250 crore, respectively in addition to the expenditure incurred under 

local development programme. In the Third Five Year Plan the allotment proposed for road development was of 

the order of Rs 250 crore of which. Rs 100 crore was for bridges. According to road development plan for the 

period 1961-81, the estimated expenditure on roads is of the order of Rs 5200 crore of which Rs 2000 crore are 

for bridges and crossings. It will, therefore, be clear that our country has a heavy bridge building programme 

which will last for more than 25 years. 
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OPPORTUNITY FOR YOUNG ENGINEERS  

In the construction of these bridges, engineers have great opportunities to exercise their talent for design and 

construction techniques. It is very gratifying to note that a-large number of young engineers come forward to 

take up the bold and hazardous line of bridge building in preference'to more comfortable jobs. Bridge building is 

not a mercinary task. It is an inspiring and thrilling undertaking full of difficulties putting to test the engineer‘s 

qualities of leadership, daring and ingenuity. Construction of a bridge across a mighty river has been considered 

as a magic since ages. It is a common experience that a bridge builder is suspected on the site to be on the look 

out for a human being to be sacrificed for successful completion of the work. 

It will be mteresting to note the trends in India with respect to different aspects of bridge engineering. 

RIVER CHARACTERISTICS 

Most uncertain and intriguing problem in bridge engineering is that of determining the foundation level and the 

waterway of a bridge across a river in the alluvial tract with erodible bed. Apparent width of the river may be a 

few miles. The meandering river may change its course. The river has no well defined banks. Rock is not 

available for hundreds of feet below river bed. With increasing intensity of flood — it scoops out its own 

channel and the bed scours to a depth of say more than one hundred feet. With receding flood this channel may 

get filled by depositing the sediment which was in suspension during flood. Scour phenomena in alluvial 

channel are explained on the basis of the laws of fluid mechanics. Rate of change of flow pattern is equal to the 

local capacity of flow to transport sediment minus the incoming rate of supply of sediment. Equilibrium is 

reached when the local capacity to transport sediment is equal to the incoming rate of supply of sediment. Thus 

the length of the bridge and depth of its foundations are both difficult of correct assessment. To bridge a gap of a 

few miles will be very expensive and hence impossible. To found in a shifting river bed would endanger the 

bridge during floods without warning. By extensive investigation and study of the characteristics of regime 

channels in erodible beds, it is surmised that the waterway of a bridge can be restricted to an width optimum 

between guide bunds and that for a given discharge and given bed material a channel in regime has an optimum 

width and scour depth which is measured from the HFL. Again, in addition to normal scour there is some scour 

effect due to shape and width of pier. In consideration of this extra scour, a safe assumption is made that the 

total maximum scour including that due to physical obstruction of the pier is two times thé normal scour. For 

large rivers like the Ganga and Brahmaputra, advice of a Hydrodynamic Research Station is invariably sought. 

But in the case of other rivers, the waterway and the scour depth are determined by some set formulae by using 

arbitrary values of the coefficients. There is scope for effecting economy in the construction of bridges if the 

principles of deciding the waterway, training of rivers by guide bunds, assessing scour depth in terms of the 

flow and bed material are further investigated in the Hydrodynamic Research Stations and stated with a greater 

degree of precision for practical application. Wells believed to have been sunk below scour depth are known to 

have disappeared deep into river bed or drifted bodily during heavy floods. Bridges are known to have gradually 

shifted bodily by several feet downstream of their location during several years after completion — sometimes 

due to slipping action along their clay beds. Wells of Kiderpore dock in Calcutta were founded in light blue clay 

and were believed to have moved forward in 1980. A bridge in Lumding-Budrapur Section on North East 

Frontier Railway is known to have shifted bodily 40 ft down stream over a number of years. There are again 

instances of failures of bridge foundations by scouring action. The tendency has, therefore, been to select the 

waterway on the high side, and to assume scour depths on a liberal scale. But such remedies have not reduced 

the incidence of accidents or failures presumably because remedies are not based upon a rational diagnosis. 

Increasing waterway may sometimes be harmful. It is one thing to devise a formula for regime width and scour 

depth and it is another thing to use the formula by putting appropriate values for the discharge and the 

coefficient for bed material. Both are difficult to determine and the degree of accuracy of the results cannot be 

more than the degree of accuracy of the data. 

It may thus be briefly stated that further study in the following respects is called for: 

(i) Waterway and normal scour depth for any proposed site of a bridge are functions of the nature and size of the 

bed material for several feet below river bed — not only at the site of the bridge but also of the whole river bed 

for long distances (say five times the width of river) upstream and downstream of the actual site. 

(ii) Bore data generally available are misleading. Even with accurate data — a single bore gives such a variety 

of strata like sand, kankar, clay, boulders, laterite, conglomerate, etc that it is im possible to assess thereform the 

value of the Coefficient to be used in the usual formulae. 

(iii) Treatment for strata other than erodible such as clay, murrum, boulders, etc should be different from that for 

erodible non-cohesive strata. 

The problems of deciding the correct linear waterway to be provided in some situations other than alluvial 

channels also need careful study. For instance, there are no well defined principles in terms of the tide data and 

physical features of the site for deciding the waterway for bridges across creeks on the Western Coast. In 
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mountainous regions rivers flow like rapids bringing down huge boulders blocking the bridge openings and the 

problem of designing the bridge across such an opening is quite different from that across a stream in the plains.  

FOUNDATIONS 

The actual level of the foundation of a pier is much below the depth of maximum scour — depending on the 

depth required to overcome partly or wholly the operating moments on the pier by the lateral pressure of the soil 

mass. The method of assessing the properties of the soil and the correcting moment due to lateral pressure is 

undecided and is a subject of controversy in which great names of Terzaghi and others are quoted in a manner 

which would have puzzled the Learned Scientists themselves. 

The capacity of the foundation bed to take the superincumbent load is one of the important questions to be 

decided by the bridge engineer. In this connection it is worth considering the methods normally used on some of 

the major bridge works. 

Clause 17 page 9 of the Indian Railway Standard Code of Practice for the design of bridge piers and abutments 

reads as under: 

‗Foundation Pressure — Owing to the wide variation in safe bearing pressures on foundations in different parts 

of India, it is not possible to specify permissible bearing pressures which will have universal application. 

Designs should be based on: local conditions and permissible pressures may be established on the basis of tests 

or on previous-experience. Normally, foundations, unless resting directly on rock, shall not be less than 4 ft in 

depth. It is generally safe to increase the permissible bearing pressure at the rate of 1 cwt per square foot for 

each additional foot of depth below four feet.‘ 

The foundation pressure for Ganga bridge at Mokameh is 13.6 tons per sq foot, that for Hardinge bridge is 13 

tons per sq foot and that for Willington bridge 11.5 tons per sq foot. Generally the pressure on foundations is 

considered under three heads: (a) The pressure at the foundation level due to load of the superincumbent soil 

that existed in the natural state, (b) Additional pressure due to dead load of pier and superstructure, (c) Pressure 

due to live load. The soil is already bearing the pressure under (a) By the time the bridge is under service the 

pressure under (b) and (c) would also operate. For compressible soils, the expected settlements are calculated by 

principles of soil mechanics for say one hundred years of the life of the bridge. 

Some of the points requiring consideration in this respect are: (i) ‗Soil properties must be realistically 

understood and the properties of the soil at the foundations should be correlated with soil properties existing 

surrounding the well below scour depth‘, (ii) Ultimate load method of design will give more rational methods 

for assessing soil capacity, (iii) Methods of strengthening the foundation bed need consideration because the 

eventuality of the actual foundation conditions being not satisfactory cannot be excluded. Scooping put the 

foundation bed to an area larger than the diameter of the well may be considered as one of the methods to 

relieve the intensity of pressure. 

SINKING OF WELL FOUNDATIONS 

The task of actual sinking of wells is a blind operation associated with a number of unexpected complications. 

Heavy tilting of wells due to shifting river beds or due to other reasons, sand blows, intermediate hard strata 

(like hard clay, conglomorate, laterite, layer of rock, etc), snapping of the lower portion of the well steining 

hanging on the upper portion due to its own load, cracks in steining during sinking, refusal to sink due to friction 

are some of the difficulties encountered. Sometimes during sinking water shoots up from the bottom of the well 

to great heights resembling artesian conditions. This is an unpredictable phenomenon perhaps operating due to 

differential pressures. Wells with an outside battar of one in twenty-two used on the Purnabhava Bridge 

(Bengal) were found to be advantageous for sinking and there appears no objection to adopt such a shape. 

Diving and other methods of pneumatic sinking are increasingly being used for well sinking. These methods are 

safe up to a depth of 100 ft to 120 ft. Strict medical examination of divers and supervision during operation are 

necessary to minimize hazards to life of workmen on decompression. 

In view of the facilities that are likely to be available for use of large diameter piles, it is high time that pile 

foundations or combination of piles with wells are adopted. Such foundations have been triedin the past with 

success. 

Some of the cross-sections of wells adopted in India are given in figure. The figure also shows an interesting 

method of driving piles outside the well to relieve part of the load from the well. This method was adopted on 

the well foundation of George‘s River Bridge, New South Wales. 

Foundation on rock overlaid by a few feet of fine sand is one of the difficult foundations to tackle. Pumping 

leads to blowing and excavation of rock under water is difficult and expensive. One of the methods is to build a 

masonry ring inside the cutting edge by divers to prevent flow of fine sand inside. Dewatering thereafter is not 

accompanied by blewing; and the foundation rock can be cleared and excavated to desired level.  
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It is customary to put a concrete plug at the bottom of a well after it has reached foundation level. It is doubtful 

if the bottom plug really operates in the manner intended. Examination of the soil samples under the plugs of 

existing bridges may reveal that they are not stressed to the design limit. It is likely that the pressure will be 

evenly distributed with or without bottom plug, if the dredge hole is completely filled. Fresh thinking is 

necessary regarding the function of the bottom plug. 

PIERS 

Piers have to carry not only the vertical load of the superstructure but they are also subjected to horizontal forces 

due to braking and traction of vehicles, to reaction of wind forces on the superstructure, to forces due to water 

current, to impact of floating tree or floating vessels, etc. Bridge piers have collapsed in the past due to action of 

skew currents for which they were not designed. With United Arches piers are also subjected to unbalanced 

horizontal thrust from arches. Section of a pier required for the direct vertical load is indeed very small. But due 

to other considerations a large section of pier has to be provided. Abutments and end piers have in addition to 

carry thrust of the soil retained. Operating moments on abutments or end piers can be counterbalanced, by the 

load of the: soil if the abutment well cap is projected inside or if a friction slab is provided. Abutments 

consumea large part of the expenditure especially in short bridges. Modern practice is to avoid this expenditure 

by use of open abutments which permit the earth to take its own angle of repose. An interesting problem arisesin 

designing RC angle walls when the calculated active pressures for which they are designed does not operate. 

The most economical pier is one in which the superstructure load is carried directly to the foundation. Usually 

cylindrical piers are found to be convenient and economical although a large number of piers are rectangular 

with semi-circular cut and ease waters. A new type of pier coming into vogue is the Hammer Head Pier.  

A single narrow pier with wide cantilevering deck is being adopted in other countries. It appears to be suitable 

for road bridges. Load of the pier is carried to the wells by well caps. These well caps are generally massive and 

consume a large expenditure. It will be very economical indeed if the load from the pier is transmitted to the 

well through a conical or domical base. 

BEARINGS 

Superstructure loads are carried to the piers through bearings with a view to allow for expansion due to 

temperature effects and to allow for rotations of the girders at the supports. Bearings have also to allow for 

support deformations due to curved soffits of girders. There is a fixed bearing at one support (permitting free 

rotation but no expansion) and at each of the other supports a mechanism to permit both rotation and expansion 

is provided. Usual types of bearings are: (i) plate bearings of mild steel or stainless steel, (ii) Neoprene rubber 

bearings, (iii) mild steel rocker and roller bearings, (iv) Hard faced roller with hard metal welded on contact 

faces, (v) cast steel rocker and roller bearings, and (vi) RCC roller bearings. The function of bearings can also 

be satisfied by providing flexible piers capable of adequate deflection at their tops. To allow for the rotation at 

the supports top surface of the pier cap can have a curved surface, and dowel bars to resist shear. It may be 

useful to use the pendulum pier in place of the roller bearing. The expedients of flexible piers, RCC rollers and 

pendulum piers in place of metallic bearings are commonly used in Bengal. 

The use of metallic bearings requires special precautions for perventing rust. The number of bearings at each 

support in case of a box girder is taken as equal to the number of ribs. This practice is not desirable. It is better 

to have a continuous row of bearings at the support. On very wide bridges provision must be made for 

temperature effects in both directions. 

CABLE AND ARCH FOR BRIDGE SUPERSTRUCTURE 

The most primary shape put to use by the bridge engineer is that of a thin suspended cable or chain yielding to 

its own weight to the form of a catenary which approximates to the shape of a parabola. The suspension bridges 

of the primitive man as also of the bridge engineer of modern days conform to this shape. In order that it may 

not swing inconveniently on the operation of the changing live loads, stiffening systems are introduced which 

help to distribute the concentrated loads evenly on the whole cable thus keeping its equilibrium shape 

unaffected. It is the triumph of the modern methods of analysis and the construction techniques that this basic 

shape of a suspended chain has evolved into the creation of a suspension bridge with a suspended length of 

nearly 4000 ft. Undaunted by the set-back of the collapse of the Tacoma Bridge by the action of wind, man 

continued his efforts to overcome nature‘s wrath and succeeded in building up an improved type of suspension 

bridge. Against the world record of 4200 ft of suspended length, India has not produced a suspension bridge of 

more than 300 ft. Mention must be made of Shri Bodhe of Bombay who recommended a dreamy design of a 

suspension bridge with a suspended span of one mile and a total length of three miles for the bridge linking 

Bombay to Uran across the sea with 30 ft depth of water. The suspension system has been further exploited in 

the west for long span girders in steel or prestressed concrete supported by inclined cable. I am sure with 

modern design and construction techniques Shri Bodhe‘s dream can be realized in a modified form entirely by 

indigenous material and talent. 
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The basic arch shape which has also been extensively exploited by the bridge engineer for several thousand 

years is also of the shape of the equilibrium chain inverted so that the sag of the cable is converted into the rise 

of the arch. The effort of the engineer has always been to keep the shape of the arch to its equilibrium form 

appropriate for the predominant loading. For any other loading extra stiffening of the arch has to be made or a 

separate stiffening system is introduced. Such arches with independent stiffening systems are in the true sense 

compression cables or flexible arches. The Schwandbach arch bridge in Switzerland with a span of 120 ft rise of 

19 ft and width of 16 ft is an example of the beautiful and bold designs of Robert Maillart. The deck slab was 

assigned structural functions along with the arch in this design. 

During the last 50 years many arch bridges have been constructed in India, some of which are mentioned by 

way of illustration. During the days when reinforced concrete was newly introduced, RC arch bridge of 110 ft 

span was constructed in Darjeeling. Similarly in 1914, Moovathupuzha bridge was constructed in Kerala with 

two spans of 100 ft one of 110 ft. In UP a 52 ft RC arch was built in 1908 at Har-ki-Pauri. 

Anderson Bridge across river Teesta has a span of 300 ft (1933). The centering steel arch was loaded with dead 

load equivalent to the dead load of concrete arch and this load was progressively released during concreting to 

keep the shape of the concrete arch. The shore span rigid frames are reported to have been designed by model 

analysis. Coronation bridge across the Teesta has a span of 276 ft and rise of 132 ft. Hollow box section was 

used for the arch ribs, the of shape which was carefully designed to conform to the equilibrium arch due to 

predominant loading. The design is due to Shri S K Ghosh, Retired Chief Engineer, Bengal. Patalganga Bridge 

near Bombay (1937) has a bow string span of 100 ft with inclined steel ties according to Christiani and Neilson 

system. The bow string arch aqueduct (106 ft span) across Parvati river in Chambal Project (1960) has two 

decks with a canal trough of 40 ft by 12 ft on the lower deck and 24 ft roadway on the upper deck. 

India has not produced steel arches worth the name. Welded bow string steel arch bridge across Kasheli creek 

neat Bandra, Bombay for carrying the water supply mains deserves mention. 

More spectangular arch bridges have been built in other countries during the same period. Largest stiffened steel 

arch bridge in the world is across Rhine, West Germany with a span of 836 ft and width of 52 ft and total weight 

of 3200 tons of steel. Sydney Harbour Steel arch bridge in Australia is one of the longest arches in the world 

having a span of 1924 ft. Arrabida RCC arch bridge Portugal (1963) has a span of 1618 ft width of 87 ft and 

reinforcement steel of 2250 tons. Number of arch bridges in India is not very large because of the fear of 

settlement of supports. The prevailing standards are also not favourable to the use of the arch shape for bridges. 

GIRDERS AND CANTILEVERS 

The most usual arrangement of spans adopted in India are the simply supported, continuous and the balanced 

cantilever. Most of the steel Railway bridges consist of simply supported trusses or plate girders. Simply 

supported spans in reinforced concrete or in prestressed concrete consist of a series of girders with a deck slab at 

top forming a T-beam system with two, three or four T-beam ribs. These are connected by end cross-girders and 

usually by a few intermediate crossgirders. Cross-girders are either in the form of diaphragms connecting the 

ribs, leaving a clear gap between the diaphragms and the deck slab or they are integrated with the slab. The 

latter practice appears desirable but is discouraged by the peculiar interpretation of standards for the design of 

cross-girders. The procedure generally followed for deck slab design for wheel loads is unnecessarily 

complicated. The method of designing slabs by Piego‘s theory as illustrated in some books is used; but it gives 

inconsistent results. It is time that the loading is simplified or the deck slabs are rationally designed by influence 

charts available in the technical press. With prestressed concrete girders also the top slab is usually in reinforced 

concrete made.composite with the prestressed girders. According to standards of acceptable designs a 

prestressed concrete deck slab is not found to be economical. A deck slab composite with the girders essentially 

raises the question of three dimensional stresses. The prevailing standards are silent on the question. With 

precast prestressed concrete girders launched in position and made composite with RCC deck slabs the question 

of differential shrinkage and creep naturallyiarises. Such differential shrinkage and creep effects are mutually 

compensatory and do not materially affect the design. Solid RC slabs without girders have also been used for 

short spans. 

Balanced cantilever or continuous arrangements are economical for large spans. In 1950, solid slab bridge of the 

balanced cantilever type was constructed in Bengal at Gaighat. It had a central span of 60 ft cantilevering at two 

ends with an overhang of 30 ft each supporting an approach riding span of 10 ft. The Kanamar Bridge in Bengal 

is also a solid slab bridge with two anchor spans of 60 ft with cantilever arms of 30 ft projecting into the central 

opening of 90 ft. These designs were possible because of the high design stresses permitted in concrete of the 

order of 1375 per sq inch. Many other solid slab bridges have since been constructed. T-beam and slab bridges 

have also been built on the balanced cantilever system. But with increasing spans the box-section with its 

inherent reserves of strength is getting popular. The maximum span in reinforced concrete reached with the 

balanced cantilever box is 162 ft on the 7000 ft long Mahanadi Bridge at Cuttack. Experience shows the 

development of cracks near the supports in case of balanced cantilever spans either with box-section or with T-

beam and slab construction. The causes of these cracks needs investigation. It is possible to eliminate these 
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cracks by controlling the sequence of concreting and by leaving gaps to be concreted later. The balanced 

cantilever system is obviously adopted because it is a determinate system with the advantage of continuity. 

Continuous arrangement of spans would be preferable. The fear of settlement of supports is exaggerated and can 

certainly be for in the design. Continuous girder and slab bridges have, of course, been constructed where rock 

foundations are available. 

It is reported that the articulations used in some of the RC bridges on the balanced cantilever systems are 

developing cracks. Articulations of RC girders have been load tested on the field on scale models and have 

always been found to be stronger than the rest of the girder. The cause of the cracks may perhaps be due to 

defects in designing and fixing the fixed bearing. The accepted methods of designing articulations is not 

rational. Reinforcement in an articulation should be oriented on the possible stress pattern in the articulation. 

Rigid frame designs have also been adopted for RCC bridges on a limited scale where rock foundations are 

available. One such design is that of the 2000 ft long submersible bridge with eight units: of rigid frame 

construction across river Narmada at Rajghat. Each tigid frame unit consists of three solid slab spans of 63 ft 

with overhangs of 31.5 ft on each side. The ends of adjacent overhangs are articulated with each other in sucha 

way that they act as a hinge for transfer of loads. The pier legs of the rigid frame are 45 ft high. 

PRESTRESSED CONCRETE 

Most of the prestressed concrete bridges are with simply supported girders with RCC deck slab at the top. The 

number of girders used in each span may be two, three or four or even five. The girders are either cast in situ or 

precast on the casting bed and launched in position by a launching girder. Instead of using the launching girder, 

there are instances where the girders are pulled on rails laid in the river bed and then lifted by chain in their 

respective spans. 

The first prestressed concrete girder used for a road bridge was on the river Palar in Madras State. The capacity 

of the girder was chécked by load testing to destruction (1952). This demonstration helped to create confidence 

in prestressed concrete in India. Although prestressed concrete is mainly being used for road bridges — the first 

prestressed concrete bridge in India was constructed on the Assam Rail Link Project near Siliguri in 1949. The 

Balsan Bridge on this rail line has seven spans of 60 ft. 

Simply supported prestressed concrete bridge across Ganga at Garhmukteswar has a span of 178 ft. The girders 

are cast in situ. The Coleroon Bridge in Madras State has a span of 159 ft designed as a prestressed concrete 

bridge on the unbalanced cantilever system. This was perhaps the first bridge in which the girders were cast in 

the casting yard and launched into position by a launching girder. The famous paper written by Shri K K 

Nambiar on this bridge is very instructive in several respects. The prestressed concrete Balanced Cantilever 

Bridge with a span of 157 ft across the Bhagirathi in Bengal is a magnificent achievement. The continuous 

prestressed concrete girder bridge across river Aghanashini at Kumta in Mysore State has two continuous units 

— each having three spans of 98 ft, 124 ft and 98 ft. It has two girders connected by a series of cross girders. 

The prestressing is done by a concentrated tendon with a large prestressing force of 2500 tons applied by heavy 

duty jacks — electrically operated from the end anchor block. The work of accurate laying of the cables, and 

managing such a large prestressing force by precision instruments was entirely carried out by Indian engineers. 

Another outstanding prestressed concrete bridge is the Barak Bridge at Silchar with a central span of 400 ft. This 

is the first prestressed concrete bridge in India constructed by cantilever method. Construction was done in situ 

without any support from the river bed. A prestressed concrete bridge with a span of 300 ft between supports is 

under construction near Haldia Port in Bengal. The work will be carried out by cantilever construction. The 

suspended span is about 75 ft. The adjacent overhangs on the two sides of the pier are supported on a pair of 

columns on each well with a leverage of about 25 ft in the traffic direction. The uplift due to live load on one 

side will be more than offset by the dead load. The size of the well is oblong in the traffic direction to 

accommodate the columns.  

STEEL BRIDGES 

Steel bridges are mostly used on the Railways. Steel place girders up to 100 ft were till recently being used. 

Such girders required 9.5 ft deepweb plate which needed a horizontal web splice with the available size of 

plates. To reduce the weight of the girder to be handled the Railways are introducing the continuous plate 

girders of three spans each of 60 ft. Similarly wherever span permits open web girders of 100 ft span are 

replacing the 100 ft plate girders. 

Bridges with large spans with open web girders can be constructed if high tensile steel is available. The iron 

industry was established on modern lines in India in 1907. The industry got impetus during the two World Wars 

and again in the steel expansion plans after 1947. This important industry will shortly meet the full demand of 

the bridge engineer for high quality steel. It is therefore expected that during the next 25 years India will 

produce spectacular steel: bridges of long spans by use of indigenous steel. 
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The Howrah Bridge, the Malaviya Bridge, The Ganga Bridge at Mokameh and the Brahmaputra Bridge were 

fabricated by high tensile ‗steel-manufactured in India. Railway bridges are now being designed at 9 tons per sq 

inch for mild steel and 12.5 tons per sq in for high tensile steel. 

Leading fabricators in India have developed during the last 50 years the technique of mass production of bridge 

steel work to such a degree of accuracy that all similar parts are strictly alike and interchangeable. This precision 

in fabrication enables the use of pre-deformation (prestressing) to eliminate secondary stresses. 

Many important bridges were designed by foreign consultants who must have accumulated a fund of knowledge 

and experience by Indian business. We are grateful for the magnificent services of the foreign consultants. We 

should however have the confidence of designing important bridges ourselves. The Ganga Bridge at Mokameh 

was also designed abroad. ‗It is not known whether the span to be adopted and the triangulation was 

predetermined by the Indian authorities. But it is understood that the arrangement of spans and the triangulation 

tallies with the proposal that one of the Indian consultants had officially submitted to the Railways in 1949. 

The trusses adopted for the large span Railway bridge are ‗K‘ type or double warren type with verticle. 

The largest span of 400 ft of the double warren type is adopted for the Gariga Bridge at Mokameh and the 

Brahmaputra Bridge. The bridges were erected by cantilever method which was facilitated for crane operation 

on the horizontal top chord. Some of the special features of this bridge are the composite deck slab and the 

structure being designed as‗a space frame. 

The great Howrah Bridge with a clear span of 1500 ft is a cantilever bridge with a suspended span of 564 ft and 

anchor arms of 325 ft. The width of the carriage way is 71 ft and there are.two footpaths each of 15 ft. Some of 

the important features of this bridge worth noting are: 

(i) The top chord of the cantilevers and the top chord of the suspended span appear to form a continuous curve 

and the hog buck of the central span is removed for the purpose of appearance. 

(ii) Out of the total weight of steel of 26500 tons required for the bridge. 23500 tons was supplied by Tata Iron 

Steel Co Ltd and-the fabrication was undertaken by Braithwaite Burn & Jessop of Calcutta at four different 

places. 

(iii) High tensile steel was specified to have an ultimate tensile strength from 37 to 43 tons per sq inch, yield 

point of not less than 23 tons per sqinch and an elongation of not less than 18%. 

(iv) Pneumatic sinking method was adopted for sinking the foundation monoliths. 

(v) But joints in permanent compression members were designed to transmit load by direct bearing of the 

abutting ends and such joints were covered and riveted to a value of 50% of the strength of the member. 

(vi) Secondary stresses were eliminated by predeformation. 

(vii) The floor system was carried on hangers. 

(viii) Erection was done by use of creeper cranes each weighing 610 tons — traversing over the top chords and 

manouvered over the towers 300 above water. 

(ix) Accuracy of fabrication suffered in no way from being carried out in four separate shops. The length was 

correct to within 5/64 inch on an overall length of 325 ft. 

(x) The upper and lower chords and diagonals were connected to pedestals by specially designed pins. 

(xi) Provision is made for adjustment (during erection and at any time during the life of the bridge) of levels of 

the noses of cantilever arms, and the settlement of the main piers be such as to render this necessary.  

BRIDGES FOR DEFENCE 

Requirements of defence bridges are well described by Sir Donald Bailey in the introduction to his paper on 

Bailey Bridge as under: 

‗The military requirements for a bridge lay emphasis on certain attributes which are not required, or which are 

of less importance, in a civil structure, but there is, of course, no difference in the basic principles of design. 

Whilst the civil bridge is designed to carry a certain specified loading over one known span, the military 

counterpart-must be capable of being erected over a wide range of spans and must be reasonably economical for 

all, sitice lack of economy would entail the use of extra vehicles to transport the bridging material to the site. An 

examination of the number of vehicles required, even for an economical structure, makes the necessity for 

avoiding any unnecessary increase quite obvious. 

Military bridges, moreover, are usually designed to carry trains of vehicles up to a specified maximum weight 

each. This maximum may be 9 tons, which covers most normal lorry traffic, or, say, 40 tons or more to cover 
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trains of tanks. There are also intermediate load-classes lias clear, therefore, that in addition to variations in span 

there are also variations 1n joad to be economically provided for. 

The necessity for economy in transport and the probability of man-handling at site enjoin that weight of parts be 

kept to a minimum. This is achieved by cutting down the factor of safety and by using materials possessing the 

highest mechanical properties obtainable, compatible with ease of supply in quantity, providing that no undue 

manufacturing difficulties result.  

Size of individual parts is dictated by dimensions of available road or airtransport, by a compromise between 

weight of pieces on one hand and the fact that a multitude of small parts would require a multitude of 

connexions to be made on the site with consequent expenditure of time in erection. 

Time of erection is all-important and must be measured in terms of a few hours or in the case of large bridges, 

days only, when weeks or months would be expended on a permanent civil bridge. This speed is attained by 

reducing field connexions to the lowest number possible, and these simple and fool-proof and by using methods 

of erection which do not require the provision of false work, elaborate derricks, or other gear requiring much 

preparation. Elaborate foundations are not usually possible and relianceis placed on elementary forms of grillage 

situated far enough back from the edge of a gap to ensure that the bank does not collapse. 

A military bridge must be built up from some sort of standard components which will be made in large 

quantities by many manufacturers. Equally obviously, all these components must be absolutely interchangeable 

and fit together without the use of force. Its manufacture, therefore, becomes a mass production job with tight 

tolerances and all the jigging and gauging which goes with them, but with this rather unusual feature, that, 

instead of machine parts, one is dealing in the main with black rolled sections.‘ 

Since 1945 there must have been a considerable change in the pattern of defence strategy and other 

consequential requirements. Bridge engineers therefore have sufficient field for exercising their talent to solve 

such problems.  

Bridges required in municipal areas and port areas are not specially mentioned as the basic principles of design 

are common to all bridges. 

FAILURES AND THEIR LESSONS 

Failures of part or whole of a bridge has always been looked upon as a challenge to the bridge engineer. In other 

countries intensive technical investigation of the causes of failureis made and the bridge rebuilt with improved 

techniques. Failure of the Tacoma suspension bridge and Quebeck bridge are glaring instances to the point. 

There have been several reported failures on bridge works in our country. The resulting inquiry is more on audit 

points than on technical points. It is entrusted to men who are many times innocent of the points of inquiry. The 

Bridges Committee of the Indian Roads Congress during the last 20 years had no occasion to read the reports 

not to speak of discussing them for the purpose of enlightenment. They are rarely published. This is a very 

discouraging situation from the point of view of our progress. We have not been able to learn from our failures. 

Possibility is that failures have led to panic and panic to more expenditure on bridges. 

Some of the probable causes of failures are: (a) Undermining of foundations by scour, (b) Progressive settlement 

of foundations beyond design limits, (c) Overtopping of the bridge by heavy flood beyond the original 

calculation, (d) Failure of piers by skew currents, (e) Progressive drifting of abutments or piers, (f) Time effects 

on bricks, concrete, reinforcement, rivets in steel construction, corrosion, fatigue, etc, (g) Action of wind and 

waves, (h) Failure due to instability, (i) Failure of staging, (j) Failure during erection, (k) Failure during 

launching, (1) Incorrect or defective detailing of steel reinforcement, and (m) Defects in the quality of cement 

with regard to hardening qualities, strength, expansion, etc, 

FUTURE TRENDS IN DESIGN AND CONSTRUCTION 

The function of a bridge is to provide a crossing strong enough to withstand the effects of dead and live loads 

with the desired margin of safety. The bridge engineers essentially decides the load path of operating loads 

down to the foundations. The successful bridge engineer uses all the structural members.to their best capacity to 

carry the loads to the foundations at least cost. He assigns structural functionstomembers and bridge parts which 

are provided for service to traffic. Such an integrated three dimensional structure is the ideal which a bridge 

designer aims at. Similarly the material used for each bridge part is so provided that it offers the required 

strength and no more, with the prescribed margin of safety or limit states. High tensile steel and mild steel will 

be judiciously used in the truss members according to forces operating in these members. Hollow sections will 

be provided both in steel and concrete where such saving of material is warranted consistent with the extra 

labour cost involved. Deck slab composite with the steel girder may act as a compression flange of a steel beam. 

Welding will be used where rivetting can be avoided. 

The present method of design on the basis of permissible stresses under action of maximum working loads does 

not provide a uniform margin of safety of the whole structure and its parts. The modern approach is to set the 
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limit state of which a part of a structure or the whole, structure can reach consistently with the psychological 

consideration of safety. The structure would be considered as well designed if the probability of attaining the 

limit state of unfitness in the component parts of a structure is substantially the same as the probability of 

attaining the limit state of unfitness for the structure as a whole. Such methods of limit design lead not only to 

economy but also to an assurance of a uniform degree of safety prescribed by the community. It is hoped such 

modern methods will replace the present day methods. Designers and construction men cannot afford to live in 

isolation from the research men. Mutual exchange of thought and experiences is essential for modern bridge 

building — in fact for any development activity. 

It is therefore expected that the Structural Engineering Research Centre at Roorkee, the Bridge Research Section 

of the Central Road Research Institute, Research Units at universities, institutions or colleges and other research 

units will be closely associated with the bridge building of the future. 

Economy can be effectedin a structure by introducing the element of yielding or flexibility where resistance to 

operation of induced forcedis not necessary. Introduction of temporary hinges and permanent hinges, use of 

flexible ties and cables, use of flexible arches, designing continuous or indeterminate structures as determinate 

for dead load and indeterminate for live load, allowing retained earth to take its own angle of repose, use of 

flexible piers, use of rocker piers, etc are some of the devices in illustration of the above principles. Several new 

devices foreconomy and speed are being introduced in Europe which we may consider adapting to Indian 

conditions. I may cite a few such devices by way of illustration. 

There is an increasing tendency to build bridges with precast units. Thus precast RCC deck slabs are connected 

to steel girders by high strength bolts. In France, many bridges are built with cantilever method of construction. 

The precast units are concreted in a casting yard in their mutual order in such a way that only about 1 mm thick 

epoxy joints are enough to connect the parts together. This is a substantial simplification against the uptil now 

followed method of keeping wide joints which were to be closed by concreting. The prestressing cables are 

threaded through the precast units. 

Caroni Bridge in Venezuela is a continuous bridge of 1575 ft length with four spans of 315 ft and two end spans 

of 157.5 ft. The complete superstructure section with trapezoidel box and deck slab was precast in separate units 

of 30 ft and these units were joined together on the bed of the approach road with 16 inch thick joints. 

Concentrated tendon was provided inside the box near the centre of gravity of the section and it was stressed to 

provide nearly uniform compression over the section. Then the whole length of the bridge of 1575 ft and 

weighing about 8400 tons was slided on to the tops of piers by means of hydraulic jacks. A metallic nose was 

provided and temporary piers were erected at the centre of the four central spans so as to keep the erection 

stresses during sliding within limits. Arrangements were made for adjusting the tendon by hydraulic jacks in 

appropriate profiles as required by strength considerations in the different position of the sliding bridge. When 

the bridge was placed in the final position the tendon was given the appropriate design profile. This was possible 

because concentrated tendons were inside the box and slits were provided in the cross girders. Finally, the slits 

and the tendon box were concreted. 

Investigations have shown that box section is best suited for curved bridges and bridges with narrow single piers 

and wide cantilevering deck — both in case of steel or concrete bridges. 

For continuous prestressed concrete bridges hydraulic presses can be built in, at the bearings to equalize the 

settlement if any. Prestressed concrete continuous bridges can suffer considerable difference in adjustment 

before they suffer permanent damage. 

With present advances in the knowledge of the properties of materials and the methods of analysis, structures 

with any degree of indeterminancy can be designed by model analysis and by use of computers. This single 

factor perhaps will mark a revolutionary change in the concept of the future structure from the past. It is of 

course necessary that the designer does not lose sight of the basic concepts of mechanical equilibrium and 

elastic stability. 

Let us hope that our standards do not arrest our progress. We must frame standards which will welcome new 

ideas and delete from them restrictive clauses which lead us to‘go in a predetermined rut. There is an inherent 

fallacy in introducing formulae and equations in our standards which create a wrong impression of the degree of 

precision of our data or premises — as to quality control, environmental factors like climate, methods of 

construction and above all the methods of analysis.  

Bridge structures are lasting and living monuments which speak of the age of their birth. It is the responsibility 

of the bridge engineer to see that the bridges he builds will have the appearance matching with the surroundings 

and matching with their function. It is not necessary to spend more for the sake of appearance except in a few 

special cases. Fat is not a sign of health in a human being; nor is it a sign of strength or beauty in a bridge 

structure. Too much padding to a bridge member makes it not only massive and ugly but also deficient in 
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strength. Most of its energy is lost in supporting itself. It is well known that an arch section is rendered weak by 

increasing its size. 

It is the part of design to take account of construction and/or erection methods and programme. Piece meal 

design throughout the construction is not only unbalanced but it also upsets construction programme and 

increases cost. It is unfortunate that many of our bridges are commenced without finalizing the complete design. 

Efficiency of construction work will improve if there is a predetermined programme of work. Modern network 

techniques for efficient management of works can be used with the close participation between the construction 

man and the government authorities. 

The bridge engineer in India will be able to produce original and economic design if he is fully booked with 

information regarding new ideas, methods and practices in progressive countries of the world. At present, the 

bridge engineer suffers from starvation of all-sided information. Independent technical press almost does not 

exist. The resources of the Institution of Engineers are not sufficient to give technical information service to all 

branches of enginering. It is only the privilege of the few who can periodically tour foreign countries and keep 

themselves abreast of recent progress. I would, therefore, appeal to bridge engineers in India to make an effort to 

give information service to our engineers. 

Within the limitation of the tools, plant and machinery available, we have shown commendable ingenuity in, 

carrying out hazardous construction jobs. Even before the launching girders were introduced in India, efforts 

were made to use the monsoon period for construction purposes. Centering girders which could be rolled from 

one span to another were introduced to avoid support from river bed. Similarly cable ways were constructeidn 

spans for erection of centering trusses without support from river bed. Precasting and launching methods have 

opened a new chapter in bridge construction. Age of cantilever construction is coming. Mechanization on bridge 

construction is necessary for progress as well as quality. Present handicap of machinery failures may be a 

passing phase and it will not be too long before we are self-sufficient in construction equipment. 

Quality control on production of concrete as also on testing of the steel reinforcement is still difficult. Cement is 

sometimes stored for long periods. Quality of cement from different factories is varying. There is need for an 

Indian Standard for a field laboratory within the means of an average construction man. The number of technical 

men who carry out laboratory tests correctly is also very small. 

Last but not the least is our treatment of the man at the table, at the machine and at work. It is a truism to say 

that it is the man behind the machine that counts. This proposition is correct if we do not use man as a mere tool 

or machine. He must find his task interesting. He must have opportunities to suggest new ideas. We must look 

after his health and other primary needs. On a bridge job, the men on site are exposed to health like malaria, 

sun-stroke, liver complaints, decompressiondiseases due to workin the air locket, etc. These can be redressed if 

men on site have atleast the correct information regarding methods of prevention and cure. The labour Jaws 

designed to look after the welfare of labour appear to have the reverse effect. 

It is rumoured that an Indian fabricator was almost prevented from participating in a global bid for the 

constructing of a bridge in another country. Why ? On the world platform we have still to earn a position as one 

of the great bridge building countries. We must make our original contribution to world progress of bridge 

engineering. Compared to the performance of countries like UK, France, Germany and other European 

countries, our performance in bridge engineering is not so spectacular. But in the words of one of themselves of 

the Planning Commission we are now on the take off in our flight to progress. The age of selfreliance and 

healthy growth is dawning. The bridge engineer of the future will be ready andwilling to share his 

responsibilities and earn his placein the universal brotherhood of bridge engineers which transcends boundaries 

of states and nations. No more shall he be a mere carrier of book loads. He shall think for himself and refuse to 

be slavish. He shall recognize the contribution of different scientists and technologists to the growth of bridge 

engineering and shali continue to draw upon their co-operation. Bridges are not built on paper. Translating ideas 

into practice requires the close association with the intelligent worker whom the bridge engineer shall treat — 

not as a menial — but as a senior brother for it is he who builds. 
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Urban Development in India 

Maj-Gen Harkirat Singh 

 

I am very grateful to the President and the Council of the Institution of Engineers for giving me the privilege of 

delivering the Sir Mokshagundam Visvesvaraya Lecture this year. Sir Mokshagundam Visvesvaraya was a great 

planner. As Diwan of the erstwhile Mysore State, he prepared a long-term plan not only for its industrial and 

agricultural development but also for the entire infra-structure, that is, utilization of water resources, power and 

transport. He also initiated town planning for the cities of Bangalore and Mysore and many years later, Sir 

Mirza Ismail, another great Diwan of Mysore State, completed his plans. Sir Mokshagundam had what amounts 

to the modern idea of regional, physical planning, that is, the preparation of optimal spatial pattern of locations 

and land use in an integrated manner, of better distribution of the population, dispersal: of industries, 

development of physical infrastructure on regional and State basis and of orderly urban growth. It is, therefore, 

befitting that for my talk this morning I have chosen the subject of urban development in India.  

In 1931, the urban population of India was 34 million out of a total population of 279 million. In the three 

decades, up to 1961, the urban population rose to 79 million, out of the total population of 438 million. This 

huge increase in our urban population has left its mark on the face of our cities and towns. Look at, what may be 

called, urbs prima of India, that is, Bombay. Let me quote from the report of a Study Group appointed by the 

Bombay Government, some years ago. I quote: ‗The absence of playground and recreational spaces for children 

as well as the citizenbody; school buildings unworthy of the coming generation; a deficit of housing to the 

extent of a third of the total population with all that this shortfall means to the lower income group categories 

who have to bear the entire incidence of the deficit; the squalor and disgrace of slums  accounting for several 

lakhs of the population; large proportions of working people perforce living single and bereft of domestic life 

with all the inevitable effect of this deprivation on social vice; ceaseless squabbles, litigation and a chronic state 

of ‗cold war‘ between tenants and landlords; the degradation and shame of queues and quarrels over water taps 

and the use of sanitary conveniences ; the daily grind to several hundred thousand persons who have to travel 

1
1
/2 to 2 hours each-way in choked trains to and from their work; a myriad scowls and distempers attending 

upon traffic as it daily snarls up at a hundred places in trying to force its way through a wholly inadequate 

circulation system ; this is the unvarnished picture of living conditions generally in which the 43 lakhs of 

population in this urbs prima have to subsist.‘ I unquote.  

This was some years ago; the situation today is no better, if not worse. What is true of Bombay is doubly true of 

Calcutta, Delhi and many other cities. Most of our cities show a picture of alternate bands of glory and garbage. 

Calcutta Metropolitan Planning Organization has prepared a basic development plan for Calcutta giving the 

present position. It describes Calcutta as, I quote, ‗A city in crisis with chronic deficits in basic utilities, 

congested and inadequate transportation, vast housing shortages and slums, soaring land prices and rents, 

administrative delays and confusion of responsibility.‘ I unquote. It goes on to say that ‗many boards, 

committees and commissions have met and deliberated on the problems of the city and issued reports calling for 

remedial action. Improvements that were subsequently made, if indeed any action was taken, were invariably 

piecemeal, sporadic and inadequate‘. 

In Delhi, the proud capital of our country, the roads are in a deplorable condition and housing shortage so acute 

that a large number of jhugi and jhopri colonies have developed in many areas of the city. The situation in 

various other towns and cities in India is no better. The deficiencies of our civic life in urban areas are indeed 

growing and over the last decade or so in spite of the three Five-Year Plans, the gap between want and 

fulfilment in this particular field has been widening. 

We may look at the urban housing situation. A study carried out by the Planning Commission two years ago 

showed that the current deficiencies of housing units in urban areas in India was of the order of 12 million 

comprising over 9 million of improvised huts, 2 million of overcrowded households and a million of over-aged. 

deteriorating dwellings. It was estimated that due to increase in urban population, the shortage may: well be 

about 25 million dwellings by 1976. In addition, there were unmeasured wants of the middle class which seeks 

to improve its living conditions. A large proportion of the present housing stock also lacks indoor toilets, 

running water and proper cooking facilities. Another study indicated that in Lucknow, 62% of the dwellings 

have more than 4 persons living in one room. In Gorakhpur, 84% of the residents had less than 50 sq ft of space 

per person. In the four largest cities, 53% to 64% of the population lives in one-room tenament, while in all the 

seven cities with over one million population, 48% have only a singleroom tenament to live in. In a survey of 

old Delhi alone, it was found that there were 1787 slum units which were unfit for human habitation on account 

for congestion, dilapidation, lack of amenities and unsuitable location. They provided shelter for about 50000 

families with over 225000 members. In Calcutta, about 28% of the population lives in improvised houses, where 

normal amenities do not exist. In Kanpur, about one-fifth of the population lives in slums and about 65% of the 

tenaments occupied by the industrial workers are considered unfit for human habitation. Over and above all this, 
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our cities have a large population of pavement dwellers. The absence of a definite policy on housing and lack of 

positive action to meet this problem has led to the continuous rise in the expansion of slums. 

Mast of the major cities in India today are unable to cope with the growing demands of basic amenities. Water 

scarcity and insanitary conditions are characteristic features of many of the metropolitan Cities. Planless, 

sporadic and disorderly development has aggravated this problem. Against the present demand of 350 million 

gallons per day, Bombay has only 210 million gallons. In Madras, the position is rather worse; it has only a 

supply of 30 million gallons per day as againt the demand of 95 million gallons. And Calcutta has 118 million 

gallons against a requirement of 325 million gallons; Bangalore has only 22 million gallons per. Day against a 

minimum demand of 75 million gallons. The position with regard to sewerage is much more unsatisfactory in 

the urban towns as this had not been provided along with water supply and sewerage lagged behind for many 

years. This is evident from the fact that against 34% of the urban population which have protected water supply 

systems, only 21% have sewerage facilities. According to the 1961 census, out of 2690 towns which exist in this 

country, only 669 towns had water supply facilities and 160 had sewerage facilities, 32 towns with a population 

of above 50000 did not have a proper water supply system. The shortage of clean water supply is mainly 

responsible for the high incidence of cholera in the country with Calcutta as the focal point of this epidemic 

disease. It has been estimated that in order to meet the current demands of water supply and sewerage in the 

urban areas, the cost would amount to roughly Rs 1000 crore and if we take into account the rise in population 

over the next two decades, then even at the present-day price level, it may require well over Rs 4000 crore to 

provide these facilities.  

Now, let us have a look at the urban transport probiem. Traffic jams on the road and peak-bour tush connected 

with journey to work are the most critical problems which are faced by our urban and metropolitan areas today. 

The Planning Commission appointed a Metropolitan Transport Team which brought out an interim report a few 

months ago. It quote from this interim report: ‗The unplanned urban expansion and the inefficiencies of the 

older parts of these metropolitan cities which remain uncorrected even today, have further brought about 

congestion in the central core of the cities and a chaotic sprawl over to the suburbs. The overcrowding of 

population in the metropolitan centres of Bombay, Calcutta, Delhi and Madras have created complex problems, 

such as air and water pollution, crowded insanitary housing, grossly inadequate urban amenities and services but 

one of the pressing problems is the poor availability of adequate safe and rapid transportation system for moving 

people and goods within the metropolitan area. The average speed with which the traffic moves on the streets is 

about 15 km per hour. The root cause of traffic congestion is that much of the inherited road network in. these 

cities with narrow widths and frequent intersections, has become obsolete in design and capacity to satisfactorily 

cater to the demands placed upon it by the present volume and type of vehicles. In Bombay and Calcutta, the 

ratio of the road area to the total area of the city is less than 12% as compared to 23% in London and 25% in 

Paris. Apart from inadequate capacities, the city roads in these metropolitan centres serve the dual purpose of 

access to abutting buildings as well as thoroughfares. Parking of vehicles and loading and unloading operations 

along the kerbs, further reduces the effectiveness of the road. Then there is the problem of encroachment on 

foot-paths along the roads by hawkers and pedlars which results in the pedestrians cluttering up the city roads, 

especially during peak hours. Bicycles, animal drawn vehicles, and hand-carts further aggravate the congestion 

and chaos on the roads. Consequently, mass transportation vehicles are restricted from performing their 

assignment satisfactorily. Substantial capital resources are needed to improve the traffic mobility of the existing 

traffic related to the present land use. There is already a proposal for constructing a system of freeways and 

cross-connectors, in the island city of Bombay at a cost of over Rs 90 crore for servicing the demands of the 

existing traffic. There are similar demands for other cities as well‘. I unquote. As many of you know, in Calcutta 

the new Dum Dum highway was constructed recently to ease the movement of traffic to the international 

airport. A part of this highway has remained incomplete for the last many years because of the inability of the 

State Government to evict a handful of settlers in Jhugis along the road. This highlights the fact that in spite of 

the urgency of the traffic problems of the cities, State Governments find it very difficult to implement 

improvement plans due to archaic legislation on land acquisition. 

What I have mentioned so far, describes very briefly and perhaps inadequately, the present physical state of our 

urban areas. I feel that anyone who takes pains to study this problem in detail, cannot escape the conclusion that 

this is perhaps one of the most urgent and pressing problems of our time. There is a considerable anti-urban 

lobby in the higher political circles, and it is difficult for Governments to allot sufficient resources for 

improvement in urban areas due to pressure from the rural lobby. There is no doubt that rural India needs certain 

improvements but I am one of those who believes that the problems of the urban India are far more pressing. 

Our urban population today is approximately 100 million out of a total population of a little over 500 million. 

Even according to the most conservative population projections. One may say that in another 20 years, that is, 

by 1988, the urban population is expected to be at least 200 million out ofa total population of nearly 750 

million. The significance of these figures needs to be carefully grasped. They indicate the magnitude of the 

problem which India faces. Two hundred million would be 23 times the urban population of India in 1961. It is 

nearly equal to the entire population of the USA and only a little less than the combined population of Great 

Britain, France, West Germany and Italy. No country in the world has had to face an urban problem of this 
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magnitude and of these colossal numbers. This increased pressure of urbanization comes upon us over and. 

above the fact that our present urban picture is in such a deplorable conditions.  

Our present cities being overcrowded the additional 100 million people will require many new Cities. Although 

many of the small towns situated at natural regional growth centres will expand, the total urban pressure 

involves the building of an equivalent of 200 new cities in the next 20 years each of the cities having a 

population of half a million — say 200 more ‗Chandigarhs‘.  

Is it possible to reduce the pressure of urbanization and contain ‗a larger number in the rural area? Even now 

over 400 million people depend on less than 158 million hectares of cultivable and fallow land available — a 

per capita land share which is one of the lowest in the world. By 1988 when the total population of India is 

nearly 750 million, this limited area of land will be required to provide livelihood for 550 million while 200 

million will strive to earn a living in the urban areas. It is doubtful if rural India can hold much larger numbers 

and, if anything, the estimate of 200 million in the urban areas may be on the low side. The biggest cause of 

migration is the ‗push factor‘ from our villages and there does not seem to be anyway to reduce this ‗push‘. 

Even if we embark upon an extensive programme of rural uplift and, of course, we must, we will be hard 

pressed to accommodate another 150 million in our rural economy. Let me add that the figures of population 

increase that I am stating here, are derived at after giving full credit to the success of our family planning 

programmes.  

It has been estimated that the provision of minimum facilities for urban life including employment potential, 

housing, infrastructure and social services costs approximately Rs 5000 per head. On this basis the additional 

100 million people will require an investment of Rs 50000 crore. This is over and above the Rs 20000 crore 

required to bring our existing Cities and towns up tothe minimum reasonable standard. 

From the economic point of view, it should not be necessary to state that economic and industrial progress of the 

country depends very largely on urban activities and if the urban environment is poor, the economic growth may 

well be expected to be sluggish. Therefore, the continued neglect of urban areas appears something like 

attempting to kill the hen that lays the golden eggs. It has been said that city is man‘s greatest work as essential 

to human civilization and that-cultural level of a country is judged by its cities. I want the members of this 

Institution to realize the great urgency of this problem. You may well ask: what are we doing about it and what 

can we do about it? 

The First Five-Year Plan emphasized the importance of housing problem vis-a-vis comprehensive physical 

planning. Towards the end of the First Five-Year Plan, the importance of comprehensive physical planning was 

more acutely felt in the context of rapid: urbanization and industrialization: The Second Five-Year Plan 

recognized that if town planning meant only expansion of housing stock in the fast changing physical pattern of 

urban settlements, there would be serious imbalances in physical growth resulting in wastage. It was, therefore, 

considered that urban housing should not be dealt with in isolation as a separate problem by itself but as a 

component of a desirable physical pattern to be evolved in consonance with economic growth. With a view to 

achieving maximum harmony between physical and economic growth, the Second Plan emphasized the study of 

three aspects: 

(i) Methods of securing planned development of urban areas; 

(ii) Expansion of housing facilities; and 

(iii) Development of civic administration on sound and progressive lines. 

It was also said in the plan document that along with the plans for various sectors of economic development 

such as agriculture, industry, transport, etc, it was also necessary to prepare physical plans based on the study of 

urban-rural regions, each region properly defined on scientific factors as areas for integrated physical planning. 

During the Second Five-Year Plan; a beginning was made on the preparation of comprehensive plans for 

metropolitan cities like Calcutta; Bombay, Kanpur, etc, and resource regions like the Damodar Valley and the 

Rajasthan Canal regions. The Delhi Master Plan, which was the first comprehensive physical plan to be 

prepared in. the country, was completed during the Second Five-Year Plan period and the Delhi Development 

Act was also passed in order to give a legal mandate to the Delhi Master Plan document which became binding 

on all agencies; both private and public, responsible for development in Delhi.  

With stresses and strains brought in the field of physical growth concomitant to the various economic 

development programmes; a more serious view was taken-in regard to urban and regional development in the 

Third Five-Year Pian. The Third Plan recognized fully, in the context of past experience, that urbanization was 

an important aspect of the process of economic and-social development. It also recognized that urban problems 

could not remain matters of mere extension of housing and service facilities but were closely interconnected 

with other vital problems of overall economic growth, migration of population from villages to towns, levels of 

living in rural and urban areas. The impact of sectoral developments of the national plan on the urban areas 

in.the location and dispersal of industries and other economic activities, civic administration, fiscal policies and 

finally the planning of land use to bring about harmonious physical growth, was seriously felt. The main 

ingredients of urban development policy in the Third Plan were: 
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(i) Dispersal of new industries; 

(ii) New industries should extend beyond the immediate environs to a larger area for whose development the 

new industry could serve as a major focal point; and  

(iii) Rural and urban components of development should be knit into a composite plan based in each case on 

schemes for strengthening economic social interdependence between towns and surrounding rural areas.  

The Third Plan also recommended preparation and implementation of development plans for State capitals, 

rapidly growing cities and industrial centres; resource regions and agro-industrial centres. Recommendations 

were also made for basic studies relating to different aspects of urban and regional planning and for evolving 

urban land policy with a view to controlling the rising land prices. 

There appeared, however, to be a considerable gap between the thinking of the planners and those responsible 

for its implementation. In the first place, urban planning and regional development did not enter organically into 

the scheme of national development. There were sectoral programmes which had their effect on the physical 

growth of urban areas but these effects were not co-related as to evolve an integrated physical plan resulting in 

optimum benefits and economy of the city. The services provided were often on ad hoc and piecemeal basis 

with the result that there were inconvenient time lagsin the of facilities provision. Physical deterioration 

continued in almost all urban spheres. Secondly, though master plans and interim development plans were made 

for some cities, their implementation was not possible as most of the States did not enact comprehensive town 

and regional planning laws in order to give effect to the various regulatory measures contemplated in these 

plans. The only notable exception was Maharashtra. As a result of this, the city and regional master plans did 

not form a part of the State Five-Year Plans and no effort was made at the State planning level to bring about 

integrated physical growth in the light of various economic activities contemplated in the Five-Year Plans. The 

recommendations for dispersal of industries remained a pious wish. One-half of all the industrial licences issued 

were for the metropolitan cities. Almost a quarter of these licences were for the cities of Calcutta and Bombay 

only. Inevitably, large cities grew larger, thereby aggravating the conditions of congestion and physical 

deterioration. Although new growth centres were developed by locating large industriesin the hinterland, no 

action was taken to integrate their growth with the surrounding rural areas. Our major steel towns remained 

urban island in the rural sea. These new towns also failedto develop any civic city life. Take the example of 

Durgapur, whichis nothing but a collection of company settlements without cven a proper town centre. 

Durgapur lacks a ‗city soul‘. Under those conditions, people living in Durgapur cannot develop a sense 

ofbelonging as all the property is owned by the various industrial companies. It 1s interesting to note that 

although Durgapur is surrounded by the rural areas, its vegetable and milk supplies come from Calcutta. 

One is, however, happy to note that in addition to the master plan for Delhi, master plans for Calcutta 

Metropolitan District and Greater Bombay and 200 other master plans for large and small towns have been 

prepared. Seventy-two planning projects were sanctioned to be taken up by the Town and Planning Departments 

of the various State Governments during the Third Plan periodfor which the Central Government gave cent 

percent financial assistance.  

It is now being generally realized that| physical planning must not confine itself to the cities and towns onlybut 

be enlarged to cover integrated economic and geographical regions. This is the only way in which a better 

balance between population and employment can be achieved. If we are not to let large cities get larger and 

want to disperse industrial development over the country-side, we must have a positive strategy to de-congest 

metropolitan areas or at least to prevent their further congestion by continuous migration from the rural or less 

prosperous urban areas. When metropolitan regional plans are prepared, several medium and small-sized towns 

within the metropolitan regions should be developed as countermagnates to deflect a portion of the migrant. 

population which otherwise would have settled in the metropolis. When regional plans are prepared for resource 

regions, new urban nuclei would be created in suitable areas where new industries could be set up. There are 

also a large number of medium and small-sized towns which can still grow. Taking advantage of a certain 

amount of built-in infrastructure which is already present, industrial development can be canalized into these 

towns. It is hoped that during the Fourth Plan period, physical regional plans would be prepared for some 

regions like the National Capital Region — an area of 5600 sq miles and an anticipated population of 12 million 

by 1981— and the South-East resource region which includes the Damodar Valley Basin, Dandakarnaya and 

Mahanadi Basin, Sone Valley and Indravati Basins —— an area of 140000 sq miles and a population of 35 

million. This area is rich in mineral resources and may be called the ‗Ruhr‘ of India. All our major steel plants 

are located in this region. Other important regions are the Central Punjab Region, Ahmedabad-Baroda-Surat 

Region, Kanpur-Lucknow Region, Coimbatore Region, Cochin Region, and so on. 

The main question which comes to every one‘s mind is that of finding financial resources for urban 

development and to fix its relative priority vis-a-vis the other developmental sectors like agriculture, irrigation, 

industry, transport, power, education, health, and soon. It is my belief that ifwe are ‗to avoid‘ attrition of social 

services, urban development is not only economically fruitful but occupies a pivotal position. Towns have 

essential services to perform as centres of commerce, transport, communications, administration, technological 

development and engineering services, industries, cultural activities, and other social services. Towns grow as 
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national economy expands and arc, in fact, an index of national prosperity. A very large part of all the money 

spent on development, is spent in the cities and towns. We want that it should be well spent within the 

framework of a national physical plan, which should complement the national economic plan. The absence of a 

physical plan has been the major weakness of our planning. If the peoploef India realized the relative 

importance of urban development to their general welfare, I have no doubt that the required funds would be 

forthcoming. Take for instance, our urban land policy. At present, the land prices are soaring higher and higher 

and most of the profits are made by speculators. Surely, a socialist society should look upen.this land as the 

biggest national asset and evolve measures to ensure that a major part of the enhanced value of land comes back 

to the national or the municipal exchequer. After all the improvement in land values has taken place as a result 

of development carried out at the expense of the community as a whole. 

Consider housing. We all know that it is the desire of every individual to own a house in his or her own town or 

village. It is said that our women have hoarded up large quantities of gold. I feel that the only benefit for which 

they would bring out this gold would be to own a house, and yet we do not have suitable housing finance 

institutions to encourage people to invest their savings, both hoarded savings and future savings, in house 

construction. Some economists fear that this would divert savings from other economic activities. I feel that it 

would bring out savings which would not come out otherwise because to a man or a woman the motivation of 

owning a house is the biggest possible incentive for saving. Let us not also forget that housing like other 

building activity has an economic multiplier factor and encourages growth of other industries. According to the 

National Buildings Organization, this factor is 2:8. I think this is an underestimate.  

Most of our municipalities are loosing money on water supply. If we mismanage such public services or fail to 

charge the people the correct economic price for the service rendered, there is no doubt that we would further 

fritter away our resources. Every municipality should see to it that all municipal services are paying concerns. 

Social services like education and health should, of course, become State subjects and not municipal subjects. 

The States are not always fair to the municipalities in the allotment of areas of taxation or the share of financial 

resources derived by the State from towns and cities. Items like sales tax, entertainment tax, part of tax on 

transport and petrol and diesel are legitimate areas for municipal finances and it is time that a review of 

municipal vis-a-vis State and Central finances was made. 

In our national plans, adequate funds should be provided for urban development but these national grants should 

act as ‗seed‘ money. If this is done, the chances of finding resources for our development would not be so grave.  

It is axiomatic that every important activity requires a proper organization. If organization and particularly 

organization at the top is wrong, everything that is done, will be wrong. The importance of urban development is 

such that we should have a Ministry of Urban Development at the Centre and in every State, a Ministry that 

should deal with regional physical planning including locational aspects of industry and social and economic 

infrastructures, housing, urban transport and water supply, etc. Such Ministries do not exist at present. At the 

regional and metropolitan levels, there should be statutory planning and development authorities with powers to 

control land use. For important municipal services like water supply and sewerage and city transport, there 

should be autonomous boards. There is also an urgent requirement for a Central Housing Board or a Housing 

Finance Corporation in addition to the State and metropolitan housing boards which would draw private savings 

for housing in addition to operating on ‗Plan‘ funds for social housing. 

I feel that such an organizational pattern and the necessary legislation to bring it into being are the essential 

prerequisites if we are to meet the challenge of the next one or two decades in the field of urban development. 

Thus, the problems of urban and regional development in India are considerable, but these are the problems that 

we all must face. It is a challenge we must accept. The matter is urgent. If we fail now, our towns would have 

deteriorated beyond the point of no return and in a quarter of a century from now, our children would be forced 

to live in Indian towns in the most appalling physical environments. 

The last two decades have been conspicuous in human history in the realm of science and technology. I wonder 

if the methods of science and technology cannot be applied to solve our urban challenge. If we can tackle the 

problems dealing with space travel and atomic energy, can we not use some of those methods to tackle the urban 

problems?  

The urban explosion will involve considerable construction work. Cannot our engineers evolve construction 

techniques which are both cheap and quick to implement? I feel that in the next decade or so, we in this country 

will have to give a very serious thought to improving our construction technology.  

Those engineers who are still in their twenties or thirties have indeed very exciting times ahead of them. They 

will play a very major role in the building up of this country. I wish them all the luck.  
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Nuclear Energy and National Prosperity 

Dr H N Sethna 

 

I am grateful to the President and the Council of the Institution of Engineers for extending to me this privilege 

of delivering the Twelfth Sir Mokshagundam Visvesvaraya Lecture. Dr Visvesvaraya, as Dewan of the old State 

of Mysore, prepared a long-term plan not only for the industrial and agricultural development of the State but 

also for the utilization of its water resources. 

In India the last two decades have seen a tremendous success of the health and medical programmes 

contributing to a considerable net increase in our population. The main problem has become the creation of an 

economycapable of catering to the ever increasing population. The base to provide these goods and services was 

almost insignificant when we became independent and to have increased it to its present level is not an 

achievement to be ignored. The advantages which accrue to the country by the setting up of industries and 

providing the necessary inputs for agriculture have however been upset by a variety of factors the most 

important being the growth of our population. This morning I have chosen to speak on how we could possibly 

meet this challenge. It involves the production of very large amounts of cheap energy and the use of this energy 

for industrial production which is tied in with agriculture in such a manner that agriculture is managed as an 

industry. 

Although India is predominently an agricultural country it has been importing food from industrialized nations 

for the last several years. The main reason for this situation has been the very low yields of when agriculture 

compared to world standards. Table 1 gives the comparative figures. 

 

Indian agriculture is mostly monsoon dependent. Whilst early or late arrival of the monsoon may spoilthe 

harvest, a deficiency in the expected rainfall may cause famine and too much rain usually causes floods. India 

could be divided into two main zones for agricultural purposes namely, those with certain rainfall like West 

Bengal, Assam the Malabar Coast the western slopes of the Western Ghats and the upper valley of the Narmada 

and those of uncertain rainfall like Uttar Pradesh, Rajasthan, a large part of Gujarat State, Madras State, South 

and West Andhra Pradesh, Mysore and some districts in Bihar and Orissa. The existence of these extensive 

zones of uncertain rainfall has been since time immemorial the cause of famines. The famine areas are not 

necessarily regions of low rainfall, but are regions with moderate and uncertain rainfall with no provisions for 

irrigation. When one looks at the total area of land in India, we have about 326 million hectares of land of which 

110 million hectares are barren and 136 million hectares are cultivated of which only about 26 million hectares 

of land have any assured water supply. Large areas could, therefore, be brought under cultivation by using 

ground water or desalted water for which nuclear power offers immense potential. 

During the past 15 years, there has been an unprecedented progress in the field of development of nuclear power 

for commercial use. The cost of nuclear power has been progressively coming down and it appears that nuclear 

power may soon become available at prices comparable to hydro-electric power. The main reason for this 

considerable reduction in the cost of nuclear power is the possibility of scaling up to large sizes of the order of 

1000 MWe or even more for single stations. Unfortunately, there are certain difficulties in adding such large 

blocks of power to the grids in India. The sizes ofmajor grids are given in Table 2.  

As can be seen the capacity of many of the girds is less than 1999 MWe and no grid at the present moment has a 

capacity of more than 2500 MWe. If we were to add a single 1000 MWe unit in one station to any of these grids 

it might be difficult to integrate such a station into the grid and to find consumers for such a large block of 

power. Moreover, if this power is to be transmitted over long distances, transmission costs will nullify the 

advantage of low energy costs. It is, therefore, necessary for the power producer to start or promote 

energyconsuming industries in the vicinity of these large blocks of power resulting in what we would call a 

nuclear powered agro-industrial complex.  
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Fig. 1 shows what could be achieved if low cost electrical energy is made available for industrial purposes. It 

indicates the elasticity in demand of power with respect to a number of processes which were considered 

recently at a study made at the Oak Ridge National Laboratory, USA. It can be seen that if power costs are 

reduced to less than 2.2 P per kWh for chemical processes energy will increasingly substitute some of the raw 

materials. To take an extreme example, power at less than 1 P per kWh could play an important role in the 

production of gasoline from coal. It power costs are in the neighbourhood of 1-2 P per kWh it could be used for 

the production of fertilizers, an industry of great importance to the country. 

 

Until 1951, India produced a very small amount of chemical fertilizer. Since then many fertilizer plants have 

been planned and installed on a priority basis. At present, there are seven plants in the public sector and four in 

the private sector with a total capacity of about 800000 tonnes of nitrogen and about 250000 tonnes of 

phosphate as P2O5. The level of fertilizer consumption in India is deplorably low and is only 16% of the world 

average (Fig 2). Assuming that India‘s fertilizers production increases as planned to 2.4 million tonnes of 

nitrogen and one million tonnes of phosphate, the per hectare consumption will still be about 30% of the world 

average. Thus, the potential for the fertilizer industry is very high and its expansion is essential for India to 

attain self-sufficiency in food production.  
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Ammonia is the main form of fixed nitrogen for fertilizer use. Ammonia production in India is based on 

naphtha, coal (or lignite), coke oven gas, natural gas and electrolysis. The older plants were based on coal and 

most of the new plants are based on naphtha or natural gas though low sulphur heavy stock (LSHS) has also 

been considered as a raw material. The only electrolysis plant of any significant size is the one at Nangal and as 

electrolysis is considered very expensive with the prevailing power tariff in the country, there is no plan at 

present to put up any plant based on electrolysis. If, however, electricity could be supplied at a very cheap rate, 

electrolysis could possible compete with alternative processes. Figs 3 and 4 show the comparison of the erected 

costs of urea plant and the cost ef production of urea respectively by the different methods mentioned earlier. 

Another important plant nutrient is phosphorus. The main source of phospahtic fertilizers is phosphate rock 

which is usually converted into a fertilizer using sulphuric acid. This process is called the wet process and has 

been utilized in the country. However, with sulphur prices increasing steadily, this process is becoming 

expensive with an almost total dependance on imports. The alternative to the wet process is the use of the 

electric furnace. It is here perhaps that low cost energy could play an important role. Studies indicate that 

phosphatic fertilizers produced by the electro-thermal process at power cost of 2.6 P per kWh can compete with 

conventional processes using sulphur at more than Rs 485 per tonne. 
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Apart from the fertilizer industry, there are other power consuming industries of greater importance to India. 

Aluminium is one of them, and it is well known that India has very large reserves of aluminium ore. The per 

capita consumption of this metal in India is negligible but the potential for its growth is very great. Aluminium 

will find increasingly large uses as a substitute for copper in electrical industries. The production of aluminium 

requires 18000 to 20000 kWh of power per tonne of ingot and about 20% of the cost of production is the cost of 

power. 

Another electrochemical industry of importance to the country is the production of electrolytic caustic soda. 

With our expanding economy, the demand for caustic soda may increase. However, in the electrolysis of brine 

for the production of caustic soda, byproduct chlorine will pose a disposal problem in the country unless use is 

found for this chemical. 

In addition to the impetus to such industries provided by cheap power, low cost energy can be very profitably 

used for improving the water resourcfeosr agriculture which is of great significance in the context of our overall 

national prosperity. Lifting of underground water for irrigation purposes and the desalination of sea water are 

within comparative economic reach with cheap power. Studies have shown that, for instance, in the western 

Indo-Gangetic plain the cost of water pumped from tubewells will be in the range of Rs 3.5 per acre-in (15 P per 

thousand gallons) at power cost of 8 P per kWh. Desalted water is more expensive, of the order of Rs 3 per 

thousand gallons and is considered economical only where there is no other source of water. Its high cost makes 

its economic utilization imperative. Minimization of evaporation losses in the distribution system is essential. It 

is to be stressed that it is the competitive cost of production of the agricultural product rather than the cost of 

water which decides the economics of desalted water for irrigation. The ability to supply water as and when 

needed from a desalination plant makes the improvement of economics of agriculture by crop rotation possible. 

Fig 5 which is the result of preliminary studies of the profitability of the crops and rotations against water 

requirements and the economics of such rotations, shows a net profit of Rs 5000 per average farm of two 

hectares at Rs 3.5 per thousand gallons of desalted water; with a three-crop rotation of hybrid maize-potato-

groundnut. The quantum of profits will naturally vary with locations, but the figures are indicative of the 

advantages of the availability of desalted water where there are no other sources of water. The Government of 

India, keenly aware of the potential of agro-industrial complexes based on nuclear power, constituted a working 

group consisting of scientists and engineers from the Bhabha Atomic Research Centre and representatives from 

official and non-official organizations to study the probable locations for such complexes and their economic 

implications. The study group has reported on two typical areas in India, the Kutch-Saurashtra area and the 

Western Indo-Gangetic plain.  

 

Kutch and North Western Saurashtra are arid regions and acute scarcity of water from conventional sources 

makes the setting up of an agro-industrial complex based on desalted water for agriculture extremely relevant in 

this part of the country. The existence of a port at Kandla adds to the advantages, both for import of raw 

materials like rock phosphate and for the export of any products from the area and the coastal shipment of 

fertilizers to other parts of the country. In the Uttar Pradesh area the land is plain and the soils are deficient in 
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nitrogen. Large stretches of land are not cultivated due to development of salinity and alkalinity for want of 

adequate water for reclamation. If adequate water, power and fertilizers were available, this land could be 

reclaimed and made available for producing crops. 

The study group has brought out interesting findings regarding the economic viability of agro-industrial 

complexes based on nuclear power of about 1000-1200 MWe in these two areas. In the Kutch-Saurashtra area a 

nuclear powered agro-industrial complex producing 470000 tonnes per year fixed nitrogen and 331000 tonnes 

per year P2O5; along with 55000 tonnes per year of aluminium and 150 million gallons water per day from a 

desalination plant would require an investment of about Rs 600 crore (Table 3). The return on the investment on 

the industrial portion would be about Rs 71 crore. The desalted water would provide for additional food 

production of 192000 tonnes of maize, 390000 tonnes of potato and 46 400 tonnes of groundnut (Table 4). The 

foodgrains produced would meet the requirements of 1 million people with the potato and groundnut available 

to supplement food intake substantially. Income from the farm sector will be about Rs 14 crore. The industrial 

complex visualized inthe Western Indo-Gangetic plain requires an investment of Rs 430 crore for production of 

636000 tonnes per year of plant nutrient, 50000 tonnes per year of aluminium and enough power to energise 

tubewells for assured irrigation of 720000 hectares (Table 5). Additional foods produced would be 4.5 million 

tonnes of cereals and 700000 tonnes of pulses enough to meet the requirements of 22.5 million people. The 

income from the industrial portion is estimated at Rs 57 crore and the farm portion Rs 213 crore (Table 6). 

    

    

The fertilizer produced in these projects will require to be transported to other parts of India either by coastal 

shipping or by surface route. The capital costs mentioned do not provide for the investment on additional 

facilities like transport, storage, etc. Similarly the food produced will not be fully consumed in the immediate 

vicinity and will require to be transported.  

It is clear that an agro-industrial complex producing cheap power has very obvious contributions to make to the 

national economy and to the overall prosperity of the nation. Such a concept frees the complex from the 

limitations on the size of the power station imposed by the size of the grid. Progressively larger desalination 

plants decrease the cost of the water and energy cost also decreases with the size of the power station. The 

increasing cost of fossil fuels and the cost of transportation of coal over long distances, as in India, tend to make 

nuclear power competitive especially in larger size plants. Fig 6 shows the energy generation costs for various 

nuclear reactor sizes of the Candu type and for coal fired power stations. It can be seen that for a 1000 to 1200 
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MWe station nuclear power costs 2.8-2.6 P per kWh as compared with 3.2 P per kWh from a coal fired station 

at a very low coal price of Rs 20 per tonne equivalent to Re 1 per million B Th U. 

 

A 1000-1200 MWe nuclear power station may consist of two units of 500-600 MWe reactors of a larger number 

of smaller units with a capacity down to 200 MWe. Apart from the cost of generation the ability to fabricate and 

handle the various components of such a power station governs the choice of the unit size. For instance, the 

rotor of a 600 MWe turbo alternator weighs about 280 tonnes and has to be transported and handled im one 

piece. The Calandria of a 600 MWe Candu type nuclear reactor is 28 ft in diameter and weighs about 100 

tonnes. Until the limitations on the capacity to transport and handle such large components of considerable 

weight are removed in a developing country like India the choice may be restricted to power stations of units 

smaller than 600 MWe. A larger number of small size units are less economical but enable better scheduling of 

fuel change and maintenance and above all the scheduling of the maximum utilization of power that is 

produced. Failure of any one unit will not result in very serious consequences at the consumer end.  

Under Indian conditions the choice of reactor types is restricted to natural uranium heavy water moderated 

thermal reactors, plutonium based fast breeders and molten salt breeder reactors breeding uranium 233 and 

thorium of which India has large reserves. The heavy water reactors can be designed for on-load charge and 

discharge of fuel thereby reducing down-time whereas the fast breeders will require reactor shut down for a fuel 

change. The molten salt breeders do not have the problem of fuel change or for that matter fuel fabrication as the 

fuel is dissolved in a molten salt and is kept in circulation for heat removal and reprocessing and hence have a 

distinct advantage of a higher load factor. Another aspect would be the comparative sizes of the components of 

the different reactors. The heavy water reactors have large and heavy calandria vessels as against the compact 

reactor vessels for the other two concepts. A third factor would be the efficiency of utilization of the limited 

uranium resources of the country. 

Table 7 shows that the Molten Salt Breeder Reactor concept has the lowest capital cost and also generates power 

at the lowest cost per kWh. The concept is further attractive to Indian conditions on account of the potential for 

utilization of the resources of thorium available in this country. These figures in Table 7 are essentially 

indicative as they survey both reactors which are in operation and those which are essentially concepts. As is 

often said the proposal about which the least is known apears the most attractive and this may very well apply to 

the molten salt breeder concept and to some extent to the fast breeder reactors. The technology of fast reactors is 

promising but is not fully developed. The technology with respect to the molten salt breeder reactors is in an 

even less advanced stage of development than the fast breeders and the uncertainties regarding the stability of 

graphite, irradiation damage to reactor components and breeding ratios remain to be resolved. 
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The setting up of agro-industrial complexes of this size discussed so far presuppose the ability to invest large 

sums of money of the order of Rs 600-800 crore over a short period of time, say, 5-10 years for the nuclear 

station and for the simultaneous development of industry, to consume the power. The cost of power would not 

be attractive unless the capacity to consume the power produced is developed concurrently. Both these aspects 

of the ability to find the resources and the capacity to utilize power govern the decision regarding the size of 

reactor units. In the case of heavy water based thermal reactors and fast reactors, size is of considerable 

importance as the cost of generation decreases rapidly with increase in size. Further, in the case of fast reactors, 

due to the necessity for a shut down for fuel change the gtid has to be firm and of a suitable size to be able to 

meet the requirements of the industry during the shut down period. In the early concepts of the molten salt 

breeders the possibility of a modular set up consisting of a larger number of reactors of smaller size (say 250 

MWe) operating in parallel was visualized. Such a scheme will permit the development of the complex in stages 

commensurate with financial resources. But in the recent conceptual modifications to this reactor system 

necessitated by technological considerations, the smaller viable unit size appears to be 600 MWe. 

It is difficult to predict at this stage when we will be ready to realize the full advantages of low cost nuclear 

power. Endless discussions will take us nowhere nor is the invitation of foreign experts the solution. 

Constructive thinking for expeditious execution is the need of the hour. The effort and the resources have to 

come from within the country; only then we can progress with a sense of achievement. We already have the 

scientific and technological base for handling such a project; the industrial infrastructure has been created; it 

now involves taking the financial and physical steps to bring it to reality. Nuclear power is here to stay and 

promises to be the main path for our survival as a viable entity among the nations of the world not only because 

of its promise as a cheap source of energy but also because it is a field in which one has to excel and innovate 

continuously. The purpose of this lecture will be served if it has created an awareness in the audience of the 

potentialities of nuclear power and the problems in its development in India. The scientists and engineers in 

India have a great responsibility as well as unlimited opportunities in this area of national reconstruction and the 

Institution of Engineers can foster in its members the spirit of dedication and adventure characteristic of Dr 

Visvesvaraya which is needed for the fruition of the spirations of our people. 
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Industrial Engineering in India 

Shri S L Kirloskar  

 

WHO IS AN INDUSTRIAL ENGINEER? 

Since the Second World War a class of young engineers is rapidly coming up — very energetic, devoted and. 

throbbing with boundless zeal to shoot troubles in Indian industry and in many other spheres of activity. They 

bring to bear on their job an interdisciplinary approach. Some of them are not even engineers from formal 

training. They could be statisticians, mathematicians, economists or even sociologists. But before they begin to 

work as industrial engineers, they are exposed to a multidimensional approach of human problems. Also, since 

the Second World War the whole mystique has grown up along with the profession of industrial engineering. 

Learned journals have come up and have proliferated attacking scores of both old and emerging problems with 

confidence and ease that must have come from the expert use of several disciplines and devices like 

mathematics, statistics, economics and, of course, the computer. Industrial engineering has almost developed 

now into a ‗science‘ at a staggering pace.  

These engineers have been helping many a new unit with their ideas on production, planning, inventory control, 

forecasting, sampling, market research, quality control, linear programming, simulation, choice and techniques, 

material handling, computer systems and many others. It is worth to note that in many cases the results of the 

expert assistance are seen in cost and waste reduction and thus improve profitability. 

WHAT IS INDUSTRIAL ENGINEERING? 

Industrial Engineering is something more and something different from all the various disciplines added up. 

Where does the difference lie? It lies mainlyin the fact that an industrial engineer is basically an innovator. 

‗Being so, he is almost continually in an experimental mood. He is not ruled by dogma. True, all the various 

disciplines are an aid to us. But he is not their victim. He must therefore both adapt his advice and actions to 

social and economic conditions or local situations and also try, whenever possible, to use these conditions to 

help him achieve a long range goal. In short, he must be a person who is ready to make compromises with 

shifting economic situations. While industrial engineering in this sense probably began with the Industrial 

Revolution itself, the academic science of industrial engineering grew up mostly since the Second World War. 

And a newly acquired science is very much like a newly acquired toy in the hands of a child. A child has a urge 

to show it, use it and sport it almost every hour of its waking moment. Thus, many of our industrial engineers 

have in practice been more compulsive and enthusiastic than discreet in their use of newly acquired technique. 

CAUTION 

The first point of caution is that an industrial engineer should not make it a point of honour and prestige to sell 

his craft irrespective of whether it is needed. In other words, he must have a sense of proportion and must weigh 

the gains against the upset which they might cause. The second caution is that industrial engineer must always 

remember that the application of a technique necessarily presupposes measure of adaptation to a given situation. 

Lord Keynes once remarked that ‗the theory of economics is not a body of settled conclusions immediately 

applicable to policy. It is a method rather than a doctrine, an apparatus of the mind, a technique of thinking 

which may help its possessor to draw correct conclusions‘. Most of the new techniques of industrial engineering 

were devised in response to the néeds of the western culture and industry. Most of the western communities, 

besides being affluent in the economic sense, are as a rule richer in capital and entrepreneurial skills than in 

labour. A technique of industrial management based on the fact of this relative factor endowment in the west, 

must be handled with the utmost caution while using it in a country like India where the factor endowment is 

just the opposite. The results are often ludicrous and sometimes disastrous — especially where the management 

itself is more ‗academic in its approach than the engineers it retains for advice‘. 

The point driven at is thus two-fold. Firstly, many of our industrial engineers have often seemed unaware of the 

limitations, especially in this country, of the use of their borrowed lore. As a result they have often encountered 

resistance from a more matured and experienced management to which they have tried to sell some of the 

sophisticated techniques. Secondly, where business is new and its management is in the hands of the unwary or 

the inexperienced, a wholesale use of the new techniques has spelled trouble, and sometimes even disaster. The 

third caution, therefore, is that the industrial engineers must always have their ears to the ground and must 

always maintain a sense of relevance when they tender their advice. For example, since the outbreak of the 

Second World War, through the forties and fifties, until about 1965, we had a seller‘s market in the country. 

Production and ever greater production of a wide variety of goods and services was the need of this long period 

— and sometimes even production at any cost. May be, such situations will repeat themselves in the future. An 

industrial engineer ought to know that during such exigencies when certain goods must be had no matter what, 

his services and expertise will be valued only in terms of what methods and techniques be prescribed for getting 
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the maximum production out of given and seemingly restricted resources. Clearly, his prescription must be 

oriented to greater production, not to the lowering of its cost. This caution is bound to sound rather odd, since it 

goes against the grain of an ‗ideal‘ entrepreneur who is pictured as a fellow who is constantly cutting down his 

costs of production. The picture of course is not wrong; but it is seriously incomplete. Costs are no doubt one of 

the parameters of an entrepreneur‘s actions. But so are many other things like price, demand, supply, 

government‘s monetary and fiscal policies which keep on changing from year to year. Through the whole maze 

of these things, some of which he can control and some of which he cannot, an entrepreneur tries to maximize 

his profits. 

The last point of caution is that there are areas in which one attempt to use these techniques will be misplaced. 

Before our professional engineers begin to look out for the possible areas for the practice of their craft, they first 

acquaint themselves with some of the inherent limitations which prevent these areas from benefitting from their 

expert advice. The whole structure of our Government Civil Service which, it is often urged, would have done 

better if only it had been subjected to the kind of scrutiny and orientation that a private business firm is often 

subjected at the hands of these consultants. All human activity which is consciously directed to specific goal is 

capable of being done in a better way. So there is nothing unusual about industrial engineers being anxious to 

improve the performance of our Government administration and of the industrial concerns owned and managed 

by Governments. All the more so, indeed, because the performance of the government industries over the past 

several years has been one of the disturbing signs of weakness of Indian economy and since Government 

industry is ultimately controlled by the civil service, there can be nothing more natural than to want to improve 

its operations. When our Government decided to plan the Indian people out of poverty, it naturally needed a 

machinery and apparatus for executing its Five-Year Plans. For this it turned to our.inherited civil service. As 

regards our civil service, Delhi is still very closely modelled on White Hall. This means that our civil service has 

long been brought up very carefully on the principles of precedents and procedures. And men who are brought 

up in this tradition cannot be trusted to make decisions of their own and follow them through — which is the 

essence of business operation. It is irrelevant how clever and competent the members of this cadre are, when 

they are given charge of an enterprise which must be run on commercial principles they find it something 

beyond their ken. 

CONCLUSIONS 

‗Red tape‘ is one of the most indispensable adjuncts of bureaucracy in a democratic government. Remove the 

red tape and you will almost certainly have paralysed any orderly government and chaos would result. This 

should not be understood to be a defence of indolence. The point is that in a democratic society, its civil service 

must act in terms of precedents and procedures and the measure of red tape is therefore both necessary and 

inevitable in this scheme of things.  

There can therefore be no question of orienting the civil service to the methods of business and industry by 

exposing its member to the use of techniques of industrial engineering. The two are mutually incompatible. This 

is not said to discourage the young engineering consultants but to save them from a frustrating experience nor 

should the remarks be taken to mean the main purpose of downgrading the civil service from its members. At a 

rough guess more than half of them represent the best talent that India has. There is little doubt that all of them 

will individually benefit from the knowledge of industrial engineering methods. The point is that so long as they 

remain members of that SYSTEM which is based on precedents and procedures they cannot USE that 

knowledge in their respective fields of authority.  
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Science, Technology and Policy 

Shri U N Mahida 

 

I am deeply grateful to the President and the Council of the Institution of Engineers (India) for giving me the 

privilege of delivering the Sir Mokshagundam Visvesvaraya Lecture this year. I can add but little to the homage 

paidto this great man from this platform and elsewhere throughout the country by prominent individuals, 

institutions and governments of the country. I had the good fortune, early in life, to know him at close quarters, 

when he was Chairman of the Irrigation Inquiry Committee of the Bombay State. Soon thereafter he very kindly 

selected me to serve as Secretary to the Committee on ‗Irrigation and River Training of the National Planning 

Committee‘. Like many other engineers in this country, I owe much to the guidance and training I received 

while working under him. During his lifetime Sir M Visvesvaraya was a beacon light to engineers, a guide to 

industrialists and a wise counsellor amongst statesmen. After his passing away his achievements continue to be 

a constant source of inspiration to all those striving to make their contribution towards progress in this country. 

Progress is a new concept, at least in its modern and material sense. The idea of progress, of moving forward 

towards greater achievements in the supployf goods and services has been closely associated with the growing 

influence of science and technology. Under their joint influence, society is changing profoundly establishing 

new goals widely different fron the static orientations of earlier generations. 

As the interaction of science and technology increases, progress anid development proceed at a more rapid rate. 

This situation calls for a better understanding of the role of science and technology and a closer cooperation 

between political leadership, scientisatnsd technologists for the purposes of achieving progress and prosperity of 

mankind at a highly accelerated rate, by the transformation of subsistence level economy to a healthy industrial 

society. It is for drawing attention to this need for understanding, joint endeavour and closer cooperation that I 

have chosen to speak to you today on the subject of ‗Science, Technology and Policy‘. 

DEVELOPMENT OF SCIENCE 

At the earliest stages of organized human existence, man hit upon the substitution of the power of his muscles 

by external sources of power as a means of more comfortable living. Human muscle-power was first 

supplemented by use of animal power. Later, wind power and water power were successfully utilized. After 

millenniums these efforts have culminated in the ushering of what may be termed ‗the technical age‘. The 

modern phase of human life variously referred to as the ‗age of machine‘, the ‗industrial revolution‘, is in effect 

the revolution brought about by the controlled application of power in all creative processes, by harnessing and 

exploiting the many sources of energy in nature. The wheel as a machine was known ages ago, but the invention 

and introduction of the steam engine some 200 years ago was the beginning of a new era. The so called 

‗Industrial Revolution‘ was brought about not so much by the intensification of the use of the machine as by the 

controlled application of power derived from natural resources. It was at this stage that man really succeeded in 

using natural energy sources to supply mechanical power in a controlled manner. Power came under his will and 

conimand to be stored, used, transferred and transmitted. This transformed different aspects of human endeavour 

and existence. In bringing about this transformation, progress was achieved slowly and spasmodically. 

Science as understood nowadays as a systematic and correlated body of knowledge, with an intricate theoretical 

basis and possessing means of practical ‗verification by experimentation, had its beginning only‘ some 350 

years ago. For acknowledging the achievements of the past ages, we may put this differently and say that 

science was ‗re-discovered in the 17th century. Then onwards the march‘ of science has progressed at a 

continuously accelerated pace. If we compare its: present accomplishments with the amount of knowledge 

contributed by science in antiquity and in the middle ages, we will find that science has followed the exponential 

law of biological growth. It is observed that the average increment of scientific knowledge at any given time has 

been approximately proportional to the total amount of scientific knowledge available at the time. Scientific 

development was very slow during the early stages of man‘s history, when the body of the available scientific 

knowledge itself was small. But such development has been proceeding at an extremely faster rate as the 

accumulation of knowledge increased. Extrapolating the trend of scientific development, one may conclude that 

science will continue to grow at this rather explosive rate and that it will advance more rapidly in the 

forthcoming decade than in the previous one. While there would be little justification in asuming that this trend 

will last indefinitely, there are no signs to suggest that a state of saturation is approaching. 

INFLUENCE OF SCIENCE 

The deliberate and systematic application of science for ‗practical purposes has had its beginning only over a 

hundred years ago. Since then science came to be re ferred to as ‗pure science‘ and ‗applied science‘. It is not 

necessary here to go into the distinction between what is usually referred to as ‗pure science‘ and ‗applied‘ or 

‗developmental‘ science. It is enough to add that one distinctive feature of the developmental science is its rapid 

transformation into technology. Just as thereis no sharp division between ‗basic or pure‘ and ‗applied or 



  

The Fourteenth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Fifty-first Annual Convention, Chandigarh, February 13, 1971 

 

 

 The Institution of Engineers (India) 
 

160 

development‘ science, there is no sharp dividing line between developmental science and technology. 

Technology in its widest sense may be referred to as a systematic assemblage of processes, devices and methods 

for the achievement of human aims in any material field by application of science. In other words, it represents 

man‘s overall effort to harness the advancesin scientific knowledge to secure material ends. Progress in 

technology is influenced by advances in science. 

IMPACT OF TECHNOLOGY 

While in early times progress was very slow, modern technology is moving forward with an ever-increasing 

speed. Uptil the end of the last century, generations used to pass before any marked changes in man-made 

environment were observable. Whereas nowadays radical changes are occurring within a life‘s span. As a result 

of advancement in technology, there is a remarkable narrowing of the time interval between the scientific 

discoveries and their application. This is being achieved by the continuous interaction of science and the closer 

their technology interaction, the more rapid is the progress. 

Science and technology are no longer some isolated aspects of human activity but serve as essential instruments 

for accomplishing the aims of a society. In the modern industrial society, the decisions of scientists and 

engineers do not merely affect the methods and quantum of production. They are inescapable social decisions 

affecting the routines and satisfactions not only of men at work on the machine and in mines, in industry and 

commerce, but also the health and happiness of all mankind. In their larger reaches they transform man-made 

environment and shape the very organisation of the economy and society. Science and technology are advancing 

the clock of civilisation at an every-increasing rate. The political significance of advancesin science and 

technology expands steadily. This situation requires the exploration of the entire range of their ‗perspectives, 

concerns and aspirations‘.  

STATUS OF SCIENTISTS AND TECHNOLOGISTS 

If science is so vital to modern society and if scientists control the development of science and technology, its 

application, what part do scientists and technologists, as individuals, play in the shaping of decisions that 

regulate society? Are they becoming the elite of our society, or is their role metely one of functioning as tools of 

those wielding power and authority by their control over political and administrative machinery? Such 

explorations may ceed on two different fronts the position of scientists and technologists in society in general 

and the status of technologistsin government, in administrations and other decision making processes that 

regulate society. Here it would be pertinent to emphasise that just as the possession of abilities and skills 

critically needed for solution of difficult problems of national development, enjoyment of public prestige is also 

a valuable asset leading the success. Prestige and status are not empty symbols; they inspire confidence and 

generate initiative. 

LACK OF INFORMATION 

In dealing with the question of position and status of technologists in society, one finds in this country, general 

ambivalence and ignorance of the public concerning scientific discoveries and technological developments. 

What the public learns of science and technology is mostly related to ‗spectaculars.‘ It is unfortunate that it is 

only the technological ‗spectaculars‘ which the public at large and very often the press, tend to use as do sole 

measuroef scientific as well as technological prowess. The innate power of science and technology to bring to 

the masses, health and comfort, prosperity and contentment is rarely appreciated. Coupled with doubts and 

uncertainties as to the ultimate effects of science and achievements of technology is a gross lack of information 

about the actual performance of the group of men engaged in this activity and the conditions in which they 

work. Only on rare occasions, sensational achievements of some scientists or engineer strike the headlines, 

Normally even most sincere efforts would experience difficulties in naming distinguished scientists and 

technologists for their achievements or for their suitability for a particular national programme. Very recently, 

one Union Cabinet Minister struggled in vain for obtaining a panel of names of competent technologists for 

heading some of his crucial developmental schemes. In spite of his sincere efforts, he got little information and 

assistance from sources normally expected to help in such matters. Such lacuna not only deprives the scientists 

and technologists of their fair share of national prestige but prevents the nation from utilizing the talents of 

competent personnel in solution of major developmental problems. 

There is woeful lack of literature on the impact of technology on society and politics — literature about changes 

technology is continually bringing about in social, economic and cultural realtionships. There are no full-scale 

studies on the subject. There are journals of professional institutions and the very learned journal ‗Science and 

Culture‘ published by Indian Science News Association, Calcutta, but their appeal is limited and circulation 

confined mainly to participants in science and technology. Though since independence the steady invasion of 

technology on all fronts is transforming the very basis of economic life and is inexorably regulating employment 

potential, it is lamentable that current economic literature has little to say about the impact of technology on the 

economic system though lately there has been a grudging acknowledgment of such impact. Absence of literature 

on the impact of technology on politics is acting as an impediment to the bridging of the gap between science 

and policy. 
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Little interest in scientific affairs is shown by the general press. Science columns in reputed papers are rare and 

always seem very meagre compared to other features. Science commentators enjoy little popularity. Little 

interest is shown in reporting of discussions on scientific and technical subjects in legislatures. 

EMERGENCE OF ADMINISTRATIVE STATE 

Coming to the next question of position of scientists and technologists in decision-making positions, in 

administration and in determination of policy, the conditions in this country are deplorable. True it is that we 

have a democratic form of government and that all men are guaranteed equal opportunities, that power rests 

with the people andis exercised on their behalf by the political leaders. These are very ennobling principles of 

political philosophy. In practice, we are really governed, controlled and directed by what may be called an 

‗Administrative State‘, by a form of government where the essence of power — the power of sanction and 

refusal — is to be found within the executive branch. Masses have not fully realized the dominance of 

‗Administration‘, the phenomenal growth of ‗Secretariate‘ power. Impatient to realize the blessings of 

independence and democracy, they loudly blame their policital leaders for inactivities and lapses for which the 

leaders are not responsible. Legislatures function, politicians thunder, Parliament enacts laws, court dispense 

justice. But the centre of gravity of power has slipped ever increasingly and perhaps irreversibly towards public 

administration. The change has not happened in a vacuum nor is it the result of some Machiavellian conspiracies 

of interested service class. It is the result of what has been referred to as the ‗felt necessities‘ of modern times. 

The modern state is not what it was only a generation back. The concept of welfare state has widened the scope 

of governmental activities to a degree unthought of in the past.  

Woodrow Wilson grouped states‘ functions in two categories: (i) the ‗Constituent‘ functionansd, (ii) the 

‗Ministrant‘. Under the ‗Constituent‘ he included the protections of life, liberty and property, together with all 

other functions that are necessary to the civic organisation of the society. These ‗Constituent‘ functions are not 

optional with government and are the very bonds of society. But the other functions, what he termed as 

‗Ministrant‘, are undertaken not by way of governing but by way of advancing the general interest of society. 

The concept of welfare state has brought the greatest changes in government in the functions that Wilson termed 

‗optional‘. This expansion of functions of the state has basically altred the nature and scope of duties of the 

public officials. Government now does, whatever experience permits or the times demand, with the result that 

civilized social life and modern states require more and better government than less and less. With this 

development, it is inevitable that the delegation of power from the political authority to bureaucracy has to be on 

a vast scale. The result is that all important decisions on the normal functions of government and even on 

developmental programmes have, almost always, to be formulated within the administrative branch of 

government. The quality of output from this branch can only be as good or as bad as the composition of the 

administration. 

STAGNATION IN ADMINISTRATION 

Even after the willing acceptance of the concept of welfare state as a guiding principle of government and the 

adoption of the policy of rapid industrialisation by harnessing the forces generated by advancement in science 

and technology, the complexion of this ‗Administration‘ has not altered inspite of the immense transformation 

in functions of the state. This stagnation fails to take account of the vast changes brought about by technical 

advancement. Even 20 years after freedom, the essential character of the administration persists in stabilising its 

pattern evolved for a colonial administration wholly unadjusted to present day requirements and ill-adapted to 

needs of the country struggling to achieve a better standard of living for its teeming millions through technical 

advancement. No effective measures have been adopted to change the ancient pattern. That a transformation is 

necessary, is apparent from the pronouncements of politicians, leaders of public opinion and successive Prime 

Ministers. Yet not only does the 189 pattern persist, but its sphere of activities, domination and control is 

extending even to fields deliberately reserved for scientists and technologists in the past.  

In the period of a generation since independence, there has been a massive shift in the functional responsibilities 

of the state; witness the phenomenal expansion of the public sectors of our nation, the growth of Public 

Undertakings. Twenty years ago, few politicians in this country would have assigned to the secretarial and 

bureaus in New Delhi the direct task of accelerating the rate of technological innovation or establishing 

priorities in the industrial fields. But today with comprehensive planning, social control of business and state-

regulated economy, these very agencies dominate all facets of public life in the name of administration. 

SENSE OF FRUSTRATION 

In the absence of a reorganization to suit the modern needs and with the ill-conceived and retrograde trend in the 

opposite direction, of enlargement of the sway of a single service manned by generalists, the present system is 

acting as a stranglehold on the different services and is giving rise to a sense of frustration and pessimism, 

specially in the personnel of the scientific and technical departments. While science and technology are 

functioning as the principal instruments of change and progreasnsd form the very fabric of life, of economic 

development, of health and prosperity and of national security itself, even senior scientists and technologists are 

not only being subordinated to amateur generalists but ate being gradually removed from administrative and 

other key positions they continuously held in the past, under the pretext of administrative efficiency. It is not 
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that senior government engineers alone are the sufferers. The positions of heads of departments as distinct from 

‗Secretariate‘ posts are now being manned by comparatively junior generalists. Even the posts of Directors of 

Education are being filled by men who have done nothing else beyond the collection of revenue and 

maintenance of law and order. In our government, administrators are regarded as persons endowed with the 

special ability to make decision, while in fact it is only the vesting of power in these persons that facilitates their 

decision-making. Such decisions represent mere exercise of authority. There is nothing in the intellectual 

equipment of the ordinary administrator to make him knowledgeable about the many problems brdught before 

him for decision. Just because a person belongs to a particular service class, it is assumed that inspite of his 

ignorance of methods, processes and complexities involved in the question on which he is called upon to decide, 

he possesses certain facilities and abilities that enable him to decide correctly. What these qualities arein a 

young administrator is never defined; the generalist‘s position is defended by equally vague generalizations. 

Thus, with no exclusive knowledge and special qualifications for the job of decision-making, the generalists‘ 

only special contribution to decision-making is the exercise of authority and in doing this, not a few exhibit 

themselves as vendors of trite phrases employed to make a decision look respectable. ‗But let us condemn the 

fault and not the actor of it. 

SCIENTISTS‘ POSITION IN ADVANCED COUNTRIES 

Compared to the conditions obtaining in India, the position of scientists and technologists in decisionmaking 

positions, in policy making and in administra tion in general is quite different. It would be instructive to review 

the conditions prevailing in the two most powerful nations of the world, the USA and the USSR particularly as 

their present eminence in world affairs has been the result of the phenomenal advance both countries have made 

in the field of science and technology. Both the countries entirely rely on advancement in science and 

technology for maintaining their supremacy among the world powers. This selection for our comparative study 

is all the more appropriate, as in our endeavour to secure economic self-sufficiency by development of our 

natural resources, we are continually seeking not only financial aid but technological guidance in very large 

measures. If we seek to be guided by the borrowed technologies, would it not be desirable for us to study and 

adopt, wherever possible and advantageous, the organizational methods and institutions that have enabled these 

two nations in recent years to achieve the phenomenal advance in their technologies? True, alien institutions 

cannot be transported but they certainly can serve as a model. 

RECENT TRENDS IN THE USA 

Coming first to the conditions obtaining in the USA, one would be impressed by the remarkable reorientation in 

the defining of the relative positions of generalists and technologists in government particularly since the days 

of the Second World War and the period immediately following. Advances in science and technology normally 

influence economic development but the impact of the phenomenal developments in recent years, while 

vanizing the whole society, has also influenced political developments and induced changes in the 

administrative set-up. Along with the growth of science in the United States has come an increased involvement 

of scientists and engineers in the decision-making process and in administration in general. In administration 

their advancement is not blocked by career bureaucracy. A number of scientists and technologihsatvse in fact 

risen to top management positions both in the executive departments and specialized agencies. 

The multiplicity and extensiveness of governmental tasks at decision-making level now undertaken by scientists 

and technologists signify a near revolution in the relationship between science, technology and government. 

Those who wield political power have come to recognize that this class of persons do have access to esoteric 

body of knowledge and that to a large extent the well-being of the nation depends upon that type of Knowledge. 

Such knoweldge, because of its capacity to change the reality of men‘s physical and social world, quite 

legitimately constitutes the principal claims of scientists and technologists for a place in the policymaking 

mechanism.  

In recent years scientists and engineers, while certainly rare among those in high ‗political‘ office, have secured 

numerous positions in civil service. They function as bureau chiefs in the civil service departments, occupying 

positions of ‗administrative continuity and bureaurcratic power‘ in Washington. It may be clarified here that 

scientists and engineers who bocome bureau chiefs do the work that in India would be done by very senior 

members of the Indian Administrative Service. A recent study encompassing 63 bureau chiefs showed that nine-

of them had advanced degrees in. natural sciences, and 17 others had been: trained as engineers or technologists. 

Compared to these positions occupied by men from various brancheosf technology, there were just nine 

economists, eight men with legal training and only 20 from miscellaneous administrative or business careers. 

Quite apart from these positions of bureau chiefs, there are other top career positions, the so called ‗super 

grades‘ held by scientists and engineers. These are added to the regular civil service grades to let the 

government compete for scarce talent, because of the need to attract from the private sector capable scientists 

and engineers into government departments and administrations. 

 

 



The Fourteenth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Fifty-first Annual Convention, Chandigarh, February 13, 1971 
  

 

 

The Institution of Engineers (India)  
 

163 

US PRESIDENT‘S SCIENCE ADVISERS 

Amongst the different developments that have culminated in the redefining of the status and position of 

scientists and technologists in administration and in policy making, the one innovation concerning the 

President‘s appointment of his own science advisers deserves special mention. These science advisers do not 

restrict themselves to science policy, but on the contrary function as active moulders of domestic policy, 

security policy and foreign policy. They are concerned with policy where they believe scientific factors have 

relevance. 

PRESIDENT‘S SPECIAL ASSISTANT 

A full-time post, within the Executive Office at White House, of the Special Assistant for Science and 

Technology was created with a view directly to advise and serve the President in all matters of national policy 

with scientifaincd technical implications. Initiated by President Eisenhower with the appointment of the 

engineer Dr James R Killian of the Massachusetts Institute of Technology as its first incumbent, the 

arrangement has been continued by successive Presidents. With this appointment, science is incorporated into 

the inner sanctum of Presidential decision-making. The Special Assistant has received an extremely broad 

mandate and in effect serves as the President‘s special adviser on all policies having a scientific bearing. He may 

attend meetings of the Natiorfal Security Council and the Cabinet and is normally consulted before the 

nomination of any official assigned to important responsibilities in the direction of the scientific and technical 

enterprise. He can communicate his advice and recommendations directly to the President. 

PRESIDENT‘S SCIENCE ADVISORY COMMITTEE 

The creation of the post of Special Assistant to the President for science and technology was immediately 

followed by that of the President‘s Science Advisory Committee (PSAC). The PSAC consists of 18 eminent 

scientists and engineers nominated by the President for three years. The Committee is presided over by the 

Special Assistant. PSAC is not just a Committee of specialists called upon occasionally to give expert advice. It 

is a policy-making body, responsible for analyzing the relations between science and technology on the .one 

hand and possible government action on the other. The PSAC advises the President directly on a wide range of 

issues and. frequently takes the initiative in identifying problems and presenting new proposals to the President.  

FEDERAL COUNCIL FOR SCIENCE AND TECHNOLOGY 

Another body, the Federal Council for Science and Technology (FCST) representing the Administration was 

established by executive order to supplement the activities of PSAC. The Federal Council consists of the senior 

government officials responsible for scientific and technological activities at the policy level in their respective 

agencies. As some of the federal agencies had no posts of this type, new posts of this kind were specially created 

in the Department like Commerce, Defence, the Interior, Agriculture and Health, Education and Welfare. Thus 

composed of high level government personnel, the Council considers problems of science and technology that 

cut across the missions of federal agencies. The Federal Council functions under the Chairmanship of the 

President‘s Special Assistant for Science and Technology who thus forms the link between the President on the 

one side and FCST and PSAC on the other. 

OFFICE OF SCIENCE AND TECHNOLOGY 

An Office of Science and Technology (OST) was established as an independent unit in ‗the Executive Office of 

the President. Created in 1962, this ‗Office‘ as distinct from the ‗Committee‘ (PSAC) and the ‗Council‘ (FCST) 

gives institutional form to the personal team forméd around the Special Assistant. Its creation meets an 

administrative as well as a political need. The Special Assistant functions as the Director of the OST and 

remains on the White House staff as a personal adviser to the President. As Director of OST hetestifies before 

Congress. The providing of such statutory position to the role of the Director enables him to formally defend 

administration‘s position on new science legislation, on budgetary matters affecting science and on coordination 

of Federal programmes. 

The different functions assigned to OST enables it to play a major role in preparation of the Federal budget. The 

close liaison between the activities of the Bureau of the budget and those of the OST enables the latter to play an 

important part in preparing the budget presented to Congress by the Executive. Because of its influence with the 

Bureau of budget, OST is able to review the programmes of the various agencies and influence their fate. The 

fact thatits Director is at the same time Special Assistant to the President gives OST a direct line of 

communication to the President. 

With the different developments and reorientation in the role of scientists and technologists and with the willing 

acceptance of this role by politicians of different parties, the rise of scientists and technologists in that country 

(USA) has been so rapid, and their influence at the seats of power so pronounced that there is no longer any 

room for the earlier grievance that the position of scientists and engineers in administration and government 

commands little influence and. power. This reorientation has been mainly instrumental in the phenomenal 

advancement in science and technology that the USA has achieved since the last World War. 
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SCIENTISTS‘ IN THE USSR 

While proceeding to review the conditions in which scientists and engineers function in the USSR it may first be 

observed that advanced education in the Soviet Union is heavily oriented towards the sciences, with only about 

20% of the graduate students working in the fields other than science and engineering. This emphasis in 

education is a pointer to the condition in which the students expect to work when they complete their formal 

education.  

The Soviet science has been in the public eye for the last two decades. The rapid development of atomic 

weapons by the Soviet Union underlines the effectiveness of the Russian scientific establishment. The flights of 

early sputniks demonstrated to the world that the Russian political leadership had made an imaginative 

commitment to the daring scientific ventures and that Soviet, technology was discharging this commitment. The 

early spectaculars of Russia astonished the world. 

As a general rule, in the USSR scientists and technologists are pre-eminent amongst other representatives in the 

highest echelons of the communist hierarchy. The position that scientists enjoy at the policy-making level has 

been further illustrated by George C Sponsler in the Bulletin of the Atomic Scientists, Jane 1962: ‗Glenn 

Seaborg, Chairman ofthe Atomic Energy Commission, noted in a recent speech the Soviet stress on science, 

illustrated by the fact that eight out of 15 members of the Communist party presidium have a technical 

background, as does a similar portion of the party secretariate. Outstanding Russian scientists have been 

elevated to membership on the central committee of the Communist party itself.‘ 

To ensure maximum utilization of the latest developments in science and technology there have been many 

reorientations of the Soviet science organizations. In one of the recent reorganizations a State Committee of the 

Council of Ministers of the USSR (the Soviet Government) on Science and Technology was established at the 

highest government level, with Academician VA Kirillin, a Vice-President of the Academy of Science as 

Chairman of the Committee; Kirillin was given the rank of Deputy Premier of the Soviet Union. 

Apart from such positions at the apex of government and the party and at other policy-making levels, the 

position of scientists and technologists at lower levels is equally pre-eminent. At the organizational and 

institutional levels the scientist-head receives ‗assistance‘ from administrators and not direction. Coordination, 

direction and control of scientists and technologists by lay administrators are unknown. Most organizations and 

institutions do have administrators with a title which may be a variant of ‗Vice-Director of Administration‘ or 

simply a ‗Director of Administration‘. But his primarily responsibility is for accounts, supplies, apparatus, 

equipment, furniture, repairs, maintenance‘ and other such service activities. He ‗reports‘ to the Director but he 

has little of anything to do with other technical personnel.  

Norman Kaplan, writing in Administrative Science Quarterly (vol 6) gives further details: ‗he (the research 

administrator) is responsible for more or less the same kinds of activities as is his counterpart in the US. Some 

differences begin to appear as we note that the Soviet administrator is typically trained in what would be the 

American equivalent of business procedures. It is at first surprising to hear him referred to ds the ‗book-keeper‘ 

and. his job described essentially as a book-keeping one with few if any policy making responsibilities. In many 

respects, we find that he occupies a position sometimes designated in American organizations as that of chief 

clerk. He has administrative responsibility for the clerks who work under him but has no other decision making 

functions. He is paid considerably less than most of the research scientists — normally only somewhat above 

the research, technician with no advanced training.‘ 

The administrator‘s salary tends to be much closer to that of beginning scientists and not closer to that of senior 

scientist or associate directors. 

A COMPARISON 

I have dwelt at some length upon the influence of the American institutions like the Office of Science and 

Technology and the Special Assistant to the President (USA) so as to clearly bring out the contrast between the 

approach of that country and that of ours.in tackling problems relating to science and technology. Equipped with 

the similarity in nomericlature ‗COST (of OST),‘ the scientific adviser, and the like, apologists of Government 

of India may be tempted to urge that we have equally good arrangement for the promotion of science and 

technology and for advising government on science policy. The Committee on Science and Technology (COST) 

would be cited as an instance, as that is our highest ranking body and represents our country‘s latest efforts 

towards implementing government‘s policy on science and technology. It is an apex body and is attached to 

Cabinet Secretariate (Department of Cabinet Affairs). It may, amongst other things, review and coordinate the 

activities of other high level bodies like the ICAR, DAE, the Defence Research & Development Organization 

and the like. 

In spite of its glorified status, the limitations and handicaps under which the Committee functions, even in the 

restricted sphere of its activity, policy on science and technology as distinct from. ‗Science in Policy-making‘ 

can be illustrated by the following developments.  
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As early as March 1958 Government of India formulated and announced with great fanfare their ‗scientific‘ 

policy in the much advertised Scienctific Policy Resolution. Then in 1968 Government appointed COST for 

advising government inter alia on the ‗formulation‘ and implementation of government‘s policy on science and 

technology, determination of national priorities in these areas, on the pace of development of scientific research, 

coordination and cooperation between ministries and between government and other technological institutions, 

the development and full utilization of the nation‘s scientific and technological resources, and directed the 

Committee to maintain close relationship with the Planning Commission so as ‗to develop a unified policy‘. A 

comparison of the terms of reference of COST and the decision and aims referred to in the Scientific Policy 

Resolution would be interesting. The 1968 Resolution represents government‘s ‗decision‘ on the aims of its 

scientific policy. After a lapse of ten years the 1968 Committee is to develop a unified policy. Anyway, amongst 

other tasks the Committee undertook the preparation of a report for ascertaining (i) the extent to which the 

recommendations made in the Seientific Policy Resolution of 1958 have been implemented; (ii) the growth of 

research and development facilities, the drawbacks and difficulties, and (iii) the direction of research and 

development efforts. After months of labour, when the COST submitted its report, Government directed that the 

report be laid before a conference of scientists and technologists, educationists, planners, etc ‗with a view to 

evolving a science policy. So once again we are at the stage of evolving a science policy. And the country has 

all along been told that the Government of India has as early as 1958 decided on the ‗aims of their scientific 

policy‘. Is this not running round and tound in a vicious circle? It looks as if the Committee‘s role has been 

reduced to collection of information on research and development work in the country. This impression would 

be confirmed by a perusal of the two annual reports (1969 and 1970) of the Committee. 

Coming to the special report itself, one finds that three of the 13 scientists forming the Committee (the Cabinet 

Secretary who functions as a Vice-Chairman is a non-scientist) thought it fit to append minutes of dissent. The 

following excerpts from the minutes.of dissent throw light on the performance and the approach of the COST: 

(Prof K N Raj and Shri H N Sethna)  

‗The Report is unsatisfactory for the reason that it fails to state explicitly what is clearly wrong with the 

organization of institutions engaged in scientific and technological research. An earlier draft of the Report has 

referred to feudalism in the sphere; this, to our mind, is the correct description of the values and methods of 

decision-making evidence in most of these institutions.‘  

‗In fact, the earlier statements have been replaced by others which are in the nature of an apology for the state of 

affairs known to be widely prevalent; the frequent reference to similar problems not having been successfully 

resolved in any other country, is to our mind, both unwarranted and indicative of an uncritical and unscientific 

attitude which also justifies and perpetuates the rule of the bureaucrat over the scientist.‘  

‗We have found in the course ofour work in this Committee that criticisms of ministries or institutions with 

which those who participate in the discussions are associated are often strongly resented. The points made are 

dealt with by the representatives concerned in a variety of ways known to bureaucracies and government 

committees, but generally with a view to ensuring that nothing is changed.‘ 

‗We also feel that without currently active scientific workers being brought into and directly associated with 

decision-making in this field, within their own organizations, and without the Committee on Science and 

Technology itself functioning differently, the implementation of the Scientific Policy Resolution will continue 

to be largely on paper.‘  

(Dr Vikram Sarabhai) 

‗Unlike most other developing nations, we are not poor in our resources of ‗highly trained specialist manpower 

of the kind needed for the development of science and technology in particular areas‘ as the report suggests. Our 

failure has been in mobilising this manpower to the real needs of the nation.‘ 

‗Behaviourly our performance clearly indicates that the policy makers at the top, responsible for organization 

and commitment of resources for development, do not have an appropriate understanding of the purpose and 

content of the Scientific Policy Resolution and the investments that are required in. order to derive returns from 

the effort.‘ 

‗The two most important agencies at the top echelon of Government which must share responsibility for this 

tragic state of affairs are COST (and the erstwhile Scientific advisory Committee to the Cabinet) and the 

Planning Commission.  

‗The failure of COST is clearly brought out when at the end of 1969 we state ‗the data underline, however, the 

need to undertake in the first instance, a thorough investigation of the allocation and use of the resources 

available to the public sector for R&D.‘ I would submit that we know how to set about our task and that under 

the plea of making one investigation after another, we should not deflect attention from the obvious steps which 

can be undertaken now.‘ 
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‗I agree with Prof Raj and Shri Sethna that ‗the frequent reference to similar problems not having successfully 

resolved in any other country is, to our mind, both unwarranted and indicative of an uncritical and unscientific 

attitude which also justifies and perpetuates the rule of the bureaucrat over the scientist‘. 

These observations of the members of the functioning of their own committee point to the sorry state of affairs 

and highlight the handicaps under which scientists and technologists carry on their activities in this country. The 

concluding remarks of Dr Vikram Sarabhiai‘s minute: ‗uncritical and unscientific attitude which also justifies 

and perpetuates the rule of the bureaucrats over the scientist‘ present a strange.contrast between the existing 

conditions and the pious hopes held out in the concluding paragraph of the 1958 Scientific Policy Resolution: 

‗The Government of India have decided to pursue and accomplish these aims by offereing good conditions of 

service to scientists and according them an honoured position, by associating scientists with the formulation of 

policies and by taking such other measures as may be deemed necessary from time to time.‘ 

In the matter of development of science and technology COST is our highest ranking body. Yet its role is 

extremely limited as is apparent from the fact that although the Committee considers that ‗allocations of 

resources is an important indicator of priorities‘ and believes that ‗in-our country, resources being limited, this 

task is relatively more difficult and at the same time extremely important‘; this work does not fall within the 

functions of the Committee. All this would show that it would be futile to attempt to equate the functions of 

COST to that of the ‗Office of Science and Technology‘ (OST) in the USA or to the contributions the Special 

Science Assistant to the USA President makes in directly advising the President. Here it has to be further 

emphasized that the effectiveness of the two American institutions, the OST in the White House itself and the 

President‘s Special Assistant functioning as the Chairman of the PSAC with direct access to the President is 

enhanced by the fact that they function under the Presidential form of Government. 

TECHNOLOGICAL RESPONSIBILITIES OF MODERN STATES  

Every modern state must have the capacity to translate basic scientific concepts into workable effectively 

engineered systems, designs, processes and structures. For this purpose, its political decision-makers have the 

duty to ensure that the government they represent maintains technological innovation at least on a par with 

major competitors and unfriendly neighbours. While this is necessary for the reasons of security, the need for 

technical advancement extends beyond considerations of national security. 

Today, no developing nation can afford merely to concentrate on distributive and allocative problems of 

administrative nature. Emphasis on distribution, on distribution of land, on distribution or restriction on income, 

on distribution of wealth and property may be socially desirable. But the measures adopted to achieve such ends 

can only alleviate disparities. Distributive measures cannot bring prosperity. With an overwhelming emphasis 

on distribution we stress the necessity  on ceiling on property and income but the goals for equality set by 

socialism can be reached less painfully by an alternative approach; rather than imposing a ceiling on income the 

better approach may be to ‗put a floor on poverty‘ by providing the common man with a number of essential 

services, notably medical service, education, social insurance, cheap houses and in recent times, the most 

important item, cheap food. This needs stepping up of production. Only new technological breakthroughs can 

provide more products for everyone. 

NEED FOR REORIENTATION 

The majestic sweep of science and technology as a force transforming almost every aspect of national life 

requires radical readjustments in our administrative machinery, if technology is to be used for the maximum. 

benefit of the people of our country. There is the pressing need for accelerating the processes by which the 

distinguishing characteristics of scientific and the engineering profession might be transformed into political 

resources of the modern industrial state. This can be best achieved by transforming our decision-making 

processes to include scientists and technologists. 

The major inputs now contain more technical and less normative components. The maker of public policy in 

future will be called upon repeatedly to solve problems in which scientific and political considerations are 

inextricably interwined. With the vast expansions in the activities of government, the political makers, the 

ministers, have to assume immense overriding responsibilities. To enable them to discharge such responsibilities 

efficiently and with confidence, they need continuously from day to day, the assistance not only of traditional 

generalists who possess qualities not absent in the political leaders, but also of persons fully conversant with 

advances in science and technology which nowadays form the major content of inputs that determine 

developmental policy. 

LIMITATIONS OF GENERALISTS 

In advising political leadership, generalists can argue, reason and to a limited extent, propose alternatives; but 

they are invariably constrained by the shibboleths of administrative doctrines; they cannot innovate. Their all 

pervading concept of ‗civil service supremacy‘ inherited from British rulers, antiquated notions of propriety, 

dogmatic insistence on procedures, search for précedent for every action, tendency to greet every innovation 

with doubt, and absence of initiative arising out of a lack of familiarity with the problems of a rapidly 

industrialising economy seriously limit the value of their advice. 
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The different types of advisers, generalists and technologists, who are involved in developmental activities 

should be brought-together in such a way as to avoid useless clash of ‗class‘ interests and prejudices. Both are 

advisers, not makers of decisions. When only one set of advisers gains theconfidence of the political leadership, 

the delicate balance necessary for.smooth working of government machinery gets rudely upset. What is 

necessary is the healthy adjustment between traditional institutions and contemporary needs of a modern 

industrial state. Hierarchial organization is entirely unsuitable at this level. An attitude of domination tends 

todevelop a psychological inability to inter-communicate and evolve well-balanced solutions; The arrangement 

should be for mutual ‗consultations‘ among equals and not a demand for a ‗report‘ for ‗consideration.‘  

ADVICE AND DECISION 

It is sometimes urged that scientific and technical advisers occasionally display a tendency to expand their role 

beyond their purely technical advice into social, organizational and political spheres. The criticism is not a valid 

one and appears to arise from the critics‘ failure to distinguish between advice and decision-making. Technical 

advisers never fail to recognize that their advice is meant to influence the decision and that the responsibility of 

policy-making ultimately rests with the political leader. 

The effort of the scientific adviser is to define what the technical issues are that have a bearing on a 

contemplated policy. His approach merely represents his method of stating and redefining questions and 

problems in order that he can break them down into component parts to facilitate analysis, comprehension and 

synthesis. There is never the deliberate effort at usurpation of the policy-maker‘s role on the part of the 

technologists. But the policy-maker who insists on restricting the professional adviser to purely technical issues, 

reserving the consideration of broader issues entirely to himself will not obtain the best advice from scientific 

advisers. Moreover, such approach would amount to absolving the technologist from the obligations to-interpret 

his advice in terms of its policy implications. 

I am aware that when government undertakes to introduce a change in the present setup, difficulties will be 

created, objections raised and specious arguments advanced. But, problems posed by the entry of scientists into 

the policy-making process can be no different from those associated with any other expert involved in the 

determination of national policy. Like all experts, scientists may at times disagree and the non-scientists, 

politicians and other authorities may be confronted with the problem of choosing a course of action in the face 

of conflicting scientific advice. The problem of conflicting advice is not limited to the arena of scientific and 

technological advice alone. It is common to all spheres of policy making. Did not government receive 

conflicting expert advice on devaluation of the Rupee? Did not expert opinion differ on the question of social 

control of banking or the desirability of nationalization of banks? Do not legal experts of government hold 

conflicting views on the Union Government‘s powers of levying wealth tax on agricultural land? The maker of 

policy, the political authority ultimately decides. The expert only advises. 

SPECIAL CASE OF TECHNICAL DEPARTMENTS 

The foregoing discussions relate to the general question of policy-making in government as a whole. Coming 

now to the special case of departments dealing primarily with science and technology, it must be observed that 

the juxtaposition of a generalist adviser, between the professional ‗Head of Department‘ and the political 

authority charged with the duty of policy-making, ie, the Minister, a generalist who himself has to first learn the 

implications of the technical contents of the propositions before government and then to endeavour to interpret 

thern to the political leader, is not only unnecessary and wasteful but often leads to undesirable friction, 

complications, delays, frustrations and failures. ‗Two stars keep not their motion in one sphere‘. Without there 

being any compensating benefits, such arrangements deprive the Minister of the first hand advice from those 

most competent to offer such advice. With the generalist intervening, the great danger is that ‗the milk is more 

likely to be watered‘. 

As an improvement on the present arrangement it is sometimes suggested that generalist administrators may 

receive some scientific education. The suggestion appears attractive on the surface, but a moment‘s reflection 

will make it obvious to anyone that this solution will not seriously alter the problem. No education in general 

science or seminars and ‗informative courses‘ in technical subjects can possibly enable a generalist to match his 

judgement against professional and scientific specialists. ‗An art can only be learned in the workshop of those 

who are winning their bread by it.‘ The burden must fall upon the professionals to act with a sense of special 

responsibility. 

Generalist administrators periodically shifted from one technical department to another, as is the normal practice 

in Indian administrations, find themselves forced to know ‗less and less‘ about ‗more and more‘ subjects, with 

the result they have perforce to depend increasingly on departmental staff work rather than their first hand study 

in taking decisions or tendering their advice to the political authority. The result is that the much eulogised 

justification for the ‗perching‘ of a generalist at the head of technical department proves itself imaginary and 

unreal in actual practice. 
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Disadvantage resulting from the shifting of generalist administrators from a decision-making position in one 

technical department to a similar one in another technical department was aptly brought out, though rather 

bluntly, in one of the hearings before a House Committee on Government Operations: 

‗Officers .... get a tour of duty of 2 or 3 years, presumably to train them, but they are in charge. How can a 

man possibly take a charge of complex technical matters, say a man who has not had the requisite scientific 

and engineering training and experience. 

Why, it is an absurdity on the face of it, and this is where much of our difficulty starts, because as soon as he 

gets into one of these jobs with lots of authority and no responsibility, he remembers every idea he ever had 

from his high school days on, and he tries to put it into practice. And then, 2 or 3 years later, after he has 

finally learned something about his job, he goes to some other duty and a new untrained officer takes 

charge.‘ 

PROBLEM OF RESPONSIBILITY 

In technical departments, if a generalist administrator is placed at the helm of affairs as the ‗Head of 

Department‘, a peculiar situation arises. Usually designated as a ‗Director‘, he has the power and authority to 

make decisions but in practichee is seldom held responsible for carrying out or implementing his own decision; 

nor is he called upon to explain the consequences of his decisions when things go wrong. He escapes 

responsibility on the plea that the matters dealt with were technical for which only technical personnel can be 

held responsible. This leads to a particular type of irresponsibility on the part of the generalist. 

WIDER OUTLOOK AND INTERESTS 

I have stressed the urgent need of a partial but effective reorganization of government machinery with a view to 

ensuring the much needed reorientation on the relationships between the generalist and technologist and the 

acceptance on the part of political leaders of the need for close and continuous association of scientists and 

technologists as advisers in the realm of policy making. This must not give an impression that the changes in 

approach and outlook are needed only on one side and that scientists and technologists are in all manner best 

suited to their present tasks or that there is no room for improvement in their outlooks or refinements in their 

intellectual make-up. 

With the deepening of the society‘s commitments to technology as a way of life, there is an increasing need for 

a widening of the sphere of interest at least of some of the engineering professionals. A dispassionate 

examination of the enlarged responsibility of the scientists and technologists in the modern age would reveal 

their new obligations of extending their spirit of scientific inquiry to understanding of human affairs. By 

broadening of outlook and association, they must remove the very basis of the occasional criticism that they live 

in isolation, detached from the pulsating world around them, withdrawn from the usual social relations and 

indifferent to concerns of ordinary people. 

The scientists must realize that in a democratic order all policies of significance must secure a wide range of 

consent, not merely from among the many organized groups and institutions that see their interests vitally 

involved but also from the general public. Policies are not determined in isolation. To pursue ideals in isolation 

is to cut oneself from the community and social life. Contribution of scientists and engineers will depend on 

social cooperation and the influence they exert upon others. People have lives outside their profession or their 

business. An individual can be a member of many groups simultaneously. Only good can result from a wider 

range of association and interests. 

TECHNICAL EDUCATION 

University education in engineering concentrates mainly on education of specialists in the profession. But the 

overwhelming sweep of technology over the life of the society demands on the part of professional men a 

broadening of the outlook and interests, coupled with acquisition of facilities for refined expression and 

exposition. It is axiomatic that the main part of a professional man‘s education must be education in depth. A 

person can have little claim to such education unless he has participated in experience of penetrating deeply in 

his special fields. When theoretical knowledge is widening the foundations of technology, the scientist and the 

engineer must be able to assimilate new developments in science throughout his professional career. He must be 

able to keep in touch with research frontiers. For him, effective knowledgeis professional knowledge supported 

by a restricted acquintance with useful subject subservient to it. Along with the high professional competence of 

senior practitioners, there is need for the development of attitudes which can enable the specialists to appreciate 

the larger needs of society and facilitate their deeper involvement in the nation‘s problems. Unless this is done, 

there would arise the danger pointed out by Professor Whitehead: 

‗Each profession makes progress, but it is progress in its own groove. Now to be mentally in a groove is to 

life in contemplating a given set of abstractions. The groove prevents straying across country, and the 

abstraction abstracts from something to which no further attention is paid. But there is no groove of 

abstractions which is adequate for the comprehension of human life‘. 
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For the larger number of younger scientists and technologists who have to play a restricted role in research 

Jaboratories and mainly technical endeavours, exposure to the wider problem complexes may seem unimportant. 

But to those likely to rise to positions of authority and. aspiring to participate in policy-making, development of 

broader outlooks by conscious and sustained efforts at self-instruction, as distinct from formal education, appear 

necessary. Reliance cannot be placed on natural abilities, mere experience or intuition. At an age when the 

younger professional has gained sufficient practical experienacned attained a level of technical competence say, 

round about the age of 35 years, he should find time and begin to devote part of his energy to broaden his 

intellectual make up, which alone can enable him to appreciate the wider implications of the impact of 

technology and the social and economic consequences of technological decisions. Solutions of technical 

problems must meet human need. 

It must be borne in mind that apart from the broadening of the outlook and attitudes, the other practical abilities 

and skills to be added are neither the literary skills nor the abilities for dialectic rituals of legislative perorations. 

The effort should be directed towards acquiring abilities needed for effective participation in conferences, in 

preparation of memoranda and official or public communications and, what is most important, the facility of 

presenting technical proposition lucidly and persuasively. The impact of scientific thought and technology upon 

public policy will in large measure depend upon its being expressed in terms meaningful to the public and the 

political leadership. The legislators and ministers must make their own policy synthesis but they can discharge 

their functions more effectively if the data relevant to these decisions have been reduced to understandable 

terms. 

AN APPEAL 

I have suggested certain objectives and goals. To achieve them in a democratic society, public understanding is 

extremely important; without this, it will not be easy to persuade the political authorities to reorganize the 

prevailing system and achieve a healthy balance amongst competing agencies. Without public understanding of 

the values and limitations of different advisory functions, scientists and technologists may find themselves 

defied one day and denounced the next. To counteract this tendency, intensive public education and continuous 

lobbying would be necessary for some considerable time. In a parliamentary democracy, this is the one effective 

method of securing your objectives and goals. Professional institutions should regard this as one of their vital 

roles. In their endeavours to bring about the transformation they both desire, the scientists and technologists 

should have a coordinated approach and workin close cooperation and not in isolation. I commend this 

suggestion for the consideration of the Institution of Engineers (India) and the Indian Science Congress, the two 

premier institutions vitally interested in this matter. 

In the field of governmental activities, in what I have described as the ‗Administrative State‘, to all men in 

different services, I submit that there is a pressing need for mutual trust and accommodation amongst generalists 

and professional experts, in their common endeavour of serving their country. Both are wedded to the idea of 

progress and do see in science and technology the main instrument for bringing about progress and prosperity. 

Therefore, an attitude of domination and insistence on a hierarchial organisation on one part anda tendency to 

become more authoritative than the needs of the situation warrant on the other, both these must give place to 

mutual respect and friendly cooperation. 

Those presently entrenched in position of power merely because of a historical accident in the political fortunes 

of this country — the British subjugation — must realize that in a country struggling to improve the standards of 

living of its people by availing of the advances in technology, it is inevitable that the scientists and technologists 

should invariably participate in the policy making processes. To obstruct this process for selfish class interests, 

for the sole purpose of perpetuating their unjustifiable and depressing monopoly, is to say the least, unsocial and 

unpatriotic. 

In concluding, I take this opportunity to make a fervent appeal to the national leaders. Our country with its 

ancient civilization but infant industrialization has to realize that the requirements of the present scientific and 

technological revolution are quite different from that of the earlier society with an economy relying on 

subsistence level agriculture. In an industrializing society seeking to establish a prosperous welfare state, 

technological issues are vitally and almost universally involved in shaping national goals and policies. In this 

task, along with the contributions of humanists, politicians, and statesmen, the special knowledge of the 

scientists and technologists is indispensible. Without the effective participation of scientists and technologists in 

administration and in policy-making, the pace of advancement cannot be as rapid as our natural and human 

resources warrant. But it is only the political leadership that can bring about the reorientation that would provide 

the scientists and technologists the opportunities they at present lack. 
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Technological Progress in a Developing Country 

Shri M Rama Brahmam 

 

 

When I was invited to deliver this lecture I felt honoured. At the same time I also felt somewhat embarrassed 

because I felt that I might not be able to do justice to this task. However, having been pressed further I accepted 

this onerous responsibility and do hope that what I have to communicate to you during the course of this talk 

today will be of some interest to all of you. 

After I communicated the subject of the talk I found that it had quite a topical interest as the Seminar which is 

also being conducted has practically the same subject for its theme. This is, therefore, a subject which is 

considered as one of great importance for us at this time of development in our country. As I come from one of 

the major industries, the account in my talk would be on progress through development of industry. 

When we talk of technology what we have in mind is a systematic application of scientific knowledge or 

discovery for practical uses. Normally such use should be to improve the conditions of living for the men and 

women constituting any society though we find in practice this has been used for other purposes also and quite 

frequently. In this respect it is different from mere scientific discovery. The rate of advancement of any society 

can perhaps be judged by the time lag which takes place between a particular scientific discovery and the 

corresponding technological use to which that discovery is put. We notice that throughout the known history of 

mankind, as the civilization of that society advanced this time lag has been progressively contracting. Here I 

refer to civilization mostly in terms of the material well being of the constituents of that society. A few 

examples of this would perhaps make the point clear. It is understood that lenses were known as early as the 8th 

Century. But before they could really be used as spectacles a period of five centuries had elapsed. It took 

another three centuries before the telescope was developed utilizing lenses. In the same way the effective 

utilization of gun powder for actual military purposes is stated to have taken a period of five centuries from the 

first time when it was known in the 8th Century to the time when it was utilized in the 13th Century. Again from 

the time electricity and magnetism was first noticed in the 16th Century to the time practical use was made of 

current electricity there was a gap of three centuries, ie, from the 16th Century to the 19th Century. 

You will see from the above that up to about the 16th Century the progress of what we would call technological 

development was considerably slow. One might almost say that the civilization of the society in that period was 

static as far as technology was concerned. We find a somewhat different picture when we come to the 18th and 

19th Centuries. James Watt came out with the idea of steam power in 1765. Fifty years thereafter this idea came 

to be utilized in a practical way in the steam engine for the ships and another 50 years thereafter it came to be 

utilized for the Railways. Compare this with the internal combustion engine which was first developed in 1860. 

Within 30 years thereafter it was already in practical use in automobiles and within the next 30 years it was 

being used in the aeroplanes. 

The 20th Century has shown a further leap forward in the pace of utilization of scientific discovery. For 

example, the X-ray and the electrons were first of talked almost at the beginning of the century. Within 30 years 

of this discovery we have found that these have been progressively used in the development of the radios, radar 

and the television and also for the atomic fission and the development of the atom bomb as also for peaceful 

uses of nuclear energy. 

The necessary consequence of this progress has been the increasingly dominant role which science has come to 

play in the beliefs of the educated section of the human society. Simultaneously the scientific knowledge and its 

use in technology have been a contributory factor in the economic development of a country. 

The period referred to by me as that where the technological progress was substantially static was the period 

when the east was playing the dominant role in the civilization of the world. History tells us that up to about the 

16th Century the flow of civilization and knowledge of crafts as well as philosophical systems was flowing from 

east to west. From the 16th Century onwards when there has been a change in the rate of technological progress, 

the position has radically altered. We find today a situation where the western countries who have had 

spectacular technological developments are materially in a much better position than the countries of the east 

which are in various stages of underdevelopment. It is in this context that we will have to take into account the 

steps which are to be taken to bring the progress, in material terms, to our society as rapidly as possible so that 

we can also derive the full benefits of technological progress. For this to be done effectively we will have 

naturally to look to the causes which have helped western countries to raise the standard of living in their society 

so that to the extent possible and necessary we can also adopt similar methods which can bring about a rapid 

technological progress in our country. 
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Let us first examine the requirements which have to be fulfilled in achieving the results in the present stage of 

technology. Even if we take a comparatively simple example of the construction of residential and office 

buildings we find a striking difference betweethne situation which existed 40 to 50 years ago from that which 

exists today. In the earlier period the materials available consisting of stone, bricks, lime, timber were largely 

obtained directly from natural resources. Steel and cement were used to a limited extent. When we look back on 

the situation which existed 50 years ago many of us would remember that those were the days when we started 

using reinforced concrete somewhat tentatively and the concept was only to utilize mild steel rods. With that as 

the requirement it was easy for a person who had undergone a single discipline of civil engineering in college to 

take complete charge of the construction of a building. But today we do not think of a single or double storey 

buildings either for residential or for nonresidential purposes. Concentration of governmental, industrial and 

social activities necessitate the design of multistoreyed structure. It is not only that the earlier concept of civil 

engineering would be inadequate to erect such structures, but a much larger extent of technology envelopining 

its field, electrical engineering, mechanical engineering, apart from such other specialized lines as public health 

engineering, etc which have been pressed into service. If this is so in the case of simple buildings you can 

imagine how much more complex it becomes when we think in terms of structures required for various types of 

industry and major engineering and industrial projects as such. From the time of initial feasibility report, 

through the various stages of estimating, construction and operation, the projects of today require the close 

coordination and cooperation between a multiplicity of disciplines. It is no longer possible for any single 

individual these days to gain adequate knowledge of all the disciplines required to bring any single project to 

fruition. Consequently, results can only be achieved if people who have specialized sufficiently well im the 

respective disciplines are brought together into a cohesive and coordinated team which can work with a spit of 

understandmg and are able to achieve the results expected of them.  

This brings us to the need to develop a cadre of men and women with competence to understand enough of the 

respective disciplines and direct the energies of the specialists in the various branches towards a constructive 

and purposeful approach to produce the desired results. This has of late been largely talked of as the function of 

management in industry. A manager is required to see that the group of men with whomhe is working do not 

fritter away their energies in pulling in diverse directions. It is however not only the manager who has to do this. 

What is required is that all along the line at the various levels in an organization those who come together 

should have adequate appreciation of the specialized knowledge and point of view of the other persons of the 

team and be willing to share their knowledge to the extent necessarv to complete the integrated picture. In 

discussions with various teams of international experts over a period of years one gathers the impression that the 

results achieved in the progress of developed countries is largely a result of the understanding of the need for 

such coordination and team work. While individually our scientists and technologists have acquired knowledge 

and skill comparable to the best in the world, we do not seem as yet to be able to fully cope up with the aspect of 

coordinated effort needed in modern engineering and industrial projects.  

Another need which flows from the complexity of technology is that of large investment. It is no longer possible 

that a limited amount of capital can produce the finished goods required by modern industry. In a situation of 

this nature, particularly in a developing country, difficulty arises for raising adequate funds for investment. One 

of the inevitable results of this situation is the need for state enterprise. In a large number of these cases state 

enterprises are not necessarily the result of any ideology. They are more a necessity flowing from the, difficulty 

in raising adequate resources through private capital. However, whether it is.a privateindustry or a public 

industry the more basic point which is intended to be made here is the need for large scale investments. 

Sometimes it becomes necessary to pool the resources available from more than one country. In this context our 

Finance Minister made the following observations in a recent seminar which are relevant to this subject: 

‗There is one area where the quest for a genuine world partnership has hardly even begun. I am referring to the 

whole question of the transfer of technology from the developed to the developing countries. Somehow, 

technical assistance so far has been interpreted in a somewhat narrow context, particularly when it relates to 

industrial technology or technology-in relation to the development of power, transport and other basic facilities. 

It seems to be taken for granted that whereas the technology for agriculture or family planning should be 

transferred freely from one country to the other, the technology for industry, transport, mining and the like is the 

preserve of private business which can be transferred only on the basis of commercial collaboration with such 

business. Collaboration with private foreign business has certainly a role to play. But I cannot help feeling that 

on this basis alone the transfer of technology to the developing world would be so slow and expensive.us to be 

of litle avail in sausfying the legitimate: aspirations of the people. I have no readymade solutions to oiler ta thus 

areca.‘ 

Here again, as the magnitude of the investment increases, the number of people who are involved in decision 

making and producing results also correspondingly increase. This no longer leaves the possibility of a single 

entrepreneur trying to run an industry or a business. This becomes an effort which can only be performed by 

large groups of trained technologists and managers. To that extent a larger content of professionalism is injected 

into various stages of operations from agriculture to sophisticated industry.  
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Arising from the need to make large investments is that of long range planning. Here again it is not adequate to 

think of a year or two ahead. It is necessary to plan for a future which spans decades rather than year. Planning 

also becomes necessary in developing countries to ensure the most purposeful and efficient use of available but 

scarce resources. 

Another reason for planning is the need to distribute equitably the benefits arising from progressive 

improvement in the income, the goods and services which come out of organized industry and organized 

agriculture as a result of improved methods and technology.  

We notice that we referred to men first, ie, in the order of requirements, the man behind the wheel is more 

important than the wheel itself — whether it is industry or whether it is agriculture, this is equally true. Now, 

when we talk of this we immediately come to the next question as to what we should do to make the manpower 

available into a satisfactory instrument for progress. The obvious answer is to educate and train these men so 

that their energies can be purposefully utilized to the end in view. The training will have to be related to the 

industries which have to be developed as also to the types of agricultural, commercial and other activities which 

go to develop the country. Over and above this in modern industry a particular requirement which has been 

talked of an managerial competence has also become necessary for being developed. This managerial 

competence does not seem to develop merely by either reading some books or being taught some lessons in the 

college as in the case of certain other disciplines like mathematics, science and history. The question whether a 

manager is born or can be trained is one of the usual controversies with which books on management bound. 

However, whatever stand one may take, it looks as if in the final analysis it is more or less uniformly agreed that 

there should be certain basic human characteristics. You may call these the characteristics of leadership or 

initiative ability to coordinate human effort, or any other phrascology but the fact remains that these 

characteristics should have to be innate in the person before he can be trained to be a good manager. Given these 

characteristics it will also be necessary that he should be given an opportunity to develop over a period of time 

receptivity and understanding of conditions as they exist in the industry. This can only come out of practice and 

is certainly not one of those things which can be just learnt from books or can merely be obtained in a lecture 

room. Therefore, the one sure way of developing managers appears to be to select men with the necessary 

technological background who have this aptitude and who have gone through industrial experience over a period 

of time and put them through special courses at intervals of time. It is essential to appreciate that education does 

not end with the College, and the people selected for this purpose should be those who whole heartedly accept 

this concept. The persons who are willing to continue their education throughout their life and are open-minded 

enough to receive and react to improve methods of working and changes in technology only can effectively 

function in a society where technological progress is rapid and all embracing. One interesting effect of this is 

that experience by which we mean the length of service or the period which has been spent by people in a 

particular situation ceases to have sufficient significance in a rapidly changing technological scene. There is a 

famous saying by Bernard Shaw which runs somewhat like this ‗What is needed is the capacity for experience 

and not mere experience alone. If experience alone could make people-wise the stones of London would be 

wiser than its wisest men.‘ The accent here is on capacity for experience. It is something which is inherent in the 

individual. He should be one who has the capacity to react to a developing situation of change and if he has that 

capacity then by exposing him to progressively improving technological or managerial practices we shall be in a 

position to make a better and better technologist or manager out of him. It is people who have this capacity that 

should come together and in team work with mutual understanding should evolve sound industrial practices 

which in turn will improve the industry and thereby the prosperity of the country. On the other hand, if we 

merely pick up people for the length of service which they have rendered in a particular situation it can 

conceivably happen that they were attuned to a set of conditions or a set of knowledge which perhaps is 

outmoded at the time they are required to put it to use even though it was quite the current coin decades ago 

when they first started their career.  

There are two other angles to this question of manpower in industry. One is with reference to labour relations 

and the other is with reference to the general question of ownership. What I have to say here with reference to 

labour relations is practically applicable to both the private and public sector industries in equal measure. We 

have tended to look at the management and labour relations in this country as a continuation of what existed in 

previous generations when a private entrepreneur tried to exploit the wage earner in such a way that all the 

profits and the benefits went to the entrepreneur whereas all the labour and sweat became part of the wage 

earner at the cost of both his health and his well being. How far this situation is from the existing conditions in 

the country particularly in some of the large organized sector of industry and in the public sector will be clear 

when we go round and look at the amenities such as housing, medical and transport facilities being provided to 

the workers and also certain allowances and wage benefits. Many observers of the Indian scene have remarked 

that in so far as labour regulations are concerned, ours is a country which has perhaps the most comprehensive 

labour laws in any part of the world. This being so, the management tends to appoint as personnel managers 

people who are more conversant with labour laws and practices than those who have a flair for management of 

human material particularly with a view to development and improvement. One of the speakers at a recent 

seminar had the following to say on this subject : 
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‗Though we have the most advanced labour laws in the world, the environmental factors and the erratic 

behaviour of labour, sometimes against its own interest, needs to be scientifically understood and remedies 

found. It is, therefore, necessary to devise some methods whereby the findings of behavioural scientists can 

be made available to public sector enterprises. This is a continuous process but the effort is well worth 

making.‘ 

Further, in some of the sophisticated industries the complexion of what we used to call the worker has changed 

substantially. He is more a technician and a technologist than a manual worker and progressively one who joins 

at a lower level as a technologist develops into a manager and is in a position to take on greater and greater 

responsibility. Thus, there is a complete change in the concept of the management-worker relationship arising 

both out of various social compulsions and laws and regulations and also from the change in technology. We 

have to take all these factors into account in regulating our labour relations and also to look at the employees at 

lower levels more as members of a technological partnership than junior workers who can be exploited or told 

what to do. 

Another angle to this particular situation is the willingness to exchange knowledge. This exchange will have to 

be on the basis of discussions both across in a horizontal and along in a vertical line in an organization. This 

being so, the concept of a graded heirarchy and a pyramidal structure where people look up to seniors for orders 

is not compatible with this situation of expanding technology. 

Proper placement of men to get the best out of them becomes very important in this context. Peter Drucker has 

the following to say on this subject: 

‗Placement as a. systematic and continual effort is, therefore, one of the most important tasks in the 

management of worker and work. It cannot be done when a man comes to work but must be done after he 

has-had time to get to know the work and to be known. It cannot be done once and for all. Placement 

decisions must be reviewed continually.  

‗We have a staggering amount of evidence that even on the lowest level, in totally unskilled repetitive work, 

even in work that appears to be entirely machine-paced differences in temperament, ability, attitude and skill 

make a difference in output and performance. We also know that the old assumption that people do not want 

to work is not true. Man not only lives under the spiritual and psychological necessity of working, he also 

wants to work at something — usually at quite a few things. Our experience indicates that what a man is 

good at is usually the thing he wants to work at; ability to perform is the foundation of willingness to work. 

‗Placement should therefore rank high in all business. But where an enterprise uses any advanced 

technology, placement becomes absolutely essential. The idea that work could be organized so as to be 

performed independently of the individual‘s contribution, skill or judgement becomes untenable under an 

advanced technology — such work is done by machines rather than by men. Where more and more men 

work by themselves and without close supervision, either as individuals or in small groups as maintenance 

men, repair men, controllers and so forth, output and performance depend on their desire not only to work 

but to do a good job — and that means on their placement.‘ 

Then we have to take into account the impact of the industry on social progress. For example, one of the 

disadvantages of large scale concentration of industry is the fact that around towns and cities people concentrate. 

This results in the development of slums. Not only because of difficult living conditions in these slums but also 

because of the psychological impact on the people who are attuned to agriculture, to living in open spaces, and 

to freedom of movement around their villages are brought together to be cramped in small and congested 

tenements brings in its wake many problems of emotional strains which call for readjustments. This is a factor 

which has to be taken into account. 

In this context, I would like to refer to the oft repeated criticism against the public sector because of the 

expenditure which it had incurred in developing townships and other amenities to their workers. Against a 

requirement of profit in the conventional sense this was perhaps an unwise step. If, however, we look at the 

various sites selected for some of our major public sector industries orie would very soon realize that there was 

no alternative to building houses to their employees. The only difference could have been that the scale of 

accommodation could perhaps have been less than what it was particularly in the initial stages, one tended to be 

more liberal. This is being progressively pruned down now. Apart from this it would perhaps appear over a 

period of time that this very step of providing housing and other amenities to the workers has gone a long way in 

avoiding the tensions which develop in the slums of which a reference has been made by me already and a time 

would perhaps come when we will find in retrospect that this was one of the good things we have done in this 

country. 

A large industry brings in its train several other problems. One of these is the problem of pollution. This 

pollution may be either air pollution or water pollution. After the development of industries over the last so 

many decades the western countries have come to realize that the balancing effect which nature provides in its 

system is being completely upset by the development of large scale industries-which emit fumes which make 
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the air impure and contaminate the water with their effuents. Steps are now being taken in these countries to 

rectify the situation. We should learn from these mistakes and try to avoid to the extent possible such pollution. 

For us with a substantially large population living in substandard conditions any adverse effect of pollution is 

likely to be much more than what it could be in countries where people are well-fed, wellhoused and well 

looked after. 

Another field in which we should take steps is that of research and development. We find that in almost every 

major industry in the west there is an active Research & Development wing which keeps up the progress on 

technology so that more and more sophisticated items of equipment are available and more and more efficient 

methods of processing are utilized and end products are improved progressively. Unless we also take active 

steps to improve our Research & Development effort, I am afraid, we will be in a situation either to remain 

static which technology which is substantially behind the times or forced to borrow technology continuously 

from time to time. This is a field in which I am afraid not adequate effort has been made in the industry in our 

country. I would not like to be understood as stating that we would not like to borrow techlogy. After all, 

technology is one. There is no difference whether it comes from the east or whether it comes from the west. 

What is necessary is to reduce the dependence. At the same time it is essential that we keep the doors open so 

that there is a free exchange of technology and technological communication both ways and to the extent that 

we make concerted efforts to improve our Research & Development effort, to that extent, perhaps we will be in 

a position to give to the other countries as much as we receive from them if not more. 

Having said all this, in the final analysis I feel that whether in the question of industrial relations or in the matter 

of management practices we will have to relate these to our-social environments, to our culture and to our 

beliefs. Basic beliefs and reactions change much more slowly than external changes which can be brought about 

by technology. This has been proved again and again throughout history. In the recent years where a military 

dictatorship chose to annihilate unarmed people within its government clearly indicates that as far as human 

reactions are concerned we have not changed very much from notorious despots whose names we only knew in 

history. Any belief which we might have had that some of those atrocities of by-gone ages would not occur in 

the modern civilized world have been totally shattered. Not only these atrocities have taken place but 

governments and people of some of the so-called civilized nations not only condoned them but also supported 

them. We should also remember the first use to which atomic energy was put to was for an atom bomb to 

anhihilate people. So this indicates clearly that whatever might be the change in technology if this change in 

technology should result in conditions for better living and in the happiness of the modern society it would only 

be possible if it is related to the culture and is developed on the lines of the beliefs and culture of the people 

concerned. Simultaneously we should also attempt to improve our ethical, moral and social standards and habits 

so that we can progress as a fully integrated, happy and prosperous society. 

  



The Sixteenth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Fifty-third Annual Convention, Madras, February 17, 1973 
  

 

 

The Institution of Engineers (India)  
 

175 

Our Public Enterprises 

Dr G Pande 

 

I am grateful to the Institution for assigning me the honour of delivering the Sixteenth Sir M Visvesvaraya 

Memorial Lecture. I am even more grateful for leaving the choice of the subject to me. But decisions are 

notoriously difficult to make and I have had my own crop of troubles in making it for the occasion. I make no 

apology for beginning the lecture by telling you the reason for the choice I have made. 

Since the goal of our national endeavour is the building of an affluent society with the aid of science and 

technology, it is no wonder that engineers should have to play a pivotal role in this reconstruction. I need hardly 

remind you that ‗to engineer‘ simply means to design, construct, build and manage some work or other such as 

fortification, rail road, bridge, dam, steel plant, power house or whatever else is needed to be put up. In short, 

engineering is essentially materialising on the ground what science dreams of and technology befits for its 

implementation. This is why societies in transition and/or distress, from ancient days till today, from King 

Heron, whose Director of Defence Science was the engineer-mathematician, Archimedes, through Napolean and 

Lenin to Jawahar Lal Nehru in our own time, have always called upon the engineer to shoulder the 

responsibility of reconstruction in war or in peace. Lenin, in particular, reduced even his political credo to 

engineering when he announced his celebrated equation: 

Communism = Soviets + Electrification 

And he, thereby, covered all the appurtenant works, industrialization and the boost to agriculture that would 

thereby follow. 

So did Jawahar Lal decree that the public sector, with the engineer as its lynchpin, bear the main brunt of our 

national effort at reconstruction. Our public enterprises would therefore be an appropriate theme for the Lecture 

that I have been asked to deliver in memory of the great planner, engineer and administrator, Dr Visvesvaraya. 

In our country, State ownership of certain categories of production is quite old. The Mint, the Postal system and 

the Railways, have been run under State control for decades. After independence it became apparent that the 

resources required to establish large industrial enterprises and other basic and pioneering projects could only be 

found by the State. The private industry will not and cannot be expected to enter into the business of setting up 

basic enterprises unless there is a certainty that profits will soon accrue. Then again, the State alone is in a 

position to secure foreign assistance on terms which would be favourable and not politically disadvantageous 

nor economically undesirable. These considerations led to the enunciation of the Governments‘ famous 

Industrial Policy Resolution of 1948, which was amplified and supplemented in 1956 and thereby our public 

enterprises received the signal to go ahead. For historical reasons it would be relevant to mention that there is 

reference to the necessity of the public sector even in the report of the Planning Committee appointed by the 

National Congress as far back as in 1938.  

Again, the private sector, apart from selling its goods to the society at the best possible profit, has hardly any 

social obligations to fulfill. It has a wide choice and freedom to set up what it wants in its allotted sector though 

it has to keep within the constraints imposed by the Government through its licensing policies and other 

enactments, for example the one to prevent monopolies. The Joint Sector concept recently proposed by J R D 

Tata is based on the assumption that a joint sector enterprise is intended to be a form of partnership between the 

private sector and the government, in which government‘s participation in the capital will be not less than 26%, 

the day-to-day management will normally be in the hands of the private sector partner, and control and 

supervision will be exercised by a board of directors on which government is adequately represented. However, 

no policy decision has yet been taken by the Government on this subject. There is also the co-operative sector 

which has received enormous support from the Central and State Governments but that support has not been 

properly used.  

One cannot but agree with J R D Tata that the current rate of growth of industrial production must be doubled; 

investment in industry must be substantially stepped up; industries producing basic articles and goods for 

consumption by the masses must be immensely expanded and new ones created; for, without adequate supplies 

of these basic necessities, economic growth will mean little or nothing to our teeming millions who could indeed 

be the first victims of the resulting inflation.  

Whatever may be the sectors partaking in this development, engineers are directly concerned in the various 

stages through which a project passes from inception to production. Let me, for instance, take up a major public 

enterprise to be set up. After the selection of the particular project has been made on various consideration‘s 

including a preliminary project report, and after the required processes have been finalised and the consulting 

agencies approved, detailed action is necessary for final site selection and for its design and engineering. A 

realistic estimate would then be prepared and after sanction, the infrastructure has immediately to be taken in 

hand. The other steps would be to arrange for the required materials, construction plant and machinery, the 
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project equipment and its erection, to recruit staff and to atrange their training and when ready, to commission 

its different constituent units, raise production to the rated capacities with rigid quality control and profitably 

market its products. Of course, good workmanship and speed of construction would be of essence. 

Selection has also to be made at an early stage of the type of the organization that would have to be set up for 

managing and running the enterprise. It may have been formed into a company or a corporation. The 

Administrative Reforms Commission had also advocated Sector Corporations for managing a group of similar 

types of industrial companies, corporations but this idea has apparently not found favour. The Holding Company 

concept seems to be in favour now and in fact the Cabinet has just approved a holding company for the steel 

industry. 

The Hindustan Steel Ltd in which over Rs 1000 crore have so far been invested in its three steel plants at Bhilai, 

Rourkela and Durgapur, has still to make the grade. The capacities of its plants now total 5.9 million tonnes of 

ingot steel but, of the planned production of 4.75 MT of mild steel during the year 1971-72, the total output was 

only 3.48 MT. The main reasons for the shortfall have been given as the roof collapse at Rourkela, cokeovens 

not functioning well at all the plants, power and liquid fuel shortage, inadequate maintenance, low productivity 

and labour trouble. The deficiencies can be traced to two other important factors, namely, faulty management 

and restrictive Government policies. The best production level achieved has been below 70% of the capacity. 

The loss for 1971-72 was Rs 44 crore and the cumulative loss has mounted to about Rs 225 crore. With the 

energetic action now being taken, Hindustan Steel may break even during 1972-73. With further expansion 

under consideration the capacity will go up to 7.6 MT and cost to about Rs 1 200 crore. Eventually the 

production is envisaged to go up to 10 million tonnes. 

As regards the Bokaro Steel Plant, its commissioning was delayed for months for one reason or another. It was 

only in October 1972 that the first blast furnace started production of pig iron. However, it will be 1973-74 

before steel is sent out for sale. Rs 400 crore will have been spent on it in the first stage on 1.7 MT and it is 

expected that by 1980 Bokaro will produce 5.5 MT at a total capital cost of Rs 1200 crore.  

Next, we may have a look at the Heavy Engineering Corporation, Ranchi. It has had a very long gestation 

period. After almost ten years from the start, it achieved 20 % of its rated capacity in 1970-71 and 30% in 1971-

72. This may go up to 40-50 % in 1972-73. With an anticipated total cost of Rs 215 crore for the complete 

project, it has already incurred.a loss of Rs 63 crore up to 1970-71. The break even point is estimated to be 

reached in 1974-75. The difficulties in the case of this enterprise, apart from those which it has in common with 

Hindustan Steel, are said to be lack of organization for integrating its three complexes, a multiplicity of trade 

unions, excessive staff and frequent changes in management.  

The story of the Heavy Electricals, Bhopal, follows a similar pattern. Its accumulated losses up to March 1971 

were Rs 60 crore and break even at an annual output of Rs 61 crore is ordinarily expected in 1973-74. Its 

performance has further improved this year. The Bharat Heavy Electricals is in a marginally better position, due 

no doubt to the better performance of units other than the main one at Hardwar. It is, however, picking up fast. 

There have been serious shortfalls also in other sectors like coal, power and fertilizers. On the other hand, some 

large and medium enterprises have done exceedingly well. Mention may be made of Hindustan Antibiotics, 

Pimpri; Hindustan Machine Tools, Bangalore; Instrumentation Ltd, Kota; Indian Telephone Industries, 

Bangalore; the Minerals and Metal Trading Corporation and the State Trading Corporation, New Delhi. 

The actual cost of production in all the first set of the above units is high. Maintenance is poor and spares are 

scarce. Materials management has not yet been modernized and they carry heavy inventories. Some of the 

findings of the Pathak Committee, recently set up for looking into the problems of public enterprises, are 

revealing, as press reports indicate. It has been suggested that to improve the performance of the public sector it 

is necessary to modernize some of the units and streamline their management techniques. Under-utilization of 

capacity is one of the main factors impeding their growth and the remedy would lie in diversification and export 

promotion. In all, about 100 big; medium and small enterprises have by now been established and are working 

with varying degrees of success. In 1970-71, 50 enterprises earned profit of Rs 75 crore but 37 undertakings 

worked at a loss of Rs 78 crore. However, the net loss of Rs 3 crore has been arrived at after allowing Rs 188 

crore for depreciation and amortization, Rs 126 crore for interest payment, Rs 23 crore for taxation and Rs 8 

crore for other items. Thus, the gross surplus really amounted to about Rs 342 crore. The operation also shows 

an improvement in 1970-71 over 1969-70. 

For sub-serving public interest, more and more responsibility will have to be placed on the public sector in the 

spheres of basic and consumer industries, trade, transport and distribution. For instance, production of steel 

being vital for the industrial development of the country, a smaller rate of return must be countenanced. Do we 

realise that even today we are producing only 1% of the world‘s steel even though our population is 18%. In 

1948 we were producing 1.3 MT against 1.5 MT of Japan but in 1971-72, the latter produced 93 MT against 4.6 

MT by India. The USA and the USSR produced 109 MT and 121 MT of ingot steel, respectively. Even China is 

said to be producing well over 20 MT. We have to work almost on war footing to build up our production 
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capacity to a respectable figure in this strategic area. A target of 18.5 MT at the end of the Fifth Plan, as 

isxeported to be envisaged, is grossly inadequate. 

How does the Central Government monitor the performance of the enterprises on which such colossal 

investments have been made? Apart from the Parliament and various Parliamentary Committees like the 

Estimates Committee, the Public Accounts Committee, and the Public Undertakings Committee, which review 

the costs and working of the public enterprises, the Government has its own administrative departments to watch 

their working. It has also set up the Bureau of Public Enterprises to serve as a central point of reference, 

consultation and advice on important aspects of management of public enterprises. Its other functions are to 

explore all avenues of economy in capital costs, to devise steps to improve the productivity and profitability of 

the enterprises, to review periodically the working of individual projects, to conduct examination of selected 

areas of their performance and to present to Parliament or Government agencies reports and reviews of their 

working. As a watch-dog of the Government, the Bureau has done good work. Its reports are objective and 

constructive and even though these reveal their shortcomings, the reports must be proving useful to the 

enterprises in setting their houses in order. 

My aimis not to play down the public enterprises and decry their performance. The above statistics have been 

given to emphasize the magnitude of the problems rather than to denigrate these enterprises. I am a votary of 

public sector because I sincerely believe that there is no substitute for it. We must not forget the basic purpose 

for which many public sector undertakings were established. It certainly was not maximization of profits in the 

commercial sense but to subserve social objectives, such as creating manufacturing potential in the country in 

strategic areas, so as to build up self-reliance in the country, to cut down imports, bring about regional 

development and provide employment opportunities. It may be well to emphasize that there is a distinct 

employment orientation in the philosophy of the public sector. Many of these criteria are generally not 

coincidental or conducive to maximization of profits. Therefore, it can be said that the areas which the public 

sector took upon itself to develop were areas of inherent low profit and at the same time, areas where greater 

risks were operative. 

The public sector enterprises have to face many other constraints. For example, it must be realized that this 

sector, being a part of Government and sharing the larger social objectives of the State, must also be a model 

employer and provide to its employees social amenities at a level much higher than is normally expected of the 

private sector. This has led to the establishment of housing colonies with all necessary infrastructure facilities. 

There is no doubt that such social overheads have been one of the many reasons for depressing profits in many 

public sector undertakings. Even so these were countenanced and indeed deliberately provided because the 

social purpose was paramount. In fact, conceptually, we can postulate a hierarchy of objectives for each unit, so 

that when the objective at the top is satisfied, the importance shifts to the objective next in the line. For instance, 

in the case of Air India, the basic and primary objective in the earlier stages of its operation may be taken to be 

the projection of India‘s image abroad. Now that this has been satisfied in a large measure, the objective for the 

immediate present would be profit making in the commercial sense. With the redefinition of objectives, a series 

of policy changes will be necessary, to be matched with administrative and organisational restructuring, and 

changes in the manner of its working. 

The above is not to suggest that all public sector undertakings have performed adequately with reference to the 

basic objectives for which they were established. There are many units which have fallen short of expectations 

even by reference to the framework outlined above. In fairness to such undertakings it may, however, be said 

that a large number of factors, many outside their control and partly due to unpredictable economic situations in 

the country, had their inexorable say. Due to a variety of factors, planned programmes for development in the 

country went awry and hence offtakes from industrial units set up in the public sector got reduced to 

hazardously low levels. For example, the working of HEIL and BHEL well below their rated capacities in the 

past has, amongst other things, also been due to the rather slow development of power programmes in the 

country and lack of firm orders in advance. Apart from depressing profitability in the particular year in which 

under-utilization resulted due to the factors mentioned, the other consequence was to also extend the gestation 

period. Losses have, as a result, mounted, inevitably causing a further drag on future profits. 

On the part of the public sector units too, there have been a certain lack of foresightedness and inability to gear 

themselves to changing trends in the country. When unforeseen developments in the country called for a 

departure from the original production schedules, the units were not capable of quickly adjusting to this change. 

Furthermore, such adjustments were dependent on Governmental decisions, the level where final decision 

making rests. This did not allow the units adequate lead time to respond to the new market situation. Though 

changes in the demand for products is a factor which applies equally to both public and private sector units, in 

the case of latter, response to such changes is faster, and hence more rapid adjustments in production 

programmes are possible. The public sector units usually depend on forecasts of requirements made by Central 

Planning Agencies. These are totally inadequate for providing the type of market information necessary for 

planning adjustments in the production programme of units. Public sector units should engage competent 

agencies for long range market forecasting, so as to obviate this difficulty.  
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There have been perceptible gaps in the management of public sector plants. Management has to be 

professionalized and rule of thumb activity frowned upon. There has been no deliberate and conscious policy for 

development of middle management and training of cadres for innovative lines. Technical men must receive 

preference in production units for managerial jobs and should be properly groomed for them. Managers need to 

be trained and graduate to excellence through experience. As for top executives, it will be more realistic to 

recognize that difficulties will persist for some time. Units of the size of Hindustan Steel or Heavy Engineering 

Corporation call for very high level of managerial capability. There has also been much uncertainty at the top 

management level itself, where people, brought in on deputation from Government departments, could never 

really identify themselves with the organization on a long term basis. This lack of belonging has impeded the 

development of team spirit in the organizations concerned. Headlines in newspapers proclaiming that dozens of 

public enterprises have remained topless for long periods is a clear testimony of both the difficulty in finding 

proper persons as also to government inertia.  

Let me now devote more pointed attention to the problems of management in the public sector. Its opponents 

decry public sector management.as inherently inefficient, where neither the managers behave like capitalist 

owners nor the workers like the socialist watchdogs of production. Its partisans,'on the other hand, extol it as the 

spearhead of the socialist drive towards ‗garibi hatao‘ and therefore refuse to concede the validity of the 

opponents‘ criticism, at any rate in public. I am a partisan of the public sector. I openly concede the validity of 

its opponents‘ criticism but reject the conclusions they seek to derive. Let me therefore, admit frankly that 

public sector management in India, at all levels, with minor reservations, has been by and large soft, timid and 

bureaucratic.  

Take the first blemish — softness. The management of industrial enterprises, including those in the private 

sector, excepting perhaps those owned by foreigners, is, in varying degrees, soft everywhere. Managements 

abhor resort to compulsion to enforce technical discipline in plants, relying only on persuation and incentives to 

get work through. All of them have in general placed far fewer obligations on their workers and officers than is 

the case in the Western countries. The reason is that we have yet to imbibe the ideology of modern technology 

even though we have done quite a lot to transplant in our midst its material trappings. In the West, attenuation 

— it may even be called adulteration — of one‘s obligations is effectively restrained because of historic reasons. 

Western societies have always been far more demanding in prescribing obligations ands far more rigorous in 

enforcing their fulfilment than we have been. Gunnar Myrdal calls all South Asian States soft because of the 

prevalence of all types of secial indiscipline which manifest themselves by deficiencies in legislation and in 

particular law observance and. enforcemenrit, a widespread disobedience of public officials on various levels to 

rules and directives handed down to them and often their collusion with powerful persons and ‗groups of 

persons whose conduct they should regulate.‘ If the States in South East Asia are soft because the severity 

needed for enforcement of Jaw will not be used, their industrial managements are softer because of their 

unwillingness to take the firm measures needed to ensure industrial discipline. It is conveniently forgotten that 

even minor infractions of obligations can, and often do, cause major havoc. 

In addition to being soft, management of public sector is generally timid. The haunting fear of audit paras, 

parliamentary committees, ministries, action committees, etc; promotes a tendency to let things drift and the 

damage snowballs. The manager will simply not face the hazards of his occupation which are many. He 

habitually shrinks from admitting his or his predecessor‘s mistakes when they are still remediable. He is often 

also ‗deterred from doing the right thing by fear of ad-interim court injunctions, judicial enquiries, contempt of 

court proceedings, legislators‘ wrath and displeasure of departmental secretaries and their underlings. It is of no 

help to say that his belief is not justified. The very fear that results from such beliefs is apt to cloud his 

judgement and reduce his effectiveness. 

Finally, public sector management is bureaucratic, because it has all along tended to lay far more stress on 

‗systems‘ and ‗hierarchial structures‘, with their prescribed routines and procedures, and reposed too little faith 

in the men who actually breathe life into these structures. As a result, what we have is mere conformity to rules 

and procedures rather than an urge to achieve the ends for which these means are designed. In other words, 

public-sector management becomes a system of administration devoid of initiative and flexibility as well as 

indifferent to human needs it is designed to serve. This is precisely what is known as bureaucracy.  

I must add a fourth crippling constraint which is labour intransigence. Industrial relations, as the name itself 

implies, is a relation between people though they may be ranged on the opposite sides of the mariagerial net. 

Consequently, no attempt should be made to replace people by a ‗structure‘ or ‗system‘ and human contact by a 

set of formulae. At present these relations are vitiated by the wholesale politicising of the labour unions, with 

the reslut that a vast majority of the workers is being pulverized between the upper millstone of the union 

politics and the lower one of managerial bureaucracy. As a result what emerges is not reasoned discussion and 

debate but confrontation with nonnegotiable demands for instant acceptance. In the public sector this 

phenomenon takes the form of a multiplicity of recognized unions being seized by politicians of different hues, 

all-of them promising the same thing, namely, escalation of wages and continual relaxation of floor discipline. 
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Every worker must be made to understand that he has-to earn his keep. After all-it was Lenin, not Mussoliwnhoi 

ordained: ‗If a man-shall not work, neither shall he eat‘. 

Lately a new spectre has begun to haunt the public sector manager, which my friend, the Chairman of a darge 

public enterprise, has termed the spectre of hijacking on land, which he elaborated as follows: ‗The 

technological societies of today are rapidly becoming more and more vulnerable to guerilla attacks of 

microscopic minorities of recalcitrant deviants who do not hesitate to hold to ransom industrial plants, power 

grids, transport systems, and even university campuses, to enforce their own selfish demands. The fact that they 

use other means like bandhs, gheraos sit-ins, litigations, writpetitions, ad-interim ex-parte injunctions, court 

stays or confrontations instead of guns, to enforce their nonnegotiable demands is irrelevant. It is time that we 

woke up to the danger, the emergence of these hijackers on land poses to the life of the community, when on the 

one hand we are confronted by unfriendly neighbours and on the other passing through a social revolution.  We 

must therefore amend our legal and administrative systems which are tailored to let a thousand guilty escape 

rather than convict a single innocent. Do the airlines not subject a thousand innocent passengers to the indignity 

of personal search merely to prevent a freak hijacker from boarding? 

If I have spoken of the four besetting sins of public sector softness, absence of managerial dare, bureaucracy, ie, 

management-labour confrontations, it is not with the object of demeaning it and suggesting its replacement by 

private sector. The one single besetting sin of private sector, namely private greed, is sufficient to rule it out as 

an instrument of social reconstruction. No doubt there are a few industrialists in the private sector who, while 

promoting their own business interests, think also of the betterment of the country. But the Government cannot 

be blamed if it insists on proper checks and controls to regulate the private sector and curb monopolies. 

The joint sector alternative, whereby most of the risk capital is to be contributed by the State and management is 

to be entrusted, virtually wholly, to private sector entrepreneurs, will also not work, for, if private entrepreneurs 

were left alone to manage the joint undertakings, they may in most cases present the State with the awkward 

choice ‗heads I win; tails you lose.‘ If they were kept under rigid surveillance to prevent them from doing so, the 

remedy might well prove worse than the disease it was suppposed to cure. Thus the joint sector, as conceived by 

J R D Tata and others is likely to be a hybrid system, incapable of giving the service it claims to render, unless 

ways are found to remove its many obvious defects. Even then it is doubtful if this sector would be able to have 

any appreciable impact on the country‘s economy. The co-operative sector is ailing and, in any case, can handle 

only medium and small enterprises. There is therefore no escape from entrusting the job to public sector by 

ridding it of its shortcomings aforesaid 

Unquestionably, there is also a very real case for orienting the existing ministerial set-up towards development 

and innovation. In the present division of labour, a ministry considers itself responsible only for making policies 

and holds the undertakings attached to it responsible for their implementation. This is quite unlike "the system 

of the Railway Board which considers itself responsible for both policy formulation as well as its 

implementation. The Railway Board is also staffed by railway-men except for the Financial Commissioner. 

They are as fully involved in the goals of the undertaking as the man in the field. I had advocated this pattern 

long back at the time I joined the Hindustan Steel more than a decade ago. It is to be hoped that the Steel 

Minister will follow the Railway Board pattern in the working of the proposed holding company with men from 

the steel plants eventually in charge at all levels, as otherwise it may create the same problem for the Minister as 

a bigamist has to face when unable to divorce his existing wife he decides to live with another. 

Finally, no reform designed to streamline the public sector working and improve its shaken morale will really 

work unless the Minister himself is shielded from the heckling he has to face in the Parliament. Much of what 

seems to the public sector executives all along the line as ministerial interference, is the outcome of the barrage 

of questions that are ceaselessly asked, in the Parliament or outside, about the diverse aspects of the working of 

the public sector undertakings, no matter how trivial; like the quality of tooth picks provided by the Indian 

Airlines or the promotion or demotion of a crane driver in a plant. If there were a self-imposed parliamentary 

convention, as in the United Kingdom, against asking questions or against the merciless criticism of public 

enterprises, it will go a long way in making the public sector working more daring and less soft than is the case 

now. A triennial review of the working of the undertakings by Parliament‘s Committee on Bublic Undertakings 

should suffice. 

There is thus the imperative need for preserving and promoting the autonomy of public enterprises and enabling 

them to function on the basis of well recognized norms of behaviour, which apply to industrial enterprises in all 

developed countries, subject of course to their keeping within the broad policies laid down for their guidance, 

for fulfilling their assigned role in the development of the country. There can be no doubt that they must 

produce quality goods at competitive prices. It is my suggestion that different committees of experts be set up 

for critically examining the working of each plant and after recommending what defects and deficiencies have to 

be rectified in each case, the particular committee should also lay down what is the return that could reasonably 

be expected from it. Its performance could then be judged by what actually materializes from year to year. It is 

just possible that today a plant making a nominal profit or even working with a marginal loss, may be working 

more efficiently than one giving a high return. 
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An important point that is to be considered is that whether regular open tenders must always be called for 

determining the prices that should be paid for the goods to be supplied or the services to be rendered, if it is 

known that only another public undertaking will be in the picture. I have been advocating that this is 

unnecessary and time consuming. An order should ordinarily be placed forthwith for starting the work on the 

understanding that the cost would be determined in due course by their respective finance departments, of 

course, in consultation with the executives concerned, and in any case of disagreement the decision of the 

Bureau of Public Enterprises or any other agency nominated for such arbitration would be binding. Such a 

procedure will save a delay of six months or sometimes even more, and to that extent the production will be 

hastened. 

I will now come to some other relevant matters. I have heard some people claim that in the field of science and 

technology India can do what other developed countries have done; that we can leapfrog the technological gap, 

unaided and alone, subject to certain ‗ifs‘ and ‗buts‘. Even though we have a massive complex of research 

laboratories, it must be conceded that they are equipped at present to attempt only those goals which can be 

achieved by recourse to what has been called low technology, involving small improvements in widely used 

products, such as in the field of housing, road making, food, drinks, textiles, leather, etc. Developing countries 

like ours cannot afford to neglect high technology which it may not be possible for us to acquire indigenously. It 

must, therefore, be borrowed as we borrow capital and thus take advantage of what has been worked out by 

those in the lead. For high technology it is size that counts, the size of market, of interdisciplinary concentration 

of technical knowhow, and of financial resources for R&D exploitation. This is the nature of technology gap. It 

is a gap not of intellectual capacity but of available resources and ability to deploy them. It follows, therefore, 

that while everything should be done to upgrade.our own efforts, we may have to turn to international 

collaboration for high technology and secure it at as favourable terms as possible and there should be no 

artificial or ideological inhibition about it.  

It is vital to ensure selectivity in our R&D work considering the scarcity of high talent and more importantly the 

scarcity of investable funds for this purpose, even though the NCST inits approach paper for the Fifth Plan has 

recommended larger allocations to be made, totalling 1% of the GNP. If R&D effort is spread too thin, no 

worthwhile result may come about, since in this field, as in any other, a minimum critical effort is necessary to 

produce results. Our research work in the field of agriculture, manifest in the Green Revolution is already well 

known. However, we need our R&D funds to be spent more wisely and in those areas of applied research where 

fruits of development can directly help in improvement of our existing industries or in providing the base for 

establishment of new industries. Since our present goal, articulated in the Approach Paper for the Fifth Five 

Year Plan is self-reliance, we may perhaps concentrate efforts in the field of import substitution. It is also a 

matter of some concern that the public industrial undertakings, by and large, have yet to promote ancillary 

development through the establishment of backward and forward linkages thus catalysing the spread-effect of 

industrial growth.  

Another factor which may be considered in the context of the R&D effort is the adaption of imported 

technology to suit local conditions and its subsequent improvement. It would appear to me futile to start R&D 

work from scratch, without taking advantage of the results achieved elsewhere in the world. If this promise is 

accepted a policy of ‗import and evolve‘ would be more appropriate in many areas. At the same time much 

R&D work carried out by indigenous research organizations, hitherto, has languished without filtering down to 

the level of industry and being transformed into technology-in-use. This has been on account of the lack of 

liaison between research and design organizations. We have nowa fairly developed consultancy base in the 

country and I think the same should be harnessed for this purpose. 

The public sector is with us to stay. It will play an ever-increasing role in activising and dynamising the base of 

the Indian social and economic structure and this will have to be done in such a manner as will be conducive to 

the creation of a climate where initiative, self-growth, spirit of doing things, inventiveness and adaptation will 

flourish. The Indian concept of economic equalisation envisages a process in which the ownership and control 

of the national resources is so distributed as to serve best the common good. The use of such resources has to be 

so planned that this results not only in appreciable increases in the national production and employment but also 

in greater equality of income and wealth. In this task all-sectors have to play their respective roles but the State 

enterprises, as the principal agency of the State, have to discharge heavy responsibilities. They have to chart a 

fresh course for the growth and development of the nation. This task is indeed onerous. If Public Sector is to 

succeed, its philosophy must be informed with pragmatism, not doctrine. Speedy decisions, willingness to 

assume responsibility, professionalisation of management, largest possible measure of autonomy and unstinted 

support from a Government capable of taking quick decisions and firm stands — all these will have to be 

ensured. These will call for fundamental departures from the traditional grooves. It is a great challenge, but at 

the same time it is also a great opportunity. I am not only hopeful but confident that the Public Sector will 

progress from strength to strength and that it will grow and play its rightful part in creating an economy which is 

egalitarian, self-sufficient, self-generating and leading towards a growing standard of living. 
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Prosperity Through Industry 

Dr S M Patil 

 

INTRODUCTION 

I have been overwhelmed by the magnanimity of the gesture made by the President, Shri M Ganapati, and the 

Council of the Institution of Engineers (India) for giving me the privilege of delivering Sir Mokshagundam 

Visvesvaraya Lecture this year. I can add but little to the tribute and homage paid to this illustrious son of India 

from this very platform and elsewhere throughout the country and abroad by prominent individuals, institutions 

and governments of the country. I had the good fortune to study my engineering at the same Alma Mater where 

Bharat Ratna M Visvesvaraya studied, namely, the College of Engineering, Poona, then known at the College of 

Science, Poona. He joined the College in 1881 and came out first among the successful candidates in the civil 

engineering examination in the year 1883. We have in the college, preserved his drawings and written his name 

in golden letters in the ‗Roll of Honours.‘ His distinguished name and career continue to be a great source of 

encouragemerit and pride to all the students who pass out from this premier institute.  

Once I came in somewhat close quarters with Sir M V, which cast on mea great spell and admiration. This was 

on the occasion of the inauguration of the production of the first batch of lathes in HMT, Bangalore on May 30, 

1956. Then, somewhat physically handicapped due to old age, he was even so a sharp and keen observer. He 

gave me an impression of satisfaction at our country‘s entry into the basic field like machine tool in a big way. 

He evinced keen interest in our activities and desired to know details of our future plans of building other 

machine tools. 

Hence, when I was invited by Shri Ganapati, to present the 17th Sir M Visvesvaraya Lecture, without hesitation, 

accepted the assignment in the excitement of paying my own tribute to the memory of this great man. Having 

accepted the task, I deliberated as to what should be the theme of my lecture. In fact I wrote to Shri Ganapati to 

send me copies of the lectures presented previously on this occasion as a sort of a guidance for me to prepare my 

own lecture. As I was contemplating, by chance my attention was drawn to a small book entitled ‗Prosperity 

through Industry‘ written by Sir Visvesvaraya in 1942 in his capacity as the President of the All India 

Manufacturers Organization. In this book, one can see the vision, the foresight and the intelligence of the 

person. He thought of all what we today consider as sophisticated exercises and intellectual ideas. In his 

‗Foreword‘ to the book, he says, ‗Many tens of millions of the people of this country live in a chronic state of 

destitution and many more below as what is regarded as the poverty line in Western. countries. No serious 

minded citizen studying the comparative statistics given in this booklet can escape the conviction that the 

country is deteriorating in economic strength and that it is threatened with a further serious weakening if the 

present indifference to industries is allowed to continue in the coming period of post-war reconstruction. Many 

countries owe their prosperity to their supremacy as industrial nations. The promotion of industries is a 

development which, if vigorously pursued and persisted in, promises to give rich results in the way of improved 

living conditions to the average citizen in an appreciably short time.‘ 

In the third chapter Sir Visvesvaraya writes, ‗The reason why large scale and heavy industries should be 

established is that they eliminate the economic waste inherent in the country‘s excessive imports. If every 

Provincial Government is made to undertake one or two large-scale key industries according to local needs and 

the resources at its disposal, most of the principal varieties of heavy industries can be established in the country 

under normal conditions in about three years time. To start key industries in this way, would be a great gain to 

the country since it can be undertaken in any Province without either the Government or the public feeling the 

strain. The chief concern of the Government in every progressive country is to create facilities for the rapid 

development of all classes of industries and particularly the large scale ones; but in India no such tendency is 

noticeable on the part of the Government, and valuable time is being lost.‘ 

Towards the end where he enunciates the programme of action, one of his recommendations on establishing 

heavy industry, reads ‗The more important heavy industries to be started or extended under the Reconstruction 

Programme, immediately after the War, are the following: steel, automobile, aeroplane, shipbuilding, heavy 

chemicals like carbonate of soda, dye stuffs, and heavy engineering industries. 

‗The country would warmly welcome any measures that would lead to the early establishment of a dozen large-

scale heavy industries including the seven mentioned above. If has been suggested before that the Provincial 

Governments should take up one or two heavy industries each. If this is arranged, all important key industries 

can be started and would be in operation in less than three years time. 

‗Factories for the manufacture of machine tools and machinery should receive prior attention. In this machine 

age, it is but fitting that a‘good proportion of the younger population should give time to studies and workshop 

practice connected with mechanical engineering. Enterprising youths who have the opportunity and facilities 
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might set up small workshops and carry on home studies in this subject with profit to themselves and benefit to 

the country.‘ 

He thus conceived at one breath both the Government entering into the economic field in a big way, viz, 

business and industry, what is today popularly described as ‗public sector‘ and at the same time small scale 

industries run by private and small entrepreneurs. That he conceived of Five-Year economic plans for the 

country even at that early time is contained in his following recommendation:  

‗A Five-Year Plan or scheme should be prepared and sanctioned for individual regions as well as for the whole 

of India, making provision for a collective capital investment — mainly on heavy manufacturing industries — 

of not less than Rs 1 000 crore in the country as a whole.‘ 

These and many other pioneering ideas at the time when the country was under foreign surveilance made me 

take up the same theme as that of the title of his little book, ‗Prosperity Through Industry‘. What I propose to do 

here is to give you in brief what our country and the governments have done in these 26 years. After 

independence in the field of industry and what benefits have accrued through these policy decisions which in 

reality originated from the pioneer-thinker, planner, engineer and administrator, Sir M Visvesvaraya. 

PART2 

When India became independent in August 1947, the outlook was hardly encouraging. The transfer of power 

took place in a background of communal tension and ‗violence, as a result of which, nearly half-a-million lives 

were lost and many times that number were uprooted from their homes and hearths. Within a few months of 

transfer of power, India was faced with a war with her neighbour, Pakistan. The partition of the former 

undivided India created serious problems for the new Indian Government. Besides these problems, the 

integration of the country was beset with serious difficulties in view of the existence of a large number of 

princely states, which consequent on the transfer of power by the British, theoretically became independent. 

Covering nearly 45% of the territory of pre-partitioned India and about 4% of the population, they represented 

numerous little islands within the country: The task of integrating these islands into a body politic of India, was 

a stupendous task.  

With an agriculture that was based on the most primitive methods of cultivation and an industry that was mainly 

confined to textiles, plantations, mining and some light engineering workshops, the economic prospects did not 

appear bright either. The vast population of the country which was rapidly multiplying and which was in the 

main, illiterate, further complicated the task of economic development and improvement of the living standards 

for the mass of the people. 

Starting off with such odds, India has, during the last 26 years, undergone a notable transformation and has to 

her credit remarkable achievements in the political, economic and social fields. In agriculture, a remarkable 

technological breakthrough has been achieved which has doubled the foodgrain production in the country during 

the last 25 years. In the sphere of industry, a wide base for heavy industry has been established and today, the 

country has the capacity not only to manufacture machinery and entire plant for a number of industries but also 

to plan and design them with indigenous skill and know-how. By all standards, this is a remarkable record of 

progress and achievement. 

Early, after independence, when the Government started thinking about long-term economic development of the 

country, it rightly adopted a strategy of establishing basic producer and capital goods industries unlike the 

historical evolution of industrialization in the developed countries which advance from simple to complex 

consumer goods industries to producer-cum-capital goods industries. It was also recognized that if we want to 

acquire the capability to build our own machines on large scale, we must build our capability to manufacture full 

range of basic machine tools. Particularly noteworthy in this context is the personal interest which our late 

Prime Minister Shri Jawaharlal Nehru took in this matter. Indeed as a nation, we are very lucky that independent 

India began its journey with a Prime Minister like him who fully understood the scientific and technological 

compulsions of the modern world. In fact the inspiration of this strategy evidently came from the ideas of 

national development propounded by Shri Jawaharlal Nehru who held ‗Unless we start from the base, we cannot 

build the third or the fourth storey. We can advance in the minor sectors of the economy but if we do not build 

the basic structure, it will not make any difference to the hundreds of millions of our people. The strategy 

governing planning in India, is to industrialize and that means the basic industries being given the first place‘. 

Though perhaps not as spectacular as the green revolution in agriculture, the progress registered in the industrial 

sector since the beginning of planning, is by no means an unimpressive achievement. Within a few years of 

independence, India launched on the path of planned economic development within the democratic framework. 

The Fitst Plan (1951-56) was essentially a collection of number of mutually unrelated schemes. The launching 

of the Second Plan (1956-61) marked a watershed, for, with the Second Plan really began an integrated planning 

for the country based on long-term perspective and on a consciously conceived strategy of economic 

development. The succeeding years, however, have been years of serious, even if sometimes misguided efforts 

within the framework of a grand design. Through all sorts of travails and tribulations, India is struggling to 
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achieve a sort of take-off. While the real take-off still eludes us, significant successes have been achieved in 

different sectors of the country‘s economy through the Plans, The synoptic indicators of the country‘s economic 

growth are given in these Tables. 

The country‘s massive investment (Table 1) has not only led to horizontal expansion of the existing industries 

but also vertical and qualitative development by creating entirely new branches of industrial production.  

 

Table 2 shows the growth of industrial production which has been increasing at a compound rate of 7.4% 

between 1950 and 1960 and at 5.9% between 1960 and 1972. For the total period between 1950-1972 the index 

rose at a compound annual rate of growth of 6.46%. This growth by any standard is not a mean achievement for 

a country like ours with primarily agriculture as base for its economy. Item-wise growth of industrial products is 

given in Table 3. In a matter of 23 years between 1950-51 to 1973-74 coal output has more than doubled. 

Production of pig iron and finished steel has increased four-fold, and that of the automobiles over five times. 

Refined petroleum has risen by 85 times and of machine tools over 100 times. Equally impressive has been the 

progress in new lines of production such as fertilizers, power transformers, heavy electrical equipment, diesel 

engines and of course aluminium which has increased 50 times. 

Growth of real national income between 1948-49 and 1972-73 is shown in Table 4. The percentage increase of 

the country‘s aggregate income from year to year, though somewhat uneven, has registered a compound annual 

rate of 3.5% between 1948-49 and 1972-73. However, the per capita income has been increasing at a dis 
appointingly slow pace, viz, at a compound annual rate of only 1.06% during the same period due to various 

reasons — mainly due to the explosive growth of India‘s population. 

The resulting changes in the structure of Indian industry are evident from the fact that between 1951 and 1968 

(for which statistics are available) the share of technologically inferior industries like cotton ginning and baling, 

food (except beverages); textiles and tobacco in the total factory employment fell from 63% to 45.4%. During 

the same period, technologically superior in dustries like chemicals and chemical products, basic metal 

industries, metal products and transport equipment increased their aggregate share from 20.6% to 30.5% 

(Reserve Bank of India Bulletin, July 1971). Because of its capital intensive character, the second group of 

industries today account for about one half of the total weightage in the calculation of the index numbers of 

production of the manufacturing industries. 

Another indicator of advance is the growth of Indian industrial management and supervisory cadres. Out of 

5611 persons in foreign-owned/controlled companies, drawing Rs 2000 or more per month in 1960, only 1978 

or 35.2% were Indians as against 3635 or 64.8% non-Indians. In 1970, however, out of the total 9930 persons in 

the same category, there were 8604 or 86.6% Indians, and 1326 or only 13.4% non-Indians (Eastern Economist 

Records and Statistics, May 1971). 
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As a result of the growth of indigenous supply of industrial goods, the share of imports in the total available 

supplies of number of industrial goods has been drastically reduced, although the total volume of supply has in 

the meantime increased significantly (Table 5). 

 

One important aspect of the industrial development of the country is the expansion of the Defence industries. 

Soon after the Sino-Indian border war in 1962, the Department of Defence Production was set-up within the 

Union Ministry of Defence and Rs 50000 million Five-Year Defence Plan was undertaken. The Research and 

Development Organization in the Department of Defence Production manned entirely by Indian personnel, has 

so far developed a number of items for the Armed Forces including the mountain guns, semi-automatic rifles, 

self-loading pistols, new type of anti-tank mine, light weight forward area, very high frequency communication 

set, precision generators for anti-aircraft guns, portable collapsible assault boards, aluminium floating: bridges, 

etc. There are today over 30 Ordnance Factories all over the country equipped with latest machinery and 

machine tools — most of which have been indigenously procured — to turn out defence equipment, arms and 

ammunitions for the forces, besides the undertakings producing tanks, planes, trucks and jeeps, heavy earth 

moving equipment, radios, transmitters, radars and other electronic equipment. The advanced self-reliance in 

defence equipment is epitomised by the commissioning of the home-made frigate INS Nilgiri, built at the cost of 

nearly Rs 200 million with 53% indigenous content. It is a warship of the most modern type designed to 
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intercept and destory anything in the air, on the water, or below the surface that may fall within its expansive 

radar horizon. 

One of the notable achievements of independent India has been in the direction of her exports. During the first 

two Plan periods, the country did not pay sufficient attention to export planning. No definite programme was 

chalked out to achieve the targets through policy changes and thus, in the first two Plan periods, export earning 

remained almost stagnant. The slow growth rates in exports in the Second Plan together with larger 

requirements of foreign exchange for development, repayment and servicing of debts caused severe strains on 

the balance of payments and thinking turned albeit slowly, on the need for promotion of exports in the Third 

Plan. It was admitted by the planners that one of the main drawbacks in the past has been that the programme 

for exports has not been regarded as an integral part of the country‘s development efforts under the Five-Year 

Plans. Export, it was recognized, would depend upon number of factors, such as exportable surpluses, 

profitability, cost, productivity, diversification of exports and co-operation of the industry, also on such factors 

as fiscal incentives, trading arrangements with other countries, tariff quotas and other commercial policies of the 

importing countries. No attempt was made to spell a coherent export policy nor to provide any built-in devices 

in the Plan for creation of exportable surpluses. No emphasis was placed on cost reduction measures that should 

be taken or on the need for export incentives through fiscal and other policies. Industry was indifferent to 

exports becauseit enjoyed a sheltered home market. 

However, notably during the three Plan holiday years, 1966-67 to 1968-69, there has been a great awareness of 

the importance of foreign trade and export promotion. The Government of India has taken upon itself much 

greater responsibility in stepping up the country‘s exports. In the Ministry of Commerce, there is a special wing 

which handles exclusively exports, foreign trade and allied subjects. The total package of export assistance now 

available to the exporter, is an important incentive. Besides, a Market Development Fund has been created to 

support substantial expenditure incurred by exporting houses for conducting market surveys, economic studies, 

participation in foreign exhibitions, tours and similar activities connected with export promotion. Export 

Promotion Councils for different categories of industrial products have been set up throughout the country and 

abroad, who help the entrepreneurs in promoting exports and assisting them to investigate the world markets. 

The Indian Institute of Foreign Trade has been established with the patronage of the Ministry of Commerce 

which, besides undertaking foreign market surveys and conducting exhibitions abroad, is in charge of training 

Indian personnel in export marketing techniques and collection and compilation of commercial intelligence 

ralated to foreign trade. The Ministry of Commerce is making conscious efforts to make its policies stable 

during the Fourth and Fifth Plans so that the exporters are not faced with uncertainty in entering into long term 

contracts with foreign indentors and agents.  

Owing to these and other measures and financial assistance accorded by the Government of India to exporters, 

the Indian foreign trade has broken new grounds in exports (Table 6).  

More recent statistics of foreign trade indicate that an all-time high was recorded in the country‘s exports during 

1972-73 which are placed at. Rs 1880 crore, compared with Rs 1606 crore in 1971-72, an increase of Rs 274 

crore. This was nearly Rs 120 crore more than the export target fixed by the Commerce Ministry for 1972-73. 

Rs 274 crore increase in export last year works out to a 17% growth rate for 1972-73 which is 4% more than the 

highest growth rate of 13% achieved during 1968-69. On account of the encouraging performance, India closed 

the fiscal year 1972-73 with a satisfactory foreign exchange reserves position. At Rs 847 crore, the aggregate 

reserves recorded a fall of only Rs 2 crore during the year. Recent trend in foreign exchange reserves are shown 

in Table 7.  

A measure of maturity achievebdy Indian industries is the rapid growth of the country‘s industrial ventures 

abroad. In course of less than a decade, agreements have been reached with about 30 countries for setting up of 

over 130 industrial units with Indian collaboration. Of these, 33 are already in operation and the rest are at 

various stages of construction. These projects encompass a vast array of industries ranging from cotton and 

woolen textiles and food canning to a variety of engineering goods like sewing machines, electric fans, diesel 

engines, trucks, scooters, automotive parts, radios, airconditioners, coolers, electric motors and transformers, re-

rolling mills, paper and paper pulp, pharmaceuiticals, razor blades, tractors, trucks, etc. A pencil factory, a re-

rolling mul, vegetable oi mill, canning factory and a plant to make enamel and aluminium have also been set up. 

The countries where such projects have been or are being set up by India, cover not only the developing 

countries of Asia like Malaysia, Kenya, Mauritius, Sri Lanka, Nigeria, Ethiopia and Thailand, but also some of 

the highly developed countries like the USA, West Germany, UK and Canada. The industries in which joint 

ventures have been or are being set up in the advanced countries include oil engines, asbestos cement, 

hardboards and light engineering goods. 

Up to March 31, 1972, it is reported that total foreign exchange earnings from ventures abroad by way of 

dividends and fees for technical know-how and management, total to Rs 1.14 crore. India had also earned Rs 

6.82 crore in free foreign exchange from additional export of machinery, equipment and raw materials to these 
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ventures. This was over and above the exports made against the Indian equity participation. When the projects 

under implementation also go into production, a good margin of returns may be reasonably expected.  
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PART 3 

Thus, from the above account one may feel satisfied that Sir M Visvesvaraya‘s dream of ‗Prosperity Through 

Industry‘ has been to a large extent fulfilled. But, the fact is, it is not so — in the opinion of large number of 

Indians, poor and rich, educated and uneducated, farmers and politicians, economists and journalists, engineers 

and doctors and so on. In fact, if Sir M V was alive today, he would have perhaps felt similarly. Does it mean 

that our efforts have not matched the needs, our promises fallen short of performance? In fact in terms of the 

needs and requirements of our large population thereis every reason to feel dissatisfied that the growth has not 

been faster and that we are still a long way off from being free of the scourges of poverty and unemployment. 

Let us look at our industrial growth. The progress of industrial production during the first four years of the 

Fourth Five-Year Plan indicates that owing to substantial shortfalls in fulfilling the Plan targets in practically all 

the key sectors, the overall growth rate will amount to only half of the envisaged annualincrease of 8% to 10%. 

Despite the efforts to synchronize industrial development by making fuller use of the available capacity and by 

speeding up the expansion of capacity, the actual additional production is likely to reveal a shortfall of 84% of 

the planned targets in steel ingots, 40% to 50% in nitrogenous and phosphate fertilizers, 92% in newsprint, 

nearly 60% in cotton cloth and 35% to 52% in cement. The targeted annual industrial growth of 8% to 10% 

during the plan period is not likely to be achieved. As such, in the first four years of the Plan, the record of 

industrial production showed a dismal trend. The average general index at 175 in 1969-70 recorded arise of 

7.1% over 1968-69. However, in 1970-71 the index at 181.4 was higher by only 3.7 over 1969-70 and the 

corresponding growth rate in 1971-72 over 1970-71 amounted to 4.5%. And during 1972-73 the general index at 

198.3 was higher by 4.6% over the previous year. During the first quarter of 1973, the performance was 

particularly depressingas the industrial production index showeda fail of 1.8% over the corresponding period of 

1972. 

To aggravate the situation, the decision to import foodegrains at a huge cost of Rs 500 crore and more on 

account of the prevailing circumstances of uncertainty on the food front will only deprive other vital industrial 

sectors of the economy these precious foreign exchange funds. Such a step will prove harmfulto the industrial 

development, apartfrom paying higher prices for the import of urgently needed raw materials, spares, plant and 

machinery. 

Thus, in addition to the problem already facing the industrial sector, the shrinking import capacity will emerge 

as a major inhibiting factor on industrial growth. The overall performance of industrial sector during 1973-74 

may thus possibly show deterioration compared to 1972-73. On the basis of the past trend, the average yearly 

growth rate in production during the Fourth Plan period, consequently is expected to be only about half of the 

visualized growth target. 

The emerging lags in the production of essential sinews of industrial development has slowed down the 

percentage overall growth, set for the Plan years. The obvious gap between the contemplated annual increase of 

8% to 10% in industrial output and 4% to 5% increase actually recorded cannot therefore be ignored.  

In the situation we are today, the problem with regard to employment is extremely dismal with an estimated 

unemployed at 20 million or about 9% of the total workforce which is likely to increase to nearly 25 million at 

the start of the Fifth Plan in 1974-75. Worse yet, of the jobless about 5.3 million are educated men whom India 

needs most to put to work engineers and other professionals. Unemployment is hard to pinpoint satisfactorily in 

a land of perpetual underemployment estimated at 24%. However, the fact that unemployment is increasing at 

an alarming rate is quite evident. The problem of unemployment has eluded any solution and the country has 

been facing this gigantic problem with no signs of improvement. 

Even the complacent in India view with concern the growing deterioration in industrial relations and the 

increasing incidence of labour unrest during the past few years. The number of mandays lost due to strikes and 

lockouts has been steadily rising from 13.85 million in 1966 to 16.55 million during 1971 and 17.92 million 

(provisional) during. 1972. To this one must add the enormous number of the unaccounted manhours lost in go-

slow which is in a way more cancerous than even strikes and lockouts. Our economy has been upset time and 

again by loss of mandays on these accounts. 

Moreover, there is a steady increase in the growth of employee collectivities, trade unions, staff and officers 

associations, etc, part of whose operational objectives includes collective bargaining. Recently privileged 

occupational groups such as pilots, doctors, engineers, bank office staff, airline employees, university teachers, 

etc, have sought to employ trade union methods to seek redress of their employment grivances. Apart from drop 

in the Gross National Product, the consumer and the general public have suffered considerable inconveniences 

when essential services like public transport, health, education, electric power and water supply have been 

seriously dislocated and/or paralysed. 

There have never been so many strikes, gheraos and bundhs; never so much of defiance of law; nor so much of 

violence in the streets. All this is perhaps due to the rampant unemployment and underemployment and the 
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unprecedented inflation, with retail prices having soared 24 % in the last 12 months with prices still soaring 

everywhere. Our rupee has never bought us so little! The Indian economy in recent years has hence been 

characterized by neither growth nor price stability. Rather it is characterized by very low economic growth and 

serious inflation of an intensity and pervasiveness which we did not probably witness even during the years of 

the Second World War. In short, there is a sense of foreboding and gloom all over. The general feeling is that 

everything which has been done is far too inadequate to root out poverty, scarcity, unemployment and help to 

raise the standards of living of the Indian masses. The country is thusin the midst of its worst crisis. The year 

1973 has been most difficult for Indiain 26 years of independence. India is suffering from a nation-wide sense of 

depression and frustration. 

Why do we find ourselves in such a mess after having had 26 years of freedom to run the country in a way we 

wanted to? This is a very complex and difficult question, with many divergent views. In any case, for finding 

solutions and extract the economy from its present malaise, one ought to know as correctly as possible, the 

reasons for such deplorable state of affairs. First of all there are, in my opinion, factors which are really beyond 

any human reach and control; others not entirely our own making, but many for which we all, including the 

Government, politicians, public in general and the elite intelligentsia in particular, are squarely responsible. 

Some of the causes are obvious. There was the enormous expenditure in 1971 because of Bangladesh — first on 

the refugees and then on defence. Ten million Bengalees had fled from the terror of Pakistani forces into our 

sympathetic land. We scraped together Rs 700 million to feed, clothe and shelter them in giant camps for over a 

year. The strain on our resources because of increased expenditure on them and later, on defence has been 

estimated at half our total national revenue for 1971-72. This drain continued, until we were able to send back 

the Pakistani POWs, numbering over 90000 on whom the country spent enormously. 

Then we had an exceptionally bad drought in 1972, which gave rise to acute food and power shortage. The 

economy had to bear the burden of relief programme in the drought affected States. This was really a gigantic 

task with few comparisons in the history of any nation. It involved 180 million people. Over nine million were 

given employment in relief work such as on irrigation projects, building roads, etc. With the herculean and 

really praiseworthy efforts, the Government have been able to avert starvation, death and near calamity. 

We have also to look at the facts to get our perspectives correct. Due to widespread drought, worst in recent 

history, agricultural production which had declined marginally in 1971-72, went down further in 1972-73. As a 

result, there has been an extraordinary increase in prices of foodgrains and other essential commodities over the 

past 12 months. The crops to suffer most from the unkind weather, were coarse grains and oilseeds. Shortfalls in 

foodgrains production have created sizeable gap between the demand and supply. 

The drought had another dimension too. It led to a crippling shortage of power in States largely dependent on 

hydel sources. As a result, the industrial output declinedin many vital sectors such as steel, textiles and 

fertilizers cement. 

The worst is not over Nature has been very unkind to India. When we breathed a sigh of relief with good 

monsoon all over the country during the last year‘s monsoons, we hit another calamity towards the end of 

August 1973 with heavy floodsin as many as six States, viz, Madhya Pradesh, Gujarat, Rajasthan, Uttar Pradesh, 

Bihar‘and West Bengal. The floods claimed over 1000 lives with 400 in one single State, viz, Madhya Pradesh. 

Incessant rains humpered the relief work and thousands of kilometres of crops had been washed away. The 

estimated loss suffered in Gujarat alone was placed at Rs 120 crore. Besides, millions of people had become 

homeless and the Air Force and Army personnel had to be pressed into relief and rescue operations. These are 

hence some of the factors beyond our control which have greatly contributed to the deterioration of our 

economy in recent years. 

One other important reason why India has became poor is because of the country‘s explosive growth of 

population. With growth at the rate of nearly 23% every year the population has increased from 440 million 

during 1960-61 to 550 million in 1970-71, in 10 years at the rate of over 11 million per year. Today, estimated 

at almost 575 million the population is increasing faster, adding 12 million heads every year! No country in the 

world with such enormous growth of population, can ever hope to become economically strong and 

selfsufficient. It is worthwhile to note that the world‘s most populous country, viz, China, with over 600 million 

people — has started exercising rigid controls on her population growth. It is reported that the country has taken 

to family planning in a big way and on top most priority. Hence, whilst discussing the Fifth Five-Year Plan 

during September 1973 the members of the Parliament were really concerned over the reduction in the Family 

Planning Budget and a prospect of further cut. It is not so much reduction in the budget that should worry, as 

much as the idea that the family planning programmes are expendable and can be pursued on a stop-go basis. 

Family Planning is probably the single most important long term programme onthe country‘s agenda. For, the 

rate of population growth is going to determine everything else — from abstract per capita statistics to the real 

living standards of the people, employment and the rest. For the last two years, our Gross National Product has 

not increased at all, while population continues to grow by about 12 million a year adding one Australia every 

year! So the standard of living for the multitudes has actually declined.  
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Ours has been and continues to be an agricultural based economy. So far we have spent over Rs 7000 crore on 

the development of agriculture and allied activities. As a result of this gigantic outlay, during the various Plans, 

our agricultural output has almost doubled. But poverty in rural areas has not diminished and on the contrary, 

there is every reason to believe that our village labourers have become poorer and have remained almost 

untouched by the growth of Indian agriculture. For, it is the few rich farmers who got most of the benefits of the 

Plan outlay and efforts. There are many explanations for this phenomenon and our Government have taken 

number of progressive measures to ameliorate the conditions of the village labourers like the land reform laws. 

But perhaps the solution lies elsewhere. 

Increase in productivity of agriculture is not going to be by adding more manpower but mainly through 

improved methods of agriculture, use of fertilizers and high yielding varieties of seeds, by irrigation, 

mechanization and the use of modern equipment like tractors and by adopting scientific methods of cultivation. 

Today, in-dozen major countries, agriculture employees form fewer than 15% of the economically active 

population. In the United States whose farms feed 200 million Americans plus an equivalent number of people 

around the world; this figure is below 6% and is shrinking rapidly. As compared to this we have 70% of our 

people employed in agriculture. We have to improve the productivity in agriculture through mechanization and 

other modern methods and relieve this heavy concentration of manpower in agriculture. Hence, the effective 

solution to the amelioration of the rural population lies mainly in industries of all types — small, medium, large 

scale, labour intensive and mass producing types both in the public and private sectors. 

During the past two decades, India‘s industrial base has been greatly strengthened. This growth has naturally led 

to increased employment — total employment in the organized industrial sector as expressed in terms of daily 

employment increased from 12.6 million in 1961 to 17.5 million in 1971. These figures by themselves do not 

convey the whole story. As against over 50000 units in the organized industrial sector, there are at least 20 

million in the unregistered household sector which owe their existence to the former, namely, organized sector. 

These units provide employment in large numbers. Then there is also employment generated in the process of 

marketing, distribution and servicing. Finally, the broadening of industrial base and the Government‘s 

involvement in development-have increased employment opportunities in many directions — administration, 

transport and communication are examples.  

Instead of concentrating our main attention on industrialization, we seem to have been debating on whether to 

channelize our investments in large scale industries or small or medium scale industries. In my opinion, all are 

necessary and essential and these should complement one another. We also talk of labour intensive industries in 

preference to modern mass and semi-mass producing industries. We cannot afford to give up one type for the 

other. There has to be judicious choice and combination of both these types of industries. If we try and adopt 

labour intensive methods to produce consumer durables, say, passenger cars, bicycles, watches and consumer 

items like wage goods, such as textiles, etc the finished products will become so costly that the poorer sections 

of our society can never hope to acquire some of these essentials. The main objective in any economic plan or 

industrial development scheme, should aim at rising the consumption levels of the middle and poor sections of 

our society. Through increased industrial production whatever means one may adopt, reducing the costs and 

thereby bringing the goods and services within the scope of the purchasing power of a common man, I think, is 

what is needed in our country. However, what is happening today is — take any item whether machinery or 

textiles or any industrial product or consumer goods — we produce far too less than the demand. When money 

chases goods which are in short supply, we will naturally end up with spiralling prices. 

As regards employment potentiality in large scale industries, one should consider the situation not merely in the 

short run but also in the long run. Self-reliance requires that India should set up her own large scale, heavy and 

basic industries. This is necessary not only for defence but to further the industrial development. These provide 

the infrastructure which can sustain other industries including the ancillaries, small and medium scale units. 

Unemployment can be reduced only if the number of additional jobs created, directly or otherwise are at least 

equal to the net addition to the workforce. But it is invariably the other way about. To reverse the process, we 

need more and more industries of all types — big, small, medium, labour intensive, mass, semi-mass producing, 

both in the public sector and private sector. 

Squalor and poverty, in my opinion, can only be eliminated if we are able to provide every able bodied 

individual with a day‘s honest work. This can be achieved largely through further stepping up the process of 

industrialization of our country without any inhibiting factors. What Sir Visvesvaraya preached years ago — 

‗industrialize or perish‘— is today more relevant, perhaps than during his times. 

One area where perhaps we have gone wrong is in the management of our affairs — administratively, socially, 

politically and economically. The importance of mature management overrides all other factors having bearing 

on accelerated growth; for, good management is the fulcrum on which rests the success of our national 

ambitions and plans to provide our people the minimum necessities and conveniences required for a tolerable 

existence. Good management or leadership, and these are inter-changeable terms, is of crucial importance for 

the success of any collective human endeavour. It is of relevance not onlyto business enterprises, but equally to 
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academic institutions, hospitals, families, political parties and most important, to governments. Whether we are 

looking out next year, or the end of the seventies or turn of a new century, I cannot see how accelerated. 

economic growth is going to come from any source, other than better management and better managers. The 

great challenge to our society will, therefore, be to find mature managers in government, in business and in 

labour. It is the maturity of leadership in the council of ministers, business and labour, jointly and severally that 

we have to place our hope and confidence for our future. The role of minister-manager group at the apex is 

clearly the most important; and it is the Government through its ministers that decides on every policy and 

direction for the country, for achieving the desired levels of economic growth. The trouble is, our political 

system lays greater emphasis on ‗politics‘ and not on ‗statesmanship‘. As late President Franklin Roosevelt once 

said, ‗there are very few statesmen but too many politicians in the world, since a statesman looks far ahead, and 

works for the benefit of the next generation whereas a politician works for the next election‘. 

Second key management group for the achievement of our planned economic growth is manager of the labour in 

our country. Whereas productivity of labour continues to be of importance to the country‘s drive for lower costs 

of production, the necessity of increasing production and the relationship of labour to it, has assumed a great 

importance for accelerating economic and industrial growth. Whereas national interests are best served by the 

achievement of maximum production levels, so far as the management of labour group is concerned, this does 

not seem to be true. On the other hand, the Government and the people have acquiesced in a situation in which 

labour management has been granted an implied right of stalling and halting production to achieve increasing 

gains for itself. The national economic situation has in my view, passed the stage of concern and is one of alarm 

now. 

I would now like to refer to the crucial role of the industrial and business managers in the process of 

accelerating economic growth. India today needs managers in business and industry, whose every act and 

decision will bear the stamp of responsibility. There can be no doubt about the fact that the management of 

business enterprise is clearly not measuring up to the needs of the planned levels of economic growth, and there 

is a case for total introspection for review of its attitude.  

The heavy investmetit requirements of the Fifth Five-Year Pian will far exceed the sum total of all the previous 

national plans, and the production increases that are expected to flow from these investments will therefore have 

to be massive. Clearly, the emphasis on ownership has to give way. Hereafter, the emphasis will not be on risk 

capital but on risk and entrepreneurship in management. This is the basic qualitative change which the business 

enterprise manager has to appreciate. By and large, Indian business has so far mostly stayed at the family level. 

Fathers, sons, nephews and relatives still form the control centres in most businesses, big or small. Decision 

making and its distribution are highly centralized. Professional management, if any, is of recent origin, and 

often, only a sign of family running out of sons and nephews. Professionalization of management must be 

considered to be the main thrust of change in the management of business enterprises hereafter. It is the quality, 

integrity and discipline of our professional managers which are going to decide whether the massive inputs in 

our economic Plans are going to yield the desired results or not. 

I have given you a kaleidoscopic review of our country‘s industrial and economic scene which is not as happyas 

one would have hoped after our four Plans. Before I close, I want you to ponder over one aspect of our national 

trait, which in my opinion, is the basic cause of all our ills — economic, social, religious and political. This is 

the crisis of our character. We as a country claim, as one of the oldest ‗highly civilized and cultured nations. Are 

we really? May be our ancestors were, but not the large majority of our present generation. President Giri in his 

true spirit as the constitutional head of the country, whose duty is to reflect the popular urges, has spoken out the 

mind of the common man, who is being ground under the pressure of rising prices, administrative and 

commercial bungling and social inequities: In a characteristically forthright speech on the appropriate occasion 

of opening the Gandhi Bhavan in Lucknow on July 28, 1973, the President referred to the character crisis 

particularly at high levels of authority in our social and political life as the root cause of the present malaise, 

whether it be in the field of politics or economics. 

Corruption has become a way of life in the country. It now takes a bribe-to get a child into school, to get a milk 

card, and even to get a long distance railway ticket; let alone any of the innumerable licences that our pullulating 

bureaucracy demands. 

We as a people, are not honest. A sort of national laziness and unconcern with public responsibility is writ large 

in our functioning, be it in the factories, in offices, in government, public and private enterprises or educational 

institutions. This is something very deplorable, because our nation is so backward economically and socially. 

Many of us desire that it should come forwand, but mere desiring will not do; we have to put the desire into 

effect and that means ‗hard work‘. Along with hard work, intelligent work, along with intelligent work 

tooperative team work. We can meet the challenge of the present most difficult times only when we have learnt 

chis character efficiency involved in team work and intelligent hard work. This is the philosophy which we have 

to learn and learn it consciously and not unconsciously, somehow stumbling into it. 
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I see in Japan, Germany and America, that their people work hard; they are energetic, they do not idle during the 

work time and they have a sense of self-respect, a sense of dignity, ‗I am paid to work during the work time; 

therefore let me discharge my responsibility‘ they would say. This is the correct attitude and, in my opinion, a 

basic honesty. Here in our country we have to police men and see that they work. Is this not deplorable? Does it 

not amount to dishonesty? 

Japan‘s economic growth has been spectacular. Average Japanese subsisted on mere Rs 124 a year during 1946, 

in a war-devasted economy. After the fastest come-back in economic history, Japan has today a yearly per capita 

income of Rs 22 000 within a quarter of a century. What makes the Japanese economy tick so successfully? 

According to Fortune, ‗The great edge the Japanese have is simply their willingness to work.‘ In other words, a 

nation is worth as much as it is willing to work. 

Someone has aptly said that there are really only two kinds of people: those who are part of the ‗problem‘ and 

those who are part of the ‗solution‘. Do you think only in terms of yourself? How much can you make, what you 

can get out of life? Those who think that way are definitely part of the problem. Or, are you concerned with the 

contribution you can make? How much you can give, how much you can put in? People like that are part of the 

answers. It was late Mr J F Kennedy who said, ‗Ask not what your country can do for you, ask what you can do 

for your country‘. Some people treat life like a slot machine, trying to put in as little as possible and always 

hoping to hit the jackpot. But I believe that people are wiser, happier and have more inner peace when they 

think of life as a solid, intelligent investment from which they receive in terms of what they put in. Sir M 

Visvesvaraya belonged to this category. Fearless, upright a man of unimpeachable character and integrity, of 

strong will power, meticulous in everything, Sir M Visvesvaraya was a distinguished son of India. Let us all 

emulate his example to help to preserve our hard earned freedom and economic independence. 
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Race Between Population and Food 

Shri Kanwar Sain 

 

CHOICE OF SUBJECT 

Had Bharat Ratna Sir Mokshagundam Visvesvaraya been amongst us today, I have little doubt in my mind that 

he would have advocated ‗Survival through Agriculture‘ with the same foresight and zeal as he advocated 

‗Prosperity through Industryin‘ 1942. This is my reason for choosing the subject of ‗Race between Population 

and Food‘ for this Lecture to revive the memory of the most illustrious thinker and engineer of this country.  

I do not suggest that challenge to humanity lies only in the race between population growth and food production. 

There are other basic human needs. Though life cannot be equated solely with food, it is, nevertheless, a hard 

fact that life depends squarely on food. Over half the world‘s people occupy their full time and energy in 

growing the food they live on. Food production is basic not only to human existence but to the quality of human 

life as well. The current precarious balance between population and food supply represents a critical 

relationship, which may well determine the future course of world history. It poses a serious threat to peace and 

may involve annihilation of a part of population of some developing countries through deliberate action, much 

more horrible and destructive than the Hiroshima bombing in 1945. Watson and Smith suggest reducing the 

world population to 500 million, that is, to one-eight of its present magnitude. According to Bryson, ‗the 

evidence is now abundantly clear that the climate of the earth is changing and is changing in a direction that is 

not promising in terms of our ability-to feed the world.‘ 

EARLIER FOREBODINGS 

For the past two centuries, food problem has remained a perplexing dilemma. In 1789 Malthus determined that 

man‘s potential reproduction ability implied an exponential population growth over any significant length of 

time while the food supplies for a region could grow no more vigorously than by an arithmetical progression. 

Again in 1898, Sir William Crookes, in his presidential address at the British Association for the Advancement 

of Science, concluded that at the most, only about three decades remained before all available wheat acreage 

would be required for current needs. These prophets of doom were proved to be wrong. Food output has been 

meeting the needs of a population far larger than earlier analysts could forecast.  

GROWTH OF WORLD POPULATION 

World population is estimated to have been 250 million at the beginning of the Christian era. It took 15 

centuries for the population to double itself. By the year 1600, the total population was 500 million. The next 

doubling of the population took 225 years. The world population reached 1000 million in 1825. It tripled during 

the next 135 years and reached 3 000 million by 1960. In the light of reduced death rates due to the improved 

public health activities, Bennett in 1949, reviewed authoritative projections, which placed the probable world 

population in the year 2000 at about 3.3 billion. However, data available now indicates that the population 

probably passed the 3.3 billion mark in the late 1960‘s. According to the UN Demographic Year Book teleased 

in March 1974, the world population reached nearly 3 800 million by middle of 1972. UN demographers 

estimated that the world population in 2000 may be between 5.3 to 7.4 billion.  

No one knows the future, demographers or economists. Projections made by Frejka illustrate different paths 

towards stationary population. Net reproduction to replacement level which, if sustained, would eventually lead 

to non-growing population. These projections do make it clear that a much larger human population almost 

surely lies ahead before mankind reaches stabilization. Such is the momentum of population growth that even if 

the replacement level were reached in the developed world by 1980 and in the developing countries by 2000, the 

world population would go to 8 billion. Where will such growth end — 8 billion, or 10 billion, or 15 billion? 

Only God knows. 

A UN Report released in March 1974, said that the world population probably will stop growing in 100 years or 

so and remain steady at around 12.3 billion. In making the calculations, the report said ‗It was assumed that 

mortality would decrease everywhere to reach, sooner or later, an expectation of life at birth of 76 years and 

then stabilize. Fertility was assumed to decrease, sooner in some regions and later in others, until a level is 

reached assuring exact replacement of the population in the long run‘. On that basis, the report estimated that the 

number of people in the world would reach. 12.120 billion in the year 2075, increasing only slightly in some 

regions after that and finally ‗stabilize — at about 12.3 billion‘. 

Whatever the figure, our children, and certainly our  grand-children, will look back at today‘s world of 4 billion 

as the good old days. For these projections show the inexorable, long term consequences of short term trends 

and illustrate the large numbers to be added in the twentyfirst century for developed as well as developing 
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countries. Nor are these numbers to be viewed as ‗dry as dust statistics‘. They are people being born, living and 

dying.  

Two features of this situation demand attention. The first is whether the world‘s overall capacity to produce 

food is adequate to meet the demands of the total population at all points of time in the future. The second is the 

food producing capacity of the areas where the population growth takes place. The second feature is important 

because the largest growth in population is taking place in regions already short of food. In 1920, about one-

third of the world‘s population was located in what are generally classified as the more developed areas of the 

world (North America, Europe, USSR and Oceania) and the remaining two-third in the so-called less developed 

areas (East Asia, South Asia, Africa and Latin America). By 1980, today‘s developed areas will contain only 

about one-fourth of the world‘s population. Thus, in a relatively short period of 60 years, a very marked change 

in population distribution will have taken place. Such changes are bound to create highly complex problems in 

the social and political spheres. 

REVERSAL OF FOOD FLOW 

Prior to the Second World War the developing countries were net exporters of grain. Together they exported 

about 11 million tonnes of grain per year to the developed world. By the close of the Second World War, these 

countries no longer had export surplus of food grain. During 1948-52, an average of 6 million tonnes of food 

grain was shipped to the developing countries. The flow in that direction has been increasing sharply ever since. 

It reached 13 million tonnesa year during 1957-59, 20 million tonnes in, 1960, and an.estimated 31 million 

tonnes in 1966. In the absence of an all-out effort to reverse this trend developed countries might have to decide 

which food shortage countries to save and which to let starve. At present in developed countries most of the 

grain is used as livestock feed and consumed by man in a transmuted form as meat, milk and eggs. The demand 

for grain in Japan, Britain, Italy and Federal Republic of Germany has increased due to shortage of livestock 

feed stuff as soyabeans and fish meal. In developing countries almost all grains are used directly as human food. 

THE TWO WORLD CONFERENCES ON POPULATION AND FOOD 

The striking change in the outlook for future population growth has become an important, if not a dominant 

factor, in. current thinking on the world food problem. This has again triggered a wave of pessimism over the 

world‘s future food supplies. Scientists, philosophers and men of public affairs started reinterpreting the past, 

dissecting the present and probing the future in search of new insights about the nature and significance of the 

world food problem. Population experts, planners, economists and social scientists from over 140 countries 

discussed the population problems of the world at Bucharest in August 1974. The world food problems were 

discussed by delegates representing 130 countries in the UN Conference held at Rome in November 1974. 

Informed opinion is that both the conferences had failed to come up with any solutions for the immediate 

problem threatening the world. A wide range of opinions have been expressed about world food prospects. A 

number of econcmists have suggested the likelihood of widespread famine within a few years. A nearly opposite 

view is presented by other experts. 

There are two major schools of thought with regard to current food problems. The first holds that population 

pressures are rapidly increasing and, unless curbed, willlead to werld chaos. This school holds that advances in 

the field of medicine and public health have doubled the life expectancy. Today, it may well be regretted that 

early advances in public health were not coupled with the foresight to initiate measures to help stabilize the 

population. Had family planning been included in public health and medical care several generations ago, the 

rate of population increase might today be more nearly within reasonable bounds. Indeed, when attention was 

called during the last century to the ultimate dangers of uninhibited population increase, the warning went 

unheeded. The second school believes that the application of the benefits of technology can keep pace with a 

growing werld population and human needs. In the advanced countries, knowledge and technology have been 

able to hold birth rates in check and to increase food output faster than population growth. The pressing problem 

is in the less developed countries. The application of modern technology to agriculture is quite new in most 

developing countries; so the potential increase in productivity has only just began to appear. A continued modest 

improvement in output per person may be optimistic enough to project at least over the next 30 years. 

To produce food in advanced countries and send it as gift or deferred loans is not the long term remedy to the 

food problem. This approach only postpones the day of reckoning. Both the World Conferences held at 

Bucharest and Rome during 1974 had clearly indicated that solutions of the twin problems of population and 

food lie at home. 

PROSPECTS FOR THE YEAR 2000 

Projections of production potential and demand by Blakeslee, Heady and Framingbam for the year 2000 suggest 

that with maintenance of a modest momentum in improvement of agriculture and the lower level of population 

growth, the world food situation will not deteriorate over a 30 years period. Of course, the pressure of demand 

on food supplies will depend on the rate at which per capita incomes increase over the next three decades. In one 
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case, food becomes a relative scarcity because man has enough income to buy more thereby pushing its real 

price up. In the other case, the relative scarcity grows out of restrained supplies which hold population in misery 

near a subsistence level. 

LONG RANGE OUTLOOK 

Despite the swift growth of the world population, it is stressed in the FAO Preliminary Assessment: ‗It is 

entirely within man‘s capacity to solve the food problem both in its shorter and its longer term aspects‘. Hugo 

Osvold, a. Swedish scientist, in his book ‗Land Must Feed Us‘, arrives at the conclusion that even with the 

present farming methods, it is possible to provide a full valued diet to three times as many people as now inhabit 

our planet‘. About 10% of the earth‘s land surface F Baade, a West German economist, the sown area in the 

world can be trebled.  

Investments in agricultural development cannot ward off long range world food crisis stemming from 

population growth. Only investment in knowledge and the technology of birth control can do so. It is the only 

long term solution to the problem of population versus food supply. Moreover, compared with agricultural 

development, such an investment will be much more effective in bringing population growth and. future food 

requirements to a realistic and humanitarian balance. Effective population control programmes however 

requireconsiderable time to be effective. 

Blakeslee‘s study shows that the threat-of world food crisis is perhaps three decades away. This gives 

considerable time to developing countries to implement effective population control policies. The failure to 

control population over the next 30 years will not be-due to the absence of technology. Praise or blame will be 

squarely on politicians and administrations of the developing countries for their timely action or inaction in 

initiating and implementing appropriate population control policies. 

THE FOOD PROBLEMIN INDIA 

Let us now have a close look at the problem i in our own country. 

Position in 1939 

In February 1939; the-speaker presented a Paper to the Punjab Engineering Congress on the Finance and 

Economics of Irrigation Projects. In Part 5 of the paper a warning was recorded :  

‗The drop in the price of agricultural products may lead one to think that there is over-production of wheat and 

other cereals in India and that it is time to cry halt to further expansion of irrigation for a decade or so‘. 

With detailed facts and figures it was shown that there was no over-production of food in India. The advice 

rendered was a cry in the wilderness. War was still not in sight and prices were low. 

Position in 1947 Just Before the Partition 

The speaker again discussed the subject in a talk on ‗Race between Population and Cultivation‘, delivered at the 

Annual General. Meeting of the Institution of Engineers, Punjab Centre, on February 1, 1947. At that time 

undivided India was deficit in foodgrains by 1.5 million tons; her-normal annual production being 51.5 million 

tons. The population of undivided India was about 400 million. This was expected to to increase over 500 

million in 30 years. The shortage in food was then estimated to be about 16.4 million tons with the same 

standard of nutrition as then prevailing. It was pointed out that not only the quantity per head (18 ounces of 

grain) was insufficient but what was available was not nutritious enough, being unbalanced. It was then shown 

that India had about 340 million acres of land under plough, including current fallows: Besides this, there were 

about 230 million acres of cultivable land but situated in tracts of very poor rainfall. 

It was emphasized that even in the case of lands already being cropped annually, the outturn could be increased 

appreciably by irrigation and manuring. It was then estimated that if the population was to be given sufficient 

food, we must provide irrigation facilities to 120 million acres in addition to 70 million acres being irtigated at. 

that time. To give-a-balanced diet, the extent of lands to be brought under iirrigation would have to be even 

larger. 

It was shown that the mean annual utilization of water through canals was less than 6% of the available water 

wealth of our rivers. The balance of over 94% was running waste to the sea. A note of optimism was sounded 

that there could be no doubt that with the available land and water, there should berno question of food shortage 

in India. 

After 28 years, it would be refreshing to recall the words in which an appeal was then made to the engineers of 

the country. I quote :  

‗We expect politics and law to do what hard unremitting work only can achieve. There is no time to lose in 

useless debates and.time consuming and delaying discussions. The engineer must exert himself not to satisfy his 
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vanity or show his self importance in the society of today but to save millions in this country from slow 

starvation‘. 

Position in 1949 After the Partition 

Speaking on the Second Anniversary of India‘s independence on August 15, 1949 at Denver, the speaker 

commenting on the food position in India after the partition of the country, stated : 

‗The ever increasing population of India presents an enormous problem. The population has been increasing 

faster than food production. Before the war, food position was not so bad. During the war years, while 

population went on increasing, adequate measures for growing more food could not be taken. The result is that 

heavy imports of food have been necessary. During 1948 foodstuffs worth Rs 66 million were imported from 

the United States alone, not to mention the imports from Australia, Argentina and Canada‘. 

‗This is untenable, particularly in the case of India, which is predominently an agricultural country and where 

rural population is 87 percent to the total. Land is there on which additionalfood can be grown, provided 

moisture can be supplied at the right time. There is good sunshine making it possible to grow-two, even three 

crops during the year. Water is also available in India‘s big rivers; barely six percent of the available water has 

been so far used up for irrigation. Only engineering works are needed to turn this water which now goes waste 

to the sea, on to the cultivable land to grow more food.‘ 

Position in 1950‘s 

Irrigation engineers in India took up the challenge. Large, medium and minor irrigation projects were taken up 

and India made good progress during the 1950‘s. Foodgrain production increased from 55 million tonnes in 

1950-51 to 82 million tonnes in 1960-61. During the same period, per capita foodgrain production increased by 

about 20%. Much of this increased production came from expanding cultivated area through irrigation. 

The position was reviewed by the speaker in 1957 and again early in 1960 in a Bhagirath pamphlet on 

‗Population and Food Production‘. According to the available statistics, out of the total geographical area of 806 

million acres, only 720 million acres had been classified. Forests constituted 125 millon acres. The net sown 

area covered 318 million acres, of which hardly 56 million acres or 17.6% received assured supply through 

irrigation. The total cultivable area of 475 million acres available for production, that is nearly 1.2 acre per head, 

was expected normally to be sufficient to feed the population. But the actual figures showed a different picture 

as the yield per acre was lower than could be achieved.  

In 1959, Ford Foundation sponsored a study of agricultural development in India by a team of leading American 

specialists. The team assessed the demand for foodgrains in the country in 1966 at 119 million tonnes and 

warned that unless the food production was stepped up by 28 million tonnes over the follwing six years, there 

was real danger of widespread starvation occurring in the country. The Planning Commission fixed the 

production target at 100 million tonnes. The programme suggested by the American team was not incorporated 

into the Third Five Year Plan. As in the Second Five-Year Plan, industry was given a higher priority. 

Position in 1960‘s 

Foodgrain production for the first three years of the Plan (1961-62) to 1963-64) remained more or less static. In 

10 years, from 1956 to 1965, imports of foodgrain totalled. 42.6 million tonnes. Practically 82.6% of the 

supplies to the public distribution were obtained through imports. The first indication of the US Government‘s 

unwillingness to continue PL 480 exports to India indefinitely came in 1964. The year 1964-65 was a bumper 

crop year. Extremely favourable weather conditions brought production up from 80 million tonnes in 1963-64 to 

89 million tonnes in 1964-65. The next two years were agriculturally disastrous. The foodgrains production fell 

steeply from the peak of 89 million tonnes reached in 1964-65 to 72 million tonnes next year. In 1966-67 

production showed a slight improvement to 76 million tonnes which was still 13 million tonnes less than the 

peak production of 1964-65. The deficit was met by heavy imports which rose to an all-time record of 10.2 

million tonnes in 1965-66 and 8.9 million tonnes in 1966-67. Starvation was prevented with the help of vast 

extension of public distribution system fed by imports. Prices in the open market shot up to levels which were 

sufficiently attractive for the farmer to turn his land and labour to the cultivation of foodgrains. This factor 

together with the inauguration of new agricultural strategy, which comprised concentrated use of high yielding 

varieties of seeds and fertilizers in the perennially irrigated tracts of the country in a bid to raise production, 

proved to be the harbinger of the Green Revolution. The principal impact of the Green Revolution was on 

wheat, the production of which rose from 11.39 million tonnes in 1965-66 to 16.54 million tonnes in 1966-67, 

20.09 million tonnes in 1969-70, and 26.41 million tonnes in 1971-72. 

The Government of India not only gave secondary priority to agriculture in the targets set for the. Third Five-

Year Plan, but also failed to achieve the planned targets. India aimed at increasing foodgrains production during 

that period by 20 million tonnes, ie, from 82 in 1960-61 to 102 million tonnes in 1965-66. Because of the 

drought, the actual production in the last year of the Plan was only about 72 million tonnes. Even if average 
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weather conditions had prevailed, production that year would probably have been not more than 90 million 

tonnes. 

Position in 1970's 

The Fourth Plan had fixed the target for food produc tion at 120 million tonnes for 1970-71. The actual 

production in 1970-71 was only 108.4 million tonnes or 12 million tonnes less than the target. Yet food situation 

proved to be comfortable and India appeared to have achieved self-sufficiency. The government built up a 

buffer stock of 9.4 million tonnes. It seemed that the country could not only meet its current needs of foodgrains 

from its own domestic production but would also be able to meet any future exigency caused by adverse 

weather conditions. 

Then came a marginal decline in production to 105.2 million tonnes in 1971-72, and a precipitate fall to 97 

million tonnes next year. This upset the apple-cart of country‘s self-sufficiency and sent the Government 

scrambling for foodgrains in the international market, where prices had reached inordinately high levels. The 

stockpile of 9.4 million tonnes was frittered away in a bid to keep down food prices at a time when wholesale 

prices of all commodities were rising due to inflationary pressure. The procurement price fixed by the 

government proved too low to enable the procurement agencies to get enough supplies from domestic 

production to feed the public distribution system. The gap between off-take from public distribution system and 

procurement by the government was erroneously interpreted, by experts and common man alike as not only a 

proof but also a measure of the existing shortage of foodgrains. It escaped recognition that procurement and off-

take prices were arbitrarily so fixed that procurement remained, from the start, short of the off-take in the public 

distribution system. The arbitrariness in pricing was subsequently compounded by nationalization of wholesale 

trade in wheat. The measure threw the country once again back into a serious food crisis in 1973-74. The 

problem was government‘s own creation. For what lay at the root of the crisis was not food shortage so much as 

the attempt on the part of the government to keep down food prices, through manipulation of distribution 

system, in the midst of an inflationary spiral caused by deficit financing.  

Table 1 brings out the race between population and food in India and shows the magnitude of foodgrains that 

had to be imported each year. It will be seen that food production has been steadily increasing, but increase in 

population was faster. Had the Planning Commission been more realistic and given agriculture and irrigation 

greater importance, the country need not have been dependent on imports.  

 

Boothalingam forecasts that the production of foodgrains in 1974-75 may be about 111 million tonnes. Studies 

done earlier by the National Council for Applied Economic Research (NCAER) indicated that in 1974-75 the 

requirements would be about 118 million tonnes. Unless there is really dramatic increase of production in the 

Rabj season, imports on a considerable scale will be, needed. It should look as ifthe Green Revolution is 

exhausting itself. The crisis may become permanent unless the entire level of production is lifted. In agriculture, 

there will always be fluctuations from year to year, but there should be fluctuations above and below a higher 

norm. One hopes that the final report of the National Commission on Agriculture would provide a firm basis for 

the reassessment and revision of development policies. 
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MAIN CAUSES OF SHORTFALL 

Inadequate production was due to inability to meet the targets in vital supplies. Supply of irrigation water, 

fertilizers, improved seeds and plant protection fell far short of those planned. No less important reason was that 

Indian farmers were faced with low prices for their products. The Government of India had followed a price 

policy designed to keep the food prices low for consumers. As a result, farmers had no financial incentive to 

invest in fertilizers, improved seeds, and other requisites for rapidly increasing crop yields. This unfavourable 

price relationship persisted for several years. Unfortunately wheat received from the United States under PL 480 

contributed to this position. For these reasons not only agricultural development targets were too modest, but 

performance also was poor. This inadequacy was allowed to persist. In 1965, the Food Corporation of India was 

established. Its principal function was to operate a price support mechanism that will ensure incentive level 

prices to foodgrain producers. The India Government established minimum prices to be reviewed annually. 

Food shortages in the past few years have resulted in sharp increase in market price that are now well above 

support levels. One wonders, if under the conditions prevailing at present, most of the difficulties will not 

automatically disappear if the Food Corporation is disbanded and all controls on food are abolished. 

The droughts of 1965-67 increased the awareness that a greater effort was needed in agriculture. Prime Minister 

Indira Gandhi in a broadcast on April 25, 1966, expressed her Government‘s determination to solve the food 

problem. She said : 

‗The current drought has a lesson for us. It is absolutely imperative that agricultural productivity is improved 

to a point where, taking the good years with the bad, we have a reasonably margin of safety. We simply 

cannot afford another gamble in rains. The present food situation shows how vitally important it is for us to 

attain an output of 120 to 125 million tonnes of foodgrains by 1971. If we fail in this then the whole 

economy will be thrown out of gear with incalculable human, social, economic and political consequences‘. 

Expenditure planned for agricultural development during the year 1966-67 was nearly double than in the Third 

Five-Year Plan. Agriculture started to receive top level attention. The Government of India adopted a general 

policy of making sufficient foreign exchange available to import the quantity of agricultural production 

materials required to fill the gap between domestic production and anticipated needs. The policy represented 

sharp departure from previous practices according to which foreign exchange had been reserved for mainly the-

importation of industrial items not directly related to agricultural needs.  

PROSPECTS UPTO THE YEAR 2000 

Blakeslee, Heady and Framingham have broadly estimated India‘s production and requirements for 1985 and 

2000. According to them, production for 1985 and 2000 would be about 137 and 176 million tonnes, 

respectively. On the basis of high population growth rate the demand in 1985 would be 145 million tonnes and a 

deficit of 8 million tonnes. In the year 2000 the demand would be 189 million tonnes and deficit 13 million 

tonnes. This is on the basis of assumption of constant per capita income. If the incomes were to increase at the 

rate of historic growth in the past, the demand in 1985 would be 156 million tonnes and deficit 19 million 

tonnes. In the year 2000 demand would grow to 216 million tonnes and the deficit would be about 40 million 

tonnes.  

According to the studies made by Indian experts, the picture drawn by Blakeslee is somewhat pessimistic. The 

entire question whether India will be able to meet her food requirements in future deserves detailed analysis. 

The answer will depend mainly on three factors. Firstly, what will be the increase in population. Secondly, what 

will be the per capita food requirements. Thirdly, how much push India will be able to giveto food production. 

INCREASE IN POPULATION 

It is rarely feasible to make firm predictions about future population. This is even more true of India over the 

next few decades. Over a fairly long period before independence; our population did not grow at a fast rate. 

During 1891-1921 the net increase in population was slightly over 5% in 30 years. In the next 30 years, from 

1921 to 1951, it was nearly 30%. In the following period of 20 years ending with 1961, it has been 53%. In the 

coming period of 30 years from 1971 to 2000 it might be 80 to 100%. The Fifth Five-Year Plan (1974-79) 

estimates the total population to increase from 547 million in 1971 to 581 million in 1974 and 705 million in 

1986. The increase in population in the 12 year perspective period has thus been estimated at 124 million. If 

family planning is less successful than assumed, total increase in population would be larger. According to 

Frejka, by the year 2050, the population of India could be 2.5 to 4.5 times of what it is now, depending on 

whether fertility decline is fast or slow.  

Fertility is one of the important determinants of population growth. Frejka estimated that if fertility declines 

linearly and the replacement level is reached by 2000-2005, the population will cross the mark of 1000 million 

by 2000 and would stabilize around 1400 million by 2075. However, if fertility declines-faster so that it reaches 

the replacement level by 1980-85, the population would reach 1000 million by 2050 and would stabilize around 
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1020 million by 2075. The consequences of slower decline in fertility would be a much higher population by the 

end of this century. 

Optimum Population 

Little work has been done to determine the-level of population which could be considered to be-optimal. Below 

this level, the fulfilment of economic, secial and human needs wouldbe held up. On the other hand; there are 

sound ecological and social reasons which put a limit on the number of people a given situation (land, area 

resources, etc) can, in the long run, support. In my paper submitted to the Punjab Engineering Congressin 1939, 

I had argued that India was not over populated and that population could be an asset. Actual analysis has forced 

me to change my view. Population, if not engaged productively, turns into a liability. Most often we had a 

population of a size that could not be productively employed with the given resources and of the technology 

times coupled with the political set up in the country. Unlike China, this population size has been a drag on the 

economic growth and prosperity of our country. Viewed from this angle, the rise of the population in India has 

beena liability rather than an asset. 

It might be justified that what we need to aim for is an actual reduction in our present numbers. In the name of 

right to individual freedom, we have allowed our population to grow at such a rate that, quite possibly our own 

children will have to be denied the same right. It is for us to choose whether we wish to remain poor, or whether 

we should consider the welfare of future generation and act to control the growth of our population. 

Family Planning  

The need for reduction of birth rate through massive family planning efforts has been recognized since the 

formulation of the First Five Year Plan in 1952. However, in the First and Second Five-Year Plans, the Family 

Planning Programme was implemented on a very limited scale. It was towards the middle of the Third Plan that 

the emphasis was shifted from the clinical approach to the more vigorous extensive educative approach for 

motivating the people to accept the small.family concept. But it was only during 1965-66 that expanded family 

planning programme started taking a concrete shape. From 1951 to 1965 only one million sterilisations were 

performed and the use of conventional contraceptives, particularly that of condoms was modest. 

During the three years, 1966-69, the programme used both the modern and the traditional media. During this 

period there was considerable spurt in the acceptance of various, family planning services. Commercial 

distribution of Nirodh was launched in 1968. The Fourth Plan made a provision of Rs 330 crore. The objective 

laid down was to reduce the birth rate from 39 per thousand in 1968 to 32 by the end of the Fourth Plan. To 

achieve this objective, protection of 28 million couples by 1973-74 was envisaged. 

It was decided that family planning would remain a centrally sponsored programme for the next 10 years and 

the entire expenditure would be met by the Central Government. There was some achievement in terms of 

setting up the infrastructure and making supplies and services available as well as the mass extension efforts. 

There were shortfalls in other fields, particularly in the level of acceptors. Fifth Plan gives the same high 

priority. It will continue to be a Centrally sponsored programme up to the end of 1983-84. An outlay of Rs 516 

crore has been proposed. 

In the Fourth Plan, the aim was to reduce the birth rate from 39 to about 32 per thousand by the end of the Plan, 

and to 25 per housand in another 5 to 7 years. The birth rate at the beginning of the Fifth Plan is.now expected 

to, be about 35 per thousand, a drop of about 4 pet thousand only. In the light of this, it does notappear feasible 

to bring the birth rate down to 25 per thousand by the end of 1980-81. It appears more realistic to expect the 

birth rate to fall by 5 points by the end of the Fifth Plan and-by a further 5 points that is to 25 per thousand by 

1983-84. 

Most of the great advances in public health and medicine have not required the active participation of all the 

people. The masses could remain passive and still reap the benefits of scientifically directed disease control 

campaigns. But the population problem cannot be resolved passively by reason of its highly personal nature and 

the necessity of individual active participation. 

The social factors continues to impede rapid progress towards population stabilization. Cultural attitudes, 

religious beliefs and restrictions, economic limitations, family organization and sexual practices are all resistant 

to change and-loom large as obstacles in the control of population growth.  

The barriers, then, are not technological but human. Ultimate population stablization can come about only 

through interactions within the entire society. Fractional accomplishment could at best create imbalances.  

Ever since independence, our political leaders have been proclaiming their intentions to make our country a 

better place to live. Paradoxially, we have been landed in a situation where even survival is threatened. It is 

obvious that explosive population increase has nullified all efforts to improve the standard of life. The evidence 

of this situation has long been before us, but appropriate action to overcome it has been woefully slow. Even 

today, although the informed public is becoming increasingly aware of the situation, most of our leaders and 
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spokesmen are reluctant to face up to the long range implications of unrestrained population growth. They are 

content to leave it to the health departments. While these agencies are still occupied in unfolding their red tapes, 

waves after waves of new mouths are being added — unwanted and unplanned for. At the World Population 

Conference held in Bucharest during August 1974, India was one of the eight nations, which voted for a 

resolution stating that the population problem should be solved by economic development rather than birth 

control. Does it mean that our government is admitting failure of its family planning programme? It must be 

patent that at the rate we are developing economically we will certainly not solve our population problem within 

foreseeable future. 

For purposes of determining the future food requirements, it becomes necessary to work with a range of 

alternative possibilities. V M Rao in a study undertaken as a part of the second India Series of Studies sponsored 

by the Ford Foundation, New Delhi, gives three alternatives as shown in Table 2. 

It will be seen that Rao‘s forecast nearly tallies with Frejka‘s figures but higher than those of the Planning 

Commission. 

INCREASED DEMAND OF FOOD 

Here again two alternative approaches could be studied, that is requirements based on nutritional norms and 

those based on estimated market demand. In the light of analysis by Coale and Hoover, it is now recognized that 

demand estimates based on nutritional needs of population have little resemblance to actual demands, in the 

absence of sufficient income. Any realistic assessment of the future demand must recognize the basic economic 

variables. 

Rao has shown that the per capita total requirement of food would go up by 84% by the year 2000-01, if the 

economy moves along the fastest path. This would consist of about 42% increase in foodgrains and nearly two-

and-half fold increase in the requirements of ‗other foods‘. As a consequence, the weightage of foodgrains in 

total food would go down from 61% in 1964-65 to 48% in 2000-01 and that of ‗other foods‘ would go up from 

39% to 52% Among the foodgrains, the impact of increased demand would fall primarily on wheat and pulses 

and to a much lower extent on rice and bajra. The per capita requirements of other foodgrains would continue at 

the 1964-65 level. 

The aggregate requirement is obtained by multiplying the per capita requirements to the assumed population. On 

the basis of the largest per capita requirements, the aggregate requirements will be as shown in Table 3. 

       

Compared to the aggregate consumption of food in 1964-65, India‘s requirements in 2000-01, under the 

assumption of ‗high‘ population, would be larger by a factor of four, consisting of a three-fold increase in the 

requirements of foodgrains and over five-fold increase in the requirements of ‗other foods‘. 

INDIA‘S CAPABILITY FOR INCREASING FOOD PRODUCTION 

In the sphere of food production, the main natural constraints are land and water. A detailed balance sheet of 

India‘s land resources has been made by Vyas
15

. He concludes that the impact of population growth on land 

resources for the coming 25 years does neither make one overly pessimistic nor, of course, is there any place for 

complacency. The country can give to itself a land-use pattern which would be sound from the écological 

standards and would also fulfil the demands of the population on the land resources, provided sufficient 

awareness is displayed at all levels and an appropriate action-oriented programme is initiated early and in right 

earnest. 
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The scope of increased production by extending cultivation to new lands is somewhat meagre. About 1.254 

million hectares is proposed to be irrigated by Rajasthan Canal in the desert of Rajasthan. Large areas in 

Rajasthan, Haryana and Gujarat can be irrigated by resorting to high lifts, if water is available. There is, 

however, considerable scope to increase production by raising more crops per unit of land. Large areas can be 

brought under double or multiple cropping. 

As we begin to move towards more intensive use of land, we are likely to encounter, sooner than later, the 

second constraint—water. The average annual precipitation in the country excluding evapotranspiration and soil 

moisture storage can be placed at 177 million hectare-metres, resulting in the surface run-off and the ground 

water recharge included in the annual hydrological cycle. However, on account of the limitations of topography, 

physiography, geology, dependability, quality and the present state of technology, only a part of this will be 

utilisable water. It has been estimated that at present about 67 million hectare-metres of surface water and 26.5 

million hectare-metres of grotind water can be utilized. The estimate of the utilisable water resource is expected 

to improve with the advancement of technology. In some regions, the problem would mainly be of intelligent 

management of available water to raise the intensity of use of land to its technical limit. In other regions, notably 

the semi-arid areas, which are now subsisting on precarious and low productivity agriculture, water will be the 

chief constraint to contend with and the strategy would have to be carefully conserve the water resources and 

maximize production per unit of water used rather than per unit of land. While intelligent management of 

available water would be difficult enough to realise, the strategy towards water in the semi-arid areas would be 

in the nature of a major revolutionin currently backward and neglected parts of the country. Out of the total 

arable area of 175 million hectares in the country, it is estimated that 142 million hectares would be under 

cultivation at the end of the Fourth Plan. The gross cropped area would be about 169 million hectares. On 

present estimates, 107 million hectares of land can be ultimately irrigated both from surface and ground water 

sources, their contribution being 72 and 35 million hectares, respectively.  

Increased production from existing land and water has, obviously, to be paid for in the form of other resources 

which are, primarily, human labour, human ingenuity and inputs from outside agriculture like fertilizers, 

pesticides, fuels and machinery and implements. The term ‗technological change‘ denotes the broad process 

which enables the use of these inputs on a growing scale to get more out of the limited land and water. A 

component of this process is the wide range of new inputs to be received by agriculture from the other sectors of 

economy or through imports. 

K M Rao has indicated perspective production on the basis of estimate worked out by Cummings Jr and the 

NCAER, New Delhi. Ths estimate assumes new technology in cereal grains based on a combination of high 

yielding varieties and hybrids with irrigation, fertilizer, plant protection inputs and modern cultivation practices, 

which is connoted by the term Green Revolution. 

The other development was the technological breakthrough in the shape of evolution of high yielding new 

varieties of rice and wheat and high yielding of other cereal hybrids grains with dramatic response to irrigation 

and fertilizers and with growth and maturity characteristics suited for multiple cropping. 

It may be observed that new cereal technology needs to be viewed as only the opening phase and not as the 

culmination of the process of modernization of Indian agriculture. We are likely to discover soon that the new 

cereal technology as it stands now is expensive in terms of its requirements of water, fertilizer and other modern 

inputs and that, beyond a point, it will be necessary for us to aim at optimum use of these inputs rather than just 

their intensive use in the production of cereals. 

The Cummings
16

 study starts with a distinctly optimistic assessment of ‗Green Revolution‘. The rates of growth 

in foodgrains according to his estimate are shown in Table 4. 

The main arguments of Cummings in favour of his optimistic estimates are: 

‗The quantum change in technology has been added to a foodgrain production which was already growing at a 

rate of 2
1
/2% annually since independence. Therefore, it is difficult to imagine a growth rate of foodgrain 

production over the next decade of less than 3
1
/2% annual trend....We feel that the ‗five percent‘ rate is most 

probable, that the input assumptions are economically feasible and within supply possibilities. In fact it is 

possible to visualise a faster pace. Causes which might lead to such an accelerated foodgrain production, for 

example, might include a rapidly changing technology including further yield advance in wheat, rapid 

development of new varieties and corresponding management foprractices in rice, technical advances in 

agronomy barani areas including progress with pulses, and accelerated irrigation, mechanization, fertilizer and 

pesticide use‘. 

It will be seen from this study that India has the capability to produce the addition food, which is likely to be 

required for the increased population at least up to 1985, What after 1985?  

An assessment of distant future needs to be handled with a measure of studied cautiousness in order to steer 

clear of both easy optimism and unwarranted pessimism. Changes in the world around us occur only in part as a 
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consequence of smooth evolutionary process which can be forecast to some extent. Occasionally big changes 

are brought about by unforeseen discoveries through research; these are beyond prediction. 

According to experts, the basic potential of the soils of the major regions is largely determined by the physical 

capability of the soil and the underlying parent materials to provide sufficient storage of water to bring the 

seasonal supply and demand functions into balance. In most instances the full expression of the physical 

potential will require correction through fertilization of the basic inadequacy of nutrients that exist in most of the 

soils of India. 

Another piece of evidence about the technological potentialities of Indian agriculture comes from a research 

project on fertilizer response under progress in the Planning Unit, Indian Statistical Institute, New Delhi. The 

preliminary results of this project, as yet unpublished, show that the available improved varieties of crops, with 

adequate irrigation and fertilizer but with no more land than now, are capable of providing a nearly four-fold 

increase in the output of foodgrains over the prevailing level of about 100 million tonnes. The results also 

suggest that the required increases in irrigation and fertilizer and adoption of improved strains of crops by the 

farmers are tasks within the capability of India to accomplish over the next three decades. Another indication is 

that even a four-fold increase in the production of foodgrains by the'year 2000, say, would not be pressing 

against the limits imposed by the likely extension in irrigation and research on new varieties by that year. 

In the light of the assessments of the production potential in future described above and the very substantial 

scope for increased production, it would seem quite unnecessary to labour the point that the aggregate 

requirements of food in the year 2000-01, as estimated earlier, fall within the resource-cum-technological 

capabilities of the country. 

HURDLES 

The realization of the potential, however, imposes tasks which are formidable and involve reshaping of all the 

basic aspects of agriculture, viz, technology, use of natural resources, skills of cultivators, structure and 

economy of farms and the present institutional framework. Each of these tasks needs time, patience and a 

dogged determinatiotno put in efforts in return for progress which may turn out to be neither automatic or 

smooth, nor always proportionate to even modest expectations. Taken together, these tasks have the dimensions 

of a veritable economic and social revolution in the countryside. Compared to this, what India has been able to 

achieve in the last few decades would look far too inadequate, half-hearted and superficial. In the meanwhile, 

India‘s burden of responsibility would continue to grow unabated irrespective of the success attained by her 

efforts to limit population. Truly, in the decades ahead, India will be engaged in a crucial race against time for 

survival with dignity. While feeding the additional mouths would be a hard enough job, keeping the additional 

hands engaged in productive work and enabling the additional persons to live full and decent lives would be the 

more critical challenges that India will have to meet. 

In considering the future food situation in India, it is important to know the factors behind India‘s apparent 

inability to come to grips with her food problem. The two major factors are the following.  

First, the ideas on economic development which strongly influenced India‘s Second and Third Plans emphasized 

the objective of industrialization and tended to take for granted the development of agriculture. It was only 

during the Sixties that the requirements of a production-oriented approach to agriculture came to be appreciated 

and acted upon. The idea that instead of being only a sector supporting industrialization, agriculture can be one 

of the main springs of economic development, is even more recent and belong to the post-Green Revolution 

years. This general attitude towards agriculture was possibly the main factor behind the uninspiring record of 

agricultural production in India. 

Second, the priorities in Indian Plans and the broad working of the Indian economy, despite many protestations 

to the contrary in official statements, conform more to the needs and preferences of the relatively organized 

sections of society consisting of those who wield power or are close to the seats of power or belong to groups 

capable of waging economic battles on behaif of the needs of their members. The population falling outside 

these sections functions as a passive partner in the economy with little opportunity or inclination to work 

concertedly for achieving even their minimum needs of subsistence. The course of economic development in 

free India continues to by-pass this class with only polite expressions of sympathy and vague ‗promises. The 

impressive mountain of ceilings legislation has produced a poor little mouse. The large variety of programmes 

launched by the Government or by its agencies for the benefit of this class lose much of their impact along the 

tortuous path.  

IMPORTANCE OF FERTILIZERS 

A recent study shows that countries getting high yields of cereals use relatively large applications of fertilizer. 

Perhaps the food-gap could be translated into a fertilizergap. A 20 million tonnes food-gap is a 2 million tonnes 

fertilizer-gap. One kg of plant nutrients, used in association with water, pesticides and suitable seed can yield 10 

kg of additional foodgrains.  
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Table 5 shows the total fertilizer availability and domestic production. 

       

The lag in domestic production capacity reflects the inadequate policies of the Government of India in this 

respect. Prior to 1966, India had depended heavily on public production and distributioonf fertilizers. This 

policy had several shortcomings. It had taken an average of seven years to bring a public fertilizer plant into 

production; the plants were operating at not more than 60% capacity.  

NEED FOR HIGH YIELDING SEEDS 

Along with fertilizer, India needs improved varieties of seeds. During the last 15 years, Mexico‘s national ave 

rage wheat yield has grown from 13 to nearly 40 bushels per acre. The new varieties were developed through 

crosses between several standard wheats and semidwarf varieties from Japan, the object being to find disease 

resistant varieties with short, strong stems, so that the wheat could be fertilized heavily and irrigated without the 

usual problem of lodging. Improved native varieties, particularly wheat and rice, tolerated only limited amounts 

of fertilizer. High levels of fertilization needed to give largeincreases in yields caused excessive plant growth 

and lodging. In the case of wheat, these difficulties were overcome by introducing new varieties from Mexico. 

Similarly, improved varieties of rice imported from Taiwan and the Philippines gave good results under Indian 

growing conditions. The new varieties developedin these countries may not be resistant to plant diseases present 

in India. Indian researchers were tealistic towards possible trouble and. geared the research programme to give 

the new varieties a built-inresistance to diseases. 

IRRIGATION 

Essential as these are, fertilizer and high yielding seeds are effective only when there is adequate water. With 

adequate irrigation, two or even three crops a year can be produced on most of India‘s farmland. With more 

fertilizer, improved seed and. pesticides, the lack of adequate intensive irrigation can quickly become the major 

obstacle to improving agricultural output. India has yet to cover considerable ground to utilize her land and 

water resources more fully. In 1969-70, only 22% of net area sown received irrigation and more than one crop in 

a year were raised only on 18% of net area sown. The area potentially irrigable is estimated at 107 million 

hectares. In a period of nearly two decades from 1950-51 to 1969-70 the area under irrigation in the country 

increased only from 20.9 to 30.3 million hectares. At this pace India will require nearly 15 decades to reach the 

potential of 107 million hectares. The disparity between this pace and the pace at which the country needs to 

move is reflected in the Irrigation Commission‘s estimates that with proper policies and a keener sense of 

urgency India can fully exploit her irrigation potential by the end of the current century. Prime Minister Nehru 

suggested that major dam projects be treated as pilgrimage centres for modern India and that pictures of new 

dams and also of engineers who built them, garlanded with flowers, be hung along side the pictures of gods in 

farm houses. 

Originally, irrigation projects in India had been designed and constructed to give benefits to the largest number. 

By keeping capacity factors and intensity low, water was led as far as it could command by gravity flow. 

Available water was spread thin to ensure relief against drought to the largest area possible. This concept has to 

change. The capacity of existing canals has to be revised to meet the altered conditions so that maximum 

production can be achieved. 

The supply of irrigation water will have to expand as fast as the supplies offertilizer and improved seeds. Use of 

water resources must be made much more effective. Waste of water must be reduced by lining irrigation 

channels, reducing evaporation by covering water storage tanks with some kind of thin film, and controlling 

runoff through contour farming. 

There is evidence of high pay-off from tubewell to supplement limited supplies from the canal. The tube well 

has advantage over canal flow, as individual farmer can control it according to the requirement of his crop. The 

recent move to bring irrigation closer to agriculture by bringing bothin the same Ministry should resultin greater 

production. 
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Addressing a Luncheon meeting of correspondents at Hong Kongin January 1974, Mr Moynihan (previously US 

Ambassador to India) said, ‗India needs a ‗massive‘ national irrigation programme before it can become 

agriculturally self-sufficient.... ‗and that would take at least seven to ten years to complete‘ with good planning 

and organization‘. 

BETTER CREDIT 

The traditional sources of credit for Indian farmers are family savings, local money lenders and cooperative 

credit societies. Interest rates charged by money lenders are high and credit short term in nature. The co-

operative societies have a poor record of getting adequate amounts of credit, when it is needed by the farmer. 

Thus a fresh approach is necessary for financing not only the current operating expenses, but also for long term 

investments. Nationalized banks are to a certain extent filling the need, branches have to be established in each 

village, supported by realistic credit policies. 

SUBSISTENCE AGRICULTURE MUST GIVE WAY TO COMMERCIAL AGRICULTURE 

Uner colonial conditions countries remaining primarily agricultural remained poor, while the industrial nations 

became rich. This resulted in planners downgrading agricultural development. Efforts in the last 15 years to 

promote economic development based largely on industrialization have exposed the fallacy of this view. 

Without agricultural development, general economic development soon bogs down in problems of inflation, 

unemployment and scarcities. The emergerice of such problems has led to re-examination of basic theories. All 

of today‘s advanced nations moved from subsistence agriculture to commercial agriculture. 

In subsistence agriculture, farmers and their families consume the bulk of their own production. Only a small 

part of the total enters market demands. The typical subsistence farmer is poor. In commercial farming, 

relatively a small amount is retained on the farm. Subsistence agriculture cannot sustain a growing economy. 

Agriculture is no longer a way of life. It has almost become a business.  

COMPLICATIONS INHERENT IN MODERN AGRICULTURE 

The oil based technology which is supposed to have ushered in the green revolution has suddenly become out of 

place. Recently, some American agricultural experts have expressed the view that countries like India, which 

were copying the American system of agriculture requiring an energy, equivalent of 8 gallons of petrol to rise an 

acre of maize, will be in serious trouble. The American technology of mechanized and energy intensive 

agriculture to feed a world population of 4 billion will require as much as 488000 million gallons of oilper 

annum. At this rate the world‘s oil wells will run dry in 29 years. Scientists are now telling that the dung of one 

dairy cow, two cattle, seven hogs or 84 chickens will providein a year 51 kg of nitrogen, 15 kg of potassium and 

28 kg of phosphorus or some 1.1 million kcal per acre. Also, hand spraying of pesticide requires only 300 kcal 

of manual energy while the use of tractor for this purpose required 180000 kcal. 

Adoption of new practices in agriculture has complications. Many new materials and methods must be 

combined. Better results are obtained when improved practices are used in combination, rather than separately. 

Success with the new wheat requires more than new seeds. To get results with them heavy use of fertilizer, 

improved seed-bed preparation, proper depth of seeding, proper timing and adequate applications of irrigation 

water and control of pests are necessary. This discovery had led to the so called package programmes for 

increasing agricultural production. 

INTENSIVE DEVELOPMENT 

Agricultural experts recommended that certain crops and areas to be chosen on the basis of the potentialities for 

increasing production — treceive intensive agricultural development efforts. The aim of the ‗Intensive 

Agricultural Programme‘ was to acquaint producers with the use of a ‗package‘ of production materials, 

including fertilizers, improved seeds, pesticides, and irrigation and to demonstrate the benefit to be derived from 

this interaction. This programme was followed by ‗High Yielding Varieties‘ programme. Under this programme 

farmers were to get adequate supplies of new seed varieties, fertilizer, pesticides, new farm implements and 

credit.  

PRICE POLICY 

Price policies will determine the pace of adoption of more efficient practices in the short run. Fafmers will not 

adopt new measures that cost more than they get in return for increased production. At the same time, large 

urban populations demand cheap food, which is within their earning capacity. This paradoxical requirement 

presents political difficulties in trying to establish sound price policies. Whatever the difficulties, the producer 

must get an appropriate price before he can be persuaded to apply new and more costly practices. 

CONCLUSIONS 

The balance between man and food is more precarious today than ever before. To maintain this balance is the 

greatest challenge of our times. The rapidly widening imbalance between world population increase and food 
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production is worsening at such a rate that it can become catastrophic for mankind. Even if all the food currently 

produced throughout the world were properly distributed, the impalance could not be corrected at the present 

pace of increase in population. Between total production and total requirement, there is already an absolute gap. 

Major breakthroughs in agricultural technology coupled with population control, have assured an adequate food 

supply in the developed countries for the foreseeable future. Thus the world‘s food problem is now mainly 

confined to the less developed countries with rapid population growth and lagging economic development. 

An essential requirement is that population must be stabilized. Success so far achieved in family planning is not 

at all encouraging. The object cannot be achieved through health departments alone. It calls for a change in the 

age-old attitudes. It calls for universal availability of the means to.limit the number of births and for new 

incentives to hold down family size. The very name has to change from family planning to family control. The 

transistor can play an important role in reaching individuals at large in remotest corners. 

The other requirement is that food production must be increased at a faster pace. Every acre of land must be 

used to the best advantage. Will it do that each geographic area should produce those things that it can grow 

most efficiently and assume that the world trade will take care of distribution? Unless there is one world 

government, this will remain a mere dream. Donations of surplus food by the highly developed nations may be 

necessary to prevent calamities such as famine. Ultimately, this process can result in a trend detrimental to all 

concerned. The two World Conference on Population and Food organized by the United Nations in 1974 clearly 

indicate that the only possible solution is that the bulk of the food must be produced where it is to be consumed. 

Each country must mobilise its own resources to the optimum extent. It may be through cultivating new lands or 

bigger yields from existing farm land.  

Science and technology have provided man with the know-how to achieve this. We have learnt how to conserve 

water and use it for crop production. We are on the verge of being able to desalinate sea water-to meet our needs 

of fresh water. We have learned to bread plant so precisely that they can be tailored to specialized climate and 

soil conditions and can resist diseases. We also know how to increase yields as much as four to eight times, 

through optimum use of improved varieties, fertilizer, pesticides and water. Nature has helped man to develop 

nuclear energy. This can play an important role in both directions. Unless man uses it to increase food, nature 

will compel him to use it to destroy a part of population, as nature must keep the balance. In the very long view, 

the number of people will be limited to a large extent by available food supplies.  

I recognize that both the requirements are not easy to achieve. To reduce births billions, who are deep rooted in 

tradition, have to be convinced and goaded to adopt the philosophy of two children. Again, food is produced by 

a very large number of individual farmers under an infinite variety of climatic, physical and economic 

conditions. Numerous farmers have to be convinced that the new practices will benefit them.  

Yet the changes have to come. Births must be reduced. Traditional agriculture must be modernized on a mass 

scale. While the threat of population explosion is real, it is my conviction that if an awareness of this threat 

reaches all sections of society living even in the remotest parts of the country and if all the people work together, 

we can wage a successful war on hunger. With awareness of catastrophy, both requirements can be met.  

Even if each family takes a vow today to reduce the number of children it will take a few decades to stabilize the 

population. Food production must, therefore, be substantially increased in the years ahead. Even though the need 

for more food is gnerally accepted, the need for producing food more quickly is not fully appreciated.  

The race between population and food supply is in fact arace between what could be done and what is being 

achieved or even being attempted. We have the knowledge and the resources in India to achieve the desired 

balance between food and people. Whatis lacking is an all-out attack on the twin problem of Population control 

and increase in food production. 

It is my cherished hope that the members of this Institution will not fail to play their rolein this struggle for 

survival. 
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Resource Management for National Development 

Dr A Ramachandran 

 

 

I deem it a. great honour to be invited to deliver the Sir Mokshagundam Visvesvaraya Memorial Lecture. When 

I received the invitation from the President, I felt hesitant because I was not sure of my competence to deliver 

the Lecture after the galaxy of distinguished speakers who have preceded me. Nevertheless, I accepted in the 

hope of‗sharing with the engineering fraternity some of my thoughts on a multidisciplinary approach to the 

more pressing problems confronting us in the optimal utilization of our natural resources for development. 

Dr M Visvesvaraya had the foresight for starting many large engineering projects at a time when very few 

people could even conceive of its great potential for the growth of our economy. The imprint of his work stands 

out as monumental achievements in several States of our country. He believed in and practiced the optimal 

utilization of our resources for national development, and can, therefore, rightly be considered as a pioneer of 

the new interdisciplinary field, that is, Resource Engineering and Management. 

I have chosen the topic of my address ‗Resource Management for National Development‘ as engineering has 

always touched on human resources at several points. If we accept the convention that man is something apart 

from nature, then it may beclaimed that next to agriculture, engineering has been the most potent influence in 

modifying the earth‘s surface for mankind. The impact of the engineer on the pre-industrial environment, up-to 

about 1700 AD, was too small to mar the beauty of the landscape despite many buildings and cities like Athens, 

Florence and Rome. However, in the last two centuries, engineers were major contributors to material progress 

in the developed countries with its attendant onset of vast and aesthetically damaging changes in the landscape. 

During the last decade the price in environmental terms is being seriously assessed the world over. The adverse 

effects associated with technological advances must be tackled by scientists and engineers who are aware of the 

broad of their action on mankind. This situation consequences is not unique to engineering. For instance, 

medicine primarily concerned with improving human health also finds that its greatest successes (in reducing 

infant morality and increasing life expectancy) sometimes turn into pyrrhic yictories. A rational management of 

our natural resources involves two main aspects: 

(i) Depletion of non-renewable resources; 

(ii) Damage in the broadest sense to the human ecosystems, 

The essential part played by natural resources in our nation‘s development is widely recognized. Together with 

our people, our natural resources are our greatest asset and their rational management constitutes our main hope 

for economic progress and for the country‘s future. In comparison with the developed countries, a larger share 

of our economy is related to the exploitation and processing of our resources. Similarly, a much larger fraction 

of our workers employed in this sector than in highly industrialized countries.  

The development of natural resources, particularly in our context, ‗has to be approached as a means for rapid 

and yet equitable economic and social improvement; as a process for the greatest benefit of the largest number. 

It must, therefore, be so designed as to improve standard of the living of the most deprived, who form the large 

majority of our people. Given the economic and institutional structures already in existence, the attitudes and the 

interests which have thus far prevailed, this will certainly call for ingenuity and imagination among our decision 

makers as well as for a willingness fo diverge from some of our older paths and directions. At the same time, 

unmindful exploitatioonf natural resources often entails social, economic and environmental side-effects which 

can diminish the overall benefits to society of such exploitation. Such costs may be incurred by those who get 

the benefits or, as is commonly the case, by others. These others may be some distance apart geographically, 

they may be of a different social or economic class or they may belong to future generation. Rational 

management of natural resources must, for the sake of acceptable overall long term development, take full 

account of these factors.  

In this endeavour it is now becoming obvious that modern science and technological innovations will have to 

play an important role. New methods must be thought of, developed and deployed to make the use of natural 

resources socially more efficient and at the same time ensure that the benefits are spread most widely. The 

techniques which we will now have to.develop and use must be designed to achieve these goals at all stages of 

natural resources management, including planning, survey, assessment, extraction, processing and  production.  

In order to fulfil these conditions, our policies and our very approach to science must undergo a fundamental 

scrutiny. Such a process was started sometime ago and the National Committee on Science and Technology 

(NCST), with the assistance of a very large number of practising scientists in the country, has undertaken a 

major review which has extended over the past four years. Much has been achieved during this period but the 
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process must be a continuing one. I would like today to share with you some of my own thoughts en this. 

subject. In the process, you will find me perhaps more frank than is usual for occasions of this kind, but given 

the urgency of our problems and the need to solve them, I trust that my comments will be taken not as 

recrimination but rather as an effort to evoke the response that we so desperately require. 

The National Committee for Science and Technology has recognized these shortcomings and has taken up the 

challenge to help infuse into our science the kind of energy and direction needed to fulfil the country‘s 

expectations from it. Many new areas of multidisciplinary, trans-sectoral and inter-institutional research are now 

being founded by the Department of Science and Technology in fields relating to energy, environment and 

various basic sciences. But, first let me explore in sonie more detail the question of natural resource 

management and how it must fit into the development process. 

MANAGEMENT OF NATURAL RESOURCES AS PART OF DEVELOPMENT PROCESS 

Traditional development planning has been carried out on the basis of considerations regarding the economic 

structure of society. It has been concerned largely with the availability of resources and their use of maximize 

production of goods and services. In recent plans, this approach has already undergone some change to reflect 

the view that in addition to economic efficiency, certain other national goals must also be kept in mind, such as 

to provide for the minimum needs of the population, the desire to promote equity and the imperatives of 

attaining self-reliance. Such an exercise is all right in so far as it goes, but from the point of view of rational 

natural resources management, it does not appear to me to go far enough. In working out a development plan, 

account must also be taken of a variety of physical, ecological and sociological factors which do not reflect very 

well in the pricing system normally used in economic hands. Land-use capability, ecological stability and 

diversity, and societal values are a few examples of the variables which must also be given some consideration. 

Natural resource management has to be considered as an integral component of the development process. All 

policies and programmes relating to human settlements, industrial investment, production of goods and services, 

provision of infrastructure, science and technology, international trade and development assistance, setting of 

environmental standards, etc, should be looked at as a whole so as to allow optimal resource utilization for the 

maximum benefit of all. 

I understand natural résource management or environmental management to be a process which, by taking 

account of the overall ecological, cultural, economic, social, technological and other factors, attempts to ensure 

that the human environment is developed in an integrated and systematic manner. It aims at the best use of the 

existing and potential resource base in such a way as to maintain, for now and in the long term, the maximum 

possible sustained yield from the biosphere. It should also preserve the greatest set of options for future 

generations. 

Our primary goal must be to provide to our people the means by which they can attain the basic requirements 

for their sustenance and physical well being — food, clothing, shelter and health care. 

Lack ofsuch amenities as clean drinking water, shelter, sanitation and mobility; insecurity in the face of natural 

hazards; and the loss of valuable resources such as forests, soils, water quality and wildlife are also important 

developmental or environmental problems for a developing country like ours. These problems can only be 

overcome by further development and by the active, through judicious, use of the natural resources available. 

Perhaps the most forceful reason for urgency in pursuing the path of environmentally sound development is that 

improvement in the quality of living may provide the only sure method for curbing the growth of population. 

From all the evidence available, rapid and equitable development is probably essential for societies caught in 

their respective demographic traps. In other words, unless the fruits of development become available 

sufficiently, rapidly and widely to carry the demographic behaviour into a domain where fertility rates start 

falling with increased per capita income, the major effects of development will be continued growth of 

population at existing or even declining standards of living. In view of this, immediate economie, social and 

environmental improvement becomes a patent tool both for the Jong term enhancement of the quality of living 

in general and for the future protection of ecosystem in particular. 

RESOURCES 

The first step towards rational management of natural resources would be a classification based on our current 

understandianngd perception of what we consider to be our resources. It is interesting to see the various ways in 

which resources, both natural and created, have been categorized. Two prominent classifications are shown in 

Tables 1 and 2. The Ritter classification shows most clearly how the three kinds of resources are mutually 

Complementary and reinforce one another during exploitation and use. Thus, it becomes clear that while we 

may correctly talk of natural resources, the substitutability and complementarity of human resources with these 

makes it imperative for us to include these in any natural resource development plan. 
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Natural Resource Classification 

Any portion of our natural environment — soil, water rangeland, forest, wild-life, minerals, human population— 

that man can utilize to promote his welfare may be identified as a natural resource. Natural resources vary 

greatly in quantity, mutability and reuseability. Because the best type of management for a given resource 

depends upon these characteristics, the following classification scheme is presented. 

In recent years, an understanding is evolving of the exploitation and use of nature‘s legacy of its resources. The 

ways in which these resources have so far been won and harnessed for the benefit of mankind are being 

subjected to intense scrutiny. This is largely due to the realization of the non-renewable nature of some of these 

resources and their existence in finite quantities. While ‗resource pinches‘ in localized areas have always been a 

common phenomena in the growth of civilization, it is only relatively recently that the ultimate limits have been 

perceived to some of the major natural resources. This has brought forth the evolution of concepts like resources 

conservation, resource management, and resource engineering. 

There are a number of reasons why natural resource management has suffered from confused and shortsighted 

planning and action. Chief among these is that natural resources do not have any inherent values placed on them 

by nature. This value is attached to it by man and can vary with time at which such a judgment is made as well 

as with the state of technology for exploiting the resource. In other words, something may be a resource for 

certain people at a given time, but may not necessarily be so for others at the same time or for the same people 

at another time. 

It is up to man‘s ingenuity to extract as much benefit as he can from natural resotirces through proper planning 

and management of integrated resource extraction and use. In the process he could create the so-called ‗techno-

reserves‘. For instance, in the case of oil, not only has man learned increasingly efficient ways to discover newer 

sources but has also been able to get more oil out of existing reserves through proper reservoir management, 

secondary recovery methods and reduction in losses during transport and handling. 

A cardinal rule in rational resource exploitation is ‗to ensure the greatest good for the most people over the long 

run‘. This rule recognizes the fact that, firstly, many resources have multiple functions and, secondly, the 

exploitation of one can destroy the present or future potential for use of another. Therefore, in managing natural 

resources one has often to consider and plan for factors that are not directly related to the resource being 

exploited. For instance, India‘s 5600 km long coastal zone has the potential to be put to a number of 

economically attractive uses. These include fisheries development, coastal shipping, harbour development, 

industrial and municipal: waste disposal, extraction of minerals, touristic and other recreational facilities. If 

these activities are not carried out in a planned and coordinated manner, not only with the full potential of the 

coastal zone not be exploited but the potential for existing uses would get wiped out. 
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THE ENVIRONMENT 

One of the major considerations which will have to go into future planning is what I referred to earlier as the 

side-effects of development. Their importance makes it possible to use the term ‗environmental management‘ 

synonymously with rational natural resource management.  
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Understanding of the relationship between natural resources, environment and development must be based on a 

deep conceptual appreciation of the causative factors underlying the environmental problems which have in 

recent years begun to manifest themselves. This is essential if national action in the field of natural resource 

management is to have any worthwhile results. I believe that this will also help us take up consideration of 

entirely new areas for action, novel institutions for planning or implementation and sufficiently innovative 

approaches to the question of optimal development. 

Loss of environmental quality arises primarily from divergences between social and private goals; from efforts-

to satisfy short term desires in preference to long term needs, and from the production of wastes by inefficient or 

indiscriminate utilization of resources. 

In the fundamental and essential sense, environmental problems are simply the externalities of man‘s actions. 

These externalities can manifest themselves at some distance geographically, or after substantial delays in time. 

With current knowledge, it is usually difficult to predict who will be affected by them and how much will be the 

price paid. 

Environmental management requires detailed knowledge concerning the existing state of environmental quality 

as well as on a variety of physical; biological and behavioural responses to change in that state. Such knowledge 

must be gathered from surveys and research as well as from existing sources of information. However, since 

scientific research has been carried out largely in the developed countries, its results are often less relevantot the 

conditions and interests elsewhere. 

Environmental problems often arise from the inadequacy of scientific knowledge and. understanding as well as 

from institutional shortcomings. As is well known, environmental factors transcend the boundaries between 

academic disciplines, political entities and administrative domains. Traditional educational approaches and 

institutional responses are, therefore, often inadequate for dealing with them. The primary aim of any new 

exercise in this area must be to identify the means by which such inadequacies will be overcome. 

In so far as environmental management requires a rational approach the process should in itself be scientific. 

Like any science, environmental management must be based on logical and empirical evidence, built on the 

paradigms of existing knowledge and developed through the iterative generation and testing of conceptual 

generalizations and hypotheses. In its content, quality and in the depth of investigations needed, environmental 

management is a new field and cannot be expected as yet to be well developed. Nevertheless, its goals are like 

those of any science to probe nature with the particular intention of understanding man‘s interaction with it and 

to formulate strategies by which the health of this relationship can be maintained, and where possible, improved. 

Environmental science is, as mentioned earlier, unusually broad.and multidisciplinary in its scope; though not 

yet highly quantitative. Its coverage includes the scientific knowledge gained from the physical, biological, 

engineering, economic and social sciences. It draws particularly heavily from ecology and the earth sciences. 

From our recent experience, it is becoming obvious that the field of environmental management must, in 

addition, depend to an ever larger extend upon some of the newer disciplines such as the modern management 

sciences, systems analysis, operations research, comparative risk assessment and decision theory. 

ASSESSMENT 

One effective way to include the above considerations into development planning is to assess the possible gains 

and losses which might come from any proposed actions to evaluate its impact.  

Environmental impact assessment or technology assessment, as it has evolved in the developed countries, is 

largely concerned with evaluating the effects (particularly those which are adverse) on the physical environment 

(particularly on the purely ecological variables). From the point of view of poorer societies this is not adequate. 

First, impact assessment has to be carried out in the framework of overall social benefit/cost analysis, 

particularly giving sufficient weight to the impact on the inner limits. It is essential in impact assessment to take 

account, where possible, of the effect on demographic factors (population, fertility, mortality, migration and 

distribution, status of women, employment, etc) and on social and human values. Secondly, impact assessment 

must be carried out within a cybernetic structural. framework so that the information gained from this exercise 

feeds directly and, if necessary iteratively, back into the planning and implementation process to generate more 

acceptable courses of action. It cannot, in a developing country, simply prohibit action.  

There are several broad jurisdictional and disciplinary areas and, within these, a number of hierarchical levels at 

which management decisions are made. The effects of these decisions — at any level — on the quality of life 

can be quite significant. At functional levels of management, the broad policies formulated by a government, the 

programmes worked out to achieve these policies, and the projects chosen within the programmes, all have 

major environmental ramifications and implications; so does the manner in. which the subsequent operations are 

conducted. Technological decisions are made at all these levels. Similarly, groupings (such as individuals, 

municipal, provincial, national and transnational regions), and administrative frameworks (such as departmental 

jurisdictions and responsibilities) will often determine the kind of action possible in a particular situation. 
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Hierarchical considerations are also involved when considering technologies, that is, transportation, 

transportation / communication, etc, communities, and social systems. 

Traditionally the, choice between technological options for the achievement of specific economic or social 

goals, ie, at the project level, has been carried out on the basis of classical micro-economic theory. This has 

meant that the major considerations in the decision to employ a particular technology have usually thus far been 

the relative prices of factor inputs (such as the costs of labour, capital, land, raw materials) and the availability 

of know-how. In so far as the presumed prices often do not take account of either the full social costs (over a 

period of time) of these factors or of the full implications to society of the use of the technology or its products, 

the appraisal of the technology will be imcomplete and may give misleading results. 

Many criteria have been proposed by which refinements to the appraisal process could be introduced to take 

account.of many socio-economic factors ignored in the past. These criteria suggest preferences for technologies 

which are labour intensive, of small scale, low in the skills they need, and maximize the use of local material. 

The criteria further lend preference to technologies which are resource-saving and waste-minimizing and which 

produce for the widest possible mass consumption. Additional advantages of using technologies satisfying these 

critetia are that the technologies are likely to contribute to greater equity and social justice as well as to greater 

self-reliance.  

There are, in addition, further social, economic and environmental factors which might be important and should 

be taken into-account. For instance, the physical aspects of the quality of life in a society are determined, in 

large measure, by the quality of goods and services available to each of its members. Environmental quality in 

its broadest sense requires that the resources (air, water, food, shelter, etc) are sufficiently available in good 

quality. Psychic and social well being depends further to some extent on the ability of people to feel that they 

participate in the process of society. Different kinds of technologies can lead to widely different paths of 

development and quality of life.  

As indicated earlier, appraisal of a technology or a development project should take account of both the 

immediate and long term impact on man‘s well being. In addition to the kind of impact mentioned above 

(growth, income distribution and self-reliance, air and water quality, etc), there are several major implications 

such as for the attitudes of people relating to participation and involvement in the social and economic process. 

These include the inculcation of ownership attitudes which are essential to the smooth functioning of any 

technological system. 

In certain types of technology, such as large scale engineering works, the problems of the ‗commons‘ can, 

because the facility does not belong to anyone, result in lack of maintenance or attention. The feeling of  

involvement is a very important component in the development process, particularly through its effects on 

increasing awareness. All such attitudinal changes need not be negative; cooperative attitudes, if generated, 

could count as distinct benefits, depending on the context.  

For developing countries, particularly those with high rate of population growth, all these factors have some 

demographic consequences. If, as appears to be the case, reduction in fertility is more likely in situations where 

the economic and social benefits of progress are more evenly distributed, then fertility, age structure, work 

participation, etc, will be affected by the kind of technology chosen. 

Technology choice affects social variables both through the production process as well as through consumption. 

Maximum utilization of resources can only be achieved by a systems approach. The term ‗technique‘ is perhaps 

more suitable in the sense that the total system consisting both of hardware as well as its fullest and most 

effective deployment through systematic management and organization have to be included in the decision 

making process. High gains in efficiency can be achieved through software techniques such as operations 

research which form a part of the technological decision. 

It is not difficult to see that modern resource management will have to rely intimately on established branches of 

engineering. For instance, civil engineers would be required to manage natural resources in the areas of 

construction, hydraulics, irrigation and power, sanitary engineering, soil mechanics and foundations, structures, 

surveying and mapping and waterways and harbours. Mining engineering focuses on the discovery of ores that 

can be mined and processed economically to the point at which metallurgists can extract useful minerals and 

metals. A related field is petroleum engineering which concerns itself with oi] and gas resources including their 

extraction, transportation and storage. Mechanical engineering plays the major role in the design and fabrication 

of the machine and equipment to process natural resources. Chemical engineering applies the laws and concepts 

of chemistry, physics as well as other engineering sciences to produce chemical products from raw material 

derived mainly from natural resources like petroleum, coal, gas, sulphur, limestone, nitrogen, etc. Agricultural 

engineering applies the principles of engineering to the management of resources like land, power, agricultural 

machinery and the processing of agricultural products. In indirect ways, even aeronautical and industrial 

engineering can be shown to be related to resources management. Hence, it is vital that to create the natural 

resource managers of tomorrow the existing engineering training orient its emphasis on concepts of resource 
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engineering within the context of traditional engineering disciplines but using an interdisciplinary approach. In 

such a training it is easy to see that relevant concepts from geology, ecology, meteorology and other sciences 

would have to find a place.  

In our own sectoral approach to science planning we have identified 11 broad areas of relevance to natural 

resources management. These are: 

1. Agriculture, forestry, soil and land resources 

2. Hydrology, hydromeoterology and water resources 

3. Geology and geomorphology 

4. Mineral resources 

5. Oil and natural gas 

6. Earth sciences and seismicity 

7. Fisheries and marine resources 

8. Cartography and geodesy 

9. Navigation and oceanography 

10. Urban and rural planning 

11. Transportation networks 

Within these areas we have tried to identify priority programmes for research and development that would 

generate information required for integrated natural resource development as well as the institutions where such 

work can be carried out. 

NATURAL RESOURCE SURVEYS 

The discovery of mineral resources has been greatly facilitated by developments which have taken place in the 

past two decades, particularly with the advent of airborne instruments. The aerial camera has, of course, been 

used for years and refinements made through photogrammetry have been employed by surveyors, geologists and 

mining engineers. This has enabled large scale aerial mapping at minimal cost and in areas where land is 

inaccessible. The airborne magnetometer has been used to detect irregularities in the magnetic flux of the earth. 

These may often be attributed to mineral deposits beneath the area being surveyed and many previously 

unknown deposits have thus been located by this instrument. Prospecting for oil has similarly been facilitated by 

airborne scintillometers which detect variations in radioactivity over the earth‘s surface. Electromagnetic 

surveying has led to the discovery of copper and nickel deposits. Thus, the management of land resources for 

mineral exploitation has been greatly enhanced through modern instrumentation techniques. Satellite remote 

sensing offers a further dimension for rapid assessment and inventory of a wide range of natural resources for a 

country.  

At a more fundamental level, the process of environmental management also raises questions regarding the 

specific paths of development chosen and opens up the possibility of others. It touches on the final choice of 

goods and services as well as on the methods by which these will be produced and consumed. It helps us to 

identify the mast appropriate technologies, as well as other factors such as location of activities, by which waste 

can be minimized and the use of resources can be made most efficient. 

In incorporating these ideas into its sphere of consideration, environmental management also promotes the doing 

of relevant science. The need of the decisionmaker for particular kinds of information catalyses research in areas 

which produce this information and facilitates the flow of funds into projects in these areas. Yet, experience 

shows that much of the information needed for environmental management is of a very fundamental and 

interesting kind and consequently the unfortunate distinction sometimes made between basic and applied 

research tends to disappear. 

While almost any scientific discipline can provide results of use to one or other aspect of environmental 

management, there are clearly some fields of study which have greater relevance than others. Probably the most 

fruitful is the development of environmental management itself as a science. The time is approaching when 

basic conceptual generalizations should be possible regarding various aspects of the environment. These could 

include laws or hypotheses similar to those of ecology, regarding diversity, stability, complexity, resilience, the 

flows of energy and material, and other parameters to describe environmental quality and the ability of the 

environment to survive under stress. Similarly, with the increasing accumulation and codification of knowledge, 

it will become easier to identify the possible ramifications of any action on the environment and this in turn will 

facilitate the environmental manager‘s work in coming to conclusions about environmental impact. 



  

The Nineteenth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Fifty-sixth Annual Convention, Ahmadabad, January 18, 1976 

 

 

 The Institution of Engineers (India) 
 

214 

In particular, a number of sciences, both hard and soft, must be developed as inputs.into the environmental 

decision making process. These include, in addition to the ecological and earth sciences, studies in the 

sociological and psychological aspects of environmental perceptions. Since any environmental impact 

assessment is heavily weighted by the concerns and desires of a particular society, this area of knowledge will 

become increasingly important in evaluating perceived impact of man‘s actions on his surroundings. 

Environmental management is a relatively new approach, highly dependent on the smooth and easy flow of 

ideas across the barriers of administrative, political and institutional jurisdictions and the boundaries between 

disciplines, value systems and levels of knowledge. To promote such a flow of information, we will need new 

types of educational system, methods of communication and work institutions. 

Most important perhaps will be the institutions which assist in the generation and evaluation of alternative 

courses of action. Upon this activity rests the whole foundation of environmental management. Task forces, 

Think Task and other temporary formations are some of the initial attempts at solving the problems of 

transdisciplinary communication. 

In the field of education and training, the first need is to build up some multidisciplinary capability. This is 

necessary in view of the narrowness of our traditional curricula. The requirements of environmental protection 

only intensify this need. However, while it is important to build up a body of experts who can individually cover 

a variety of disciplines with some competence in each, there is no substitute for indepth knowledge which can 

only come from detailed and specialized work in a particular area. In view of this, educational programmes will 

have to be developed to improve the ability of scientists and engineers from different fields to talk with and 

understand each other. In this last respect, the kinds of institution I just referred to which will allow an-easy flow 

of knowledge between people with different backgrounds will also play an important part. Such institutions are 

needed both in the area of research and for decision making.  

I believe that environmental management is an area with great possibilities and is amenable to the methods and 

procedures of other sciences, At the same time, it should be clear that because a very wide variety of factors 

must be taken into account in any developmental decision, some of them unquantifiable and dependent on 

factors other than purely scientific, environmental management can still be only one of the inputs into the 

overall decision making process. 

Yet, because the environmental manager or resource engineer is by his knowledge, experience and approach, 

aware of a variety of ramifications, he must take as much an account of the extra-scientific realities in his 

analysis and, conversely, attempt to communicate the full extent of his understanding into the decision making 

process. 
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Management of Technology in Industrializing 

Countries  

Dr H N Shaan 

 

GENERAL 

I consider it a great honour to be invited to deliver the 20th Sir Mokshagundam Visvesvaraya Lecture instituted 

to commemorate the unique and outstanding achievements of Sir Visvesvaraya in the field of engineering. On 

this occasion, I would like to share with you some of my thoughts on various aspects of management of 

technology with specific relevance to industrializing countries — a topic which, besides having enormous 

significance for a country like ours, is also one much deliberated upon by the eminent Sir Visvesvaraya himself. 

If we Icok upon technology as a method of getting things done by utilizing the knowledge of science and 

engineering, it probably began with the genesis of man, guided first by instinct when he discovered the use of a 

stone to ward off wild animals and then by intellect when he fixed the stone on a spearhead and used it as a 

weapon. At the root of all man‘s discoveries was the persistent and insatiable desire to unravel the mysteries 

around him and to harness his discoveries and inventions to solve his problems. He combined the energy of a 

flame and themotive power of steam and harnessed them to start a process change which is still continuing at an 

ever increasing speed. 

INTRODUCTION 

While technology of a sort can be said to have begun with the use of stones as weapons or tools by the primitive 

man, it is the industrial revolution in the countries of Western Europe which is really the beginning of the most 

far reaching changes in human society. It was preceded by and largely resulted from the renaissance of 

widespread scientific activities in these countries which established an attitude of questioning, probing and 

problem solvingin Jarge sections of their societies. Thus, at the beginning of the industrial revolution, 

technological developments were the result of the efforts of a small number of intellectually alert and innovative 

individual scientists and engineers in different parts of these societies. Without starting a discussion about the 

causes and the effects, the fact remains that a uniform growth or spread of technology did not take place around 

the world leading to a world characterized today by the technologically advanced countries on the one hand and 

a large number of countries at varying levels of industrialization on the other. That the rich and the poor nations 

are also divided along identical lines seems to have established the positive effect of industrialization on the 

economic growth of a society and the physical well being of individuals. The wave of industrial revolution that 

swept the whole of Europe in the eighteenth century has been responsible for the transformation of entire 

societies from rural to industrial andin the process has trarisformed the entire social and economic structures of 

these societies to what they are today. 

It may be well to note that the countries where the industrial revolution started early, went through a completely 

different growth pattern of their society and economy than the industrializing countries of today. The rate of 

change in all areas of technological activity in the countries which started industrializing after the Second World 

War has been significantly greater than the corresponding rate of change in the industrialized societies. 

In the industrialized countries, there was a time lag between inventions and their resulting applications on a 

wide scale. Technology itself was progressing slowly by today‘s standard and the consequent changes in society 

were slow. In other words, the society had enough time to evolve and adapt itself to the resultant changes, and 

establish and strengthen the basic educational, scientific.and vocational infrastructures required to sustain the 

industrial revolution. In fact, it took nearly two and a half centuries for the whole society to shift from a 

predominantly rural set-up to an industrial one and during this period, the scientific attitude gradually spread to 

cover wider and wider cross-sections of the society. Fortunately for these societies, these changes took place 

while the pressure of f population on their resources was still low.  

For the industrializing countries with their exploding population, there is ndt enough time to let changes take 

place at this slow pace and the attempt has been to try to take quantum jumps im order to realise the benefits of 

industrialization within a few decades rather than in a few centuries.  

Seeing a positive correlation between industrialization, prosperity and power, these countries are trying to 

industrialize themselves rapidly with the hope of compressing, the time cycle needed for transforming poor 

societies into at least bearable if not affluent ones. In trying to accomplish this objective, the industrializing 

countries have sought the assistance of the technologically advanced countries and a massive transplantation of 

technology has been attemptedin the last two decades. 
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However, during this time, the pace of technological progress in the industrialized countries themselves has 

accelerated rapidly, at almost geometrical progression, and the technological gaps today are beginning to 

become wider again in many areas. 

In the process of transfer of technology, both the partners have overlooked the fact that technologies are 

transferred from the people of one country to those of another in which techno-economic conditions, 

assimilative and reproductive propensities, cultural and social habits, economic and human motivations, and the 

creativity of the people at large may have basic differences. Until recently, technology transfer was looked upon 

as mere passing on of technical information as available in the industrialized countries, ignoring the processes of 

actual transplantation from one environment to another. In fact, Bhopal was blue printed to be a replica of a 

Trafford Park and HEC that of URAL Masch. Not much effort was made to adapt technologies and 

infrastructures to suit their new environment. The wisdom of matching technology with the needs of the 

environment finds a mention in the Upanishads where it is said that a seed of a banyan tree contained in it all the 

energies, knowledge and motivation needed for its emergence into a giant tree, provided the soil around it acted 

in harmony and not contrary to the forces working in the seed. Same is the case with technology which in many 

cases has faded away or got mutated and deformed because the environment failed to promote its growth. 

Not many realized at the outset the seriousness of the problems posed by social systems often based upon 

concepts of inherited values like unquestioning obedience, fatalism and religious taboos, on the one hand and 

socio-economic constraints of feudal, caste and tribal systems on the other. A combination of resource 

constraints, institutional lethargy and social factors have led to poorer results than had been hoped for by 

planners in the industrializing countries. Even though more responsibility for industrialization has been taken 

over by the governments than was usual in most of the industrialized countries where the government influence 

tended to be indirect, the result has not been one of unqualified success and most of the industrializing countries 

realize that a total review of the development strategy and industrializing progress is urgently needed.  

India which, amongst the industrializing countries, has the longest experience of planned development and is 

today the country with the most advanced industrialized base in the third world, can be taken for analysing the 

total progress of the past three decades. I intend, in this lecture, to analyse only one aspect of the total 

development programme, which nonetheless plays one of the most significant roles on the success or failure of 

any industrializing programme, ie, ‗The Management of Technology‘.  

PUBLIC SECTOR UNDERTAKINGS 

When India became independent in 1947 she was steeped in mass poverty, mass unemployment which was 

structural in nature, and literate and untrained labouring population, static agricultural production with a  

semifeudal rural society and a relatively undeveloped industrial sector.  

The only two major undertakings in the pre-independent India were the Railways and the Post and Telegraphs. 

Way behind these came some consumer goods and agro-based industries. The far-sighted endeavour of 

Jamshedji Tata to establish a steel plant at Jamshedpur was a notable example in the heavy industrial sector. But 

if Tata was the first Indian industrialist, Visvesvaraya was the first Indian technocrat who saw the crucial 

importance of management of technology and technology transfer for the successful implementation of the 

industrialization process. 

The policies on which the industrial policies of the country have been based were outlined in the Industrial 

Policy Resolution (IPR) of 1948 and 1956. They established the concept of a mixed economy — the co-

existence of the public and the private sectors. The IPR of 1956 laid down three categories: 

(a) those which were the exclusive responsibility of the State such as defence production; atomic energy; iron 

and steel; heavy castings; heavy machinery; heavy electrical industries; coal; oil; iron ore and other important 

minerals like copper, lead and zinc; aircraft and air transport; railways and rail transport; shipping; telephone; 

telegraph and radio equipment; and generation and distribution of electricity. 

(b) those which were to be progressively State owned and in which the State would generally set up new 

enterprises, but where private enterprise would be expected to supplement the efforts of the State like: other 

mining industries; aluminium; non-ferrous metals not mentioned in (a); machine tools; ferro-alloys and tool 

steels; chemical industry; antibiotics and other essential drugs; fertilizers; synthetic rubber; carbonization of 

coal; chemical pulp; road transport and sea transport. 

(c) all the remaining industries and their future development would be left to the initiative of the private sector. 

This then was the birth of the public sector in India which in 1951 comprised of five undertakings total 

involvinga investment of Rs 29 crore. Today, at the end of three decades, the number of public sector 

undertakings has increased to 129 with a total investment of Rs 8000 crore. 

Most of the public sector undertakings then established were large operating units in sophisticated areas of 

technology. Working under the need of quickly building up the industrial infrastructure it became necessary to 
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buy massively technology, machinery and operational skills from the industrially advanced countries of the 

world. Hence, collaborations and licensing agreements bacame the mechanisms of technology transfer. 

Starting from scratch the goal set initially was to start the factories and begin manufacturing products to the 

drawings of the licensor. While technology was being borrowed and transplanted, there was also the goal set to 

achieve self-reliance, which meant that whatever research and developmewnats organized, was directed towards 

import substitution. In many private sector companies, which were parts of established organizations abroad, 

very substantial assistance in technical and financial management was provided by the parent companies. 

During the initial years, these large and complex industrial plants were managed by civil servants who, no 

doubt, were good administrators but did not have either the specialized knowledge or the training to run 

industrial ventures successfully. 

The know-how transfer to the best selected candidates sent to the collaborators for training was limited to the 

details of the design to be manufactured in India. Basic engineering information regarding the ‗hows‘ and the 

‗whys‘ was very limited and in-depth knowledge, which naturally comes from working out designs rather than 

by being ‗trained‘ on it, was completely inadequate. There was an inadequate appreciation of these gaps at that 

time but the consequences became glaringly obvious once equipment started going into service and trouble 

shooting had to be done by us. 

Similarly, in-depth knowledge in basic areas of engineering sciences (materials sciences, metallurgy, stress 

analysis, flow dynamics, vibration, instrumentation and control, etc) was lacking. The know-how and know-why 

regarding the systems in which the products were used was also inadequate with the result that the interfaces 

and. matching of components started to create problems after the plants were commissioned.  

While the know-how transfer about manufacturing practices and machine tools was, in general, quite good, the 

peripheral know-how and know-why like metallurgy and heat treatment, which are important for maintaining 

the quality of products was not always sufficient. The methods and. systems for shop floor management, quality 

control systems and materials management, were in most cases copies/translations of the original documents 

which seldom took into account the background and the environment of the local plant. 

On the top of these, following ‗foreign‘ inputs were grafted: 

(a) Financial and accounting controls and procedures, which were duplicates of those existingin Government 

departments were not capable of allowing the type of flexibility and delegated which authority are essential for 

running an industrial plant effectively. 

(b) Personnel policies which were based on ‗PWD System‘ of heirarchy and promotion. 

The chance to establish a working culture in which each one starting from the shop floor worker to the top 

omfanager is fully responsible for a clearly defined range activities was missed. Finally, clear cut objectives and 

goals for each company were not defined and there was no regular system of long and short-term corporate 

planning systems for project monitoring and review procedures and modern methods of budgetary controls for 

internal management and external controls were also not followed in all the undertakings.  

The results of these and other shortcomings in the early years of the high technology based public sector 

industries led to results (Table 1) which were not very encouraging. 

BHEL‘S EXPERIENCE 

May I now share with you the experience of one of our large public sector undertakings which recognized these 

problems and set about putting them right. I refer, of course, to the Bharat Heavy Electricals Ltd.  

History of Heavy Electricals Industry in India 

In the pre-independence period, manufacturing activity in the electrical industry was limited to small and 

medium transformers, small motors, conductors and lamps. All major plant and machinery required for power 

generation and transmission was imported. The requirements of the development plans necessitated a large 

power development programme which under the foreign constraints could not be sustained on the basis of 

imported heavy electrical equipment and in 1956, the Government decided to set up a heavy electrical plant at 

Bhopal in collaboration with AEI (presently a constituent of GEC of UK). The product mix at this plant 

consisted of a wide range of power equipment, namely, steam turbine generator, hydro-turbine generator, 

marine turbines, nuclear turbines, power transformers, switchgear, control gear equipment, industrial and 

traction motors, rectifiers and capacitors.  

With increased industrialization, the demand for power rose phenomenally. To help meet this demand, 

Government decided to set up additional factories under a new company at Hardwar, Hyderabad and 

Tiruchirapalli in 1964. These factories were set up with the technical collaboration of Czechoslovakian and 

Soviet agencies, utilizing financial credits given by their Governments to the Government of India. 
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Problems Encountered by the Heavy Electricals Industry in the 1960s — Learning-Curve Phase 

For the first time a wide front approach had been attempted to introduce contemporary advanced technology for 

a wide range of electrical and mechanical products in predominantly agricultural areas. To meet the 

development needs the factories were located in the hinterland, in industrially undeveloped regions. Like many 

other similar industrial units HE (l) L and BHEL faced numerous teething troubles in the initial years, which led 

to a relatively low utilization of capacities and a low overall performance. Some specific reasons were: 

(i) The magnitude and size of these units coupled with inadequate industrial infrastructure in genetal and the 

consequent dearth of managerial, technical and worker‘s skills, in particular. This was essentially linked to the 

national need to develop economically underdeveloped regions of the country which necessitated their location 

away from better developed urban areas which could provide the infrastructure facilities.  

(ii) Absence of the technological base in the country for the supply of industry‘s basic requirements of raw 

materials and components like castings, forgings, copper conductors and. a large number of smaller sub-delivery 

items. 

(iii) Absence of a long range power plan forthe country with the requisite resource support. While broad 

indications were available, resource constraints did not enable implementation at the planned pace. General 

difficulty faced by industry of this type everywhere, from a bunching of orders followed by periods of starvation 

of orders, aggravated by the fact that power plants were not established in a long-term perspective.  

(iv) Delay in delivery of equipment, machinery and components by the various collaborators and slow 

implementation on sites. 

(v) Lack of long-term perspective plans for the companies coupled with the absence of clear definition of the 

specific objectives for the plants. 

(vi) Manufacture of one product at more than one centre, leading to diversity in the design philosophies, 

standards and technological practices. This happened because in the beginning technical know-how for the four 

units came from three different sources. This led to product overlaps, low utilization of resources and diffusion 

of engineering and development work at more than one centre.  

(vii) Inadequate expertise in project management and planning techniques. 
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(viii) Lack of result oriented personnel policies and manning of some of the key positions by people having only 

short-term interests in the organization. Many executives used to come to the organization from the central 

government services either on a short-term deputation or as the last posting before retirement, both of which 

limited their contribution. 

(ix) Over-cautious approach adopted by most of the finance managers who, coming largely from government 

departments, saw their role more as the watchdogs for the government rather than as partners in the growth. of 

the organization. 

(x) Lack of adequate expertise in materials management led to large inventories. 

Solutions Identified for Improving Performance of These Companies 

Setting up of Action Committees 

A high level Action Committee comprising government nominees and eminent industrial managers was set up 

by the government to go into the working of the two enterprises comprising the four manufacturing units. This 

Committee visited the various plants, met a wide group of personnel at every level and submitted its 

recommendations for improving the performance of these units. 

Decision to Merge the Two Companies 

The Committee recommended that HE (I) L plant at Bhopal should be merged with BHEL in order to ensure 

optimum utilization of the total available resources and expertise. Though there was a doubt at that time whether 

this was a wise decision, it was implemented, since it was strongly felt that unless the heavy electrical units 

worked in an integrated manner, the objectives of power generation could not be achieved on which the progress 

of industrialization and of agricultural progress was dependent. In retrospect, the decision was right and, 

incidentally, was in advance of similar decisions taken in industrially advanced countries in the last few years. 

Integrated Management 

The foremost question after the merger was about the best way to exploit the resources and expertise available 

in the four units. In deciding on the management structure of the integrated company, two alternatives came up. 

One was for an integrated management of the four units by which product lines and technologies could be 

rationalized, expertise pooled, common specialized functions centralized, and more co-ordinated service 

provided to the customer. The other alternative was that the four plants could work with a higher degree of 

autonomy within an overall framework of the type by a provided holding company. 

After considerable deliberations it was decided to adopt the first alternative which would enable a better 

utilization of resources and take the full advantage of economies of scale. While the Corporate Office-was to 

formulate policies in close consultation with the unit management, the implementation was the sole 

responsibility of the unit management who had all the necessary managerial and financial powers delegated to 

them. There was full awareness of the sensitive problems to be faced in the personnel area after such an 

integration and care was taken to have the full involvement of the unit management in establishing company 

policies and guidelines. 

Definition of Objective 

After having adopted an integrated organizational structure, the next step towards strengthening the organization 

was the preparation of a Corporate Plan in 1974. The company reviewed the business it was in, its strengths and 

weaknesses and re-defined its objectives in line withthe national aspirations, keeping in view the changes that 

had occurred since the factories of BHEL were set up. The scope of the original objectives of the units was 

limited to the manufacturing of the power equipment for the domestic market on the basis of totally imported 

technology and not necessarily related to the potential needs of the country. The diversified national needs, 

however, indicated that a national company like BHEL has to play a much wider role in the energy and 

industrial sectors. To meet these demands, BHEL decided to extend its objectives to engineering, manufacturing 

and supplying total systems with full attention to customer needs and national priorities.  

The broad objectives formulated in the Corporate Plan of BHEL of 1974 included: 

(i) To achieve a dominant position in the engineering, development and manufacture of electrical and 

mechanical equipment for generation, transmission and utilization of energy and electric power. 

(ii) To carry on a growing and profitable worldwide business in electrical/mechanical equipment for the 

generation, transmission and utilization of energy and its related products, systems and services for power 

stations, industry, agriculture and transport.  

(iii) To become a leader in research and development in different fields of engineering and technology in the 

areas of work relating to the business and to ensure a steady flow of new products, processes, services, methods, 

organizational patterns and relationships.  
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(iv) To ensure sound commercial policies, customer acceptance and satisfaction for the company‘s products and 

services. 

(v) To design, manufacture and market all company‘s products and services at good quality and fair prices.  

(vi) To evolve a participative style of management which will ensure good working conditions and job 

satisfaction to all employees, wages commensurate with their performance, career advancement and goodwill 

amongst all employees and respect for the human individual. 

(vii) To ensure continuous development of competent managerial personnel and make best use of both the 

human and material resources of the business. 

(viii) To design an organizational structure with clearly enunciated objectives and policies where freedom to 

function and flexibility to perform will be ensured for allin accordance with their abilities, capacities, 

resourcefulness and initiative. 

(ix) To provide a reasonable and adequate return on the invested capital and generate adequate internal 

resources to finance growth of the company and fulfil national objectives. 

(x) To give full consideration to the environmental impact of all products and processes developed, designed 

and built by BHEL. 

Methods and Resources used to Achieve these Objectives 

It can be appreciated that a massive effort in organizational development was needed to implement the changes 

effectively. The key elements of this effort are described below. 

Better Communication 

The first step taken was to explain to all the employees the benefits of integration. A series of meetings were 

held with various groups of employees at all levels and the rationale of the reorganization was explained to them 

and their ideas for its effective implementation were sought. The preparation and issue of the Corporate Plan of 

the company in 1974, specifying the objectives of the company was a concrete and clear step which helped in 

establishing: better communication. This was followed by regular interaction and discussions at all levels on 

changes whenever they were introduced. In fact, the involvement of the mass of employees in discussing the 

pros and cons of major policy changes before their introduction has proved very effective in BHEL. In 

technologically complex areas many good suggestions have emerged from these discussions and these have 

been incorporated in the final decisions. 

Reorganization and Restructuring of the Company 

It was realized that the existing organization would not be able to cope with the enlarged scope of the 

company‘s objectives and operations. There was need to establish new divisions and reorganize some of the 

existing functions to provide intensive and directed thrust to the operations in these functional areas. 

New divisions such as Corporate Research and Development Unit, Power Projects Division, Spares and 

Services Division, Energy Systems and New Products Division, Projects Engineering Division and more 

recently the Overseas Projects Division were created to effectively fulfil the objectives of the company.  

One of the major achievements of BHEL in recent years has been complete reorganization its total engineering 

management structure and orientation. It has been realized that an engineering based company can never hope to 

reach the desired level of effectiveness without a solid base of specialized knowledge in all aspects of product, 

design and in all related areas of scientific expertise. In-house R&D is necessary not only to establish new 

products and systems and to improve existing ones but also to maximize the assimilation of know-how 

purchased from outside. 

The Corporate Research & Development Unit provides the infrastructure, the laboratories and the expertise for 

basic research. The Project Engineering Division undertakes the detail design of power stations and power 

systems to ensure compatibility of products with the system needs and to resolve interface problems both 

between BHEL and non-BHEL products. The Energy Systems and New Products Division was established to 

catalyse the development of new products and futuristic systems including new coal utilization systems and 

nonconventional energy sources. In addition, each product has its own engineering centre for detail engineering, 

product development and for field engineering services. A regular monitoring of the entire technology 

absorption, assimilation, adaptation and improvement process was started and is now a part of the engineering 

management system. 

Similarly, to augment the organizational capabilities in marketing BHEL products both in domestic and foreign 

markets, three new divisions were started: Marketing and Sales Division, Regional Operations Division and 

Exports Division. Another division called Power Projects and Services Division was started to provide erection, 
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commissioning and after sales service to the customer. This division undertakes turn-key responsibilities for 

power stations in India.  

None of these organizational changes would have been effective without the simultaneous changes which were 

introduced in the personnel policies and financial management systems. The promotion policies with emphasis 

on the growth of the individual gave special emphasis to specialization. Training and advanced education 

programmes were made continuous inputs to all levels of employees to increase their technical expertise and 

management development courses were widely used to improve their managerial effectiveness.  

The financial management systems established delegation of authority way down the line and simplified 

procedures to promote quick decision making. Flexibility to operate was combined with strictly defined 

responsibility and accountability. Reporting and information systems were established to keep the management 

fully in picture about the operational status at all the divisions. 

Besides these service divisions, new manufacturing facilities were set up to make BHEL self-sufficient in the 

case of some of its critical inputs like castings, forgings and seamless steel tubes. 

Rationalization of Designs 

Another major step taken by the organization, towards improving its effectiveness through better utilization of 

the resources was rationalization of diverse design philosophies which existed for many of its products. While a 

phased out programme for consolidating the manufacture of these products at ‗one centre‘ is still in the 

embryonic stage, the engineering and development work for each of these products has been brought under the 

responsibility of ‗one center‘. Best features of all available designs have been utilized to establish the BHEL 

designs for many products. In all cases, detailed analysis of feedback data from the field is continuously carried 

out to modify and improve the original designs to make them perform better under Indian conditions. Only in 

the case of one product, transformers, manufacturing facilities have been set up at a new location to consolidate 

and further augment the company‘s operations in this product area. An internal transfer of technology has taken 

place in this case and the total project from its inception was done with internal expertise.  

To update the technologies which had become obsolete, a programme to modernize the manufacturing processes 

as well the plant and machinery was taken up at all the units. In fact with the growing expertise in the 

organization and with a proven record of achievements, it was possible to discard licences which were not 

considered satisfactory and enter into collaboration with mote advanced companies. The bases of collaborations 

were also made wider and they covered not only design details but included the transfer of knowwhy, joint 

design development and participation in joint R&D projects. 

Simultaneously, in the areas where rated capacity had not been achieved, time-bound programmes using PERT 

networks were resorted to, to reach the rated capacities. To improve the productivity of these facilities, some of 

the steps taken included scientific production planning, better coordination between various agencies, 

rationalization and standardization of designs; introduction of newer processes and latest tooling, etc.  

Product Diversification 

Diversification was resorted to without any substantial increase in resources in areas where the demand for 

original product had diminished. A number of new products like compressors, industrial turbines, oil rigs, bowl 

mills, etc, have been added to the company‘s products as part of a broad diversification programme.  

Quality Assurance 

While consolidating and diversifying the range of products and systems, a special emphasis has been put on all 

aspects of quality management. A full time General Manager for Quality Assurance at the corporate level, 

reporting to the Director Engineering, symbolises the importance that the management puts on this function. All 

the systems, procedures and organizational structures are being reviewed, improved and strengthened and the 

emphasis is shifting from pure inspection to quality assurance, coupled with product reliability. 

In this manner, the organization gradually became much more professional, with specialization being given 

prime importance. Matrix structure to utilize expertise to the maximum and use of task forces and composite 

teams are gradually replacing traditional hierarchical systems in many areas. Project management expertise was 

strengthened to achieve tight profect schedules. 

PREREQUISITES FOR EFFECTIVE MANAGEMENT OF TECHNOLOGY 

While BHEL‘s experience and methods may not be directly applicable to other companies in India or in other 

industrializing countries, the fact remains that the basic elements for the successful management of technology 

for all sectors will essentially be the same or similar. For example, even utility companies like State Electricity 

Boards should urgently examine whether a fundamental restructuring of their technical organization is required 

to define the objectives, the responsibility and the accountability of each operational area in order to improve its 

effectiveness. Similarly, a personnel policy which gives specialization, absolutely vital for trouble-free operation 
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of power plants, a pride of place in its organizational structure will lead to improved performance of their 

stations and will make power generation a profitable business. R&D is no monopoly of manufacturing 

organizations. 

For example, a large number of developments for improved methods of water treatment, corrosion prevention, 

combustion of fuels, start up and shut down of plants, control systems and special instrumentation have resulted 

from R&D activities undertaken by utility companies who encourage their operating and maintenance engineers 

to get fully involved in improving the technology sold to them by the manufacturers. Methods, tools and special 

equipment for expeditious erection and commissioning have also been developed by innovative utility 

companies. 

Another example of the innovative approach to the management of technology is the record of iron and steel 

companies which develop processes and systems and sell the results of their R&D to their competitors.  

Similarly, a car manufacturer who, without changing his model for 25 years, kept on increasing his share of a 

highly competitive market provides another example of effective management of technology. It is worth noting 

that even though the Volkswagen ‗Beetle‘ visually looked the same year after year, there were dozens of 

improvements incorporated every year which improved its performance, safety and reliability. Our car makers 

can take this as an example for adapting, modifying and improving their collaborators‘ design to give better 

service to their customers. 

To summarize, in industrializing countries where capital is scarce, investments must be made to yield maximum 

results within the shortest possible time be they in manufacturing plants, power stations, or service activities. At 

the same time investments must not only bring a return but must also maximize employment. Products and 

systems, to operate reliably and economically, must therefore be designed, adapted, optimized and made cost-

effective for local conditions. Plants must run with high availability and maximum capacity. 

These objectives can only be achieved by an effective management of technology. The problems faced initially 

by the Indian public sector undertakings and the reasons which were responsible for them are relevant for many 

other industries in all industrializing countries. Conclusions drawn from our experience may, therefore, help in 

preventing repetitive mistakes and the initial loss of time, money and effort and enthusiasm in other 

industrializing countries may be avoided. An integrated approach to the management of technology must 

encompass the following important elements. 

Market Requirements 

A realistic assessment of the needs of the market and the customers should be made and technology for its own 

sake must be avoided. 

Corporate Management 

A team must be chosen and given a minimum workexperience and exposure prior to the start of the 

implementation phase. A minimum tenure for the top management must be specified. 

Organizational Structure 

An organizational design, suited to the local social and economic conditions must be evolved as the first 

priority. Objectives of the organization and its constituent groups and individuais must be clearly given. Well 

defined responsibility and accountability, matched by delegated authority and competence should provide the 

flexibility required for decision making at all levels. Financial procedures and systems should give clear cut 

guidelines for decision making and a monitoring and reporting system should be established to keep the top 

management continuously informed. 

Corporate Planning 

Planning should be a continuous process, reviewing and scanning the changing situation to initiate timely course 

corrections. 

Engineering Organization 

The aim of the organization must be to provide a fully integrated engineering expertise to the customer.  

The built-up of a strong engineering and design capability must be achieved in parallel with the establishment of 

the manufacturing facilities. 

The process of know-how transfer must ensure full involvement of the design and development engineers during 

the basic and detailed design stages in the collaborator‘s works. The old concept of training by watching must be 

replaced by ‗on the job training and experience‘. Know-hows and know-whys must be fully accessible. 
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Know-how transfer must not stop at the activities taking place in the manufacturers‘ works. Experience in 

matching interfaces and systems, erection, commissioning and after sales service in customers‘ works must be 

included in sufficient quantum in the training package. 

Research and Development Back-up 

Research and development activities must be planned right from the beginning, not only for providing back-up 

in design, manufacturing, erection, commissioning and troubleshooting but also for taking the full advantage of 

the know-how and know-why transfer. Experimental installations, test rigs and site testing provide some of the 

best tools for supplementing design and calculation knowledge. Analysis of test and field data help in building 

up competence and expertise of specialists. As soon as enough expertise gets built up, R&D on new products 

and systems in selected areas of high priority should be started. Research and development activity must not be 

confined only to engineering and design areas but must cover the manufacturing and process areas also. 

A mix between purchase of technology and internal R&D should be maintained to take the maximum advantage 

of external developments on the one hand and internal growth in frontier or critical areas on the other. No 

company in technologically advanced areas can economically survive either by depending fully on purchased 

technology or by depending solely on its own R&D results. 

Project Management 

Know-how on project management and the reporting and monitoring systems used by the collaborators should 

be critically examined and adapted to the local conditions and organizational structures. Once modified, they 

must, however, be implemented systematically. 

Quality Assurance 

Quality and reliability must be introduced as being of the same importance as production and output. 

Organizationally, quality assurance must get an independent role of reporting to the top management. Systems 

and training programmes must be kept continuously updated and must cover sub-contractors, vendors and site 

activities.  

Performance criteria which take into account output, quality and reliability must be evolved. 
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Personnel Management 

Personnel policies must be evolved which are fair to the average but award the above-average. It must motivate 

people to become, and to stay as, specialists. It must match men to responsibilities and provide continuous 

inputs to help them maintain their technical expertise uptodate. 

CONCLUSION 

From my own experience of having been involved for many years in the management of technology in a 

sophisticated industry in a highly industrialized country and now having had the opportunity of doing the same 

on a much wider scale in an industrializing country. I must say that the problems of effective management of 

technology here are farmore exacting, complex and difficult. One misses the long years of established expertise 

and systems and experiences available there. By lifting the phone one can get specialists on almost any subject 

and discuss with them problems and alternative solutions. The well established management information and 

communications systems relieve one of a great deal of routine drudgery and the personnel policies and incentive 

systems enable one to provide other means of motivation to the bright and the brilliant than just love of work 

and love of the country. 

And yet, where else but in an industrializing country can one get the chance ofa life time to start things from 

scratch and show results which owe but little to an established structure ? Here the management of technology if 

scientifically and systematically implemented, still brings its own rewards. 
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Earthquakes and Earthquake Engineering 

Dr Jai Krishna 

 

INTRODUCTION 

Having been associated with the study of earthquake engineering for over two decades, I have chosen the 

subject of ‗Earthquakes and Earthquake Engineering as the topic of this lecture. Recent earthquakes in 

Guatemala, China and Iran, resulting in very heavy loss of life have focused the attention of scientists and 

engineers all over the world towards this phenomenon and I, therefore, thought that it would be typical to 

apprise our engineering fraternity of the present state of knowledge about this most unpredictable and the fastest 

destroying force that nature unleashes on mankind and man-made structures. 

Earthquakes have been a curious phenomenon from time immemorial, the occurrence of which has been 

explained away by equally curious stories coined by the ‗all-know‘ people — the type of which have always 

flourished and continue to do so even in the scientific age of today. 

Mythology has it that the earthquakes were a of means expression ofwrath by the gods on the erring mankind. 

Other stories described that the earth was resting on one of the horns of a cow, which shifted its burden 

occasionally to the other horn, thereby causing an earthquake. A similar story is prevalent in Japan where the 

whiskers of a catfish are supposed to be responsible for these calamities. Maoris in New Zealand believed in 

their being caused by Ruomoko — a devil living inside the earth. Even today there are people who are trying to 

co-relate the occurrence of earthquakes with the position of planets. Fortunately, for the astrologers such a large 

number of earthquakes occur everyday — large and small, on land and on sea — that whatever they predict will 

come out to be true. Somewhere or the other an earthquake is felt every day, which could justify every 

prediction. 

Scientifically, the phenomenon of occurrence of an earthquake is not fully understood. Certain causes are 

obvious — volcanic eruption, mining subsidences, etc, but the actual mechanism of the tectonic earthquakes is 

still a matter of scientific conjecture. 

PREDICTION AND MECHANISM OF EARTHQUAKES 

In 1887, Hartwig wrote ‗The causes of earthquakes are still hidden in obscurity, and probably will ever remain 

so, as these violent convulsions originate at depths far below the realm of human observations‘. This remains 

true even today with only a marginal improvement in knowledge. 

Like many fundamental problems in science, the genesis of earthquakes is controversial. In seismology, the 

mathematical equations of deformable media separate the realm of largely qualitative speculation on 

earthquakes from those of quantitative analysis. In many ways, seismology has developed into comparatively a 

precise discipline. Seismographs are now in routine operation that record earth‘s motion with amplitudes as 

small as 10
-10

 cm. Such observations provide far more information about the crust and the deep interior of the 

earth than any other geophysical discipline. Of these aspects of seismology, the mechanism of earthquakes is of 

central interest to earthquake engineers; the mechanism cannot be separated from earthquake causation. It can 

be said that no fully worked out description of an earthquake mechanism is yet available. There may be a 

number of mechanisms depending on various factors such as depth of disturbance.  

Earthquakes which have relevance to earthquake engineering are those which release energy near the earth‘s 

surface and large enough to damage man-made structures. They may he termed as Shallow Focus, ie, not deeper 

than about 50 km below surface. 

Shallow focus earthquakes are related, by a chain of cause and effect, to the forces that bring about deformation 

of the earth as a whole. The underlying causes are clearly part of those tectonic processes that produce 

mountains, rift valleys, midoceanic ridges, and ocean trenches at the earth‘s surface. These global processes are 

beginning to be better understood in terms of sea-floor spreading. It is perhaps sufficient here to state that the 

two main hypotheses for deformation of the earth‘s surface (such as mountain building) are: 

1. Radial contraction (or expansion) of the whole Earth. 

2. Slow convective motion of the material within the earth‘s mantle (a solid region of the earth, some 2.900 km 

thick, which lies between the base of the crust and the earth‘s liquid core) as seen in Fig 1. 

It is possible that either/or both processes may occur at any geological.epoch. No theory has been developed to 

the stage whereit can predict all of the present pattern of stresses and temperatures in the earth‘s crust and upper 

mantle. Observations of gravity anomalies indicate that in some regions vertical faulting may also arise from, 

differences in gravitational forces. 
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The usual concept of shearing strains resulting in slips and faulting is not able to explain as to how a movement 

could take place along a plane after overcoming frictional resistance. At 5 km below surface where the 

temperature is about 500°C, the frictional resistance under an overburden of 5 km is more than the strength of 

granite. Thus one falls back to some solid-liquid transformation processes or chemical explosions or sudden 

slips or gradual displacements accumulating over long periods to explain huge releases of energy feit as 

earthquakes. 

If the causes of earthquakes were fully understood in a quantitative way, prediction of the time and place of 

damaging earthquakes might become feasible in some probability sense. 

In the last 80 years, seismological instruments have been installed over the whole globe and a mass of data of 

small and large earthquakes has been collected but the mechanism of their occurrence eludes clear 

understanding. 

Recently, it was felt that perhaps strong ground motion should be recorded by a very intensive network of 

accelerographs in the areas that promise an earthquake in the next decade or so because seismographs are too 

sensitive and do not record strong ground motion in the vicinity of the zone of disturbance. In May 1978 a 

Workshop was organized by the International Association of Earthquake Engineering at Honolulu at which an 

international group of scientists selected some sites for such instrumentation. One of the areas identified for the 

purpose is the Shillong plateau and its eastern surroundings where a strong earthquake could be expected to 

produce useful data to understand the mechanism. 

In 1975, the Chinese were able to predict an earthquake by observing the crustal deformations which increased 

as the time of rupture approached, aided by observation of rats, snakes and other animals, who tend to become 

restless arid show unusual behaviour before an earthquake occurs. The same process, however, did not succeed 

in 1976 when about 700000 lives were lost in the Tan Shan earthquake, and in another place, millions of people 

spent considerable time on the pavements of the city in cold weather fearing an earthquake which never 

occurred. Similar has been the experience in other countries. Place, time and size of an earthquake cannot be 

predicted with any precision with the present day knowledge. Prediction is thus at best a hit and miss story at 

present. 

The question that may be examined is: Why should we predict? If it is not a certain prediction, it will lead to 

socio-economic and psychological problems, which will be disastrous in any country, however well organized 

and disciplined may be its population. Prediction, if accurate, could serve a very useful purpose in saving life 

and moveable property and thus the scientists may continue to carry out research intensively but take the public 

into confidence lest they should lose credibility and also disturb the normal life of the people in the region 

through unreliable prediction. 

Prediction of the type that is possible at present serves a useful purpose for engineering constructions. The 

engineer is interested in knowing whether an earthquake is likely to occur at a certain site during the life time of 

the structure he wants to build, and if so, what size and how often should it be expected so that he could estimate 

the design requirements with reasonable accuracy. This type of prediction is feasible with the help of historical 

information regarding occurrence of strong earthquakes in the past, observations of tectonic features on the 

earth‘s surface with respect to geologically recent movements of rocks, recordin.ogf gravity and magnetic 
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anomalies indicating features embedded under alluvial deposits, and concentration of microtremor occurrence 

along certain spots indicating seismic activity inside the earth‘s mass.  

It will be relevant to state that even precise prediction will hardly be of value to immovable property and major 

engineering structures. In certain cases, it could be of some advantage such as lowering water levels in 

susceptible reservoirs and thereby decreasing the risk of damage to them. The engineering estimates for the 

occurrence of earthquakes are thus of utmost importance to the work of engineers, and adequate knowledge now 

exists for this objective to be achieved. 

GLOBAL EARTHQUAKE PROBLEM 

Although there are only a few areas where earthquakes occur frequently, yet it is not possible to say that there 

would be anyplace on earth where an earthquake has never occurred or will never do so in future. This fact has 

great significance for design engineers because it means that no structure whose destruction by earthquake could 

result in a national catastrophe, eg, dams, nuclear power stations, etc, should be designed without taking into 

account the possibility of occurrence of an earthquake in the life time of the structure. The quantum of 

earthquake forces and the corresponding factors of safety, when such forces are included in the design, are a 

matter in which rarity of occurrence will play its part, but for this purpose, there is no area that can be described 

as free from earthquakes. 

The countries, which are said to be earthquake prone ate those where many earthquakes have occurred in the 

known history Japan, China, India, Iran, Turkey, Italy, Spain, California, Mexico, Chile, Peru and New Zealand 

are countries which have suffered the most but there are many other areas (Fig 2), where devastating 

earthquakes have occurred from time to time. 

 

The two belts of high seismicity are the Pacific Margin and the East-West Zone from China to Spain. The old 

pre-Cambrian shields of Africa, Arabia, South India, Northern Europe and Siberia, Australia, Canada and Brazil 

are more or less aseismic and bulk of the ordinary structures could be designed in these areas without taking 

earthquake occurrence into account. Bellary, Koyna, Bhadrachalam and other earthquakes, however, should not 

be forgotten when thinking of important structures in south India. 

Some scientists have suggested that this planet is divided into tectonic plates (Fig 3) and most of the seismic 

activity takes place of the junctions of these plates. There are relative movements of the plates at these junctions 

resulting in earthquakes. This theory fits in with the main zones of disturbance. 

Looking at the map of the Indian subcontinent and the surrounding areas (Fig 4) the epicentres of the 

earthquakes of the present century and some of the previous ones show the most active areas. The northern 

mountainous belt extending from Kashmir to Assam forms part of the Alpine-Himalayan seismic belt. The 

alluvial plains of Punjab, Haryana, UP, Bihar and Bengal have active faults embedded thousands of feet below 

surface and are frequently shaken by moderate to severe earthquakes. The Deccan plateau had only a few 

earthquakes. One could point out here the occurrence of Koyna earthquake of 1967 in an area which is supposed 

to be free from major seismic activity. It is reallyso but an important structure like a dam should not be 

constructed at any location in India or anywhere else without making suitable provision for earthquake forces so 

as to avoid disastrous consequences. As stated earlier, no area could be considered absolutely free from 

earthquakes for design of important structures.  
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In India, the area which has the highest probability of experiencing a strong earthquake in the next decade or so 

is shown in Fig 5 indicating also the earthquake epicenters in the area in the last 100 years. Other areas of the 

world showing possible locations for such occurrence are shown in Fig 6. 

Some of the most disastrous earthquakes of the last last 1000 years are shown in Table 1. 
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SOME SPECIAL EARTHQUAKES 

Excepting for earthquakes that have occurred in the present century the descriptions of former earthquakes is 

available only as newspaper reports or layman‘s observations of large scale damage or loss of life. There must 

have been thousands of earthquakes that have gone undescribed if they have not caused havoc. It is estimated 

that in the past 5000 years the loss of life due to earthquakes is of the order of 75 to 80 million people.  

The Lisbon earthquake of 1755 is one of the earliest earthquakes about: which some details are available, but 

detailed scientific description of an earthquake was given for the first time by Oldham for the Assam shock of 

1897. In terms of energy release this was perhaps one of the biggest shock of history but loss of life was not 

comparable with many other smaller shocks since the area was thinly populated. A noteworthy event was a 

vertical displacement of 10.7 m at the fault rupture. The acceleration due to earthquake exceeded at places like 

Sylhet. 

The Lisbon earthquake of November, 1, 1755 is generally considered to be one of the greatest shocks ever 

experienced. What has been described to have happened in this earthquake is that by falling down of a great 

number of houses many people lost their lives; and about eight miles from this city, the earth opened and 

swallowed up a village, with all its inhabitants, about eight to ten thousand persons, together with their cattle of 

all sorts — camels, horses, horned beasts, etc — and soon after the earth closed again in the same manner as it 

was before. A total of 60000 persons perished in this earthquake. 

Much the same thing is reported to have occurred in the Calabrian earthquake of 1783, which accounted for 

50000 persons killed. 

Similarly, in the Jamaica earthquake of June 7, 1692, it is said that the ground swelled and heaved like a rolling 

sea, and was traversed by numerous cracks, 200 or 300 of which were often seen at a time, opening and then 

closing rapidly again. Many people were swallowed up in these openings; some others the earth caught by the 

middle and squeezed to death; only the head of some others appeared above ground; and some persons were 

first engulfed and then cast up again with great quantities of water. 
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These descriptions are not always believed scientifically at present. In Japan, however, it has wide credence 

since one of the Buddhist Sutras, it is mentioned that when Devadatta, one of Sakya Muni‘s disciples, turned 

against his master and made attempts on his life, heavens punished him by the ground under his feet opening 

and swallowing him up. Perhaps it has reference to occurrence of an earthquake. Large scale fissures do occur 

during earthquakes but closing up of such fissures must be considered as exceptionally rare. 

Among the major Indian earthquakes, those of Kangra Valley (1905), Bihar (1934) and Assam (1950) have 

broad descriptions available. Fortunately, these earthquakes occurred during the working hours of the people so 

that the Bihar shock killed only 20000 people, and so did the Kangra shock. If they had occurred at night, the 

losses would have beén much heavier. The loss of property in both cases was enormous. 

In the 1737 earthquake near Calcutta, collapse of houses and flooding by sea waves killed 300000 people. In 

1707, a Japanese earthquake and the consequent flooding killed 4900 people and destroyed 29000 buildings. 

One of the most recent and devastating shock, whose description is available in detail is that of Chile. At about 6 

o‘clock on the morning of May 21, 1960, an earthquake shook a large area of south-central Chile in South 

America. Damage was serious but not extreme. This first shock was followed by a series of lesser ones, 

continuing throughout that day and the next afternoon. Then, a few minutes before 3 o‘clock another large 

earthquake struck. Again it was felt over a large area and again damage was moderate, but the people, their 

nerves on edge from the long series of shakings, rushed into the streets and remained there. About a half hour 

later, a third major earthquake hit. It was much larger than the preceding ones. Cars parked in the streets rolled 

backwards, and forwards; trees thrashed about, some so violently that the broke apart or were pulled out by the 

roots; large areas of land subsided by as much as several metres while other more limited areas rose by nearly as 

much; many buildings, some of them already weakened by the earlier shocks, tumbled to the ground or 

remained standing at awkward angles. It was indeed fortunate that the earlier earthquakes had driven people into 

the streets, otherwise casualties would have been manifold. 

A few minutes after the earthquake, the sea began to recede along much of the coast. After 10 to 20 minutes at 

different places, the water returned in a series of massive waves, pounding upon the shore and destroying 

everything in its path. The same earthquake-generated wave rushed undiminished across the Pacific to do much 

damage in Hawaii and Japan, 16000 km away from Chile.  

When the nightmare series of disasters was over, Chile could count the loss —1710 dead and missing, and 258 

seriously injured, 58700 houses made totally uninhabitable, 100000 partly destroyed, 390 km
2
 of land 

permanently flooded due to subsidence. To this can be added 61 dead and 282 injured in Hawaii, 180 dead in 

Japan, and a total property damage of many millions of dollars in these far away lands.  

A point to note is that a small shock is usually a forerunner of a major shock to follow, and if there is time 

available, precautions may be taken to the extent feasible. 

On September 1, 1923, Kwanto earthquake of Japan devastated the cities of Yokohama and Tokyo. In many of 

the small towns along the edges of the Bay, 50-80% of the houses were completely wrecked. Damage was the 

greatest in those towns, or sections of towns, which were built on loose alluvium and much less in buildings 

standing on rock foundations. In some towns losses were compounded by fire, in others by water. There was a 

remarkable change in the depth of the floor of the sea. As a consequence, a wave was generated which piled up 

on the west shore to heights of as much as 10 m. This wave caused much destruction. 

In the epicentral area there were many interesting effects on ground water. Earthquake fountains were observed 

in a number of places, jetting up water intermittently with the passage of the earthquake waves. In some 

instances, as was observed in the 1934 Bihar shock, this water brought sand with it, leaving miniature sand 

craters to mark the positions of the fountains. At another point an ancient piling from a long forgot ten bridge 

constructed more than 700 years before was brought to the surface, apparently by moving ground water. 

About Yokohama, an eyewitness account tells of the earthquake announcing itself as an underground roar, 

followed almost immediately by a frantic shaking when the mid-day meal was being prepared in most of the 

houses. Almost immediately fire broke out in many different points — one account says 208 — and while most 

of these were small to begin with, there was little that could be done to stop them. All the fire-fighting 

equipment had been lost in the earthquake and the water mains had been broken. Fanned by a high wind, the 

various fires coalesced. People who had not been trapped in their collapsed houses fled before the ever changing 

front of the flames, their passage hampered by the rubble of destroyed buildings and broken pavement left by 

the earthquake waves. When it was over; nearly 27000 people were dead or missing and more; than 40000 were 

injured; 70000 homes had been lost in the earthquake and fire. Communications were completely destroyed. 

Fifty-seven miles away from the center of the earthquake, the damage at Tokyo was somewhat less than in 

Yokohama but the effect of the fire had been even more devastating. As in Yokohama fire broke out almost 

simultaneously in many parts of the city. The fire, swept by high winds, leaped from point to point; it lasted 

nearly three days and completely destroyed more than 40% of the city. When the fire was over, there were more 
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than 100000 dead or missing and additional 40000 injured; 400000 houses had: been completely demolished in 

the earthquake and fire. 

In 1906 earthquake of San Francisco, similar damage was caused by fire even more than by the shaking itself. 

Modern construction in Japan takes these factors into account adequately. 

Another type of disaster caused by earthquakes is through causing big landslides and creating artificial lakes 

which, when breached, cause floods. Sometimes land slides have occurred in the lake upstream of dams and 

caused overtopping of dams and flooding. 

On May 31, 1970, a strong earthquake occurred about 25 km off the coast of Peru in South America. It took 

70000 lives, injured 50000, destroyed 20000 houses and buildings and left 800 000 homeless. Within the 

effected region, roughly 104000 km many villages were almost totally destroyed and several were swept away. 

The single, most devastating event was the large debris. avalanche that originated from the north peak of 

Huascaran mountain, falling 3660 m and travelling a distance of 11 km at an average speed of roughly 300 km 

to destroy the villages of Yungay and Ranrahirca. A huge mass broke away from the west face of the peak at an 

elevation ranging. From 5500 to 6500 m. Comparison of photographs taken before and after the debris 

avalanche suggest that the total volume of material was approximately 69 million m
2
. This mass contained many 

blocks 10 to 20 m in each direction, that were hurtled thousands of metres from place to place as the debris mass 

swept downslope. 

Eyewitness accounts indicate that only 3 to 4 min elapsed between the time anyone observed debris falling from 

Huascaran and when the debris struck Yungay and Ranrahirca. The distance travelled was approximately 3 km 

vertically and 11 km horizontally. In Yungay, only four palm trees and a small portion of the main cathedral 

wall were left standing.  

The tourists, who took the photographs mentioned above, describe that-they were talking of the danger of ice 

avalanches when suddenly their car began to shake. The car rocked, and the first impression was that something 

was mechanically wrong with the car. It was not until the car was stopped that it was realized that it was due to 

an earthquake. It was after about 30 sec to 45 sec when the earthquake shaking began to subside that a great roar 

coming from Huascaran was heard. It was seen that like a cloud of dust a large mass of rock and ice was 

breaking loose from the peak. People began to run for the high ground situated about 150 m to 200 m away and 

hardly reached about one-half to three-quarters of the way up the hill when the debris avalanche reached the 

point above the village Yungay. After people just reached the top of the hill, a strong turbulent blast of wind 

swept past the people with a continuous loud roar and rumble. Ninty-two people who finally escaped were only 

10 sec ahead of death. 

Many of us would remember the Alaknanda disaster of 1970, which caused a similar havoc although on a 

smaller scale. 

Another type of damage seen in the Bihar earthquake of 1934 and Alaska and Niigata earthquakes of 1964 is 

due to liquefaction offoundation soil under buildings causing large scale unequal settlements and consequent 

collapse of multistoreyed buildings. 

These descriptions will indicate the great destructive power of earthquakes themselves and consequent fires and 

floods, slides and settlements, and finally disease and poverty in their wake. 

BROAD ENGINEERING PROBLEMS 

It may be useful to mention here that a solid and sound foundation of a.structure is a much more important 

safeguard against earthquake damage than any other part of the structure. 

The usual structural damage results from either lack of strength or lack of flexibility. Flexibility protects a 

structure by absorbing energy outside and inside the structure. Efforts are being made to devise means of 

introducing flexibility deliberately at suitable points of rigid structures. Over-flexibility, however, could be a 

disadvantage in tall structures since they may vibrate excessively, lean on one side too much and collapse, 

besides psychological impact on the occupants in the case of buildings. Appropriate flexibility has thus to be 

provided in structures to safeguard them against earthquakes. 

Earthquake engineering researches over the last 50 years have removed many misunderstandings. 

(i) Tall buildings are not safe to build in earthquake effected areas. 

Research has shown that tall buildings, being more flexible, resist earthquakes better than short rigid ones. 

Consequently, height restrictions have been relaxed in many earthquake prone areas. 

(ii) It is adequate to design a structure for a horizontal force equal to a fraction of its weight. It has now been 

shown that structures are subjected to maximum earthquake forces at the top, reducing to zero at the fixing point 

at the base. Thus taking appropriate forces at various levels leads to more efficient design particularly in dams, 
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where this change results in economy. On the other hand, in tall structures such as chimneys and towers this 

results in more efficient design and corrects the false sense of security given by the presumed factor of safety in 

the old practice. 

Further, earthquake forces are very complex in nature and this simplified procedure is adopted only for 

convenience. It is, however, correct to think that a structure so designed will resist earthquakes better than it 

would otherwise do. No method of design, it may be mentioned, makes a structure earthquake proof. 

A question has recently been raised that if a structure cannot be made earthquake proof, why should one not 

insure it against all types of damage and loss instead of investing money in strengthening it at the time of 

construction. This brings forth several social, political and economic questions. So far insurance is being used 

only as an additional safeguard against loss and not a substitute for earthquake resistant design. It is, however, 

open to an individual builder to take the risk. The public sector, however, cannot take this line of thinking. 

EDUCATION AND PREPAREDNESS 

The discipline of earthquake engineering has now developed scientifically far enough to offer itself as a part of 

curriculum in engineering education. It is not only essential for civil engineers but also mechanical and electrical 

engineers who design machinery and other components which could be damaged by earthquakes and result in 

heavy loss to industry or power supply or other facilities. This is a long term preparation to meet the challenge 

of earthquakes and should to taken up by all leading institutions imparting education in engineering. 

There is also a need to have a plan to meet the disastrous situation when an earthquake actually strikes. The 

Institution of Engineers (India) could take up this task to prepare a monograph on this, and also recommend to 

the concerned State and Central Governments to have a cell which could be mobilized at short notice to provide 

relief to the sufferers. 

There is also a need to reappraise the resistance of important structures — dams, nuclear power stations, large 

industrial undertakings, etc — to see if they would be able to resist future earthquakes. If necessary, they could 

be strengthened to avoid disastrous consequences.  

In the end, I wish to thank the Council once again for giving me this opportunity to express my views on various 

aspects of this field of study, which is acquiring greater importance as population in the world increases, and 

inhabiting areas which are prone to earthquakes becomes more and more unavoidable. If this effort on my part 

leads to some thinking on the part of teachers of engineering, engineers responsible for design of important 

constructions, city planners and the governments, I shall feel amply rewarded. 
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Role of Scientific and Engineering Institutions in 

Defence Research and Development 

Dr Raja Ramanna 

 

I have been greatly honoured by the invitation to deliver the 22nd Sir Mokshagundam Visvesvaraya Lecture. 

Coming from the same city as the great man, I recall the many anecdotes about him from a generation older than 

mine and even with the passing of the years his ideas seem to remain fresh and pertinent as ever before. In fact, I 

believe we have not really appreciated the leadership he has given us and it is in this context I would like to start 

my lecture onthe role of scientific and engineering institutions generally, before I make special reference to 

Defence research and development. 

You will recall in the history of civilization the first cooperative development that.came into existence was in 

the fields of agriculture and farming, be it in the use of soil or livestock. In order to make satisfactory progress 

several institutions must have been.set up in ancient times to establish what can be termed as an agricultural 

society. I had chance to read recently a 100 years old book by Prof Monier Williams on the ancient social 

structure of India and it is remarkable how much of our rituals and thoughts have indeed been inspired by the 

Vedic systems. I do not here refer to philosophy but to the social structure advocated by these ancient books. I 

began to realize how much interconnection there must have existed between groups of people to establish the 

common system for the entire country—a system which has lasted over several thousand years. 

In the last 100 years, Western influence and modern developments.in the world have shown that we cannot 

continue to be a pure agricultural society. Even agriculture has now become an industry. Specially during the 

last 30 years vigorous efforts have been made to develop in India an industrial society. It is in the work of 

Mokshagundam Visvesvaraya that we see the attempts for creating an industrial atmosphere in the country 

started well before its actual needs were felt. While in some respects he was a man born befpre his time, it is 

people like him who understood how inevitable was the need for an industrial society in the years to come. His 

work is now taken for granted, but we can visualize the difficulties he had to face when even now people 

question progress as such. We accept science for all its benefits but refuse to face its impact on our society. Due 

to strong inertial forces in India, the battle against modernization will be longer and more painful. I am afraid we 

have to admit that we have not quite succeeded in creatinga techno-scientific atmosphere that is needed for a. 

proper balance between an agricultural society and an industrial society. It is indeed surprising that some of our 

leaders often look upon science as though it is a necessary evil and not something which leads to a-new structure 

of society. 

It is in the creation of a proper industrial society, one which is inevitable but avoids the unpleasant aspects as 

prevailing in the West. I will first consider the functions of our scientific and engineering institutions and the 

academies of science. Like many things in India we have imported these structures from the West. The terms of 

reference and framework of these institutions are such that they have no particular relevance to the broad Indian 

scene. Very often they become societies to protect a few and the atmosphere in many of these institutions is 

more in the nature of a village panchayat. You will, of course, ask me why I question the relevance of such 

institutions as they are, when so much good work is being done by way of publications, seminars, etc. While 

high credit must be given to institutions which arrange for the propagation of knowledge, it should not give the 

impression of a foreign institution imbedded in an Indian atmosphere. 

It must plan its activities in the same way, as must have happened in the past, of setting norms of a new society. 

It must comment on all the developments of relevance concerning science as required by the country. It must 

bring about coordinated activities in many disciplines. It must propagate the importance of the basic sciences as 

an essential part of development. It should inculcate the habit of people attending lectures, seminars, etc, in 

science and technology — a habit sadly lacking in the Capital. It is only in this way a proper scientific temper 

can be brought out to change the attitudes of the people. In trying to speak of evolving a moral code for science 

and engineering organizations, I will not be surprised if some of you are laughing at me for bringing so many 

obvious things to your attention. You may even be saying I am wasting your time when the activity I have just 

described is indeed what these institutions are doing. But as long as we have unhygienic conditions in the 

country and use antibiotics to cure ourselves of diseases it can only be termed as an unscientific country. As 

long as we have to use our heads for carrying garbage and heavy objects and not use one‘s head for pure 

thinking, we are an unscientific country. As long as we are satisfied with the shoddy work and produce inferior 

quality goods and the producers have no sense of pride in their achievements, we cannot say we are a modern 

country. If yqu ask me to refer to some detailed examples, take for instance, the quality of our cars and the way 

they are produced on a ‗cottage industry basis‘, the maintenance of our generating stations, the state of our roads 

and other public utilities. Is it possible for engineering institutions to use their influence to improve quality 
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generally in India? It is certainly possible that they can influence the contractor who undertakes construction 

jobs to spend a little more money to look after the labour he hires. Wherever one sees construction activity, one 

feels we treat our unskilled labour more as animals spreading a look of depression everywhere. Who can deny 

that contractors do not make handsome profits. I do not think it is merely the social workers who have to insist 

on improvements in this area but even the engineering and scientific institutions. They at least should know that 

the foundations of a modern society cannot allow for callous treatment of human beings, low quality operations 

and sometimes down right cheating. 

I realize that I am being carried away by my sociological ideas and expect too much from the institutions of 

engineers in setting up codes of conduct forthe growth and application of science and engineering in the 

country. In fact, I should compliment the Institution of Engineers on the excellent work they are doing. This 

Institution, which was founded in 1920 witha little more than 20 members, today has over 100000 members 

with 18 Regional Centres and 48 Sub-centres. If there is any institution which has attempted to improve society 

from the scientific and technical knowledge, it isthe Institution of Engineers and they are fully entitled to use-the 

name of Sir Visvesvaraya in all its activities. Because of the work of several distinguished engineers, India is 

now rated high among the industrialized countries of the world and is supposed to have the third largest 

scientific manpower whatever this means. 

I will now consider the role of engineering institutions in the development of defence capability. Many people 

do not know what are the functions of defence science. In the earlier days, even our users considered it as some 

kind of a maintenance centre for equipment bought from abroad. It was realized only after the Chinese invasion 

of 1962 that if we are to be self-reliant in defence, design and fabrication of arms and its associated equipment 

must be carried out in India itself. Since then we have now established the necessary infrastructure for this 

purpose. There are many defence institutions both from the R&D side as well as production which are capable 

of designing and producing defence equipment at its most modern level. The country because of its high 

position in industry is also capable of contributing in a big way to self-reliance in defence. It is now our business 

to see how by better coordination between defence R&D, defence production and civil industry, we can make 

India a very self-reliant country from the point of view of defence preparedness. The expenditure on defence has 

to be optimized in such a way that civilian technology also benefits and, thereby, the financial damage due to 

defence expenditure on civilian development is reduced to a minimum, It is here in setting up this equilibrium 

that engineering institutions can play a great role. 

In any planning for defence requirements, the major say will naturally come from the users, ie, the Services. We 

will have to accept that-with their experience of the requirements of the front they are the only ones who can 

determine the ‗Qualitative Requirements‘ from the point of view of actual combat. However, it should be 

recognized that they may not have all the information particularly on the latest technology with reference to sub-

systems and an interaction with R&D organizations could modify their projected qualitative requirements. This, 

in turn, could lead to a reduction in obsolescence of the equipment to a minimum and later be able to help 

produce equipment of quality if not better than that available from abroad; at least be in a position to deliver the 

goods in a very short time-frame. All this requires assistance of the private and public sector industries, our 

institutes of technology, universities and information centres. The contribution of these bodies is not only in the 

design and production of the equipment but also in its maintenance and upgrading. We have failed in the past 

mainly because we do not have a system by which items newly delivered or imported from abroad are 

constantly improved or upgraded. We consider this aspect of the problem only when items are becoming near 

unserviceable or totally obsolescent. As designers of hew equipment, we also have another role and this is to 

recognize that it is our business to convince the users of the usefulness and quality of new developments. We 

seem to wait forthe demands of the users, who by the very nature of things can only take a short-term view, 

rather than bring to their attention the value of new discoveries and inventions. 

As an example of a success story in Defence Research & Development Organization on indigenous design at the 

forefront, the MBT Tank being developed at the. Combat Vehicles Research & Development Establishment, 

Avadi, is most noteworthy. The design of the engine is entirely new. It has a rating of 1500 hp and is-aircooled. 

The design is mainly due to Shri Mukherji and his colleagues at CVRDE. It is a 50-tonne class tank and suits 

our roads and bridges. The engine was fabricated in a very short period of time and has just gone through 

preliminary trials. These trials have proved to be very successful. The other parts of the engine, the armaments, 

sighting and gun have also been designed in India and are under fabrication, either in the establishment or in 

local industry. As another example, I take an instance from our aeronautical development programme in which 

we have established sophisticated production strength and set up several laboratories. The GTRE has developed 

a new type of engine known as the GTX engine which seems to have a great potential for future aircraft 

satisfying our needs. As is well known that aircraft are usually designed around an engine and this has to be 

followed by developments in new types of structures, new materials and avionics. While we are fairly advanced 

in all these, much integration has yet to be achieved. The engineering institutions can suggest possibilities of 

how this can be done. In these developments, while many of the components have been made in the laboratory 

itself, quite a few of them have been fabricated in the civilian industrial sector but when the designs are turned 
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over for production, a completely new attitude is required. At the moment, the relationship between the 

laboratory and the industry is one of that of a buyer and seller. For the future, I would like to suggest that the 

engineering institutions should consider how this relationship can be converted to one of collaboration rather 

than one of a commercial agreement. For this transformation there are many difficulties to be overcome. Some 

of them are man-made, which, I am sure, can be overcome by reorganization of the administrative system. It is, 

however, more difficult to overcome those arising from lack of self-confidence and of morale between 

designers, suppliers and users. But I am convinced that industrialists are as patriotic as anybody else and will 

rise to the occasion and not put financial gain as the only criterion in such matters. I am not certainly suggesting 

that collaboration should be based on a loss motive either. As an example of what happens in foreign countries, I 

would like to bring to your attention the following.  

Any study of European and American commitments to industry with respect to defence development and 

production shows how close-is the interaction between industry and the defence institutions. The various types 

of weapon systems and military hardware involve development of advanced technologies and the Government 

gets the studies conducted at various private sector industries for launching major new programmes. In the USA, 

for example, private industrial firms contract to deliver a complete weapon system such as an aircraft or a 

missile. The firms undertake the development work and are responsible for the complete system; the contractor 

firms being designated as the systems prime contractor. The various sub-systems like the engine or the radar are 

developed by other firms and are integrated by the prime contractor. Traditionally, the airframe companies act 

as the prime contractors for aircraft and missile systems. The strategy generally adopted for the development of 

aircraft is fly before you buy. Two or more firms are chosen for prototype development and the final selection is 

made after a competitive evaluation. For example, for the USAF light weight fighter programme (F 16), bids 

were invited in February 1972 from five aircraft manufacturers like Boeing Co Lockheed, General Dynamics 

Corporation, Northrop Corporation, and LTV Aerospace. In April 1972, General Dynamics and Northrop were 

each awarded a contract to build two prototypes, viz, YF-16 and YF-17, respectively, at a cost of $37.9 million 

and $ 39 million. After extensive evaluation of the prototypes the YF-16 concept was finally chosen in January 

1975 for full scale engineering development. The original YF-16 requirement for an air superiority day fighter 

was expanded to give equal emphasis to the air to surface role including provision of all weather radar and 

navigation capabilities, thus making the YF-16 a multirole fighter. Contracts were awarded to General 

Dynamics ($ 417.9 million) and Prate & Whitney ($ 55.5 million) for fifteen F-16 engineering development 

aircraft and their F-100 engines. TY am not suggesting that we should follow such procedures identically but I 

give these examples to show how time can be saved by full utilization of the country‘s resources and after some 

time have the advantages of alternative possibilities. Similarly, in the case of the XM-I tank, contracts were 

awarded to the Defence Division of Chrysler Corporation and Detroit Allisan Division of General Motors 

Corporation for manufacture of one prototype each. Different approaches were followed by the two companies. 

For example, Chrysler Corporation adopted a gas turbine of 1500 hp output as prime mover whereas General 

Motors chose a diesel engine of the same rating employing the variable compression ratio principle. The 

armament for the tank was an in-house effort. After evaluation of the prototypes, Chrysler prototype was finally 

chosen using the gas turbine engine and a further contract awarded for manufacture of 11 more prototypes and 

subsequent series production. The estimated cost of the tank as per 1977 price is $ 828000. In tanks, the systems 

firms are the automotive companies while for ships, the shipyards have performed this role. However, in the 

case of tanks and ships, the systems integration role has been generally retained by the Services. Special 

materials required for defence applications such as aluminium-titanium alloys, high quality steel, fibreglass as 

well as special chemicals like liquid oxygen, boron and so on are developed and supplied by private industry. 

Some materials like standard aluminium alloys are essentially civilian products but others like special ceramics 

and berrylium, etc, have been developed for use specifically in weapon systems. 

A significant aspect of defence requirements is the continuously changing structure. As major advances take 

place in technology and its applications to defence, some programmes decline while others accelerate. For 

example, in the USA, procurement of tanks and other vehicles, weapons and ammunition and commercial types 

of equipment declined during the years 1953-61 while missiles and. electronics contracts increased by 33.6% 

and 18%, respectively, taking up about half of all defence contracts. Thus, the trend was towards more 

sophisticated and expensive weapon units and the industry strengthened its research, development, testing and 

evaluation capability in the sophisticated areas of technology. 

In Britain, the position is somewhat different. There are a fairly large number of defence research establishments 

in the UK and a good deal of the development effort is undertaken in the in-house laboratories. However, large 

R&D capabilities also exist in the British industry, in particular, the aircraft industry which is largely concerned 

with development of combat aircraft. The aerospace industry in Britain has provided excellent service during the 

last two world wars.as well as during peace time. It has produced aircraft, engines and equipment which are 

ranked very high. The aerospace industry in Britain employs over 200000 personnel in 300 companies and had a 

turnover of £ 1275 million in 1974. During the first half of the last decade, work on defence projects accounted 

for about 45% of the output of the aerospace industry. An essential ingredient in this industry is the strong R&D 
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element so that there is no let up in technological: progress. The trend of expenditure on aerospace R&D in 

Britain can be seen in the following table : 

 1972  1973 (£ million)  1974 

Aircraft  74.8  79.4  86.7 

Aero-engines  71.4  66.3  66.9 

Equipment  33.8  35.3 47.6 

Space Projects  2.9  5.6  8.4 

Total  188.9  186.6  209.6 

The situation is similar in other advanced countries like West Germany, France, Sweden, etc. The armament, 

aircraft and other defence systems are almostentirely designed and developed by the private industry which have 

built up strong R&D capabilities. The MBB in West Germany, which is one of the biggest aerospace companies 

in Western Europe is the prime defence contractor. The company deals with various areas of defence technology 

with a strong R&D Centre at Munich employing about 7000 personnel. In the field of aircraft, MBB is 

developing the Tornado — a multi-role combat aircraft in collaboration with British Aerospace and Aeritalia, 

the main responsibility of MBB being for systems like the flight control, landing gear and fuel system plus 

integration of the avionics into the aircraft. The company is engaged in a France-German effort in the field of 

military transport aircraft — Transall. The Dynamics Division of the company is engaged in development and 

production of a missile weapon system. Roland missile system for use against low flying aircraft and HOT 

whichis a second generation long range antitank missile were joint development programmes between MBB and 

Aerospatiale of France. Other private companies are also concerned with military equipment sector. Thus, 

Siemens together with AEG Telefunken are working on a control and command information system for the 

German Air Force. In the area of lowlevel target acquisition, Siemens have developed and produced the Mobile 

Pulse Doppler Radar system. Another important area of R&D relates to the identification Friend and Foe system 

for its line of search radars for the tanks and a modern IFF system for combat aircraft. Siemen‘s radar 

technology is exclusively limited to military applications.  

There is, however, one important factor in defence development in the advanced western countries. The 

armament and aircraft industries in these countries are not merely concerned with the home markets but a very 

large export element is involved. For example, in the case of British aerospace industry, the export element was 

approximately 49.5% in 1975. 

I have briefly brought out the manner in which the industry in advanced countries has been closely involved in 

the development and production of defence systems. I do not have any literature of what happens in other 

countries notably in the USSR. I may also be forgiven for stating so many facts on what happens in foreign 

countries but in evolving the new code of conduct these may be of some value to you. In India, not much serious 

efforts has been made till now to associate the industry outside Defence in any significant manner, The  

Department of Defence Supplies did initiate some years back a process of involving private entrepreneurs with 

the defence production and supply effort. These efforts are, however, in areas in which production capabilities 

exist in the country. What is needed is to involve the in industry the development of major defence systems and 

subsystems. To lead up to‘such an involvement, the industry particularly in sophisticated areas has to build up 

significant R&D capabilities and infrastructure. Private sector industry in India has in recent years made some 

progress in promoting R&D whichis so essential for development of new products, processes and services. The 

Government is giving encouragement for setting up R&D in public and private sector industries by offering 

liberal subsidies and tax incentives. There has been an increasing trend in R&D expenditure and manpower 

devoted to such activities as is evident from the following table : 

R & D EXPENDITURE IN PRODUCTIVE CENTRE FROM 1974-75 TO 1976-77 

  1974-75 1975-76 (Rs lakhs) 1976-77 

Private Sector  3645.76 4235.39  4950.17 

Public Sector  1899.96  2619.19  3441.47 

Total  5545.72  6854.58  8391.64 

I can hope that R&D referred to here is not merely a paper provision but one which really develops new things 

and gives employment to the many brilliant young people that the country possesses. 

I feel confident that with the increasing R&D capabilities, the industry in the country will come forward to 

actively associate itself with the defence development effort. I also hope that learned members of the Institution 

of Engineers who are in a position to influence decisions in their respective areas will make all efforts in this 

direction so that with the joint efforts of Defence R&D and the industry, not only the defence capabilities of the 

country are enhanced significantly in the coming years but the country can move towards greater technological 

and economic progress so that the entire community benefits. 
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Space Launchers for India 

Prof S Dhawan 

 

INTRODUCTION 

The chief objective of the Indian Space Programme is harnessing of space technology in a self-reliant manner to 

help the nation in finding solutions to two major problems: (a) enhancement of communications especially to 

the backward and inaccessible regions of the country; and (b) to help evolve an effective nationwide system for 

timely management of natural resources and monitoring of the environment. 

Earth satellites with their synoptic view and global coverage capabilities are uniquely suited for these tasks. A 

single geo-stationary satellite situated over the equator between the longitudes 65°E and 110°E can provide 

reliable telecommunications for the whole of India and its environs. The some satellite can also provide TV and 

radio distribution services, direct educational TV programmes to all rural-communities as well as a unique 

weather information service of great importance to agriculture, civil aviation and flood and disaster warning 

services especially in the coastal cyclone and storm-prone areas. 

The Indian Space Programme was started in 1962 with the establishment of the Thumba Equatorial Rocket 

Launching Station (TERLS) through the vision and drive of Dr Vikram Sarabhai and Dr Homi Bhabha. Since 

then four major space centres — Trivandrum, Alimedabad, Bangalore and Sriharikota — have been established 

and the National Remote Sensing Agency has started functioning with its headquarters at Hydera-bad.  

In the last decade India has set up facilities and begun routinely using satellites for overseas communications. 

The country has used satellites for major experiments in scientific research, direct TV broadcasting, remote 

sensing and domestic telecommunications with fixed and mobile terminals. Three experimental satellites have 

been designed, built and launched by the country, two launchers being provided by the USSR and the third 

launched by an Indian designed and built launcher. 

SPACE MISSIONS 

Space missions involving spacecraft, launchers, ground stations for mission control as well as utilization are 

inherently complex and. large scale endeavours. A great deal of advance planning, analysis and system 

engineering work has to precede the actual hardware realization. The design and development of a spacecraft 

and/or a launch vehicleis a problem of large magnitude requiring the synthesis and integration of many 

disciplines ranging from astronomy, aerodynamics, mechanics, electronics, chemistry and physics, materials 

science fabrication to technologies and management. 

In many aspects new knowledge has to be created to tackle the problem at hand; space technologists and 

engineers have often to work on the frontiers of known knowledge. Mission planning begins by first 

establishing the major aims and goals. Mission definition begins by answering questions such as: ‗Is it a 

scientific mission? X-ray astronomy, solar radiation or a specific application, viz, telecommunications? Remote 

sensing? Meteorology? The basic mission requirements also examine the type of spacecraft and the launch 

vehicle. 

Fig 1 illustrates typical space missions. 

The four major segments of a typical space system are: 

LAUNCH VEHICLE 

SPACECRAFT 

MISSION CONTROL 

UTILIZATION 

Each space system has several elements as shown in Figs 1 and 2. 

Fig 3 illustrates typical features of low-earth orbit, sun-synchronous and geosynchronous missions. 

SPACE ORBITS AND TRAJECTORIES 

In general terms an. essential component of a space mission reduces to the placing of a spacecraft of given 

Weight (mass) in a specific, orbit around the earth, or, if it is an inter-planetary mission, in a trajectory starting 

from earth and leading into inter-planetary space for a definite predetermined purpose such as planet fly-by, 

orbiting or landing. 
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In the simplest case of orbits around the earth, if there were no atmosphere and no gravity fields the problem 

would reduce to providing an impulse or application of force for a certain duration to accelerate the mass to the 

desired velocity for the chosen orbit. Because of the earth‘s atmosphere and the gravitation field the path of 

launch or trajectory has to be determined in a complex environment. 

The laws of celestial mechanics—Keplerian and Newtonian—determine the motion of a body in a central force 

field such as the solar system. Newton‘s law of universal gravitation relates to the force between two masses at a 

distance and states it to be directly proportional to the product of the masses and inversely proportional to the 

square of the distance between them. 

To get simple estimates of the orbital speeds necessary for a satellite to orbit around the earth or to escape from 

the earth‘s gravity, one can neglect the atmosphere, the oblateness of the earth and the influence of the moon, 

the sun and other planets. Equating the acceleration due to the earth‘s gravity with the centrifugal acceleration 

due to a circular orbit gives a circular orbital velocity 7.91 km/sec at the surface of the earth. Similarly, by 

equating the potential energy of a satellite at infinity to the kinetic energy it would acquire if it moved from 

infinity to the surface of the earth one gets the velocity of escape from the earth to be 11.2 km/sec. These two 

values provide rough bounds for the velocities required for space flight. If the effects of the atmosphere, 

oblateness of the earth and the influence of the moon, the sun and other planets are taken into account these 

values would increase. The resulting orbits are in general elliptical with a perigee and apogee. The orbit 

inclinations depend upon the lattitude of launch and the angle between the velocity vector and local true north. 

Fig 4 shows a typical earth-to-orbit trajectory and certain important events of.the launch vehicle flight before it 

places the satellite in orbit.  

Earth-to-Orbit Trajectory 

(a) Short vertical rise 

(b) Gravity turn — pitch program guidance to keep aerodynamic drag low (zero angle of attack) — atmospheric 

effects small after 100 km 
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(c) Coast phase stabilization necessary 

(d) V for reaching orbital velocity at proper altitude and orientation for desired orbit. 

Fig 5 shows a typical example of Indian APPLE system and Fig 6 the INSAT-1 ground facilities.  

 

            

 

LAUNCHERS AND PROPULSION SYSTEMS 

The energy necessary to propel space vehicles into space is provided by launchers powered by rocket systems 

— primarily chemical rockets, although ion rockets (electric propulsion) and nuclear energy (nuclear 

propulsion) are theoretically possible. Rocket thrust is generated by the combustion of chemical fuel with the 

help of an oxidizer—the two together being contained in the propellant system. In this respect rocket propulsion 

systems carry their own energy and are not dependent on the atmosphere like aircraft; therefore they can 

performin the vacuum of deep space. The propulsive thrust force is primarily produced by the momentum of the 
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expelled hot gases. When operating in the atmosphere there is also a small component due to the integrated 

pressure field. 

Fig 7 summarizes a launch vehicle performance. 

The rocket equation is the basic relation for the design of launchers. It is interesting to note that: 

(a) ISP for a chemical rocket and practically realizable values of the mass ratio a 
wi/wf

 (structural limits with 

tropical values of  7) are such that V for orbital flight is not realizable within a single stage; 

(b) Multistaging provides a clear advantage since the unnecessary weight of the burnt out stage can be dropped, 

improving the mass ratio and resulting in increased V in each stage. 

Guidance and Control 

After lift-off the vehicle must follow as closely as possible an optimum trajectory to traverse the atmosphere, 

reach the orbital altitude with the appropriate orientation so that the final stage impulse or burn achieves the 

planned mission orbit. During this phase it is essential to guide or navigate the vehicle course. 

Fig 8 shows typical guidance schemes. 

 

DESIGN AND DEVELOPMENT OF A LAUNCHER 

The design and development of SLV-3 illustrates the process. 

The major objective set for the project was acquisition of satellite launch technology for India. This includes 

design, development and flight test of an indigenous launch vehicle for injecting a satellite of about 40 kg into 

near earth orbit. Fig 9 shows the SLV-3 ‗mission elements. The project commenced in 1973 and the steps 

proceeded from the design phase and development of the software to the development, testing and production of 

hardware and then on to the establishment of the integration, checkout and launch procedures. Simultaneously 

the ground support stations consisting of tracking radars, telemetry, telecommand and the mission control centre 

for launch vehicle and spacecraft were established. The TTC network included the main station at Shar, the 

down-range station at Car Nicobar, support stations at Trivandrum and Ahmedabad and a small station at Fiji, 

south of the equator. Figs 10-15 illustrate the process. 
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Mission Objectives 

There were three primary and three secondary objectives of the SLV-3 mission. The various systems, equipment 

and components were designed and developed to effectively fulfil these objectives. 

The primary objectives of mission SLV-3 were to: 

(i) realize a second SLV-3 launch vehicle system ; 

(ii) carry out launch operations and revalidate operational procedures ; and. 

(iii) fully evaluate the performance of the 44 major sub-systems. 

The secondary objectives were to: 

(i) inject the experimental RS-1 into low earth orbit; 

(ii) estimate the orbital elements using the tracking data and injection parameters; and 

(iii) establish a methodology to track and acquire telemetry data from the satellite. 

Fig 12 shows the exploded view of SLV-3. 

SLV-3 design comprises 44 sub-systems, weighs 17-tonne, is 22-metre long and provided with all-solid 

launcher and various associated mission support facilities. The vehicle embodies some 100000 individual 

elements. 
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In its first development flight on May 31, 1981, SLV-3 successfully placed a 38-kg Rohini satellite into a near-earth orbit. 

The launch which took place from the Sriharikota range at 9.03 IST was the third in the series of proving flights of SLY-3. It 

took 12 minutes for the vehicle to inject the satellite into orbit. Nine minutes after the launch the first signals were received 

at the Car-Nicobar ground station.  

The APPLE (Ariane Passenger Payload Experiment) satellite, India‘s first three-axis geostationary communication satellite, 

was successfully launched.on June 19, 1981, from Kourou, French Guyana. The 673-kg APPLE was launched on board the 

European Space Agency‘s Ariane Launch Vehicle:  

Bhaskara II—an Indian earth observation satellite—was successfully launched on November 19, 1981, by a Soviet 

Intercosmos rocket from a cosmodrome near Volgograd, at 2.00 pm (IST). Twenty-five minutes later the satellite reported 

from the rocket and was injected into orbit-at a height of 525 km. 

Of particular importance are the management aspects of a complex space project such as SLV-3. The approach 

was to conceive and execute the overall mission as a unified project with the key role assigned to the Project 

Director and his 250-men project team of which two-thirds were engineers/scientists and technical personnel. 

Full support to the project was provided by the Vikram Sarabhai Space Centre, the ISRO lead centre in launch 

vehicle technology. Roles were also assigned to all other ISRO centres for identified tasks enmeshing with the 

mission goals. Interface management and the launch campaign are illustrated in Fig 14. 

THE FUTURE 

A perspective is provided by recognizing the main features of the international situation in space. First of all, it 

is necessary to note that the USA and the USSR are rapidly moving towards establishing orbiting space stations. 

The US Space Shuttle Transportation System with its reusable orbiter will, in the next few years, be plying like 

a bus placing satellites into near earth orbit from which they can be taken to their final orbits. The USSR has 

already an orbiting SALYUT station to which automated space probes dock and refurbish supplies periodically; 

the SOYUZ space ships take and bring back the crew from the SALYUT station. Soviet launch capabilities are 

such that during the last several years a space launch takes place once every three days. The US has several 

launchers : among them the Delta System which has made over 150 successful launches placing a variety of 

spacecraft (communications scientific exploration, remote sensing and meteorology) into orbit. In addition, 

space probes have been sent for inter-planetary exploration, the most spectacular being the recent VOYAGER 

missions exploring the Jupiter and Saturn planets and beyond. 

Europe is developing the Ariane launcher with France playing the leading role. This launcher with the capability 

of  placing large communication satellites into geostationary orbit will provide some independence for Europe 

and some competition for the US commercial launches. 

Japan already possesses the M and N launchers; the first of a three-stage all-solid system for small launching 

scientific satellites, and the second, a modified Thor-Delta liquid two-stage system with geostationary launch 

capability up to about 100 kg. Japan has the major development of a cryogenic LO2/H2 stage underway and we 

can soon expect Japanese launching capabilities to become competitive. 

Using the rockét systems developed for its ICBM delivery system programme, China has already launched eight 

orbiting satellites and recovered some of them. They have also announced plans for placing a communications 

satellite in orbit in the next few years. 

Apart from India, other developing nations have no established programme for launcher development but have 

plans for obtaining launchers from countries possessing the capability on a commercial or on a cooperative 

basis. 

The Geostationary Orbit 

This is rapidly becoming a scarce resource. Already crowded by communications and other satellites the 

position is likely to become very difficult for late comers in the next five to seven years. Fig 15 illustrates this. 

As things stand, ‗the first-come-first-served‘ principle for regulating the parking space for satellites has worked 

in favour of the nations who have the where withal to launch and occupy slots. Currently there are 

approximately 50 geostationary satellites in orbit and this figure is expected to more than double in the next five 

years or so.  

Remote Sensing Satellites and the Sun-Synchronous Orbit 

Remote sensing from space began with scientific experiments and meteorological applications but has been 

rapidly overtaken by the needs of military intelligence and reconnaissance by the space powers. The USA leads 

the world in the range and types of meteorological satellites — geostationary, polars un-synchronous as well as 

low-earth orbiting spacecraft. The USSR is not far behind and have continued regular launching .of. 

surveillance, meteorological and earth observation satellites. Europe, Japan and India are also planning remote 

sensing satellites. It is not impossible that the polar orbital space would also get quite crowded soon. 
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In this situation the strategy for India is clear. If the Indian objective of using space technology for selected 

national applications is to be realized and the benefits reaped we cannot afford to ignore the realities of 

international geo-politics in space and must develop an independent self-reliant approach. 

Some people argue that all countries cannot possess every technology and the late comers, especially from the 

developing world, must perforce be at the mercy of those that possess the technology or have the money to buy 

it. 

Such arguments are well-known and not only for space technology. They are fallacious, for any country 

however small, leave alone the sub-continent of India with its heritage and resources. The history of civilization 

is replete with instances of small countries standing on their own feet because they decided to do so. In the age 

of electronics, computers and molecular biology, the key to national development and a peaceful and just 

international order is not dominance of big powers but to discover ways of banishing disparities through the 

concerted use of science, technology and humanism. If in India there still exist areas of poverty and 

backwardness in some form or the other, it is because the Indian people have not yet made up their minds about 

how precisely the economic fruits of national production are to be equitably distributed. This may sound an 

over-simplification but where national consensus exists and objectives are clear things do get done. The space 

tasks are clear. India must build its own satellites, launch them and put them to use for communications and 

remote sensing. 

Based on the experience gained so far, the facilities established and in cooperation with some, 15 departments of 

Government, DOS/ISRO has established a profile for the decade 1980-1990. This profile calls or: 

(a) Completing the on-going tasks : 

 APPLE  Launch mid 1981* 

 BHASKARA II  Launch late 1981 

 INSAT-1  Launch early 1982 

 SLV-3 Operational Early 1982 

(b) Undertake four major new tasks, that is,  

Develop and launch an Indian Remote Sensing Satellite ; 

Build the Rohini series 50 kg and 150 kg for technology, science and applications ; 

Design and build the Proto-INDATs leading to replacement spacecraft for the INSAT-1 system ; and 

Develop launch capability for placing a 6 kg class spacecraft in polar sun-synchronous orbits and by the end 

of the decade communication satellites in geo-synchronous orbits. 
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During the coming years the multi-service domestic satellite system INSAT-1 will be established. The Indian 

experimental geostationary communications satellite APPLE will be launched from Kourou, French Guyana by 

the European Launcher Ariane. Bhaskara II is due to be launched from the Soviet Union late this year and an 

Indian Remote Sensing Satellite is currently under development for launch some time in 1985. The Indianlaunch 

capability will be enhanced to launch 150 kg and 600 kg class of satellites into nearearth and polar orbits. 

Towards the end of the decade if the projects proceed as planned India would have acquired the capabilities for 

both remote sensing and communication satellites and be well on the way to achieve, geostationary launches 

from Indian ranges. 

ISRO Plans Call for 

 

The implications are that new R&D in  

Inertial Systems 

Materials + Fabrication Technology 

Cryogenic Technology 

Strong Industrial Support 

would be required. 

 

Following details have been given in the Monograph ‗Space Launchers for India‘ published by the Institution : SLV-3 first 

stage-fin-tip and secondary injection thrust vector control system; SLV-3 second and third stage control system; SLV-3 

equipment bay; inertial measurement unit; SLY-3 fourth stage motor; RS-i on SLV-3; RS-1 and fourth stage-heat shield 

open; SLV-3 assembly and vibration test; block house and control centre; radar, telemetry‘ antenna; SLY-3 on launch pad 

and SLV-3-E-02 take-off; growth of ISRO launchers; Indian launchers compared to world launchers; and space mission 

profile—1980-90. 
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Space and Development 

Prof U R Rao  

 

I deem it a proud privilege and honour to be requested to deliver the Sri M Visvesvaraya Memorial Lecture. We 

owe our deep debt of gratitude to this most illustrious son of Karnataka and the founder of modern India. 

Whereas Sir Visvesvaraya‘s abilities as an outstanding engineer are very well known, it is as an educationist, as 

a planner and organizer and as a nation builder, he excelled. Recognizing that traditional education has been 

more ‗receptive than productive‘, he the cause of championed establishing professional engineering and 

agricultural institutions. He scoffed at puritanical and reactionary ideas that unfortunately exist in our midst 

even today. He was quite severe about the Indian attitude based on religious and fatalistic philosophy which has 

become a stumbling block in the way of rapid progress. To overcome ‗our genius for standing still‘, he 

vehemently argued for increased efficiency through modernization. His attitude to mass education, 

industrialization and use of advanced technology is aptly summarized in the phrase he coined ‗investigate, 

educate and organize—work, industrialize or perish‘. 

On the subject of application of advanced technology towards the advancement of the country, he wrote, 

‗Planned economy must provide for the profitable utilization of the material resources and manpower of the 

country and the application of the latest inventions and discoveries of economic interest to the fullest extent‘. 

Consistent with his philosophy, I have chosen the topic of my talk as ‗Space and Development‘. 

INTRODUCTION 

Since the advent of space age almost a quarter of century ago, the phenomenal advances that have taken place in 

the field of space sciences and technology have virtually opened up a new chapterin the history of mankind. A 

space platform by virtue of its ability to view the universe through the entire panorama of the electromagnetic 

spectrum, scanning all the way from the visible to infrared and radio waves on one side, and ultraviolet to X-

rays and gamma-rays on the other side, has extended man‘s visible, and spiritual horizons to great depths of the 

universe, hitherto beyond his reach. The discovery that X-rays, gamma-rays, particles and in particular the 

continuous solar wind plasma blowing radially outward from the sun confines the influence of the earth within 

the magnetic cavity called the magneto-sphere. This solar wind is responsible for a variety of phenomena on 

earth such as aurora, ionospheric storms, magnetic storms and even polar blackouts through their interaction. 

with magneto-sphere is the direct outcome of space research. Through in situ exploration with flyby and landed 

missions, major breakthroughs have been achieved in our understanding of the planetary atomospheres of the 

inner-planets such as mercury, mars and venus as well as outer planets such as jupiter and saturn. Millimeter 

wave radio astronomy and infrared astronomy have provided new and exciting information not only on the sun, 

but also of other planetary systems, stellar atmospheres, extra galactic objects and presence of complex 

interstellar organic molecules. Observations in high energy X-ray and gamma-ray astronomy have revealed the 

presence of totally new and exciting stellar objects such as binary sources, gamma-ray bursters, pulsars, 

neutron:stars and even black holes which emit practically their entire energy thousands of times more than that 

of Sun, in these wavelengths. 

If the revelation of the magnificent panorama of saturnorian ring structure or the discovery of a new exciting 

universe full of exotic objects such as black holes neutron stars is most rewarding from a scientist‘s point of 

view, the practical applications of space technology have provided a new beacon of hope for all countries, in 

particular the developing countries wishing to advance scientifically and technologically. It is obvious that the 

quality of life style on this earth can only be improved through a quantitative transformation of the present 

society by meeting its insatiable demand for increased production of agricultural, mineral and energy resources. 

It. is generally accepted that today‘s science is tomorrow‘s technology. With the advancement of science and 

technology, the time gap between the scientific discovery and its application has been diminishing quite 

remarkably. In less than two decades, the possibilities of application of space technology to fulfil the real needs 

of tlie people have become a practical reality. For the first time, it has also provided an opportunity for 

developing nations to leap-frog from a state of backwardness and poverty through purposeful and imaginative 

application of such an advanced technology. 

The direct benefits of space technology in communications, remote sensing, geodesy, navigation, oceanography, 

mineralogy and geography are now well established. One of the most remarkable features of satellite technology 

is its ability to obtain instantaneous global view of large continents and land masses from a platform in space, 

which makes it possible to have virtually instantaneous communication from one part of the world to another. 

Likewise, with the capability of obtaining high resolution global pictures, space technology offers unique means 

to survey our natural wealth and resources and to obtain reliable meteorological predictions. 
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With over 70% of mankind surviving under the poverty line of which more than 20% suffer from severe under-

nourishment and almost 60°% suffer from malnutrition, only purposeful and imaginative use of science and 

technology and our ability to keep pace and control the geometrically rising population, can save mankind from 

the ‗doomsday syndrome‘. The dynamic force which has dictated the direction of cultural and economic vectors 

of each society has always been the newer science and technology assimilated by it. In other words, 

‗Technology has always been the independent variable, the social system the dependent variable‘. If the primary 

factor which limits the rate of growth and development is the lack of adequate resources, it is essential to 

recognize that only the application of right technology can create new resources. It is in this context space 

technology has demonstrated its tremendous potential. 

SATELLITE TECHNOLOGY IN THE INDIAN CONTEXT 

Firmly convinced that satellite technology can provide unique inputs in atleast three major areas of immediate 

relevance to India; namely, remote sensing of national resources, meteorology and communications, the main 

thrust of the Indian space programme has been primarily directed towards the achievements of these goals. For a 

large country like India with a population of over 650 million, which has been, by tradition, largely agriculture 

based, the speedy and repetitive remote sensing of country‘s resources assumes the highest importance 

particularly for the primary sectors of agriculture, forestry and mining. The presently available information in 

these areas are essentially from those compiled through conventional means which is slow, subjective and 

inaccurate. The unique advantage of satellite imagery is in providing synoptic and repetitive coverage of large 

areas which, when backed up by aerial surveys and ground probes, is capable of providing accurate quantitative 

information of the resources. Considering that a vast area of over 150000 ha of land, some of which produce 

more than one crop a year, are cultivated in the country to produce a variety of crops totalling an annual output 

of over 150 million tonnes of grain, the potential of a satellite platform for agricultural remote sensing becomes 

obvious. Useful information on soil and land classification, classification of different types of crops and their 

inventory, monitoring the growth and vigour of various crops including the assessment of damages due to water 

stress, nutrient strain, and insect infestation, classification and. quantitative inventory of different types of 

forests, assessment of water resources, delineation of geological features for mineral exploitation, surveillance 

of coastal currents, coastal eddies, sedimentation and marine resources are important areas where satellite based 

remote sensing can provide significant inputs. 

The ability to lookat a large volume of continents and seas from geostationary platforms allows us to obtain 

synoptic view of the global weather. Since everyplace on earth is connected to every other place through a 

network of climatic systems, it is only the global pictures obtained from space satellites that can provide reliable 

advance weather prediction. The ability to predict and follow the course of hurricanes, cyclonic storms and then 

take necessary remedial measures to avert large scale destruction to men and proporty is now greatly enhanced 

because of the global weather watch made possible through satellite imagery. Coupled with the availability of 

instantaneous communication satellite technology provides not only a powerful tool for weather prediction but 

also provides a means for taking timely and appropriate action. Considering that on an average basis; the annual 

damage in India due to floods is about Rs 200 crore, even a partial saving through the use of this technology will 

produce significant gains to our national economy.  

Effective communication is at the root of all development. In fact it is one of the most important ingredients in 

the evolution of human intelligence itself. For a large country like India, telephone as well as audio-visual 

communications can be used as powerful catalysts for the development of the country. The potentialities of 

television broadcast for imparting education in health, hygiene, better agricultural practices and family planning 

are immense. National TV programmes accessible even in remote areas through community receivers can be a 

very powerful tool in promoting national integration by permitting people belonging to all sections of society, 

young and old, urban and rural, literate and illiterate, speaking different languages and following different 

cultures to share a common audio-visual experience. Large volume data transmission from one location to 

another, fault free and weather independent communication, quick disaster warning system to even remote rural 

areas, extensive radio networking which are all essential for the development of a country, can only be realized 

through satellite technology. 

SATELLITE DEVELOPMENT IN INDIA 

Even though the satellite development programme in India started only in late 1972, through well planned 

achievement, targets and goals; it has been able to make significant strides enabling ISRO to successfully 

design, fabricate and orbit six satellites in less than a decade. Thus the Indian space programme has entered the 

eighties leaving behind an eventful decade of successful achievements in satellite technology through the 

conduct of a variety of space applications: experiments in communications, earth resources survey and 

meteorology. Recognizing the need to decouple satellite development from launcher technology, a deliberate 

decision was taken in 1972 to build satellite capability independently and launch them with assistance from 

other countries. The successful launching of our first satellite Aryabhata in April 1975, just within three years 

after the establishment of the satellite project at Bangalore, clearly established the indigenous base and expertise 
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in satellite technology. An appreciation of this effort can only come from an understanding of the complexity of 

the technology involved and the level of sophistication employed. In spite of Aryabhata being our first satellite, 

this satellite weighing about 360 kg incorporated sophisticated thermal power and control systems and advanced 

telemetry and command systems. The establishment of necessary environmental test facilities including space 

simulation chambers and other infrastructure in time to meet the requirements of Aryabhata and the 

establishment of adequate ground receiving and tracking stations to command and monitor the satellite 

performance in the same time frame laid a firm foundation permitting ISRO to move into the experimential 

satellite era.  

Consistent with the major goals of ISRO, the design and fabrication of an experimental earth resources satellite 

Bhaskara was taken up immediately after the Aryabhata project. Earlier experiments with a number of 

operational aircraft surveys using visible and infrared cameras beginning with study of coconut wilt disease in 

the plantations of Kerala in 1970 to detailed studies of the agricultural crops near Bangalore and poona, and land 

use patterns in Anantapur district of Andhra Pradesh and Patiala district of Punjab established basic expertise 

not only in the science of remote sensing and sensor development, but also in data processing, interpretation and 

utilization. For experimental remote sensing, satellite Bhaskara-1, weighing 440 kg, TV cameras operating in 

the visible and near infrared bands and microwave radiometers at 19 and. 22 GHz were chosen as payloads 

based on earlier studies and experience with Landsat imagery. In addition to the development of payloads, the 

project involved the development of new sensors to direct TV cameras and radiometers towards the earth for 

obtaining imagery along the nadir and a sophisticated control system to orient the spin axis of the satellite 

perpendicular to the orbital plane and also control the spin rotation between 6 and 10 revolutions per minute. 

The number of operations including camera operations demanded the incorporation of a sophisticated 

telecommand system with over 150 commands. 

Valuable data have been received from both the payloads for over a period of two years since the successful 

launching of Bhaskara-1 into orbit in 1979. The microwave imagery obtained from the radiometers which 

essentially measure the brightness temperature of the source have conclusively demonstrated their utility in the 

understanding of the ocean surface winds, movements of cyclones and depressions, onset of monsoon and soil 

moisture. These observations were utilized to follow the parent depression in the Bay of Bengal and later 

monitor the flooded area over the Luni river basin in Rajasthan. Comparison of microwave imagery in two 

frequencies provided the information on the changing pattern of water content over the oceans and the land on a 

day to day basis, thus providing valuable information related to the precipitation of rain. Over 800 photographs 

obtained from the TV camera have revealed a wealth of information related to forestry, hydrology, large water 

and land masses and coastal studies. In spite of the limited resolution of about 1 km, these imageries have been 

utilized to study the changing pattern of snow cover over the Himalayas and their run off with time. With 

imageries taken over the Beas and Sutlej valleys, it was possible to identify snowcover, agricultural land and 

forested areas. Study of geological features in Bihar and Karnataka regions have demonstrated the potentialities 

of space imagery for delineating rock types and larger features of schist belts. In studying the imageries 

corresponding to the Deccan trap, usefulness of the information for delineating various land cover types 

including new agricultural and forest areas. Further, by suitable colour coding of the grey levels, it has been 

possible to distinguish fallow land from agricultural land and tropical moist deciduous forest from dry 

temperature forests. Using Bhaskara-1 imageries over the upper Yamuna catchment area, information on show 

capped mountain, densely vegetated areas, alluvial terrain and cloud cover has been obtained.  

The successful launch of Bhaskara-2 on November 20, 1981, has virtually ensured the continuation of these 

services over the next 18 months. The improved version of the payloads and the addition of 31 GHz radiometer 

in Bhaskara-2 will help distinguish between liquid water and water vapour in the atmosphere over the Indian 

continent and the surrounding seas. 

APPLE, the experimental three-axis body stabilized communication satellite, is to Indian Communication what 

Bhaskara is for remote sensing. The preliminary ground work for APPLE was laid through the year long 

software experiment SITE (Satellite Instructional Television Experiment) conducted in 1975, which was a major 

milestone in harnessing satellite technology for taking audiovisual education to remote rural areas. The 

significance of this experiment arises from the fact that direct reception television as a concept, was tested for 

the first time on such a large scale. Using the NASA-geostationary satellite ATS-6, educational TV programmes 

were- beamed everyday to 2400 specially selected villages in six States. The greatest challenge was obviously in 

the production of software programmes, which had to be carefully prepared for making a significant cultural 

impact on our rural audience. A careful preparation of programmes tailored to the profiles of SITE village 

audience in terms of village dialects spoken, food eaten, clothes worn, games played and religions practised, and 

pretesting them to evaluate audience reaction for their comprehension, utility and entertainment preceded the 

actual audio-visual transmission. Resident observer-anthropologists in SITE villages conducted holistic studies 

to assess the impact of various programmes on the audience behaviour, vocabulary and cultural adjustment to 

the message delivered. Using the vast amount of folklore, mythological backdrop and rich cultural heritage in 

the form of dances and folk songs as background material, messages of social value were projected to the 
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audience. Special efforts were made to produce science programmes to make children realize that science 

permeates their everyday activities. 

The year-long programme which ended in August 1976, though conducted on a small scale provided us with 

very valuable inputs both on the hardware and on the software sides. For the first time, hardware scientists and 

engineers and software scientists like sociologists, psychologists, economists and even anthropologists wotked 

together in this unique experiment, complementing each other‘s efforts.The experiment conclusively established 

the efficacy of the audio-visual medium as a powerful tool for changing the way of life of a community in the 

shortest possible time. This experiment was followed by STEP communication experiment during 1977-79 

using the Franco-German satellite, Symphonie through which a large number of digital communication 

experiments of relevance were successfully performed. These included communication with disaster areas using 

emergency terminals, time division multiplexing and other digital communication experiments. 

The successful launching and management of the complex three-axis stabilized geostationary communication 

satellite APPLE on June 19, 1981, is a major milestone in ISRO‘s programme. Unlike earlier satellites 

Aryabhata, Rohini and Bhaskara-1 which were all spin stabilized, APPLE, weighing 673 kg was designed for 

three-axis stabilization, with its own apogee boost motor for taking the spacecraft to a near synchronous orbit of 

36000 km and its own small rocket thrusters of manoeuvre and control the satellite. The flawless firing of the 

apogee boost motor within three days of the launch, deployment of solar panel, achieving three-axis 

stabilization, a highly complicated manoeuvre which involves the acquisition of sun, enabling the solar panel to 

continuously track the sun, acquisition of earth to point the spacecraft antenna to the earth and then 

establishinthge spacecraft in a three-axis stabilized mode within the specified accuraciesis afeat which calls for a 

high degree of expertise. 

After moving APPLE spacecraft to its final destination point of 102° East longitude over the equator, with its 

antenna pointed to the centre of India over Nagpur, the spacecraft has been utilized for carrying out 

communication experiments of relevance to our programme. These experiments include the establishment of 

computer network allowing any user located at one place to access a computer at other centres, radio 

networking, rural education through television and. sophisticated and digital communication experiments.  

This experience will provide direce input into the utilization of INSAT, the operational multipurpose 

communication satellite to be launched in the first-half of 1982. INSAT system with its capability to provide 

communication, television and meteorological services over the next 10 years will enable the entire nation to 

take advantage of space technology to establish an operational domestic communications system and provide 

better meteorological forecasts. 

The main thrust of the Indian space programme in the 1980‘s will be to operationalize these services and ensure 

that the benefits from space technology will flow to the entire mainstream of the nation. Operationalization of 

satellite remote sensing backed up by aerial surveys and ground data collection occupies an important place in 

ISRO‘s programme for the coming decade. The ISRO Satellite Centre at Bangalore, charged with the 

responsibility of design, development, fabrication and overall management of satellites, has already begun work 

on IRS, the first semi-operational Indian Remote Sensing Satellite which can provide imageries in the visible 

and near infrared with a resolution of 40 m. IRSis designed to be a three-axis stabilized polar sun-synchronous 

spacecraft carrying sophisticated solid state device CCD cameras in both visible and IR bands andis scheduled 

for launch in 1985-86 time frame. 

In the field of communication, with the launching of INSAT, the Indian communication scene for the next 

decade achieves a new dimension. The replacement of communication, television and meteorological services 

on a routine operational basis in the 1990‘s with indigenously designed and built communication satellite 

systems requires serious planning to be undertaken now. The work on Proto-INSAT has already begun and with 

the experience gained from APPLE and Bhaskara, ISRO should be in a sound position to fabricate future 

INSATs and IRS series of satellites. 

FUTURE TRENDS IN SATELLITE TECHNOLOGY 

The rapid technological growth in the space segment and rapid strides made in lowering the cost of space 

transportation with space shuttle and its future variations including development of-heavy lift launch vehicles 

are bound to foster a new revolution in space technology primarily through ‗Complexity inversion‘. The 

construction of large platforms in space in a low earth orbit and tugging the spacecraft to achieve the final 

orbital position using efficient propulsion mechanisms such as ion propulsion is undoubtedly the cost effective 

way of constructing large space platforms, to provide multiple services. The emphasis on the technology 

development has thus naturally been focused into the addition of complexity and intelligence to the spacecraft, 

simplification ‗of ground systems and beaming space services directly into homes, communities and villages. 

In the field of remote sensing, in addition to visible and IR, microwave remote sensing is steadily gaining 

importance because of its all weather performance characteristics. Active microwave systems such as synthetic 
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aperture radars have already been utilized including by ISRO in aircraft survey and ground truth measurements 

to demonstrate its utility as a powerful remote sensing tool for agriculture, geodesy and mining. In the next few 

years, routine remote sensing platforms containing active microwave systems will become operational. Stero 

imaging techniques which, today are being used on an experimental basis, have already demonstrated their 

immense value for resource study. It is clear that the demand on data handling rate from these imageries, with 

every new development, will increase almost logarithmically. The solution liesin introducing further 

sophistication in the spacecraft, use data compression techniques and build analytical capabilities to keep the 

turn around time between the data reception, and its eventual use by the user to a minimum to enable the user to 

immediately react to situations and take remedial actions. We hope IRS-1 will be the first of the series of future 

operational remote sensing satellites and will be followed by more sophisticated ones involving both better 

resolution up to 15.m and active microwave sensing systems. 

The state-of-the art of communication satellite like INSAT of today can transmit 1 billion bits/sec of data. Even 

at 20% efficiency, this technological capabilityis equivalent to providing half-hour of computer terminal usage 

per day for every adultin the country. The major limitationis, undoubtedly, the scarce resource of the 

geostationary orbital are itself. Some of the technological options available to partially alleviate this problem are 

polarization diversity, schemes, antennae providing spot and shaped beams allowing for frequency re-use, 

utilization of higher frequencies to obtain better bandwidth all the way up to Ku band and beyond. It is clear that 

with the minimum requirement of 3° longitudinal separation between two such geostationary satellites, major 

attention has to be given to better and more efficient channel utilization.  

The early multiple access protocols have traditionally extended the basic communication concepts to channel 

oriented protocols such as FODMA, TDMA, DCMA, etc within each transponder. Whereas in FDMA each area 

has access to a dedicated portion of channels, on a continuous basis based on predetermined frequency 

assignment, in TDMA each user is scheduled to transmit in short nonoverlapping intervals. The next step in this 

direction is to incorporate dynamic sharing of a channel using either fixed assignment or demand assignment 

techniques. Nevertheless, for efficient data transmission, the predominately channel oriented system which 

eminently suited voice traffic needs considerable improvement. The development of packet switching and 

communication with multiple access protocols is basically motivated to achieve efficient data transmission. The 

original ALOHA protocol, which enabled usets to access at random without waiting for each other thus leading, 

very often, to the inevitable clash and collision between different users due to lack of coordination, has 

undergone a number of modifications: Thus, slotted ALOHA system where a satellite channel is slotted into 

segments each of duration equal to transmission time of a single packet with both explicit and implicit 

reservation schemes demand based assignment techniques and a number of variations of these now have 

increased the efficiency of transmission from 18% to well above 40%. The technology of introducing 

intelligence into the satellite system has been made simpler by the revolution that has taken place in the field of 

electronics in the improvement in high speed and low power solid state device technology, availability of 

microprocessors, high density memory chips and finally CCD‘s. With the introduction of intelligence onboard 

spacecraft, it is possible to choose a variety of reservation protocols ranging from the simple ‗round robin‘ in 

which each earth station is interrogated sequentially to more complex preferential treatment depending on 

volume of data, urgency and user requirements.  

The communication experiments carried out during STEP time frame and with APPLE spacecraft are essentially 

the first step ISRO has taken familiarizing itself with the digital techniques such as TDMA, SSMA, FDMA, 

Packet switching, etc, to enable us to optimally utilize the communication capabilities of our future satellites. 

Advances made in the fields of spread spectrum, modulation, data compression and digital data interpolation are 

undoubtedly going to usher a new era in communication. This coupled with the advances in the energy option 

techniques will make it possible to transfer large amounts of data not in a cheap and efficient manner, while 

preserving secrecy and security. The experimental systems of today such as home video newspaper, electronic 

measurements, pocket and wrist telephones, direct broadcast TV, teleconferences and even electronic 

telecommunicating will become practical operational systems of tomorrow. 

Material processing in space, which is now being carried out on experimental basis, will assume a tremendous 

significance in the future; once large space platforms become available. The feasibility of growing pure 

semiconductor crystals with minimal dislocations, special magnetic alloys and even special medicines under the 

near zero g space environment devoid of convective forces is already well established. The importance of 

lavitation under zero g condition for aiding in the production of special materials is now beginning to be 

understood. Cheaper solar cells, more efficient lasers, stronger but lighter alloys, better magnetic materials could 

usher a new era in the field of material sciences which could be of direce interest to the man on earth. Further 

material processing activities in space can provide crucial inputs to large scale fabrication in space.  

Adoption of large scale fabrication technology in space naturally leads to the possibility of deploying large 

platforms like space solar power systems. Deploying 25 km
2
 solar arrays at geostationary altitudes to tap solar 

energy, converting it into microwave energy at about 2.5 GHz for beaming it to an appropriate location on earth 

where it is reconverted back into electricity for feeding vast industrial complexes is both technologically feasible 
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and: psychologically challenging. Using appropriate collector reflector combination, it is possible to obtain 6 to 

15 times solar energy in space as compared to that on earth. The space solar power station has the distinct 

advantage of being exposed to the Sun practically all the time, is pollution free and is uneffected by weather and 

atmospheric conditions. Cost projections indicate that 5 GW space solar power stations can economically very 

well compete with conventional terrestrial power systems.  

CONCLUSION 

Space technology has added a totally new dimension to our outlook and approach for tackling the basic 

problems facing the mankind. Orbiting and geostationary satellites are already providing better communications, 

a more reliable meteorological prediction and an understanding of the earth‘s resources including the possibility 

of unearthing new resources. The technological developments in the next decade will essentially be to provide 

resources information and communication facilities in a decentralized distributed mode directly to small 

communities and individuals thus ensuring the complete humanization of space. Cheaper means of space 

transportation will no doubt give the necessary impetus to large scale space manufacture, deployment of large 

and cost effective multipurpose space platforms, tapping of abundant solar energy from space and even space 

colonization. 

The discovery of rings around jupiter and uranus and the detailed mapping of the magnificent ring structure 

around the planet saturn have excited the imagination of mankind. Further exploration of venus, the planet 

embeded in hot gas where even lead would melt, and outer planets including Pluto and neptune will not only 

reveal the exciting phenomena and dynamics that take place in the atmospheres of these planets and their moons 

but will also eventually help in a better understanding of our own planet earth. The fly by missions such as 

Giotto to Comet Halley in 1986 and to Temple 2 two years later are bound to provide a better understanding of 

the comet‘s composition and structure and probably provide us with the missing clues on the comet‘s role in the 

evolutionary history of the earth itself. Deployment of space telescope and investigations in high energy 

astronomy will permit us to look into the vast cosmos to distances at least two orders of magnitude beyond what 

has been possible so far. These scientific advances are exciting and relevant because, I believe, that without 

vision, without a clear understanding of the environment we live in, man will become superstitious and 

frightened. It is only true that scientific knowledge can liberate man both intellectually and spiritually. 

Some of these projections may look far fetched, but let us not forget the lesson of history. Looking back, 

essentially 800 life spans can cover the growth of civilization of which more than 650 were spent under 

primitive conditions, only 70 of our forefathers had an effective means of communication, with one another, 

only the last 10 had really made use of the metal age, only the last four have seen the locomotives and the last 

two electric motors. The majority of scientific discoveries and technological breakthroughs which have been the 

cause of today‘s material wealth have been developed within our own life time. In this technological age, it is 

self-evident that it is only technology which sets limit to man‘s activity and defines the state of his cultural and 

economic evolution. It is important to recognize that it is no longer the resources which limit decisions but 

decisions which can create resources.  

About 50 years ago, Sir Visvesvaraya wrote, ‗The Indian cultivator is the mainstay on tlie economic structure of 

the country and he gets very little sympathy or aid to improve his condition. His chief needs are education, 

instruction in modern methods of farming and efficient organization for rural uplift‘. For the first time in the 

history of man, technological developments in the space era seem to have opened up a vast spectrum of 

opportunities for the benefit of mankind. For a developing country, in particular, exercising of right options 

based on sound technical and economic judgment is very important. I believe that with the infrastructure built 

up and this programme ISRO has planned, the benefits of our space programme will reach the very grass-roots 

of the country and act as a catalyst in effecting a quantitative transformation of our society.  
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Human Resources Development 

Prof Y Nayudamma  

 

I am deeply conscious of the honour you have done me, in inviting me to deliver the 25th Lecture in this series, 

celebrating its Silver Jubilee. The honour and privilege becomes greater as the lecture is associated with the 

name of the most venerated Sir Mokshagundam Visvesvaraya, to whom our fond thoughts and warm tributes 

go. He was an exceptional man, much respected and remembered as an administrator with broad vision, 

capability to take bold decisions and quick actions; as a planner of great patriotism; as a statesman with 

commanding wisdom and clarity of thought; as a champion of rural and technical education; and above all, an 

eminent engineer and builder who built not only irrigation and sanitary systems, dams and reservoirs, etc but 

most important of all, built reservoirs of people with enterprising spirit; with skills, competence, confidence  and 

self-reliance, getting a pride of place for the engineering profession in the service of the nation, contributing 

greatly to its industrial, economic and social development. It is for this reason I have chosen to speak on 

‗Human Resources Development‘. 

HUMAN RESOURCES 

Manpower is not only the most important resource for development, it is also the objective of all development. 

The dexterity and skill of the population are foundations of national wealth. The relationship between human 

resources and the behaviour of economy can be moulded by the social system and the pattern of education. 

Training, development, mobilization and utilization of manpower are crucial to the rate of industrial and 

economic growth. 

‗Development‘ is not development of ‗things‘; It is the development of the people by developing their curiosity; 

their desire for questioning; their creative, inventive and innovative abilities; enterprising attitudes and problem 

solving capabilities; making every person self-competent, confident and self-reliant; enabling him to get gainful 

employment, to stand on his own legs and thus to live with a sense of value for human dignity in harmony with 

his environment. Development is essentially a social process — a multidimensional process — concerned with 

people individually as well as collectively with a basic respect for the worth and dignity of every human being. 

Worth depends upon values and values decide quality of life. We are what we value, and that which we value, 

moves us into action. 

Dignity and worth come from self-reliance. The focal social value is thus self-reliance which can only come 

from releasing the resourcefulness of every person, making resourcefulness as his best resource. 

EDUCATION 

Education is a process of awakening, that is, awareness of releasing the resourcefulness for creating, innovating, 

adapting and absorbing new ideas, values and attitudes leading to a satisfactory life style. Muveloodes in 

Hungarian is education in the broadest sense — the process of a person acquiring, further shaping the material 

products and social values and in using them for shaping his own inter-content of the human personality and 

thus into attitudes and action. Education is linked to development making it possible for every person to 

participate actively in the country‘s development process in every walk of life, and directing desirable social 

changes and social values. Value is a concept that affects human behaviour. Idealism is necessary for the growth 

of young minds. Modern youth, probably with good reason, questions the value of teachers, parents and leaders. 

The aim of education is essentially threefold : (i) To improve intellectual excellence and individual happiness 

and to sensitise to ethical, cultural and social values to make one enlightened, (ii) To acquire knowledge, skills, 

enterprise and scientific attitudes to be self-competent and self-reliant, thereby contributing to development; and 

(iii) To be responsible for and responsive to the needs and demands of the society and the world. Education 

should be perceived as a seamless continuum of life long learning for human development. 

Education awakens the people to the possibility of progress. Mass education increases the power of enlightened 

public opinion and mobilizes all social energies for development. Primary education has a visible impact on 

‗health, nutrition, family planning; increased incomes and productivity, yielding best returns for investments on 

education. The higher the education the greater the responsibility to the society. 

The goal is development; the tool is technology. Talents produce technologies. Education sharpens talents not 

only to provide tools, techniques and technologies to produce the needed goods and services but also to use 

technologies for social good. Who controls technology and development? Therefore, scientific, technical and 

engineering education is critical for development. 

Science, technology and engineering education and training are needed at all levels toimpart skills, specialist 

knowledge, to improve quality, excellence and productivity; to strengthen the ability to innovate, adapt and 
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optimise in the matter of design and development; to strengthen the perception of technological resources and 

needs of the country and to develop competence to deal with real life problems. 

Technical education should also become more and more a transdisciplinary and transorganizational. The 

integrated system as development is a transdisciplinary process. 

Technologists and engineers are agents of change. The goal of engineering education and research should 

include philosophy of development for the engineer to train him to act as a practising engineer in parallel with a 

practising doctor and thus become a catalyst for development. Education should sensitise the technologist/ 

engineer with the economic, political, cultural and social environmenint which he operates.in addition to giving 

specialist knowledge and skills. 

Technology is generated and used by human resources. Strengthening technological competence should, 

therefore, be viewed within the overall context of human resource development. A balance has to be struck 

between long and short term educational and training programmes for acquiring the required knowledge and 

skills. For knowledge base, higher education, research and long-term courses are the needs. For skills formation, 

short-term courses may be conducted but training of personnel through their participation in actual execution of 

projects may be more effective. Education could be formal and informal. 

Education, training and research are to be distinguished. Between them they should cover the needs of the total 

system extending from the illiterate rural population to high level policy makers; from skilled workers to 

scientists, technologists, engineers and managers. The skills and knowledge to be created or upgraded will relate 

not only to production processes but also to the whole process of competence building that includes information, 

policy, planning, acquisition, adaptation, generation and utilization of technology. 

The present Indian development philosophy emphasizes environment, energy, economics, equity, employment, 

enterprise and efficiency. Education, particularly engineering education, should be integrated with this 

development philosophy and should be actionoriented, sensitising people to the problems of poverty, hunger, 

disease, backwardness, economic and social justice, self-reliance, dighity and quality of life.  

Education is concerned with persons and not nuts and bolts. Education is also not a clerk-making-tub ‗man 

making‘ as Vivekananda said: ‗It is not so what one knows but what one becomes, with a strength of mind and 

character ; inculcated with right values and proper skills and competence.‘ 

PRESENT CONSTRAINTS AND CONCERNS 

While Sixth Plan enrolment targets are 95% for the 6-11 age group and 50% for 11-14 age group, presently 64% 

dropout before reacting class V and 77% before 8th class. The reasons for such large dropouts, among many 

other things, are irrelevance of the curriculum to the needs and life situations of children; unqualified and 

untrained teachers, single point entry, stagnation forced by failure in annual examinations, remoteness of 

schools, poverty of parents which compel them to employ their children as bread earners instead of wasting their 

time at school, etc (The Hindu, October 6, 1982). The link between education and development is missing. The 

primary school should: be made a hub of change thereby making school attractive to children through diverse 

eurriculum to suit the life situation of the environment, dealing with health, nutrition, agriculture, food, family 

planning, rural industry, community living, local fauna and flora, etc; giving the children: an excitement of 

curiosity, discovery and adventure of participation and pride of achievement; a sense of values of discipline, 

dignity of labour and hardwork. Without joy of creation, there is no freedom from boredom. 

There are many strong aspects in our university education and more so in science and technology and 

engineering education, which are performing many important tasks extremely well and represent a powerful 

national resource. However, concern has been often expressed on a number of constraints identified.  

The goals and objectives of university education and research have been confusing, conflicting, changing and 

seriously questioned. There is a goal conflict. The students‘ goal is to get a degree (without study) and a job 

without difficulty; the teachers wish to teach less and give more marks; the parents look for a warm place to 

keep their children between a degrée and better dowry; the industry wants tailor-made products ready for use 

without any cost to them; the elite wish to perpetuate their privileges and domination, and the government is all 

things to all men. Unless all these groups join to define the agreed goals and objectives and implement them, 

this confusion is bound to continue. 

Serious doubts have been expressed about the present education system: (i) The mismatch between university 

products and the employer needs; (ii) The equalization of educational opportunities between rural and urban, 

rich and poor, the merited and socially deprived sections; and (iii) Quantity, quality and standards. Value 

contents and relevance to life situation, social sense and sense of responsibility between academic freedom to 

advance knowledge and extension service to reach the people; the intellectual excellence and social utility 

between the degree and employment, teaching and learning, thought and action, plan and implementation; 

research being imitative, irrelevant and non-innovative. 
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Thus, there is persistent pressure for change in the content, form and method of education. The major constraints 

in bringing about such a change in education appear to be 

(1) The realities of larger socio-economic system where indiscipline and inaction have become a way of life and 

where intellectual, integrity and character are at a low premium; 

(2) Too rapid expansion of the education system where examination becomes more than what important goes 

before it; 

 (3) Lack of political will and clarity of societal values, goals and priorities; 

(4) The dead weight of traditional feudal attitudes, vested interests and ingrained conservatism in educational 

establishments; 

(5) Inadequacies of planning, research, training and implementation; and 

(6) Neglect of teachers, parents, students and industrialists in policy and decision making (Prem Kirpal). 

MAJOR ISSUES 

Our present education and research system modelled as it was in the West, with the concept of schooling, 

excellence and quality, has neither produced the right type of manpower nor has it increased the education of the 

masses. Those who cannot enter the system or who fail in the system have become various degrees of outcastes, 

and those who succeed became estranged and alievated from the very people they belong or even uprooted and 

settled abroad. 

Similarly, the present science and technology and engineering education has produced neither the right type of 

manpower nor the innovative attitude and local problem solving capabilities. Further, the latter neglect of 

traditional technologies and indigenous skills has undermined the confidence of people and alienated 

technologists to tackle grass roots problems. Further, vacant posts and unemployment co-exist indicating the 

mismatch between university products and industry needs. Added to it, 25% of our top engineering graduates 

leave the country or turn to more lucrative marketing or management jobs in the country with a great loss of 

potential for innovative technology embodied in this sort of internal and external brain drain. 

The technical manpower employed by industry is small. The desirable ratio of technicians to professionals (5:1) 

is seldom achieved and the link between them is also missing. There is both priority in nimbers and less than 

full utilization of their capabilities. The technicians do not get the necessary status and recognition. There is lack 

of adequate manpower planning though such forecasting is still an inexact exercise. 

Colonial pattern of education has created continued intellectual dependence on the industrialized countries. It is 

increasingly realized that the present system is neither relevant nor responsible and sensitivteo the changing 

needs of the people; lacks direction; hinders initiation and creative talent; results in elitistic alien attitudes, 

values and life styles not rooted in the soil of the country. Presently, neither ‗private profit‘ nor ‗public good‘ is 

enshrined in education. The goals of education must therefore change to bring about a social change arid a better 

quality of life for the bulk of the people. 

The need reallyis not for reforms but for new forms of education to develop relevant skills for mass participation 

in education and development; equalizing opportunities for access to education to both rural and urban; 

increasing the efficiency for resource utilization and improving management and planning, forging proper 

linkages between education, employment and development between university, industry, community and 

government and between university and past students for a proper feedback. A new set of goals and objectives is 

needed.  

EDUCATION: GOALS AND OBJECTIVES 

It is now increasingly accepted that education should be linked withdevelopment; higher education should be for 

the development of the men as a whole with character, competence, confidence and self-reliance, and the 

universities should provide development leadership in addition to their traditional roles. 

Human resources development should be viewed far beyond the confines of conventional manpower planning. 

Technical manpower should be viewed as a technological improvement of a variety of occupations and not 

simply as a set of technical sources. Technological competence should be viewed not merely as a matching 

inpuint a productive process but as an infrastructure asset or external economy to be provided ahead of demand 

in an all pervasive way. A large population can be a source of strength, rather than a handicap, if they possess 

the capabilities for improving their economic well being. A small increase in the productivity of a large number 

of people is more important than a large increase in the productivity of a small number of people. Technical 

education should be viewed in this light. 
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EDUCATION LINKED WITH DEVELOPMENT 

To improve the productive capacity of a given population, a number of steps may be taken, such as large scale 

training of artisans; improvement of traditional tools, techniques, technologies and occupations; promotion of 

self-employment, vocational orientation to school curricula; rural orientation to engineering degree and diploma 

courses problem-oriented approach of research institutes to traditional technologies; and integrated rural 

development problems. 

Growth points for technological capabilities reside in certain sectors such as agriculture, transport, agro 

processing industries, engineering industries, electric power, etc. On-the-job trainingin these areas in schools, 

farm and field and industry establishes the essential skill base for technical progress and employment. Strangely, 

though agriculture and agro-based industries offer the largest number of jobs, there are very few vocational 

training programmes in this area. 

Continuing education should similarly be accepted as an essential activity of technical educational system and of 

the industry. It is said that engineering is a ‗learning‘ profession rather than a ‗learned‘ profession. It helps 

vertical and horizontal occupational mobility, improves job performance and guards against technological 

obsolescence. 

Nonformal education is equally important. Where education and development are linked, formal and nonformal 

education — schools, colleges, mass media, radio, video, TV, satellite, cinema, library museums, etc — should 

form a total network of educational system to reach all the people and to develop the complete man. 

Science, technology and engineering institutions would do well to accept ‗public service‘ as one of the major 

functioannsd ‗extension service‘ as a third dimension in addition to training and research. Extension service will 

help to get into the real world; to learn live problems; to get feedback; to make the user and the public aware of 

the services the institution can render; to help mobility of personnel in research, training, industry and field 

activities. 

The universities must give up their ambivalent attitudes and take up socially relevant and transdisciplinary 

research. There is need for change in value system, recognition pattern of academic work and legitimisation of 

developmental work. Also, there is a dire need for curriculum review and redesigning the courses to include 

relevant and emerging areas. 

Educational policies should be dovetailed to industrial science and technology and other national policies. Such 

a policy should include introduction of vocational content in school curricula to reach the largest number of 

students; development oriented technical education at the university level; linkages with the industry and the 

user, together with measures to mobilize and utilize technologists and technicians in the development problems 

of the country, raising technological capabilities from identification of a problem to solving the problem. Policy 

measures like local engineering and consultancy firms have a key role in the creation of technological 

capabilities and human resource development. 

EDUCATION LINKED WITH INDUSTRY 

India has the third largest technical manpower in the world and is also the tenth largest in industrial production. 

Yet, the interaction between the two is not intimate. In fact, research and industry appear to run in parallel like 

the two banks of a riverso, near and yet so far. Both industry and education demonstrate a frenzy of activity but 

are being accused for producing products that lack quality, finish and international competitiveness. All this 

failure is attributed to colonial education. It is time industry and education get together to remedy this melady. 

Technical education is primarily governed by the need of industry. Close interaction of the two is mutually 

beneficial for better productivity and innovatiofnor; the faculty and students becoming involved in the 

excitement of an entrepreneurial venture, in solving a manufacturing problem, in producing simple or novel 

design and in entertaining the young engineer to seek jobs related directly to design and manufacturing. 

All possible avenues should be explored to bring about firm linkages between education, research and industry. 

These may include: 

(1) Setting up science and technology parks and industry sponsored or owned research centres in and around the 

university campuses; 

(2) Industry sponsored research projects or special projects where the staff of the industry and university work 

jointly; 

(3) Long term support by the industry in developing emerging technologies; 

(4) Setting up Manufacturing Productivity Centre where students are involved in solving manufacturing related 

problems posed by the sponsor, exchange of trained personnel; 

(5) Joint development of curriculum and educational programmes; 
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(6) Manpower planning; 

(7) Gifts of equipment and pilot plants to modernize technical education; and 

(8) The exchange of staff from both sides as consultants, teachers and to translate industry problems into 

classrooms, etc. 

The government should promote university-industry interaction in a number of ways through polite persuation 

and concealed compulsion by imposing taxes on industry for education and research; providing tax incentives 

for industry sponsored research; insisting on a technical manpower audit to ensure development and utilization 

of technical manpower in both public and private enterprises; involving trained technologists and engineers in 

all developmental and industrial expansion projects ; and providing fellowships and grants for industry oriented 

and basic research, and for the free mobility of technical personnel between industryresearch and university, etc. 

Such cooperative endeavour and partnership could succeed only if both the parties are benefited. There should 

be mutual trust and a good deal of understanding, flexibility with built in ability to change with time and need. 

EDUCATION LINKED WITH EMPLOYMENT 

Rapid increase in educational facilities and limited Employment opportunities, resulting in mounting 

unemployment which is expected to be to the tune of 12 million by 1985 of which two-third are matriculates and 

one-third are graduates and post-graduates. This position is untenable. Special efforts are needed to cope with 

this problem. There are two ways (i) reorientation of education and training, linking education with 

employment, and (ii) finding newer avenues for employment generation. 

The Sixth Plan framework has called for concentrated efforts to forge beneficial linkages with education, 

employment and development. This makes it necessary that educational programmes be related to emerging 

occupational patterns and offer preemployment training as also continuing education for already partly or fully 

employed personnel for their further improvement. Such a programme includes: 

(1) Restructuring of undergraduate courses to make them purposeful and also technical for ‗those who seek 

employment;  

(2) Provision of vocational courses; and 

(3) Making research relevant by sensitising the academic community to the problems of poverty, 

unemployment, etc and by legitimizing the involvement of academicians in developmental problems such as 

minimum needs programmes and the ‗Health for All‘ scheme. Experience with integrated Child Development 

Service has shown the beneficial impact of associating medical colleges with field programme. 

At present most colleges have stereotyped rigid curricula. The University Grants Commission is encouraging 

flexible curricula and subject combinations which would improve employment opportunities and technical 

competence, for example, physics, mathematics and electronics or instrumentation or computer science; 

chemistry, biology and pharmacology or medical technology, etc. Courses can also be organized for career 

development in government service or in public enterprises; cooperative and small scale industry and in tertiary 

sectors like tourism and transport management. Such courses should simultaneously meet the education and 

development needs of the country. 

Technical and engineering institutions should produce more job generators than job seekers. Establishment of 

science and technology parks providing risk capital and seed capital, venture oriented management styles and 

closer linkage between universities and industry may help in training men with enterprising attitudes and 

problem solving capabilities. 

The State and Central governments have from time to time come up with several special employment 

programmes like half-a-million jobs; self-employment; training of engineers; entrepreneurial development, rural 

artisans, training of rural youth for self-employment, etc. These programmes aim at extension and improvement 

in the quality of education, experience, financial assistance, training in employment in intensive and productive 

areas such as rural engineering services, agroservice centres, design units for rural water supply, irrigation, flood 

and drought control, etc. Most of the employment programmes have training component either to reorient the 

already trained people or to provide training in skills, management for self-employment. This only goes to prove 

further that the existing education does not prepare the student for any specific or even group occupations. 

Greater employment may be generated in areas such as natural and human resources survey and inventory; 

resource generation, mobilization and utilization; setting up skill and science based, special tropical resource 

based-plant, animal, ocean based rural industries and weaving in modern methods into traditional tapestry. 

For all this and more, a National Youth Resource Corps may be set up for utilizing the unemployed and 

underemployed education youth; for giving them a sense ofparticipation and a pride of achievement, self-

reliance as a making mass movement. 
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ROLE OF PROFESSIONAL SOCIETIES 

Professional bodies like the Institution of Engineers should play an important role in human resources 

development. Their role could be: 

Nurturing the general public‘s appreciation of the role of education and the impact of science and technology on 

society; 

To sensitize the academic community to the societal context, societal values and needs and developmental 

problems; 

To promote relevance and excellence in its profession; 

To make their presence felt in decision/policy making process ; 

To transform value system so that work on development programmes get importance, prestige and financial 

support; 

To help in curriculum development, to develop new educational programmes and manpower planning, 

organizing quality circles and study circles; in evaluation and acreditation of institutes and programmes; in 

publishing journals and setting up consultancy firms, etc. 

To form interdisciplinary groups for identification of problems and task forces to resolve them; To study work 

conditions, protect and promote the best interests of constituent members, provide challenging opportunities, 

social récognition and better atmosphere for working; and  

To ensure work ethics and professional ethics. 

CONCLUSION 

Development is the development of people, their creative and innovative attitudes, problem solving and 

productive capacities. Education is the catalyst or motor that drives this development process. A person so 

educated should have a sense of competence, a feeling of educational identity, a satisfactory life style. He 

should thus become an asset and not a liability to the society. Education is man making, making a ‗complete‘ 

man with character, competence and self-reliance. Self-reliance is the focal social value. Education should, 

therefore, be conceived as development education increasing the productive capacity of large number of people 

than increased productivity of small number of people. 

Though the present education system has helped to perform several important tasks well, serious doubts and 

concerns have been expressed demanding a change in its content, form and method. A number of constraints 

have also been noted for bringing about such a change at this time. The need is felt for new forms and not 

reforms in education. Education should be linked with development. Education policy should be linked with 

national development policy presently placing emphasis on environment, energy, economics, equity, 

employment, enterprise and efficiency. Education should be linked with development employment industry and 

government acting and interacting with each other for mutual benefit and making self-reliance as a mass 

movement. The professional societies like the Institution of Engineers have a crucial role to play in this 

development process. 

Visvesvaraya pleaded for self-reliance and wanted ‗the intelligence of the people, natural resources and 

available capital should act and interact with each other so that with cumulative effect, the country could make 

permanent progress.‘ It is the skill and intelligence of the people — the human resource — that can maximize 

the returns of other resources like natural resources and capital. Resourcefulness of man is his best resource. No 

better tribute could we pay to Sir Mokshagundam Visvesvaraya than to work towards self-reliance through 

human resource development. 
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PROLOGUE 

I am deeply indebted to the National Council of the Institution of Engineers (India) for requesting me to deliver 

the Sir M Visvesvaraya Memorial Lecture for 1985. Sir Visvesvaraya was a pioneer amongst men  and he was a 

giant amongst engineers. As a pioneer, he was a dreamer but as an engineer he never forgot to transform the 

dreams into action programmes and then to realities with a degree of vision and pragmatism that shaped the 

destiny of the Indian society. The Indian society, it might be recalled, at that period was still interlocked with the 

'first wave' civilization. I am using the word 'wave' following Tattler's 'Wave Front Analysis' where he looks 

upon history as a series of wiling waves of change and the leading edge of each wave is carrying a society 

through the time span. The rise of agriculture has been discerned to be the first wave in human social 

development. Prior to this wave, mankind lived in small migratory groups and fed themselves through pre-

agriculture practices of food-gathering, hunting, shepherding, etc. The first wave of agricultural revolution 

occurred at a slow space and gave rise to villages, settlements. development of farm lands. cultivation, etc. 

Along with it ushered a new way of life through settlements from migratory pattern of livelihood. At the end of 

the 17th century the 'second wave' of change occurred with the break of Industrial Revolution in Europe. This 

gave rise to a new social process of industrialization bringing about a number of changes in the way of life. 

political thinking and economic changes. In India, when this process was still to take firm roots. Sir 

Visvesvaraya was destined to lead the engineering scenario of our nation. With the first wave civilization 

dominantly existing. it was a difficult task to use the second wave dictum. He recognized that the traditionalism 

of the Indian society was the greatest stumbling block in all the spheres of our developmental activities. He 

boldly advocated radical chanqes towards ushering in the second wave civilization in order to industrialize the 

nation. He, coined such well-turned phrases as 'investigate, educate and organize', 'work, industrialize or perish'. 

Etc so as to bring forth societal transformation in a harmonious fashion. He offered plans, programmes and 

blueprints in every aspect of peoples' welfare and economic activity and nation building. Today. While 

delivering this comemmorative lecture im memory of such a visionary and revolutionary personality, the subject 

matter of my lecture posed a problem. In the context of the second wave civilization, industrialization was 

introduced through exploitation of resources in a massive way, polluting the springs and rivers, pumping 

voluminous poisons into the air, and large-scale deforestation, etc. There was tittle thought given to the side 

effects for these operations or their long-term consequences. The idea that went along with the second wave 

civilization was that nature was there to be exploited. Even in Marxist philosophy it was seldom pictured that 

nature harmoniously coexisted with mankind. Rather the postulation centred around a theme that there is a 

continued battle of mankind against nature which in class concept transformed into a war of man against man. 

Neither the first wave was kind to 'Nature' nor the second. The people during the first wave period slashed and 

burnt. over grazed and destroyed the forests and grass lands. But, during this period damages to nature was 

locally limited but with the advent of the second wave exploitation of nature for economic gains and social 

progress became more massive. . 

At the time when I am called upon to deliver this Lecture, the 'third wave' civilization is thundering in. 

Tomorrow's society cannot be taken up as merely a cinerama version of civilization compared to today's societal 

format. With the advent of electronics, computers, space travel and with the shudders of the dying second wave 

civilization, a sea change is going to take place. With the advent of the second wave civilization centering 

around industrialization, there was a fantastic forecast for human hope. In the first wave structure political. 

social and cultural differences were assumed to stay but during the second wave mankind started believing that 

poverty, hunger, disease and tyranny might be overthrown. And this was the age when Sir Visvesvaraya dreamt 

and worked for. Because he along with many of his contemporaries saw in the emerging industrial civilizatio a 

great potential for introducing peace, harmony, employment for all, equality of wealth and opportunity and end 

of many conditions that seemed irreversible or eternal during many years of primitive pre-first wage existence 

and thousands of years of first wage existence.  

With the deadly scenario of Hircshima behind, with the tragedy of Bhopal fresh in our memory, the question 

looms whether such an industrial civilization is that rosy! Any day can bring economic tension, social conflict, 

psychological malady simultaneously becoming oppressive  and fearful and ecologically precarious. 

Hence, I decided to break away from general subjects and dwelt on one which has a direct link with many of our 

engineering activities both in the closing era of second wave civilization as well as during the initial days of the 

emerging third wave. The triumphant achievements in science and technology, miracles of engineering 
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accomplishments may not deliver the goods under an avalanche of changes in the emergence of a new 

civilization unless the total architecture of nature is protected from irretrievable crisis. The  cataclysmic shudder 

of the earth in the crisis ridden generation can only be tackled within our familiar social frameworks and 

technological structures by pursuing the growth not as a flash flood in history but by pursuing a harmonious 

ecologically stable system. 

Engineering practices and technological innovations never consciously contemplated degradation of the 

environment or damages to mankind. Manufacturing of end products, such as goods or profit can never be 

accepted as the ultimate aims of engineering and technology. It must ponder over the consequences and 

untoward effects brought by its usage. This means that technology, besides its primary aims, has got to provide 

technological solutions for eradication of the damages it causes. It has to establish practices and techniques, the 

objectives of which must be the treatment of effects. the derivatives, the pollutants, the garbage, the noises, etc 

in such a way that these should not adversely affect the environment. Without this, technology will be anti-

nature and anti-human. Technology has to be designed as ecocentred even though this may require drastic 

changes in the social systems. 

The basic idea of continuing expansion of productivity in terms of GNP or target achievement of the Five-Year 

Plans may turn to be anti-productive from the ecological point of view. Production rate has got to be attuned 

with the natural cyclic rates operating in the biosphere. Some contemporary technologies resting on unnatural 

developments may endanger human health or even cause the biosphere to go to the point of collapse.  

This is why I intend to dwell upon the growth and proqress on the ecosystem, particularly to the management 

and control of specific resources such as water, soil, timber, grains, fish, crops, insects and so forth. In addition 

to these, the totality of productivity of the air and water cycles, food chains, global population, pollution analysis 

and the control and management abilities of man as well as of nature need to be continually assessed. Today 

man is faced with ultimate rather than focal limitations. Malthus in his famous treatise predicted that the 

'population is increasing faster than the food supply, which brings forth a new dimension in ecology. If the 

population and pollution increase faster than resource requirements that cannot be produced or recycled, a limit 

to progress and growth will be reached. It will be necessary for man to apply the principles of ecologistic control 

on a large scale. I has been realized that technology alone cannot solve the problems of population and pollution 

dictum. Morality, economic and other constraints arising from the awareness that man, and his environment as a 

whole must form the basic premises. 

THE ECOSYSTEM 

Life on earth has a long 'history. Its forms evolved through constant adaptation to the environment, Plant and 

animal species existed or co-evolved by interacting with each other and those that comprise their environment 

which in turn encompass the ecosystem. To all 'instant ecologists' like me, no doubt, the root to usage of these 

words will be of interest. Haeckel, who first coined the term 'ecology', received the name in this area from the 

Greek word Oikos which means country house or countryside and, in a broader sense, the environment. It could 

be that he was thinking of ek meaning 'out' plus halos meaning 'the whole' or 'ekolos', the total outside. Probably 

the intention was that ecology should refer to the study of everything external to the human body, ie, man's 

environment together with all its organisms and functions considered as a whole. According to Haeckel, ecology 

is a study of all the complex inter-relations referred to by Darwin as a condition for struggle for existence. 

Parallel to Haeckel, Reiter, a German botanist, coined the same word-independent of Haeckel to designate the 

study of all relationships of organisms with their environment. 

According to this definition, this subject deals with the investigation of effects of various environmental 

parameters-both climatic and edaphic  such as temperature, light, wind, inclination of ground, composition 

and structure of soil and so forth on individual species (auto-ecology) and on communities (syno-ecology). The 

dynamic interaction between individual organisms led to synergistic relationships (mutually helpful, such as 

symbiosis), antagonistic relationship (anti-biosis, predator-prey relationships) and finally neutral relationship 

(such as commensualism). When the relationship between an organism and the biotic community is investigated 

population biology (demo-ecology) is created. 

Keeping with the modern emphasis to define ecology, it may be stated that ecoloqy is the study of the structure 

and function of nature with the explicit understanding that mankind is a part of nature. According to Webster's 

Dictionary, ecology stands for the totality that patterns the relationship between organisms and their 

environment. To some, ecology is simply an environmental biology; to many, ecology now stands for 'totality of 

man and his environment'. The investigations of dynamic interactions between species and the environment and 

amongst the varying species themselves form the basis of descriptions of food chains, trophic levels, energy 

flow considerations and characterization of bio-dynamic space. A biodynamic space in a given area, either 

natural or deliberately circumscribed, is the one in which all the ecological parameters are established together 

with their secular variations, all the species of plants and animals identified, all their individual numbers 

counted, all the interactions whether synergistic, antagonistic or neutral are described, all the energy 
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transformations incluing photosynthesis and nitrification, anabolic and catabolic balance, heat exchange and 

kinetic loss, etc are accounted for. The biological spectrum comprising of community, population, organism, 

organs, cells, gene may be described in a hierarchical form interacting with the physical environment (energy 

and matter) to produce characteristic biosystems, such as, genetic systems or organic systems or population 

systems and so on, Ecologists concern largely with the extreme of this spectrum. When the biotic community 

includes all the populations concerned in a given area and interacts with matter and energy, that is, when the 

community and the non-living environment furnction together, they constitute an ecosystem. The largest and the 

most nearly self-sufficient ecosystem is the biosphere which includes all the earth's living organisms interacting 

with the physical environment as a whole so as to maintain a steady-state system intermediate in the flow of 

energy between the high energy input of the sun and the thermal sink of the space. Attention may be drawn to 

the word 'system'. According to Webster's Dictionary, it means regularly interacting and interdependent 

components forming a unified whole. Hence by the above discussion it may be seen that the entire living system 

interacting with the environment is the framework of ecosystem. 

CYBERNETICS 

This term is also derived from the Greek word Kybernetics meaning the science of steering ships. However, 

since the usage of this term by Wiener, 'cybernetics' has been used to describe a new science of communication 

and control applicable to man, machine and society. The idea has been more precisely termed by Schmidt when 

he discussed the technique of regulation and control. The process of communication and control towards 

attainment of the objectives by any self-regulative system-be it a machine, organism, organization, or society-

possesses goals, displays problem solving responses, modifies and adjusts its structure, controls its behaviour 

towards survival and growth. Cybernetics may finally be defined as a science of an autonomous system that 

controls and limits its behaviour. Control is the central theme of cybernetics. Control introduces a complex 

dynamic sub-system and regulates the path of growth or decay. Control coordinates the systems internal reasons 

towards their survival, growth and goal attainment. The process of control integrally deals with the structures, 

functions and processes of autonomous system. The concept of control in cybernetics is of a generic organizing 

category. 

A cybernetic system must be characterized by the features of selt-rnaintenance and selt-requtation. The self-

regulation is usually operative through circular reactive structures. A circular reactive structure consists of a 

chain of activities cycling upon itself recurrently. Beginning from any point in the chain reaction, the cycle of 

events leads back to the initial point before another cycle commences. Depending on the nature of the control 

function, the repetitive cycle can be classified into two categories. A negative feedback cycle provides stability 

and balance within limits. The repetitive structure constituting positive feedback cycle leads to a cumulative 

change indicating growth or declined. Thus a feedback cycle links together a set of cycliny reactive variables 

and comprlses of what is described as cybernetics. A cybernetic system obviously subsumes goal-oriented 

processes under goal-seeking control systems. 

Ecosystems are capable of self-maintenance and self-regulation as their component populations and organisms. 

Thus cybernetics can be applied for analyzing the stability or change of ecosystems. The stability or equilibrium 

between organisms and environment may be maintained by factors which resist change in the system as a 

whole. Such a process is known as 'balance of nature' but in terms of cybernetics it can be  said that unless a 

negative feedback controls the system, death or decay by limitless expansion or shrinkage is inevitable. The 

inter-play of material cycles and energy flows in large ecosystems generate a self-correcting stability or 

homoeostasis with no outside control. There-are orqanisrns and specific data which demonstrate that the whole 

is often not as variable as the part. It is important to note that humanistic mechanisms have limits beyond which 

positive feedback leads to death. 

The idea of the ecosystem emerges as a corollary of the acceptance of the tact that mankind is a part of a set of 

complex bio-geo-chemical cycles with increasing power to modify the cycles themselves. The cyclic concept of 

the ecosystem has increasingly become the basis concept of modern ecology. This point of view is also of 

extreme importance to human affairs in general. For example. conservation of natural resources must be built 

around this view point. Odum summarizes: It is man, the geological agent, not so much as the man, the animal. 

that is too much under the influence of positive feedback and therefore must be subjected to negative feedback. 

Nature does not have autogeneous homoeostatic mechanisms to cope with the bulldozers, concrete mixers, agro-

industrial air, polluted water, degraded soil, etc unless mankind with its own intelligent ingenuity provides such 

control in order for its survival in this environmental crisis. 

As it has been already stated, the cybernetic approach is based on the central theme of regulation and control. 

Representation, analysis, diagnosis and goal attainment comprise the generic development in a deductive 

manner. The fundamental problem of this approach presupposes that the problem is analyzable in terms of: (a) 

number of feedback cycles, (b) connectivity amongst the variables of the cycles, (c) polarity of the cycles, (d) 

inter-relationship between cycles, (e) nature and number of variables in each cycle, and (f) exogenous variables 

affecting the cycles. Regulatory processes operate in the form of feedback cycles. The complexity of requlations 
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is directly dependant upon the number of variables involved in the control processes. The multi-cycle structure 

of the ecosystem clearly establishes its complex and dynamic character. When an instability arises in an 

ecosystern, it can- be diagnnsed in terrna of the number of purely operating control cycles or through the causes 

of malfunctioning cycles due to the impact of exogenous variables or abnormal values of some variables or 

through the influence of other cycles. The malfunctioning of a cycle can be detected by the reversal of polarity 

of loops and the failure of its operation or by the emerging gap between the intended targets and actual 

performances. 

It is important that when such malfunctioning arises in an ecosystem, a comprehensive set of solutions for 

correcting the operations of such cycles is brought out by the diagnostic procedures. The total number of these 

requirements represent the necessary and sufficient conditions for problem solving. It must also be noted that a 

problem situation may not get resolved in a temporal span which is less than the cycling time of the multicycie 

structure of the total ecosystem.  

The cybernetic approach organizes the data through identification of variables, providing a coupling between 

variables and loop patterns which are iterative and recurrent. Connectivity of the variables within a loop closure 

of a loop and linkages between loops together represents the knowledge data and hypotheses to describe the 

system behaviour. The recurrent and iterative nature of cybernetic modelling is usually represented as a 

sequence of steps. While the first step is oriented towards developing a generalized model, the second step 

requires identification of variables considerd parsimonious and recurring from the mass of situational details. 

This step will be followed by the deduction of causal and co-variation relationships from among the variables. 

Finally, the relationships are assembled in the form of a multi-cycle structure iteratively. This completes the 

cybernetic modelling of a problem testable against known as well as new situations. The entire sequence 

described above forms a negative feedback cycle seeking stability or homoeostasis. 

CYBERNETICS OF ECOSYSTEM 

The complexity of an ecosystem arises from the cyclic interaction of hundreds of variables. For practical 

purposes, the dumber of variables may, however, be compressed through aggregation. Often a given variable 

may be disaggregated into several variables in order to examine in minutiae of a particular aspect of a 

phenomenon. Ecosystems characterized by cybernetics in terms of a dynamic multi-loop representation can be 

taken to be an interlinked state of feedback cycles accounting for the complex process dynamics which 

engenders or restrains, augments or decreases, destabilizes or balances the system's diverse operations. As a first 

approximation, the ecosystem comprises of living organisms and their abiotic environment interrelated and 

interacting with each other. In other words, the organisms interact with the physical environment so that flow of 

energy leads to a clearly defined trophic structure, biotic diversity and materials cycle within the system. In a 

more generalized way, an ecosystem can be conveniently analyzed by considering the following multiple cycles: 

(a) Energy flow 

(b) Food-chain 

(c) Nutrient cycles (bio-geo-chemical cycles) 

(d) Diversity patterns in time and space 

(e) Evolutionary cycles, and 

(f) Control cycles 

Energy in Ecosystem 

The behaviour of energy in an ecosystem can be conveniently described by an open cycle energy flow. Energy 

transformations are basically one-way type in contrast with the cyclic behaviour of materials or nutrtents. It is 

necessary to consider the energy flow, that constitutes the energy environment in the ecosystem as a whole and 

then consider the sub-systems of the living component through which a part of energy flows. Schrodinger has 

shown that in order to maintain thermodynamic order, it is necessary to pump out continuously the disorders 

from the system when the system work-above absolute zero temperature. In the ecosystem, a Schrodinger ratio 

has been evolved by dividing the total community respiration (R) to the total community biomass (P). If R and 

Pare expressed in energy units and divided by the absolute temperature, this ratio describes the entropy increase 

of maintenance to the entropy of the ordered structure. Alternatively, another concept known as productivity of 

an ecological system has been developed. This term is defined as a rate at which radiant energy is restored by 

photosynthetic and chemosynthetic activities of producer organisms in the form of organic substances which can 

be used as food materials. The ererqy flow consists of light and heat flows, the import-export and storage of 

organic matter, decomposer organisms, etc. So long the imports and exports are considered the energetics of any 

ecosystem can be described by an open-loop energy flow model. 
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Most of the organisms adapt an area of the biosphere where their number or the rate at which they grow depends 

on the rate at which energy flows through the biological part of the system and on the rate at which materials 

circulate within the system and are also dependent on the mutual exchange with adjacent system. The non-

energy yielding materials perform cycling events that energy does not. Energy is considered to act as an open 

cycle flow. Nitrogen, carbon dioxide, water, sulphur, phosphorous and other materials of which living 

organisms are composed of many cycles between their living and non-living entities. However, energy can be 

re-used only once by an organism or a population because it is lost from the ecosystem as soon as it is converted 

into heat. Open cycle flow of energy occurring in nature is in accordance with the basic laws of 

thermodynamics. The first law states that energy may be transformed from one form to another and is neither 

created nor destroyed. According to the second law, energy  transformation is impossible unless there is a 

degradation of energy from a concentrated form to a dispersed form. In other words, a portion pf energy is 

always dispersed as unavailable heat energy. 

The one-way flow of energy and cycling of materials, are the two basic laws of the ecosystem and can apply 

universally to all environments and to all organisms including man. The biological productivity, consequently 

the food chain, is constrained by the energy flow within the biological modules of the ecosystem and the role 

that is played by the cycling of materials. Consider a simplified system of energy flow system when the energy 

is successively degraded by a passing through several biomass systems. The source of energy may be considered 

to have been received from solar radiation and a long wage thermal radiation flux from nearby surfaces. These 

sources contribute to the climatic environment, such as the thermal gradient evaporation of water, movement of 

air and water, etc. Only a small part of the solar radiation may be converted by photosynthesis to provide energy 

for the biotic components of the ecosystem. Large bundles of energy is dissipated in the evaporation of water 

and the generation of thermal wave and eventually into space as heat so that the earth as a whole may remain in 

approximate energy balance. Any delay in this cycle will cause the temperature of tlie biosphere to rise. 

Green plants absorb by photosynthesis about 50% of the sunlight impinging upon them. Only about 10% to 5% 

of this absorbed energy is converted into food energy for protective vegetation. The total assimilaton rate in the 

el »systern is the primary productivity (Pg). Net production represents food potentially available to heterotrophs 

Unused or non-thermal energy is unreceivable by file biotic community. 

The transfer of food energy from the source in plants through a series of organisms with repeated stage of eating 

and being eaten is known as the 'food chain'. The food chain can be partitioned into several trophic levels. At the 

first trophic level we may have the green plants while herbivorous, ie, plant eaters form the second level and 

may be described as the primary consumers. The second level consumers will be the carnivorous that eat 

herbivorous and tertiary consumers can also be idenified in a similar manner. Depending on the apportionment 

of energy, a number of specie? population may occupy a trophic level. As the energy is transformed from one 

organism to another a large part of it is degraded according to the second law of thermodynamics. The 

relationship between gross production and total community respiration given by the ratio P/R is an important 

index depicting the function of an ecosystem. If P/R equals unity, ecological steady-stae condition exists. If 

primary production and heterotrophic utilization are unequal, the organic matter either accummulates or 

depletes. It is expected that a community would change by the process of ecological succession. Succession may 

proceed from autotrophic condition or from heterotrophic condition and tend to reach a steady-state condition. 

Bio-geo-chemical Cycle 

It has already been pointed out that the material elements in the ecosystem traverse circular paths passing back 

and forth between organisms and environrnents. Bio refers to living organisms and geo to the rocks, soil, air, 

water and the earth. Thus, the bio-geo-chemical cycle deals with the exchange of materials between living and 

non-living components of the biosphere. The bio-geo-chemical cycles comprise the movements of cerain 

elements in inorganic compounds that are essential to life an a are often mentioned as neutrient cycles. Usually 

the bio-geochemical cycle can be considered under two groups. The sedimentary type is either 'sulphur cycle' or 

the 'phosphorous cycle' while the other is gaseous type, such as 'nitrogen cycle','carbon dioxide cycle', etc. The 

elements and compounds in the sedimentary cycles are more earth-bound. The agents for cycling for these 

elements are the processes of erosion, sedimentation, rock movements and biological transportation. 

The cycling of oxygen or CO2 comprises land, water and air at one stage. This vast cycling machine is driven by 

the sun. The global cycling of CO2 and the hydrological cycle of H2O are very important for mankind. These 

cyclings are susceptible to man-made perturbations and can affect weather and climates. In case the CO2 cycle 

acts as a positive feedback, a singnificant net change in the heat budget may affect climates. The water cycle, 

like CO2 cycle, has also much effect on the keeping up with rainfall and stream flows on global basis. 

Interaction between all these cycles and many others, which for clarity I have avoided but for completeness 

must be included; can finally lead to what Robert Riddell described as 'ecodevelopment'. The biosphere is the 

base and fundamental without which mankind cannot exist. To an economist this may mean simply land 'part of 

the economic trinity. The set-people-lies the other hand, whose seourity, physical and physiological well-being, 

are the principal goals of any developmental system. The consumer cycle in a biosphere through a carefully laid 
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development system may lelad to prosperity of people. In this process of ecodevelopment, several terms are of 

interest. One term is 'technology' which is concerned with higher production. While the other terms-spinoffs 

from technology and production-being resource depletion and pollution. Pollution can be the result of 

inadequately controlled technology. The depletion of noh-renewable resources is unavoidable but the problem 

of renewable resources lies in the heart of all strategies of ecodevelopment. It is imperative that human activities 

for economic growth and prosperity must be compatible with nature and it is necessary to pursue the path of 

balanced eco-growth in order to survive in peace and prosperity.  
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Energizing India 

Shri Hiten Bhaya 

Member, Planning Commission 

 

Andre Gide, the famous French savant, once defined genius as one who has one eye on the horizon and the other 

eye on the ground. Mokshagundam Visvesvaraya was a genius of this kind. He had vision without being a 

visionary. He was intensely practical without being short-sighted. He saw engineering and technology in the 

context of changing the traditional limits to development in the basic sectors of the economy. To be asked to pay 

homage to such a person through a memorial lecture is indeed a great honour, more so, when the speaker is 

neither an engineer nor a scientist. I chose this topic not in a metaphorical sense but in a literal and physical 

sense because abundance of energy or its lack will determine the shape of our economy and the quality of life of 

our vast population in the new millennium which we shall enter in less than 15 years from now. It is also an area 

where scientists and engineers have immense opportunity and challenge; in fact, their contribution will be a key 

determinant in this crucial area. The dimensions and the complexities of the problem are truly of continental 

proportions. This topic has also been the subject of at least three previous memorial lectures. The first one titled 

'Planning for Power' was by Shri Mohd Hayat, Chairman of Central Water and Power Commission, delivered in 

December 1959 towards the end of the Second Five-Year Plan. Five years later in February 1964, Dr K L Rao 

gave his vision of the demand pattern for power at the turn of the century. Five years later again, in February 

1969, Dr Sethna delivered his lecture on 'Nuclear Energy and National Prosperity.' Since then, 17 years have 

elapsed and India has seen many changes. 

The world energy scene has changed particularly after the oil shock of 1973 and 1979. There has been a five-

fold increase in oil costs and even the developed countries have been struggling hard to adjust their consumption 

and production pattern as the world entered into a high energy cost era from a whole range of technology and 

way of life based on cheap oil. For developing countries which are net importers of oil and likely to remain So, 

like India, it poses a serious limit to growth and development. I thought it pertinent therefore to choose this 

topic. 

It is interesting to see the picture these three eminent persons had in mind; the many ways in which their 

indications are still valid today and in many other ways where the dimensions have changed radically. For 

example, Shri Hayat thought of 40 000 MW of installed capacity in 1980-81 and 55000 MW in 1985-86. He 

was modest and perhaps nearer the reality. Dr Rao, who based his forecast on the Energy Survey Committee's 

estimation in the early seventies which was more optimistic, saw installed capacity as 60 000 MW in 1980 and 

24000 MW in 2000 AD. Both naturally laid great emphasis on hydel power and little on nuclear power though 

the latter foresaw the possibilities including transition from uranium to thorium. As it actually happened, we 

finished 1980 with an installed capacity of 28448 MW and shall reach 64 735 MW only at the end of the 

Seventh Plan. The forecast in the Seventh Plan document for 2000 AD is 120000 MW and that of the Advisory 

Board on Energy for 2004/5 AD of 164000 MW. There are similar wide variations in the assumption of growth 

rate and modes of power generatioin these estimates. 

Forecasts vary a great deal on other basic items like coal (Energy Survey Committee  300 Mt of coal raising 

in 1980 and 800 Mt in 2000 AD as compared to actual coal consumption of 139 Mt in 1985 and the Seventh 

Plan forecast of 417 Mt by 2000 AD) and steel (Dr Rao's forecast of 50 Mt in 1980 to 75 Mt in 2000 AD as 

compared to Dr Dastur's forecast of 140 Mt and the Seventh Plan forecast of 22 Mt in the same year). It is 

interesting to ask why such wide variations occur. Could we really have a long-term strategy on the basis of 

such forecasts? Are we better informed or better prepared today for such planning? 

ENERGY PLANNING 

In planning for energy three important elements for consideration are: an estimation of demand, an estimation of 

the potential of the primary sources of energy available and the options open to us for converting these into 

useful forms of energy depending on our ability  organizational, managerial and financial. I shall deal with the 

topic in that order followed by discussion of the constraints that have to be overcome and the areas where 

contribution of scientists and engineers would be vital if India is to be energized adequately to the best of our 

resources in the coming decades. 

In the past, it was usual to look upon energy sources separately. Basically, energy was often seen as co-

terminous with electric power. Other forms of energy were dealt with as separate material sources like coal or 

petroleum. All these were recognized conventional sources and had always a commercial value. Large resources 

like fuel wood, animal waste and agricultural waste which are still used for subsistence purposes mostly in rural 

areas were not a matter of great concern and the crisis developing here escaped our notice. A coordinated, look 

at the energy sector as a whole both for the purpose of production, consumption and planned inter-changeability 
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of fuels is of very recent origin. Thus conceptually we have now a more comprehensive view. We think of 

energy as a common denominator and can think of substitutability and measure energy in terms of coal, oil or 

power equivalence. Technological prospects have increased manifold. Planning techniques with an increasingly 

larger input-output (matrix [89  89] as at present) makes forecasts more consistent with inter-sectoral growth 

variations. But at the same time the variability and complexity have also increased. 

DEMAND 

The estimation of future demand scientifically has several problems. The basic factors which go into the 

estimation of energy demand are: growth rate of the population and its rural/urban mix, growth rate of different 

sectors of the economy the norms of consumption depending on the efficiency factors of appliances and 

equipment consuming energy, the pattern of consumption between different sectors and between different forms 

of energy. These are all variable elements and, therefore, require close assumptions The estimates are, of course, 

conditioned largely by past patterns and.trends, modified by such policy interventions or changes in technology 

or other parameters that can be visualized at a particular point of time. 

Of these, the demographic forecast is probably more reliable; the temporal changes being slow. Even here there 

is always a possibility of planned intervention like family planning measures. For example, Dr K L Rao's paper 

in 1964 visualized an estimate for 2000 AD as between 800 and 1000 million, or, 900 million, say, which is not 

very far from the current estimates made by the Planning Commission which is 966 million in 2000 AD, two-

thirds of which will be rural. 

Most macro planning exercises are linked with the basic assumptions on the overall and sectoral growth rates 

over a time period. In the Seventh Plan, for instance, a growth rate of 5% for the economy has been envisaged 

with a growth rate of 4% for the agriculture sector and 8% for the industrial sector. In the perspective for 2000 

AD, an overall growth rate of 5% has been assumed. The growth rates for the large energy consuming sectors 

like agriculture, industrial production and transport are particularly siqnificant. Tile very high forecast of the 

1972 Energy Survey Cornrmttee was based on a growth rate of 7% for the economy as a whole which has never 

been achieved. 

When we come to norms of consumption, there are two kinds of problems; one relating to non-productive 

consumption for human subsistence, ie, for cooking, lighting and heating primarily; and the other, for productive 

purposes. In the former case, norms can vary a great deal depending on the standards of quality of life we aim 

at. For example, in the long-term estimates projected by the Advisory Board on Energy it has taken as desirable 

level 620 kcal for useful energy per person per day for cooking and lighting alone as against the present 

consumption in rural areas of much below 300 kcal. This requirement is therefore basically need-based and 

linked only to the growth of population and not to the growth of the economy, or the distribution of income, ie. 

the purchasing power of the vast number of low income population. Similarly, when we come to the use of 

energy for productive purposes, ie, agricultural pumpsets, tractors, or in the industrial sector, the specific 

consumption of energy in processing industries like steel, aluminium, cement, and others, we do find that the 

rates of consumption are much higher than in many other developed countries. We, therefore, have to see if 

there is scope for improvement in the norms of consumption which has tremendous bearing on the total 

dimensions of energy requirements. Even on the domestic side, the efficiency of different stoves, chulahs and 

other cooking appliances vary a great deal, mostly inefficient in terms of energy usage.  

As mentioned earlier, energy consumption has a linkage with the overall growth of the economy, and this is 

sometimes expressed in terms of GDP elasticity. This elasticity coefficient has been computed at 1.6 during the 

last two decades, whilst industrially developed countries have contained it below unity. The coefficient for our 

electricity consumption has been 2.46, 1.75 for that of oil, and 0.81 for coal. 

However, for planning purposes, it is not enough to have an overall figure. Although this is important yet one 

has to estimate the trends of demand in the major consuming centres, namely, the household sector, agricultural 

sector, industrial sector and the transport sector. Similarly, one has to see also the trends in the different forms of 

energy, namely, electricity, hydrocarbons, fuel wood and so on. Also, for a country as large as India where there 

are I regional variations both in terms of population density, climatic conditions and the level of development, 

one has to break-down energy requirements regionally. 

GROWTH RATES IN COMMERCIAL ENERGY CONSUMPTION 

A very substantial growth in energy demand is visualized in the Seventh Plan period with the present declining 

trend in coal being reversed and oil demand contained (Table 1). 

Our per capita consumption of energy is less than one-eighth of the world average but our developmental needs 

are great and comparisons may not be valid. The world growth rates forecast for the period 1980-95 are given in 

Table 2. 
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SECTORAL PATTERN 

The pattern of demand for commercial energy sectorwise in terms of energy consumption as at present and as 

projected is given in Table 3. 

The household sector is seen to emerge as having increasing share in energy use both as a result of poputation 

increase as well as in increase in standard of living. 

In terms of physical units, the sectoral distribution in the year 2000 AD is given in Tables 4 and 5. 

This patter n indicates a rapid rise in the share of commercial energy in the agricultural sector  a dominance of 

electricity and coal in the industry sector and dominance of oil despite increase in use of electricity in the 

railways in the transport sector. The household sector increases its use of oil and electricity but has still 

tuelwood as the major source in the rural areas. 

ENERGY MIX 

The question of energy-mix is important from the point of view of the country's natural resources. Non-

commercial sources form a substantial part of our energy consumption and although its share is gradually 

coming down  aimed at 20% only by the turn of the century  it is increasing in absolute terms from a 

current level of 165 Mtcr to 280 Mtcr with very serious implications on ecology. 

Thus, upto the end of the Sixth Plan period the declining share of coal and the increasing share of oil and 

electricity were discernible (Table 6). The aim in subsequent years appears to be contain the share of oil rising 

further and reverse the shares of coal and electricity from what obtained in 1960-61. 

      

       

It is useful here to highlight some of the important features of present enersv use in different sectors. In the 

household sector, there is a difference in the fuel-mix and in the level of consumption between rural and urban 

areas. In rural areas, we are probably meeting less than 50% of the desirable level of energy consumption as far 

as cooking energy is concerned and we are providing very little useful lighting energy because electrification of 

rural households is not wide-spread and the efficiency of kerosene burning lighting devices is very low. The 

situation in urban areas may be better, but still short of the desirable consumption levels. Most of the studies 

confirm that 90%-95% of domestic energy consumption is for cooking and only 4%-5% for lighting. In rural 
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areas, about 56% of the cooking requirement is met from fuelwood and 25% from animal dung and 19% from 

vegetable wastes, whereas in urban areas fuel wood, soft coke and kerosene are used almost in equal 

proportions. 

Most of the cooking fuel requirement in rural areas is at zero costto the householder. Even though 60% of the 

households in rural areas have been electrified, only 20% of the households were using power for any purposes. 

Of these, only about 8% were using electricity for domestic purposes. The reason for this was the high cost of 

service connections and internal wiring or unsuitability of the structure of the houses. There is hardly any load 

development by way of rural industries which makes rural electrification a commercially viable activity. It is a 

reflection on our state of the economy that 80% of the total energy is consumed in the urban sector where only 

24% of the population lives. 

Based on a desirable levet of 680 kcal of useful heat being delivered to every individual daily and the present 

level of efficiency of utilization, the energy requirement for meeting cooking, heating and lighting needs has 

been estimated as follows: 

 

These are very disturbing figures, but it has also been estimated that the energy requirements would be halved if 

the efficiency of utilization were doubled.  

In the agricultural sector, the major use of commercial energy other than human labour and drought animals is 

for irrigation pumps, tractors and power tillers and other agricultural machinery. The energy requirements 

estimated by ABE for the year 2004-5 based on the present trends are: 

 

However, in this area also the consumption depends a great deal on the type of pumps and diesel engines used, 

their efficiency, the horse power of tractors used and the policy in regard to intensification and mechanization of 

agriculture. 

In the industrial sector, there are large energy consuming industries such as steel, fertilizers, cement, paper, 

hydrocarbon processing, aluminium and textiles which consume 65% of the coal, electricity and oil consumed in 

the industrial sector. There are also a large number of industries where the energy consumption is only between 

5%-7% of the cost of production. In this sector, there is alsoa relationship between the product value and the 

energy consumed. This has been defined as energy intensity, ie, energy consumption in phvsical units per rupee 

value added. These intensities as computed in 1982-83 were as follows: 

 

The energy requirement for this sector has been estimated at 5% GDP growth rate as follows: 

 

However, in this sector there is also a great deal of scope for more efficient use of energy and substitution of 

diesel oil by electricity. 

In the transport sector, where the consumption of oil is the highest. the energy use is determined by the growth 

in freight traffic and passenger traffic, the intermodal usage between road and rail, aviation and shipping as well 
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as the share of traction modes such as steam, electric and diesel locomotives. The growth rate of individually 

owned vehicles and the operating costs are factors which also affect demand. The operating costs are factors 

which also affect demand, The transport sector's requirement has been estimated on assumptions regarding 

above factors and is as follows: 

 

TOTAL DEMAND 

The total energy demand at the turn of the century as estimated in terms of million tonnes of coal replacement 

(Mtcr) vary trornt 500 Mtcr to 1300 Mtcr. Sectorally, this is split as : 

 

In terms of sources from: 

 

In terms of original units the consumption of commercial energy is estimated as follows: 

 

Whatever may be the range of accuracy of these estimates one thing is quite clear that the demand for total 

energy in different forms will undergo a phenomenal rise. The orders of magnitude are as follows: 
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We cannot possibly meet this staggering increase without well-conceived strategy of exploitaiton of the 

different sources. their costs and prices. It is also necessary that some measures for demand management by way 

of energy conservation are taken up on a national basis with determination. 

PHYSICAL RESOURCES 

Coal 

Our coal reserve constitutes only 0.8% of the world reserves which are distributed 80% over the USA. the 

USSR and China and 5% in Europe. Our total reserve is of the order of 148 800 Mt. The mineable reserves of 

coking coal have been estimated as 11 975 Mt upto 600 m depth (including prime. medium and blendable) of 

which washable coal reserve is about 3 962 Mt. This is exclusively for steel plants and can be expected to last 

well into the 21 st century provided mineable reserves are actually mined. the washeries wash them efficiently 

and the coking rate for the steel plants is improved. 

Reserve of non-coking coal has been estimated as follows: 

 

The total recoverable reserves on the assumption of 85% recovery in opencast and 40% in underground mines is 

estimated at 30Bt. At the rate of consumption at the turn of the century this can at best last till the middle of the 

21 st century unless certain measures are taken for increasing the proportion of proved reserves. bringing more 

deposits in the inferred category and increasing the recovery. About 60 8t of good quality coal is also estimated 

at Kalol at depths beyond 1000-1200 m. 

Lignite 

The mineable reserves of lignite is estimated at 1 900 m in Neyveli and 565 m in Rajasthan. Jammu & Kashmir 

and Gujarat. This has a total potential of sustaining 6 570 MW. 

Hydracarbons 

The country's oil reserves constitute only about 0.5% of proved world reserves. The oil reserves position has 

been summerised as follows: 

 

Thus, if we maintain the present rate of production of 30 Mt per year then by the year 2004-5 we would have 

eventually exhausted our oil reserves unless additional in-place geological reserves were established by then. If 

not; a production level of 50 Mt expected to be reached by 2000 AD could be sustained for another 15 years, ie, 

till the year 2014-15. 

Natural Gas 

A recent estimated by Gas Authority of India Ltd places the natural gas reserve at 438 Mm
3
 and visualizes its 

demand as follows: 

 

The current production being 7.24 rising to 14.54 with the completion of the HBJ line. The reserve/production 

ratio would then be 33. There is possibility of in-situ offshore coal gasification in some areas like Mehsana in 

Kutch. 
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Electricity 

The pattern of installed capacity for electricity generation is given in Table 7 

 

The compound annual growth rate in total installed capacity has been 8.4% in the Sixth Plan and projected at 

8.8% in the Seventh Plan. Acutal power generation growth rate was 8.4% in the Sixth Plan arid projected to be 

12.3% in the Seventh Plan period. 

Hydel 

Other than coal, the alternative source for generation of electric power in large quantities are at present gas, 

hydef and nuclear. The position in regard to coal has been presented. In regard to hydro electric potential, the 

overall estimate is of an actual potential of 472 SkWh. ie, 89830 MW at 60% load factor of which hardly 10% 

has been utilized. For the many advantages it is desirable to increase the proportion of hydel generation to about 

40% of the potential by the end of the century. However, the potential itself may have to be revised because of 

the environmental considerations which were not foreseen earlier. This is why the role of hydro power was 

predominant in both Mr Hayat's and Dr K L Raos projections. 

Nuclear 

From the time the first nuclear power station was set up at Tarapur in 1969 we have come a long way to the first 

fast breeder test reactor unit at Kalpakkam. Indigenous capability for heavy water production has been 

established both for hydrogen sulphide water exchange process as well as ammoniahydrogen exchanqe process. 

The Autornic Energy Commission has a plan for production of 10000 MWe by early years of the next century 

which in  turn, will produce 3200 kg of plutonium per year which would enable setting up of 1000 MWe fast 

breeder reactor capacity. The plutonium-uranium system offers the best breeding potential. The known reserves 

of uranium could sustain upto 350000 MWe. The long term strategy is to sustain the programme at even higher 

level by thorium resources. This reserve of 360000 t is equivalent to 600 Bt of coal in a breeder reactor. Thus, 

thorium may prove to be the single most important source of energy for us in the next century. 

NON-COMMERCIAL AND RENEWABLE SOURCES 

Fuelwood 

The requirement of fuel wood by the end of the century is estimated at 192 Mt including direct use as well as 

substitution by dungcake. It has also been argued that almost whole of this has to be met through plantations and 

considering the land available for such plantations the implied yield figure would have to be extremely high. 

Biogas 

A projected level of dungcake consumption in 2005 AD has been estimated as 200 Mt by the ABE against 

availability of 180 Mt. In other words, there will be hardly any availability for biogas production on a sustained 

basis, unless use of dungcake is substituted by another fuel. Even assuming a high degree. of availability and 

yield it does not seem possible that more than 15-20 million households would be able to meet their cooking 

energy requirement through biogas unless dry processes are developed and other sources of biogas are 

established. 

Solar Thermal 

Apart from the high cost, particularly of structural material, this mode has a problem of storage. Although for 

electric power conversion solar thermal methods have a possibility but as yet this is very costly. 

Photovoltaic Conversion 

Small amounts of power in remote installations is a possibility, but the present technology is prohibitively 

expensive and one has to develop extensive storage systems. 

Biomass 

Energy plantations for direct use for fuel as also a possibility particularly for meeting domestic needs in the rural 

areas. It is estimated that about 11 250 MW capacity could be created as decentralized projects. 
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Geo-thermal Energy 

Some areas like Pug a in Ladakh, Tattapani in Sarguja District of Madhya Pradesh, Alamnanda valley in Uttar 

Pradesh and Parbati valley in Himachal Pradesh have been identified as possible sources but the non-power 

applications of geothermal would be more important than for power generation. 

Wind Power 

Wind power could cater to small scale local needs, and one cannot really plan a system of central source of 

supply through this. Even a good supply needs a wind farm with a series of windmills. 

Ocean Energy 

The gulf of Kutch and gulf of Cambay of Gujarat and Sunderban areas in West Bengal have been identified as 

possible areas for tidal energy exploitation and small tidal power stations. Ocean energy is possible to be 

exploited in Lakshdweep and Andaman Islands, but power transmission through offshore establishment would 

prove difficult. 

Micro and Mini-Hydel 

The potential is estimated at 5000 MW although no detailed and scientific field surveys have been done. Only 

about 140 MW lias been installed at present and about 400 MW others are under examination. Also, the actual 

energy generation from small hydels is fairly low and the total annual generation may not be more than 10 

BkWh. 

Combined Cycle Operation 

If about 10-15 Mm
3
d gas is available for power generation this could support 2500-3750 MW combined cycle 

power generation capacity, but not more than one-half may be realized by the end of the century. 

Cogeneration 

Cogeneration system has considerable potential for power generation in industries like pulp and paper, 

refineries, chemicals and fertilizers. The potential is estimated as 1500-2000 MW of power. 

Magneto Hydrodynamic (MHD) 

A pilot 5-MW MHD capacity plant has been established by BARC and BHEL based on combined cycle 

technology. There are possibilities for this being upgraded, the limitation being the use of coal. 

Hydrogen 

Photochemical decomposition of water to produce hydrogen can be used directly or for synthesizing 

hydrocarbons. This has a potential but may need several years of research. 

Fusion 

Finally, there is a vision of an energy paradise when fusion source of energy is established. However, this would 

be beyond our ken forthe time being. 

CONSTRAINTS 

Whilst these potentials are there, there are constraints by way of qualitative and quantitative limitations of the 

physical resources, technology and equipment, investment and operation costs and limitations of financial 

resources. These are the factors which put a limit to our growth and our degree of independence in the matter of 

energy and also our ability to equitably distribute the benefits of energy throughout the population. These limits 

are not insurmountable, if there is determined effort on the part of engineers and scientists as well as managers 

and State planners. I shall now proceed to discuss briefly some of these constraints.  

Physical Resources Constraints 

Although we have enough coal reserves to see us well into the next century, the quality of coal leaves much to 

be desired. A whole range of scientific and technological activity would, therefore, be necessary for upgrading 

the coal quality, ie, better mining or effective beneficiation. The mineable reserves will have to be increased 

which means more intensive and effective exploration. Whilst most of the increase in coal production (226 Mt at 

the end of the Seventh Plan as compared to China's 700 Mt) has been through opencast mining, production in 

underground mines has remained static. Productivity has been low. 

Oil 

The bonanza of Bombay High is coming to an end. Therefore, enhanced oil recovery methods assume 

importance, but these are quite expensive. The indication is that oil finds now will be scattered over a large 

number of smaller fields. If we exploit the existing reserves too fast to meet the immediate requirements, then 
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we shall be depleting our reserves at a faster rate and the reserve ratio would be dangerously low. It is essential, 

therefore, that exploratory efforts have to be of considerably high order. But it is difficult to sustain such an 

expenditure without a reasonable success ratio, Therefore, there has to be more sophisticated means of data-

logging, interpretation and exploration strategy so that the success ratio is maintained and drilling costs are kept 

low. 

Refineries 

Similarly, in the matter of refining crude there are a number of issues and problems which need to be solved, 

particularly as our requirement for middle distillates is tremendously going up due to rise in automobile 

equipment of various descriptions on the roads and none of them very fuel efficient.  

Transportation 

Transportation of coal, crude oil and oil products of such large quantities is also a constraint unless our transport 

system is totally remodelled and geared to the growing requirements. This may mean several changes not only 

in the policy of pricing but also in the technological aspects of road, rail and coastal transport as well as 

transport by means of pipelines.  

Gas 

Indications are that a great proportion of our new oil find will be in the form of gas either free or associated. We 

have to have a long-term plan for exploitation and use of this gas as feedstock for fertilizers and petro-chemical 

industries, use for domestic purposes as well as for power. A whole range of technological challenges appear in 

this area. 

Non-commercial Sources 

Meeting the burgeoning requirement in both fuelwood and animal dung of such magnitude is a formidable task. 

As most of the non-commercial and non-conventional sources of energy will primarily be in rural areas there are 

problems other than technological. As long as the purchasing power of the rural people remains low any form of 

commercial energy will need subsidization which the country can ill-afford, for a long period. It also needs 

acceptance of a changed pattern of life. Community biogas plants have not been a great deal of success so far. 

Individual biogas plants are not viable for persons owning less than four cattle heads and such households are 

few in rural areas. Energizing rural India has, therefore, both socia-economic and technological challenges. 

Nuclear 

In the nuclear field, for obvious reasons, both for technology as well as raw materials, we have to be entirely 

self-reliant. Fortunatuely, we seem to have gathered sufficient strength in this direction. Radioactive waste 

management also will have to be fully ensured by the time we embark on a very large nuclear energy 

programme. From all indications nuclear energy will play a crucial role to cater to our bulk energy needs. 

Construction 

In thermal power construction, we seem to have gained near self-sufficiency in the matter of equipment and 

erection and we already have a capacity of installing 4000-5000 MW per year which can soon be raised to more 

than 6000 MW. In the nuclear and hydel field, however, one of the major constraints is the long gestation period 

of over 10-12 years. Unless we overcome this, the desirable proportions of hydel and neclear power as 

compared to thermal will be difficult to achieve. Yet achieve we must. 

Operation 

On the operating side, our experience so far is uneven. The average plant load factor (PLF) achieved in the Sixth 

Plan was only 50%. This is expected to be raised to 54% by the end of the Seventh Plan. However, to sustain the 

kind of energy needs that we visualize a PLF of nearly 60% has to be achieved. Our transmission and 

distribution losses are still as high as 20% which was observed by Dr K L Rao in 1964 as compared to less than 

8%in China. However, even if we match the gene, ation at the busbar with the total demand for energy the 

problem of peaking load still remair ) with us. 

Because of the uneven operating efficiency and capacities in different States and regions of the country, our 

reqional grid system is not effectively operating, and to that extent the national grid is also unable to optimize 

the total generation. HVDC for direct transmission from the super thermal power stations will be tried, but this 

is also expensive. 

Costs 

The economic aspects are important variables affecting the demand pattern, particularly the relative prices of the 

different forms of fuel. The elasticity of demand to price changes have been estimated as : 
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A 10% rise in the price of electricity is likely to decrease oil consumption by 1.3% and increase coal 

consumption by 1.5% 

A 10% rise in price of oil is likely to decrease oil consumption by 1% and increase electricity consumption 

by 0.4% and coal consumption by 1.1% 

A 10% rise in the price of coal is likely to decrease coal consumption by 2% and increase oil consumption 

by 2.4%as well as increase electricity consumption by 0.9% 

As regards non-commercial energy which mostly affects the rural households, it is estimated that about 77% of 

the total requirement is met by private collection of fuelwood, animal dung and agricultural wastes at zero cost 

to the user. Introduction of other forms of energy in this sector has, therefore, to contend with this formidable 

incentive for the rural poor whose number is enormous. 

Gas is emerging as an important source of energy as feedstock for fertilizers and petrochemicals as well as 

direct use as energy or for power generation, but the cost of natural gas is the determinant factor for all these 

potential substitutions. 

Relative costs of the different forms of energy is therefore an important instrument to bring about the desired 

change in the pattern of energy demand and consumption optimal with our physical resources. 

But prices depend ultimately on the investment and operating costs. These are already high in our country. Table 

8 gives an idea of the current (1983) costs. 

 

The Cost per unit of energy on equivalent thermal rate is as Followed: 

 Paise/kcal 

Thermal electricity  0.0177 

Hydel electricity  0.0130 

Nuclear  0.0113 

Coal  0.0090 

Fuelwood  0.0085 

The escalation in construction cost has been as follows: 

 

We cannot possibly think of energizing India at this kind of rising costs for commercial energy which will 

continue to be the major source for productive and developmental purposes. The non-commercial and other 

sources will also, have to be commercialized some day. This is where the challenge to our scientists and 

engineers lie. 

The challenges range over a wide field. On the supply side it entails efficient exploitation of natural energy 

resources, efficient conversion to usable forms of energy and lis efficient distribution. On the demand side it 

means conservation of energy use as well as inter-fuel substitution.  
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EXPLORATION 

The importance of better, quicker and more reliable exploration for upgrading prognosticated resources into 

inplace resources in the case of oil, gas, coal and radioactive minerals has been brought out earlier. The 

disciplines involved are wide ranging  all branches of physical sciences, earth sciences, engineering 

applications, instrumentation, data computing and interpretation. It needs continuous research and development 

activities and close collaboration between those working in the field and those working in the laboratories either 

in the industry or in the academic institutions. 

MINING 

Likewise, mining and transportations, particularly of coal, need vast improvement; upgradation of coal quality is 

a challenging technological task, because coal prices affect ultimately the costs of all forms of energy and the 

major energy using sectors like steel, aluminium and other metals. 

EQUIPMENT DESIGN 

Efficient hydro and thermal generating units from small to high ratings, steam generating equipment and a 

whole range of nuclear power generating equipment call for design effort of the highest kind. It is not only 

exciting professionally but can serve a national interest of the highest importance. Fortunately, we have today 

the necessary expertise in the country. What is lacking is the collaborative spirit to make use of knowledge 

gained in any branch of science and technology to be brought to bear in the final applicaiton. 

DISTRIBUTION 

The many lacunae in our distribution system has been mentioned. New technologies already known have rarely 

been put to use. There is a great deal of work to be done in this area to adapt and absorb technology which can 

then be indigenized for manufacture in the country. Each percentage of reduction in transmission and 

distribution losses means a saving in investment for an additional 6000 MW of power generation. 

PEAKING PROBLEM 

The need for tackling the peak load problem has also been emphasized. Hydel power is not always available for 

the purpose as it is dependent on rainfall nor are all our rivers perennial. We have to develop generators of a 

suitable rating quick to stop and start, preferably coal-based rather than oil-based. 

ENERGY CONSERVATION 

An area where maximum potential exists but has not been exploited sufficiently in the country is energy 

conservation. In major energy consuming industries like steel, aluminium, fertilizers and petrochemicals, there 

is considerable scope. Japan over the years has reduced energy consumption in the industrial sector by more 

than 30%. Even in India, a determined energy conservation effort has the potential of saving 20%-25% of 

present consumption. Detailed examination of these potentials has been done on the basis of a sample energy 

audit of over 1 200 factories. It will be desirable to have such energy audit made mandatory. Even in the case of 

domestic appliances, there is tremendous scope for increasing fuel efficiency. Introduction of smokeless 

cbuttehs and improved kerosene stoves is a step in this direction. But more extensive efforts are needed also for 

domestic equipment using electric energy like air-conditioners and refrigerators. 

TRANSPORT 

In the transport sector, the imperative need is to save the rising trend of consumption of diesel and motor spirit. 

Without a dramatic change in fuel consumption rate of road transport vehicles, our dependence on massive 

imports can never be reduced. It has been suggested that ethanol could be a suitable fuel. However, this needs 

complete redesigning of the internal combustion engine. Even in regard to use of animal power, better designs 

of bullock-carts and other forms can augment their contribution, as these forms of transport will be in use at 

least till the end of the century, if not longer. 

The focus of much of this effort is on inter-fuel substitution wherever possible-coal in preference to other forms, 

electricity in preference to oil. The extent to which this is possible will depend upon our scientists to a large 

extent as ultimately all substitution depends upon relative cost of alternatives and can hardly be forced by 

legislation. 

Finally, in the field of new technologies, there are potentials both for the medium term, such as fluidized bed 

combustion, magneto hydrodynamics and in the long range photochemical decomposition of water, and may be 

fusion power. Non-conventional sources of energy, largely based on solar and wind power, also needs 

considerable research and development before they could be thought of as major contributors to energy demand 

for the country as a whole. Similarly, co-generation systems and combined cycle operations are also likely to 

make a significant contribution in the medium term if it engages the attention of our technologists seriously. The 

field thus is far and wide-ranging with opportunity to contribute for almost everyone. 
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CONCLUSION 

It is clear that our efforts have to be in both directions, namely, increasing supply as well as containing demand 

if we have to optimize the energy resources that nature has given us. This means a change in the pattern and 

modes of utilization of energy. We cannot have a totally oil-dependent technology and economy like the west. 

Fuelwood crisis is looming large, we cannot let it overtake us. 

It is necessary that all sources of energy ultimately have a commercial value put to it for which every energy 

user will have to pay. This in turn means that the productive uses of energy will have to generate sufficient 

wealth and surplus for individuals to pay for their energy use for subsistence purposes. In fact, the essence of 

development is to increase the purchasing power of every section of the community and distribute it equitably to 

fulfil their needs for a decent living. Reliable availability of energy at reasonable cost is the very basis for such a 

development. 

All this in effect means that we can no longer think of energy supply in compartmental terms such as electricity 

 thermal, hydel, nuclear  gas, non-commercial sources, new and non-conventional sources. We cannot also 

think in terms of traditional technology and traditional costs and continue to upgrade them for inflation. The 

time and capital costs of exploiting natural resources and for conversion to usable forms of energy must be 

contained and reduced. Operating efficiencies of all energy installations have to be radically improved. 

Without these basic changes optimal utilization and inter-fuel substitution cannot be done through artificial 

manipulaiton of prices. This is where the challenge lies. 

In conclusion, one might say that the task of energizing a vast country like India with a population steadily 

moving towards the billion mark with at least a third of the population living in rural areas engaged in 

agricultural pursuits, is a gigantic one. It  has promises as well as forebodings. Physical resources though at the 

moment not very abundant are not insignificant. The financial resources are. Of course. very limited and are 

likely to be limited for a long time compared to the needs. A resources which is not so limited and which can 

turn these promises into reality is our scientific and technical community which is large enough in number and 

is of proven competence, It is clear from the nature of the problems that it is not an easy path. It does mean 

unremitting hard work in an organized and collaborative milieu based on a wide consciousness of both the 

complexities of the problem and the crucial importance of this one item which can change the face of thls 

country. its economy and the quality of life ot its people. If we can do this to some measure we will fulfil 

Visvesvarays's dream to a great extent. 
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Introduction 

Materials are synonymous with civilisation. Each civilisation chooses its own material on the basis of the 

knowledge it possesses and wherewithall it could invest on. The unfolding arts, technology and the very way of 

life are reflected through the medium of materials. No wonder we have learnt to name each civilisation by the 

name of the material it discovered and assessed its achievements by the efficacy it brought into the discovery. 

The saga of materials is not solely limited to accidental discoveries; the then available knowledge, the skills and 

the energy that was available to the making of materials determined the outcome. The ancient man had to be 

content with rocks and stones and with the shapes he could carve out of them. He soon learnt to fire the soft clay 

preforms into beautiful hard bricks.  This was the birth of neolythic civilisation. Some of the rocks under fire 

turned into glittering objects that were ductile and could be shaped into forms and thus early man discovered 

metals. Occasionally he even saw these metals in native form and soon learnt to search for them river beds and 

use them with fluorish.  

Not all metals were discovered at the same time and each age had to be content with the metal it could discover 

and develop and looked for the others. There is an interesting correlation between the free energy for metal 

reduction and the period when it was discovered. The available firing temperature, more or less, determined 

which of the ores could be reduced into metals. Thus copper, brass and bronzes were discovered well ahead of 

iron, aluminium or titanium. The discovery of iron was more than two thousand years ago. This single discovery 

was 80 relevant and profound to our civilisation that its effects are felt even today. Many other metals were also 

discovered in time when basic concepts for their reduction were understood and technologies for their reduction 

realised. This has led to the discovery of aluminium, titanium and many others. Some which do not exist in 

nature were also discovered with our understanding of nuclear transmutation. This list is not complete even 

today and bears testimony to human curiosity and pursuit of knowledge.  

There is also a style that pervades the search for new materials. Initially, any available material was used in as 

many applications as was needed. It was the industrial revolution that spelt the demand for materials with 

specific properties. Iron and its alloy steel practically provided all the materials for that day and engineers 

demanded materials with some specific properties even though they were not then readily available. This was 

also the period when we started understanding the basic principles governing the structure of matter. Many 

empirical laws were discovered then as also the crystalline nature of matter. This was the birth of Science of 

Materials transforming art into science and technology. The artisans of yesterday who fashioned materials to 

man's needs have become the materials scientist of today designing synthesising and producing compositions of 

materials tailored to specific applications. 

In this lecture, I would like to talk of challenges in materials design that our society is exposed to. I shall 

endeavour to cite some examples of successes achieved which made for impressive technological achievements. 

For, more often than not, it is the availability of materials that determines our desired technological feats. 

High Strength Materials 

Most of the time we use materials for strength. We shape them and use them for carrying heavy loads without 

failure. The efficiency of use is determined by the strength of the material, its density and the ease with which it 

can be shaped and formed to carry the load. Theoretically, there should be no reason to worry, for the intrinsic 

strength can be very large almost one tenth of its shear modulus. Even the fracture strength can be large upto 

one tenth of the Young's modulus. These values are very impressive if you can only realise them in practice. But 

only a small fraction is seen in real materials.  There are ideal materials whose properties can approach the 

theoretical values but these are exceptions only. 

This discrepancy is due to the presence of imperfections known as 'dislocations'. These are line imperfections in 

otherwise perfect crystals and can be layers of missing atoms or extra layers of atoms. Dislocations can travel 

through the entire material with ease like waves or ripples on water and thus account for deformation of 

materials. High stresses are not needed for this motion and hence real materials are weak. Even though 

dislocations are not thermodynamically necessary, they are ever present, almost a million of them in a cubic 

centimetre. Scientists have learnt to use dislocation for increasing the strength of materials. The principles are 

fairly simple, though putting them into practice can be very complex. We can, for instance, introduce different 

size atoms in the host material which will not allow easy movement of dislocationse. Higher the perturbation 
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created by these foreign atoms, higher will be the increase in strength. More numerous are these atoms, higher 

again will be the strength. This, in fact, is the principle of alloying and we have been using this route or ages 

without understanding the principles involved. Our recent successes in understanding the basic principle 

governing the atomic molecular and crystalline structure of matter and the availability of high resolution 

electronic microscopes have confirmed the theory of alloying. This field continues to be fertile even today and 

new alloy compositions are being evolved which are stronger than the ones available at present. However, there 

are limits to this route as well. Excessive alloying immobilises dislocations turning the structure brittle. 

Brittleness is a total lack of ductility in a material. This can be an intrinsic property of a particular solld or an 

acquired one. We usually turn an alloy brittle, when its strength is increased excessively. Dislocations there are 

so tightly locked up that only cracks present in the material travel catastrophically across the entire structure 

even with an addition of a small stress. 

Intrinsically brittle solids, on the other hand, have dislocations with no easy mobility and hence cannot dissipate 

he built up stresses near the crack tip. This makes even a small crack catastrophic in these types of solids. Glass 

is one shining example where we are unable to use its high strength because of its total lack of ductility.  

How can we increase, the strength without reducing the toughness  the ability to resist fracture? Metallurgists 

have gone toughness to ingenious lengths to increase the strength, minimising the drop in toughness. We can 

appreciate this effort when we realise that today the highest strength of an engineering alloy can be as large as 

400000 lb/in
2
 (281230 kg/cm

2
). Ordinary steel has a strength value of less than 10000 lb/in

2
 (705 kg/cm

2
). High 

strength has many applications. For instance, the rocket casing of our PSLV is made of one such alloy known as 

maraging steel. The development of this alloy is a success story involving three major organisations: Defence 

Metallurgical Research Laboratory, Indian Space Research Organisation, and Mishra Dhatu Nigam. These 

materials are ingeniously designed and processed that very large casings can be made from them. 

While we can increase the strength, we should also prevent cracks running across them. One option would be to 

make the components of structural members smaller than the critical crack length. This is easier said than done. 

A better and more feasible option would to intertwine strong solids with materials that can absorb deformation 

and blunt cracks running across the structure. For its effectiveness, the strong component should be fine 

structured and distributed uniformly. This,  in fact, is the principle of composite materials: one component gives 

the strength, while the other provides the toughness. The fraction of each component determines the overall 

strength that can be generated and the toughness sustained. For all practical purposes, a simple law of mixture 

seems to hold. The concept of composites should not come as a new revelation to us, for nature has been using 

this route all along - in bones and trees. The inner structure of bamboo shows clearly the fibres which impart the 

mechanical strength with cellulose providing the toughness.  

Even in these structures there are some limitations. The strength will be orthotropic, that is directional. At best, 

we bidirectional by a clever weaving of fibres, but can make it cannot make it three dimensional. This need not 

be a limitation, as good design often calls for increased strength in only one or occasionally two dimensions, 

Already, the number of products composites, are beginning to flood the market. Starting using from a trivial but 

very handy golf clubs or cricket bat handles, their applications have extended to aircraft wings. Some new 

materials are emerging for bone transplant, artificial teeth and other applications. Military has many applications 

for composites such as light weight bridges, vehicles and even armours. Body armour today is made of kevalor 

fibre composites and our ARJUN MBT Kanchan Armour is made of composites containing metals, polymers 

and ceramics. We are also learning about some of the disadvantages of these composites as well. These cannot 

be recycled easily nor can they even be repaired by conventional techniques known and practised for a long 

time. The cost depending on applications, can also be prohibitive. And each design is a unique structure. It is not 

easy to have preforms like rolled sheets of a metal. Composites will, therefore, remain as materials for special 

applications until we learn to produce them cheaply and use them effectively. 

This brings in a major question. How can we increase the strength further? There are not really many options. 

Metals are reaching their limits: it is difficult to reduce dislocations to a level that theoretical strengths are 

realised; nor is it possible to increase alloying without making the material brittle. True, composites will be very 

useful, but their extensive applications will depend on reducing the costs and increasing our knowledge on 

unconventional designs. But there are other strong materials waiting to be used. Ceramics, for instance, are very 

strong materials that are available in plenty, but still we do not know how to use them for they are brittle to an 

unacceptable degree. Most of the attempts to ductilise them have failed, and we may therefore either have to 

accept probabilistic concepts on strength and ductility and learn to design from them, or look for novel concepts 

like composites at different structural levels that can assure us of some acceptable ductility. The advantages in 

ceramics are many as also scientific and technological challenges. 

High Temperature Materials 

All metals and alloys without exception lose their strength with rise in temperature; higher the temperature, 

higher is the loss. Of course metals that melt at high temperature hold their strength little longer but all of them 
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become soft when temperatures are above half their melting point. But there is a need to retain the strength at 

high temperatures for these are the temperatures that hold the potential for building and operating the operating 

systems. Higher efficient thermodynamic temperature, higher is the efficiency. This has prompted the race for 

the development of high temperature materials for jet engines. The invention of jet engines would not have teen 

possible without the availability of some high temperature materials. Further, increase in their efficiency and 

performance have crucially depended on the availability of high temperature materials. The profitability in this 

area is so high that even an increase of 10ºC centigrade is considered an important accomplishment.  

Why do materials lose their strength with temperature? The reason for this can also be traced to the presence of 

dislocations. We noticed earlier that strength in metals and alloys come through the locking up of dislocations. 

But this lock-up is not permanent, and dislocations overcome them by climbing up at high temperatures ably 

assisted by enhanced difuslon of atoms prevalent at these temperatures. The problem is then of containing 

dislocations from climbing and also preventing the structures of metals from growing into coarse ones. Among 

all engineering metals only two today have come up to this stringent  nickel and cobalt. In fact, nickel and its 

alloys requirement have provided practically all the high temperature materials of the operating jet engines of 

today. 

Nickel alloys of today appear as metallurgists' nightmare: there are often more than ten alloying additions, some 

to keep high temperature strength by solute hardening, some to maintain the second phase precipitates fine, 

some to turn the grain boundaries strong and firm, and others are to prevent brittleness creeping in because of 

excessive alloying! These do not include alloying additions that prevent unwanted oxidation and corrosion at 

high temperatures. All these would not have been possible without our understanding of the concepts of 

alloying, and that govern deformation of materials at high principles temperatures. Some of these concepts are 

so well understood today that we talk of tailoring of alloys for high temperatures attainable properties, and all 

unwanted behaviour of these materials can also be predicted through computer calculations!  

As in composite materials where microstructural limitations are overcome by innovative macrostructural design, 

high temperature materials are also designed in a macrostructural fashion. Single crystals are beginning to be 

used to avoid unwanted boundaries and excess dislocations. These routes though grain appearing to border on 

exotica, are beginning to be routinely used. Even here, any progress will depend on our understanding of 

ceramics and its friendlier cousin, the intermetallics. Already some intermetallics are beginning to be scrutinised 

for their utility; nickel-aluminium alloys and titanium-aluminium alloys are such examples. The indigenous jet 

engine GTX will operate with such materials and structures that are under development at laboratories and 

MIDHANI. We hope to introduce some new Intermetalllcs, if they are ready and proved by then. But there will 

be advanced turbine blades produced through some novel solidification processes that ensure macro design even 

during solidification. 

Semi-conductor Materials 

There is another class of materials where strength and ductility are not relevant, but electrical ductility is. These 

are known as semi-conductors and have electrical resistance between metals and Insulators. What is interesting, 

however, is not their intrinsic resistance, but their ability to conduct either with increasing temperature or with 

micro additions of atoms of selected impurities known as dopants. The interesting properties arise because of the 

nature of electron engery distribution in these classes of materials. The band gap seperating between conduction 

band and the valance band in these materials is large so that electrons are not available for conduction. However 

these can be altered by the addition of atoms from neighbouring Groups in the Periodic Table. These atoms have 

either excess or deficient eletrors and they provide the necessary bridge between the two energy gaps. The 

mechanism leading to conduction is somewhat complex. An understanding of this phenomenon requires 

invoking quantum theories of electrons in metals. But the effect is large so that it can be utilised for producing 

devices that can conduct in a particular direction with the application of an electric field. The amount of 

impurity required is very small for this conduction and these can be only effective if the host material itself Is 

very highly pure. Even extremely small amounts of impurities or structural imperfections can affect the 

electrical properties drastically. Initially Group IV elements  germanium and silicon  have been used as 

semi-conductors using arsenic and boron as dopants. But there are other semi-conductor materials now coming 

into vogue which are not pure elements. They are frawn from nearby groups in the Periodic Table. Group III-V 

compound semiconductors are becoming important because of the nature of the energy gap in these materials. 

Some materials in this class are Indium antimonip and galium arsenide.  

The semi-conductors which act as transistors, have been so successful that they are almost ushering in a new 

industrial revolution. This exponential development is due to the interesting properties of silicon. Silicon oxide 

is adherent and is an insulator. This provides an opportunity for fabricating in a single wafer of a silicon crystal 

many devices (transistors) which are connected in the device itself through properly etched material. Wherever 

conductivity is not desired or unwanted, silicon oxide can be preferentially left out. This has at once provided an 

opportunity to design, dope and etch a number of devices in a single wafer. Known as "chips" these have been 

miniaturised to an extent that we talk of submicron geometry between various components. The result of this 
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minitiarisation can indeed be mind-boggling. If we are able to realise the submicron geometry successfully, then 

it is possible to incorporate almost one thousand devices within a milimetre of a silicon wafer! As a result of this 

drastic minitiarisation, a small chips can accommodate a very large scale of Integrated circuits performing a 

large number of operations. In the past decade, our successes in this area have been so spectacular that semi-

conductor engineering has been free from the tyrany of inter-connections. 

Many of the lessons we have learnt in metallurgy, have come in handy in developing semi-conductor materials. 

Our understanding in single crystal growing, difusion of solute atoms and oxidation of silicon, have all been 

responsible for turning silicon as a spectacular semi-conductor. We have also extensively used other 

metallurgical techniques such as zone-refining, epitaxy, difusion and ion implantation. The development is 

heading towards using compound semi-conductors effectively and also in synthesising semi-conductors with 

tailored engery gaps. These can be achieved by preferential deposition of appropriate compositions and 

conducting barriers between them. These are known as superlatics and are similar to ones in metallic alloys.  

It is difficult at this juncture to predict what material is going to lend its name to our civilisation. In the early 40s 

a guess would have been for uranium. But today one is inclined to corgider silicon as the material of this 

Century. Perhaps we ere justified on this guess if abundance is anything to go by!  

The dedication of this lecture is natural and simple: to that great engineer, visionary and statesman, 

Mokshagundam Visvesvaraya who saw the relevance and the importance of materials to a nation's need well 

before others understood. It was this vision that inspired him into setting up the first iron and steel plant in the 

South India and encouraged engineering design of novel concepts that demanded appropriate materials. We 

remember him today with gratitude for he showed all of us, the engineers, the way. 
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HOMAGE 

Sir Visvesvaraya is one of the most illustrious sons of India and can be called one of the builders of modern 

India. He is known for his vision which has crystallised into monumental engineering structures spread all over 

the country. He saw everywhere, during his engineering and managerial career, a resource in everything, that 

can be converted into a source of perennial prosperity. When one, reads his life, one gets a feeling that he treated 

his Career as an opportunity to serve the people and fulfil himself, an ideal government servant whose mission is 

to serve and not self-serve. To be invited to deliver a lecture in his memory is, indeed, a great honour and 

privilege. 

EVOLUTION OF MAN 

India is developing and so it needs further development. That a nation needs development is a new concept. 

That it can be pursued in an organised manner with conscious interventions into the process of social growth 

and transformation is a premise on which many economies are planned over the last several decades. These 

interventions are based on theories of historical movements, cultural patterns and human behaviours. Many of 

the theories are concerned with one or a few of the parameters of social existence, the predominant one which 

received most attention being economics. Most of them, deal, with theevolution of man, his value systems and 

social interactions. Of all the theories, the one which relates society with economics, man and production 

processes, is perhaps, Marxism. Marx extrapolates these findings and proposes a relational configuration 

between man, society, values and production processes and proposes a commune based society in which 

everyone gets his, due and is happy. This is a great attempt to attune human efforts to, the movements in 

historical social transformations. It has attracted the attention of great intellectuals and political leaders arid the 

great experiments involving its application are before us to see. 

DEVELOPMENT 

Apart from this great attempt of Marx and his successors, there are very few comprehensive studies and theories 

of development. And so the question 'What is development?' still remains. 

Development is not growth nor is it mere transformation. But both the above take place while development 

takes place. Social or Ganisations and structures change in time by their very natue. To effect development 

consciously, good managers and effective strategies are required. All these are governed by their own laws. So 

the process is complex and can lead in different directions if the right ideas of development are not conceived 

and pursued. Even so, one should define what development is to determine the direction of our effort. 

In one definition, development is a process in which an individual increases his ability to satisfy his own desires 

and those of others. It is an increase in capacity and potential, not an increase in attainment. It is more a matter 

of motivation, knowledge, understanding and wisdom. Contrast this with the Indian invocation Loka Samastat 

Sukhino Bhavanthu (Let the world become happy). While one emphasises desires, the other ernphasises the 

worid. One is taking, the other is giving or sharing. Desires and needs have no limits. They promote, according 

to Lewis Mumford, Mega machines, large concentrated powerful machines, which churn out products in 

millions and also concentrate wealth. Happiness is a state of mind. One can be happy with very little. But there 

is something basic and common to both. A minimum of needs have to be satisfied even for one to be happy. 

Happiness is also related to a value system. There are many who will not accept even a paisa if offered free. 

Many would like to work a congenial environment and are willing to give up money in exchange. Development 

to them is closely related to quality of life. Thus, development implies change, growth, environment, quality of 

life, personal values, individual and social economics, means of production, resources, technologies, etc. 

We hear, now-a-days, a great deal about standard of living. There are many levels in this. These are much more 

quantifiable than quality of life. That is precisely its draw-back. 

It appears that the best way to go about this is to rely on the invocation referred earlier: ‗Loka Samastat Sukhino 

Bhavanthu‘. Sukham is defined at various levels. At the highest, it is that which leads one to truth. At the 

lowest, it is that which pleases the physical and partly mental needs. Lokam is world including all the species 

that are part of the manifest world. Sukham is that which enables harmony between all aspects of this world and 

supports life at all levels. Evidently, this implies all that the western analytical thesis translates into needs at all 
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levels. There might be a spatio-temporal emphasis of a particular level of needs. For India now, poverty 

alleviation is the greatest short-term need. The axis of development should, however, not forget the larger 

definitions and issues along which developmental movement should take place. 

INDICES OF DEVELOPMENT 

What then are the indices of development, axis of development and the philosophy of development? Most of the 

time, we link development with economics. Consequently, GNP, GDP, etc., become the main measures. 

However, it has been recently discovered that these are very large macro-indicators which do not reflect reality. 

the emphasis has now shifted to quality of life, physical quality of life, which has the ability to link the 

individual to the macro. Finding that this may not give the quantitative targets that one has to set, other indices 

have been developed. ASHA indeed is one of them. 

In spite of such indicators, it is felt that many of the goals are not being achieved and the very process of 

development is running aground. What can be the reason for this?  

FAILURE AND THE DESIRABLE 

From what we have seen above, development involves resources, organisations, cultures, economics, 

sociological factors, ecology, environment and many other things tangible and intangible making the entire 

problem complex. Planning for it is devising a way for participative activity involving all the above and is based 

on the belief that a conscious intervention into the present scenario is the only way of moving into a desirable 

future. What is this desirable future? Also when participative social decision is involved immediately a peculiar 

difficulty arises. Kenneth Arrow has demonstrated in his ‗impossibility theorem‘ that no social decision can 

amalgamate the diverse preferences of a group in the way a single individual can amalgamate them. This in 

essence almost denies the possibility of constructing a totally acceptable Social welfare function. 

COMPLEXITY AND THE SCENARIO 

All this emanates from the complexity of the situation Complexity is not easy to define nor measure. It can be 

recognised by the intricate mutual relationships and influences that exist and develop between various 

parameters of the system. In fact a minimum complexity is essential for survival. As a system grows it increases 

its complexity by adding several subsystems. The growth can be nucleative, proportional or nonproportional. In 

fact, it is the latter that scientists feel is more natural. One must understand the nature of this dynamics, 

structure/model it and conceive a normative scenario towards which one can proceed and propose a process of 

development and change. 

The problem, therefore, is the logic of understanding theexisting scenario. Complexity forces this logic and 

mode of inquiry/appreciation of the situation. When systems grow and develop, they pose the problems of 

synergy and size. From amoeba to man as the size and complexity increase, the synergy increases and 

susceptibility to damage also correspondingly increases. Large scale systems are characterised by change, 

complexity, growth and size. Feedback becomes a basic construct of the logic. The interaction between whole 

and parts becomes the basic mode of approach. Systems thinking or holistic thinking which recognises that 

knowledge of parts/subsystems does not necessarily imply a knowledge of the whole, is the only way for 

problem inquiry. All decision making, therefore, becomes decisibn under complexity instead of decision under 

uncertainty. Therefore, there must be a fundamental change in our management. It is perhaps this that escaped 

our earlier thinking and may be one of the reasons for our slow developmental performance. The logic of 

diagnosis and development of the present large scale systems thus seems to be trialectic. 

DEEP STRUCTURE 

A society is a self-organising, self-regulating system which tries to be self-producing also. There are regulatory 

and control mechanisms built into it. It seems to move along well defined axis towards a conscious goal built 

into the social consciousness deep down in its structure. Some call this core as the deep structure. When 

equilibrium gets disturbed, the system experiences internal and external turbulences. Many experiments go on 

within the system. A number of forces act to destabilise and break the symmetry. But these are guided by the 

deep structure to align themselves to the axis of its movement by a dissipative kind of change in structure and 

form. A deep structure is the real personality of a society. It preserves the evolutionary learning during all the 

turbulent conditions. This may be called the psyche or consciousness of a society. But this is a meta-norm 

operating over millenia. Undoubtedly, the deep structure of humanity as a whole is cosmic spirituality guided by 

universal principles of peace, prosperity and compassion. But the various civilizations which are its spatio-

temporal subsystems have exhibited variations, aspects and distortions of this fundamental consciousness. Many 

great minds have tried to trace these manifestations and developments and characteristics of the civilisations. In 

this respect Marx and Sri Aurobindo mark the two ends of the spectrum. While Marx treats man as an economic 

production unit, Sri Aurobindo looks upon him as an evolving consciousness trying to align himself with the 

universal ovement of spirituality. He also identifies the main movement in this direction with the millenial 

culture of India. If one agrees with this line of argument and discovery, one can say that this (i.e.) spirituality, is 
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the deep structure of Indian Society. But this is in the long view now, Sri Aurobindo points out, man has been 

governed by the principle of divisions, separations and antitheses. But deep down the underlying wish is to 

develop unity and totality, wholeness and togetherness. One can easily recognise this in the growing desire for 

establishment of world bodies. 

TODAY 

But what of today? Evidently, many deviations from this deep structural axis are taking place. The present 

scenario very clearly indicates this. While examining this one aspect should be remembered. The regulating and 

control mechanisms of the ancients have been devised by them on the basis of the recognised psyche of India. 

Dharma as enunciated by Sutras and Sastras has been designed as the regulating mechanism while the action 

oriented leaders advised by wise men and motivated by larger sentiments have provided the control mechanism.  

Today, the deviations from this are substantial. The burgeois, proleteriat culture, otherwise called the age of 

masses, has an economic and physical work bias with lower mental and vital qualities guiding them. Some call 

this an age of acquisition. Knowledge, power and money are the controllers and regulators of today's world and 

society. 

Knowledge, today has a tendency to concentrate with the advent of computers and expert systems. This was in a 

way true of ancient times when particular kinds of specialisations were held secret and passed on as family 

heritages. Power has a great tendency to concentrate in individuals or groups. Similarly, money has a large 

prediliction to concentrate. In the industrial age, this nature of money gets a fillip due to the capital 

accumulations required for the operation of mega machines. This is the reason why many consider technology 

as today's villian of the piece. 

After some time, they acquire an identity and develop their own laws of movements. Anyone or any group 

which masters these arts of accumulations rules the roost. Today, this is what is happening. Many of these 

Masters of Arts get addicted to them and influence the social grovyth, development and movement. 

In the ancient days, those who were prone to acquire power were called as Kshatriyas, those who were prone to 

acquire money were called Vaisyas; those in whom knowledge was refined into wisdom were called Brahmins. 

Wisdom can be accumulated, but accumulation by one does not preclude it from another unlike money and 

power. This is a creation/gift of nature while the other three are artefacts devised by humans to facilitate the 

formation, operation and growth of society. 

AGE OF MASSES 

In this age of masses, it is assumed that everyone is wise and has the ability to understand the movements of 

money, power, knowledge and society. Since he contributes to its operation and is also a member of it, he is 

assumed to have a right to participate in the control and regulation of social operations. Democracy is the 

formalisation of that belief. It also believes that everyone knows what is good for oneself and society and that 

there is no conflict between them. Dictatorship is the other end of it. It holds that very few are wise and they 

have to look after the rest and so concentrate everything in their hands. 

When knowledge, power, and wealth/money get into the hands of unregenerate lumpen minds and hands, the 

whole scenario becomes cynical. There is constant barter between knowledge, power and money. Reason serves 

as the hand-maid of these three to make them and those that possess them look respectable. Vice, violence and 

sex become the instruments for keeping the order intact. 

Society becomes acquisitive in character and according to the Guna theory, the rajasic and tamasic gunas prevail 

and propagate. The Theory of Survival of the fittest and free enterprise becomes the guiding philosophy. But 

development has a different meaning and direction. It implies spreading and distribution of wealth ana welfare, 

a quality of life which makes life for a person worth living and happy, where an individual lives in harmony 

with himself and his environment. Further he does not exploit the future generations for the present, ensures 

continuity of the state of well-being for himself and his future generations (under normal circumstances) and 

helps the growth of culture of development. Thus, happiness becomes the norm. Hence, process of development 

implies a development oriented individual, the laws of his being and becoming (Swadharma and Swabhava), a 

philosophy and laws of action, philosophy and laws of social organisation and movement and instrumentalities 

which integrate and make the process possible. 

Philosophers of yore and the present are concerned with the above, apart from their desire to understand the 

nature of reality. Their concerns, research and experiments belong to a heirarchically meta-level of 

consciousness and thinking. Translated onto the ground for daily application and action, they are the Dharmas, 

Smritis, laws of social actions and governance. Cryptically stated, the incivcuals appeal and approach for 

guidance in his daily action is: 

Buddham Saranam Gachami 

Senghem Saranam Gachami 

Dharmam Saranam Gachami 
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With money, wealth, power knowledge and information having gone into the hands of pseudo intellectuals and 

lumpen groups, everything has become, cynical and distorted.  

The Buddham, (i.e.) the wise, have either surrendered or gone underground. They make occasional noises. Only 

the tenacious stick it out. One thing good about India is that such people are respected, heard and tolerated. They 

are left to live as unrealistic idealists who are more pitied than treated as irrelevent. Publicly, however we treat 

and speak of them as relevant. This is a very positive aspect of our scenario even though dichotomic in nature. 

The Sangham is totally governed by the laws of money and power. It is totally guided by good laws 

appropriately manipulated to serve the ends of money and power which have acquired an identity of their own. 

Society, which has created them as its instruments of organisation, has become a manikin of its creations. 

Dharma springs from several sources at various levels. From the absolute levels, it has now acquired the 

character of social ethics and started reflecting the state of society and the needs for its preservance at its level. 

Once again it serves with sublime intonations the ends of lurnpen groups. Knowledge has become its 

handmaiden. The barter between power, wealth and knowledge has become constant. The many are made to 

serve the ends of a few. 

But development requires different routes and processes; a different kind of appreciation of reality; a different 

Dharma, a different Sangha; a different Buddha. What is the way for this? 

If this is not done the natural process of evolution will introduce a step in its journey to reorient and redirect the 

process and flow. Revolution will be the result. 

MODELLING 

Can we model the situation to enable the recognition of a future configuration? This seems to be a doubtful 

proposition according to De Greene. A model must have a structure, a basis for the simulation of a process or 

behaviour. The logic of behaviour identified earlier seems to provide the construct, the feedback loop which is 

the corner stone of Cybernetic behaviour. It is easy to model semi-technological and technological systems but 

social systems are beyond straightforward tangible, measurable parameters. The processes also reflect jumps 

and discontinuities, attitudes and perceptions. We need more sophistication in model-building involving these 

parameters. Several new theories like catastrophe theory, dissipative structure theory, morphogenesis, 

autopoiesis (where systems change sometimes keeping structures intact, and sometimes new structures formed 

crossing over equilibrium thresholds ) are now available. But these are in a very early stage of development. The 

regional and world models which are now extant, are so far too voluminous and time consuming that decades of 

effort is involved both in building and using them. This is not acceptable in fast changing world. By the time 

they are ready, they become invalid. 

It is stated that mass societies with fast changing technology that wish to preserve democratic freedoms must be 

choreographed at a level of sophistication unknown to any previous society. Large size together with liberty and 

individuality spells complexity and sophistication in communication and demands that human activities be co-

ordinated and choreographed at a level that has yet been achieved. If our soceity is to survive many bigger and 

sophisticated models must be built (Martin Shulik). 

Are we then to wait till model building methodology is available to plan our future? Evidently not parallel 

activity has to go on to move consciously into the future with instruments to correct any wrong moves i.e. 

acquiring ability to make midcourse corrections. Fortunately, the experience of the past has been codified into 

some laws like laws of requisite hierarchy, variety, viability, and self organisation. Also synetic analogies with 

earlier history provide clues to the feasible and possible futures. Lewis Mumford draws an analogy between 

ancient Egyptian civilization and the present. The mega machine of Pyramid age society consisted of the Divine 

King, the priest, the scribe, the standing army and the work army. The parallel megamachine of the present age 

is the all powerful ruler President, the irrationally rational scientist, the huge standing army and large multi-

national organisation men. They all according to him seem to say 'All my means and methods are sane, my 

purpose is mad'. The pyramid age collapsed in violent uprisings. Our nuclear age also may meet the same fate. 

LAWS OF SOCIAL MOVEMENTS 

We can also take the help of several laws of socioeconomic and technological systems. The process of 

development has to obey these. Since these are based on human experience, it is quite possible that future 

experience need not be in total confirmity with these earlier experiences. However, they can be guide-lines. As 

stated earlier, complexity characterises the present human scenario, particularly, the Indian scene. The structure 

and process are cybernetic in character. Hence, the possibility of application of Simon's Conjecture an Law of 

requisite variety. Simon's Conjucture says that a complex system resolves itself into hierarchical subsystems and 

also exhibits redundancy. The latter is very clearly observed in the operation of our governmental, service and 

production sectors except in agriculture. There are far too many people in these organisations producing very 

little exerting very little. But they are acting like a functioning anarchy (to use Galbreith's phrase) keeping the 

system alive but at a great cost to society. The second property of resolution into a hierarchy of sub-systems is 
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also seen in the increasing number of sub-systems, appearing every day. The law of requisite variety governs the 

interactions between the sub-systems and tries to ensure a degree of stability. This, however, assumes an 

equilibrium state and that the system will return to a stable condition, even if to a different point. The problem 

seems to be two-fold. 

i) Our Indian system has been contrived by our social lumpen behaviours of greed and might into a 

nonequilibrium state making the society a dissipative structure and throwing it into the near threshold levels of 

stability. This can be retrieved only by adoption of a new configuration by society. 

ii) We as planners have been dealing with sub-systems instead of the whole system. Thus, our plans lack 

perspective. Recently, I had the opportunity of reading a review report on a plan implementation wherein the 

authors make a revealing remark that the plan could not succeed because of the lack of perspective. Thus, the 

Law of Requisite Variety is unable to operate in a natural way. This disruption in the natural diffusion leads to 

the disintegration of the society and the opportunists are taking advantage of this through concentration of 

power, money and knowledge. The variety is reduced and the diffusion of it is controlled to confirm to the law. 

Conscious or unconscious, the situation is this and a large number of people suffer. Developmental process 

becomes a spiral instead of being straight. 

Another law of significance for societal operation is the Law of Requisite Hierarchy. This relates the self-

regulating apability inherent in a society with the productivity of the productive forces. It says that the latter is 

inversely proportional to the required hierarchical regulation. Ours is a low productivity system including 

agricultural. While in agriculture it is lack of technology and resources with the committed producer, in others it 

is a conscious disregard for the idea of productivity. Whatever be the case, ours is a low productive system and 

therefore, requires greater hierarchical regulation. It is said that for every rupee of value addition to a resource 

45 paise goes for wages while the international average is 20 paise. This is the measure of our wastefulness. It is 

also a measure of the greed of our organised sector, to take the best part of the cake for themselves leaving very 

little for others. Once again, we find a powerful law operating in a negative way leading to high concentrations 

of power and money. The regulating agencies, thus develop a vested interest and to others it looks natural that it 

should be so. Thus feudal, dictatorial and authoritarian tendencies persist. However, on an ideological level, we 

have adodpted democracy as our instrument for conducting our social affairs. But the law does not allow it. We, 

therefore, elect dictators democratically. We allow barter betweeen wealth and power as a natural course of 

events. The way to bring the system back on course is to: 

i) to adopt high technology whose property is high productivity; and 

ii) to increase human productivity through training and conscious change of attitude. 

The first can easily lead to the danger of concentration of knowledge power, in the hands of few (as Mumford 

points out in his concept of megatechnics). The situation for many may once again be disquieting poverty. The 

second is dependent on leadership of a high quality. 

We can look at the inherent self-organising, self-regulating characteristics of a social systems as a living system. 

A living system is a matter-energy-information exchange system. According to Miller (1976) one can decipher 

two kinds of regtulatory systems. 

i) Primary regulatory processes which are concerned with the design of the structure of the system. These are 

slow processes of long duration reflecting the positive feed backs with it. 

ii) Secondary regulatory processes which are quick but short in duration, which operate in an input-output 

configuaration in a negative feedback mode. The self-organising nature unifies both these processes. 

Here again, the instruments of operation are creativity, leadership and redundancy of potential command to 

prevent the system from settling at a wrong stable point or slowly distintegrate, losing its very existense, to the 

point of terminal death like many earlier civilisations. Creativity is to be nurtured and managers have to be 

trained to take bold initiatives and act as leaders. This is the way to reduce variety in the environment and in 

times of crisis have number of groups who can take command. There is once again a danger in this. Creative 

people are very tempermental and like to concentrate everything in themselves. Redundancy of such groups can 

easily rock the boat and disintegrate the system. It is only a great mind trained in the higher values of life which 

can save such a situation. 

Ours is a resource short economy and system. If so, can we ever hope to develop, depending on other countries? 

The answer to this question depends on what we consider as a resource. A resource is something out of which 

we produce something that people can use to support life and enchance it. One is reminded of an interesting 

story in this connection. A few centuries ago, at the site where the present Bangalore city is located, it was all 

forest and an old lady used to live in the jungle. One day, Kempe Gowda, the Chieftain of that area, went 

hunting and felt thirsty and hungry after the sport. He went in search of someone who could provide him 

something to eat. After some search he found this old lady near her hut and approached her for some food. The 

lady was poor and did not have anything to offer immediately. She, however, did not want the visitor to go away 



  

The Thirtieth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Second Indian Engineering Congress, Hyderabad, January 17, 1988 

 

 

 The Institution of Engineers (India) 
 

288 

hungry. She asked him to wait. She was very innovative. She went out for a while, brought something and 

cooked for him a spartan meal. The Chieftain enjoyed it thoroughly and asked her how she made up the menu. 

She revealed that she collected the tender grass around and properly spiced it. Kempe Gowda wondered at her 

resourcefulness. Whatever may be the veracity of the story, it only emphasises that resourcefulness innovation 

and creativity car convert anything into a resource. We have to manage it well. With the present day assortment 

of technologies, resource shortage can be an opportunity and challenge for an enterprising group. In fact, even 

now, most successful societies have the least resources of their own. Japan, Israel, Britain, Korea, Singapore, 

and Taiwan are all examples of this type. Innovation, leadership and commitment are the key. 

Do we lack these? Evidently not, our people have made their mark wherever they went, in almost all fields of 

activity. But in our country, in our own environment, they lie dormant and sum to be subdued by the 

environment. Dissatisfied, dejected and disillusioned, they seem to be reactive and not proactive. What has 

made them so? It is the pace of change, complexity of the system and the nexus between power, politics, 

knowledge and money that has created this ethos. Also, the organisation structures are archaic, rigid and highly 

formal, leaving no room for innovation. 

According to Maruyama's mindscape analysis, the natura Japanese management practices fall under sand G 

epistelomical types while American practices fall under H&I catagories. On the other hand, our natural 

management inclinations seem to be of the sand G type while we are practising H&I types due to our colonial 

heritage and attraction for the successful American practices. This dichotomy may also be one of the reasons for 

our managerial atrophy in many cases. 

H: Homogenistic, hierarchical, classificational. 

I: Heterogenistic, isolationistic random. 

S: Heterogenistic, interactive, homeostatic. 

G: Heteroqenistic, interactive, morphogenetic. 

CONCLUSION 

It is time to conclude our odyssey, the spiritual or intellectual wandering or quest for a developmental process. 

Evidently, we need development. We need a structure, a proce and an axis for it. Our way has to be clearly 

different from those of developed countries. Starting late, loaded with heavy population, we need to have a 

diferent approach, even definition, to development. Generally, development is supposed to be for fulfilment of 

needs like needs for survival, for growth, for repdroduction, for culture etc. But these are all partial. They have 

the character of desires and have no limits, which itself may limit our capability to meet them. They might even 

endanger the very survival which ts the highest need. Therefore, we propose for our country the statement of our 

needs in the form of our ancient invocation. 

„Lokasamastat Sukhino Bhavanthu‟ 

(let the whole world be happy) 

Here, 'Lokam' is the world signified by the upanishadic definition. 

Prithvi purvarupam, Dyauruthara Rupam 

Akasathsandhih, Vayussandhanam Ithyadi Lokam 

'The earth on one side and sky on the other with space viterveninq and air being the instrument of union, this is 

the world.' 

This definition has the ring of ecology and Loka also means the people constituting the world. Then Sukham is 

happiness which suggests a quality of life rather than mere material existence and its supporting needs. This 

definition is through comprehensive, more altruistic, inspiring and less individualistic and brings whole society 

into focus. This can be the axis of the process. It also seems to have the force of a mantra to tackle any 

variations and deviations. 

Since planning is an activity and a process by which the existing scenario is transformed into a desirable 

scenario, there is a need to understand the nature of the existing society, its natural laws of movement and 

transformation, and to design the interventions if possible, thereby arriving at the desirable. It can be easily 

shown that the present scenario is complex and cybernetic with feedback as the basic construct. It is a dynamic 

and large scale system. Neither modelling nor simulation are easy. In fact, the system does not yield to simple 

ways of handling. An attempt to do that takes years of effort by which time the system would have changed 

considerably. Fundamentally new and sophisticated modelling techniques are need of the hour. By their very 

nature complex systems require new logics for understanding and holistic approaches in order to comprehend 

them. The present ways of dealing with parts and sub-systems and planning individual for them, leads to 

inevitable and sure failure as has been our experience till now. Further the system seems to have gone into a 

non-equilibrium state because of the tremendous unrest in every direction. This puts our system into the class of 

dissipative structures whose basic characteristic is to attain equilibrium through a jump across the threshold of 

stability. This stability may be a stability of disintegration. The cause for this situation is the concentration of 
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money, power and knowledge in the hands of selfish lumpen groups of people whose values are anti-social, 

either consciously or unconsciously. Organised groups in government, industry, politics and education have 

cornered the benefits of the hitherto development. Fortunately, the laws of societal movements and 

transformations leave a lot of room for saving the situation if only we make the approaches as dictated by them. 

The foremost instrument of these saving instrumentalities is the human being himself. The logic of the situation 

demands that if he is not to be annihilated we must develop leaders at all levels  a leader not merely as a hero, 

but one who inspires people to aspire for be the best and noble and strives to realise the goals together by joint 

action. Creativity, innovation and redundancy of potential command have to be encouraged. The leader must 

constantly be concerned with the purposes and goals of the system and must be a symbol of the noble values. 

The steady decline in willingness to accept responsibility should be reversed into a positive urge to play his role. 

He must steer man to his original nature of balance with society and nature. Men of little mind and great might 

whose concept of good is only self betterment, whose concept of virtue is what they practice, whose philosophy 

of action is what succeeds, must be shown the back seat.  

What then are the practical steps for this: 

i) The definition of development should steer away from mere economics and should reflect broad human conce 

of happiness and world.  

ii) Short term corporate plans, middle term perspective plans and long term visions must be prepared. All of 

them should conform to the axis of our developmental conception. 

iii) Managers must become leaders at every level, motivated by the philosophy of ethical action. We must 

develop our own management practices and be ourselves. 

iv) Organisational structures must enable these leaders to make decisians. 

v) Systems and pracedures must be altered to facilitate and farce decision making. 

vi) Concentrations of wealth, pawer and knawledge must be braken and wisdam should prevail. 

vii) Organised sectars who are carnering the benefits of growth should be willing to give up their demands and 

use their strength to increase praductivity and wealth. Their motto should be 'Create wealth and share it with 

others'. 

viii) Large research must be maunted to understand the behaviour of camplex societal systems and new 

sophisticated madelling techniques shauld be develaped.  

Resource shartages will then be appartunities and not disincentives. 
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INTRODUCTION 

I thank the Institution of Engineers (India) for inviting me to deliver the 31 st Sir Mokshagundam Visvesvaraya 

Memorial Lecture. Sir Visvesvaraya was an all embracing personality to whom one could look for guidance in 

solving several problems of a diverse nature. He was an inventor, industrialist, engineer, economic planner, and 

above all, a statesman. The Krishnarajasagar scheme and Visvesvaraya Iron and Steel Works are amongst the 

outstanding fruits of his immense efforts. It is a fitting tribute to the memory of this great engineer that the 

Institution of Engineers has conducted 30 memorial lectures. I feel honoured to deliver the 31st lecture today.  

Today I am going to talk about the 'Challenges of Nuclear Power.' Mankind's experience has been that whenever 

challenges are successfully overcome, they were always accompanied by a big thrust in the direction of 

development. For example, prior to the dawn of civilization, food gathering was a challenge faced by paleolithic 

man and he developed implements to fulfil his needs. During the transition from paleolithic to the neolithic age, 

humans became food producers. Such a transformation could take place as they invented, developed and 

perfected the tools to meet the challenges of day to day life. The invention of the wheel was a technological 

revolution. The Bronze and Iron ages marked the next stages of civilization, followed by the invention of the 

steam engine which set in motion the industrial revolution. Today, we are in the age of electronics, space, 

atomic energy, and biotechnology. 

As mankind has evolved over the years, at each stage of evolution, it faced many Challenges which has to be 

successfully overcome in its quest for a better quality of life. Similarly, in today's context, a modem technology 

like nuclear energy which also contributes to our development, poses many challenges. I will therefore deal with 

some of those pertaining to safety, disposal of radioactive wastes, environmental issues, etc. It is first necessary 

to put in the right perspective the linkage of commercial energy like electricity to the development, as even 

today we occasionally hear that electrical energy availability is not linked to development. 

ENERGY IS ESSENTIAL FOR CATERING TO BASIC NEEDS 

India's population is expected to cross the 1000-million mark by the turn of the century. It is very essential that 

the developmental process ensures the fulfilment of atleast its basic needs. These are food, clothing, and shelter. 

For a solution to this basic question, we have to recognize that availability of energy plays a very important role: 

firstly, for increased food production; secondly, for boosting production of textiles to clothe people, and thirdly, 

for manufacturing building materials like iron, steel, bricks, cement for providing shelter. In all these activities, 

energy is required  be it from non-commercial sources like wood, biomass, etc or from commercial sources 

like coal, oil or gas. The very fact that the large population has access to limited natural resources, poses an 

environmental threat in the long run. If we were to continue with our present pattern of energy consumption 

wherein a major portion of the household energy needs are being met by firewood, it is only a matter of time 

that our ecosystem will collapse. It is indeed disturbing that as against a desirable forest cover of atleast 33%, 

the effective coverage available in India today is barely 10%. So the basic question arises as to how we make the 

transformation into a society which offers its citizens atleast a reasonable quality of life, and at the same time 

ensures that our ecology is not irrepairably damaged. It is in this context we must accept the necessity for a 

diversified energy base. 

ENERGY SCENARIO IN INDIA 

Need to Diversify Energy Sources 

When we examine the available options, we have to remember the present day reality: a significant portion of 

our energy supply comes from non-commercial sources. We have to shift now to commercial sources wherever 

such a shift would lessen the burden on the environment. For environmental security, it is urgently necessary to 

halt if not reverse the process of deforestation. For example, wood is used for diverse purposes such as cooking, 

as timber for industrial inputs in the manufacture of paper, board, packaging, as fuel for brick kilns, etc. 

Inundation of large areas of forest land by dams and clearing of forests for agricultural activities are other causes 

for loss of forest area. In order to protect and increase our forest cover to a mere 20%, there is a need to replace 

wood as cooklhg fuel by coke, coal, biogas, kerosene and solar energy. Such a structural change in the energy 

utilization pattern brings with it the need to diversify the sources of energy supply. 
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Demand for Electrical Energy 

Our present annual per capita electrical energy consumption is about 200 kWh as against 10000 kWh in the 

USA, and more than 5000 kWh in most of the European countries. Though the approaches to issues relating to 

energy have no doubt to be different for the developed and developing countries, we must not fail to recognize 

the fact that the percapita electrical energy consumption is one of the important indicators of the quality of life. 

While it may not be possible or even appropriate to aim for percapita energy comsumption as it exists today in 

the developed countries, achieving reasonable levels is in itself a stupendous task. Also, for a developing 

country like India, the problem of coping with rising electricity demand is aggravated by its limited natural 

endowments. The demand for electrical energy in this country is growing at a rapid pace. The Energy Advisory 

Board, in 1985, had protected a minimum installed capacity of 139000 MWe by the year 2004/2005 to meet 

electricity demands of the country, compared to the present capacity of over 55 000 MWe. Measures like 

improved power plant efficiency, reducing transmission and distribution losses, and energy conservation 

measures, can alleviate the situation only to some extent. 

Options for Electricity Generation 

Among the energy resources for power generation, coal and hydel contribute to the bulk of today's electricity 

production. The use of gas as a short term supplement to coal in selected locations has now been recognized. 

With the prospects of new gas discoveries on the west coast, it would be possible to increase the share of power 

generation through the gas route. But this again is only a short term option. Coal reserves (including proven, 

indicated and inferred) in our country are estimated at about 158 Bt, 75% of which are concentrated in Bihar, 

Orissa and West Bengal. This geographical distribution leads to difficulties in transportation of coal to power 

stations located far away from the mines. These reserves are likely to last about 150 years which is not a long 

period for this important non-renewable fossil resource. Therefore, there is a need to conserve and stretch its 

use. While the concept of locating thermal power stations at coal pit heads is economically viable, availability of 

other natural resources like land and water will increasingly become difficult with the growing need for power 

generation. There would also be a concentration of environmental pollution if all thermal power development 

were to centre around pit heads only. The problem of ash disposal and phenomena like acid rain, carbon dioxide 

build-up and greenhouse effects are factors that need serious consideration. 

As of 1987, out of 84000 MWe of hydro potential that has been identified, about 12% has been developed and 

an additional 6% is under development. Increasing the installed hydel capacity is associated with difficulties due 

to rehabilitation of large population arising out of inundation of land masses and also due to submergence of 

forest land. Moreover, most of the untapped hydro potential is concentrated in the northern and northeastem 

regions and many of these are situated in remote, difficult and comparatively inaccessible locations. 

Within the prevailing constraints, these two resources, namely, coal and hydel will continue to play a major role 

in the energy scene of our country. The other commercially viable option for bulk power generation exploited 

the world over, is nuclear energy. Nuclear power generation has proven to be environmentally benign during 

normal operations of the plant, and there are several redundant safety features provided to ensure their safe 

operation. In the long run, it is necessary to tap all the options in an optimal manner, and at the same time ensure 

environmental security. 

An Optimal Strategy for Power Generation 

As optimal deployment of commercially viable resources of electric energy, namely, coal, hydel and nuclear, 

involves the following: hydel stations at the location of the source of potential, coal based thermal stations near 

or even away from the pit heads, and nuclear power away from pit heads. In parallel, research and development 

activities on the non-conventional renewable sources of energy will have to be intensified to meet decentralised 

needs. Therefore, until breakthroughs in technologies such as solar and fusion energy and super-conductivity 

revolutionize the energy scenario, which even if it does will take several decades, nuclear power generation has 

to complement the coal and hydel sources to meet the demand. It is in this context public perceptions of nuclear 

power relating to aspects like environmental impact, safety, etc need to be addressed.  

ENVIRONMENTAL ASPECTS OF NUCLEAR POWER GENERATION 

Usage of Land, Water, and Rehabilitation of Population 

In respect of the impact due to land acquisition, the requirement of land for a nuclear power plant is much less 

compared to hydel projects and comparable to thermal power plants. For a 2000 MWe (4  500 MWe) plant, an 

area of about 1500 ha will fall in an exclusion zone of 2 km radius. Out of this area, only about 200 ha are 

needed to set up the plant buildings and structures. The remaining area within the fence of the exclusion zone is 

used for development of a green belt.  

The requirement of fresh water for a nuclear power plant is also comparable to thermal power plants. As regards 

utilisation of water, coastal sites use much less fresh water compared to inland sites. For balanced power 

development and equitable distribution, both inland and coastal sites are necessary. Another aspect of concern is 
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the impact on marine life particularly due to temperature increase resulting from discharge of condenser cooling 

water into the water body at sites adopting once through cooling system. The Department of Environment has 

specified a temperature increase limit at the point of confluence with the water body. This will ensure that 

marine life is not affected. Observations at Tarapur during its 19 years of operation as well as at Kalpakkam for 

the past few years have not indicated any adverse effect on the marine life due to the thermal plume. 

As regards rehabilitation of population, which has societal implications, the extent in the case of nuclear power 

plants is much smaller compared to hydel schemes and comparable to thermal power plants.  

Disposal of Radioactive Wastes 

Radioactive wastes from nuclear power plants are mostly of low and intermediate levels. Recognition of its 

importance resulted in our starting work in this field nearly a decade before the commissioning of power 

reactors. Treatment and safe disposal of these wastes have already been demonstrated, and facilities for this 

purpose are in operation at different nuclear installations of the country. The guiding philosophy is to 

concentrate, immobilize, and contain most of the radioactivity and discharge only those streams that have 

activity concen-trations well below permissible levels. One of the persistent criticisms against nuclear power has 

been that the nuclear industry is yet to demonstrate its ability to safely isolate the high level radioactive wastes 

generated in the nuclear fuel cycle, ie, reprocessing of spent fuel. The management scheme accepted world over 

for these wastes as of now involves solidification of the wastes into a solid form with certain desired 

characteristics, its containerisation and final disposal in a repository (stable deep geological formation being one 

option). 

The first high level waste immobilisation plant has been commissioned at Tarapur. This plant uses a borosilicate 

glass matrix for incorporation of the waste oxides. In this technology, India at the present stage, is at the same 

level of development as industrially advanced countries. As the volume of high level wastes for final disposal is 

relatively very small, the task is not insurmountable. The entire quantity of high level wastes resulting from one 

year's generation of a 4  235 MWe nuclear power station will occupy a volume of just 4 cubic metres. In 

saying this, one is not underrating the complexity of the task. Moreover, the passive nature of these wastes is a 

plus for ensuring safety. Research into radioactive waste management has been the subject of extensive, 

concerted international action and cooperation. It is essentially a technological challenge which can be 

overcome. 

Decommissioning of Nuclear Power Reactors 

The economic life of a nuclear power plant is 25 years. This does not necessarily mean that the plant will have 

to be closed down and decommissioned immediately thereafter. The plant would operate for a longer time. A 

decision to extend the plant life is taken after assessment of the performance and integrity of various 

components of the plant. 

The radioactive wastes arising out of decommissioning are similar in type to the waste generated during the 

operation of nuclear power plants. All the experience accumulated on radioactive waste disposal are equally 

applicable to those arising during decommissioning. While global experience in this field is limited, some 

facilities have undergone through various stages of decommissioning. These include the Gentilly-I in Canada, 

Shipping port in the USA, Windscale in the UK, and a few others in Europe. The challenge of decommissioning 

is essentially one of developing appropriate technology for remote handling, decontamination and volume 

reduction of radioactive equipment parts. Radiation protection standards applicable during decommissioning 

and decontaminating stages are essentially governed by the basic guidelines which apply to nuclear technology 

itself, and therefore at no stage will these prove to be an environmental hazard. We have gained enough 

experience in this area during the refurbishing of the fuel reprocessing plant at Trombay. 

Effects of Low Level Radiation 

The radiological impact of nuclear power plants is a widely discussed subject. Mankind has always been 

subjected to exposure from natural radiation sources which comprise external sources such as cosmic rays, 

radioactive substances in the ground and building materials and internal sources resulting from the inhalation 

and ingestion of naturally occurring radioactivity in the air and diet. The average contribution due to these 

natural sources is about 200 millirem/year. The natural backqround radiation differs widely from place to place.  

To give an example, a person in Andhra Pradesh is exposed to an additional dose of 70 millirem/year in 

comparison to a person in Maharashtra due to the difference between average natural external radiation doses 

alone. Compared to this, contribution from a nuclear power plant during normal operations is a small percentage 

and well within the normal variations of natural background radiation in the country. For example, in the case of 

Madras Atomic Power Station (MAPS), the radiation dose measured at the exclusion zone boundary is only 2 to 

5 milliremlyear. Environmental surveys and surveillance are carried out both during the pre-operation and 

operational stages of a nuclear power station by an Environmental Survey and Micrometeorological Laboratory 

(ESML) which is set up at each site. An area of about 30 km around the plant is covered by these laboratories. 
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Claims made about the dangers of low level radiation to human beings have not been supported by scientific 

data. As regards the effects of radiation on fauna and flora, it is a well known fact that the lethal doses for lower 

orders of organisms than mammals are of an order of magnitude higher. At the levels of discharge of 

radionuclides encountered during normal operation of the facilities, there will be no perceivable radiation effects 

on these organisms. 

SAFETY ASPECTS OF NUCLEAR POWER 

Adoption of 'Defence-in-Depth' Safety Principles  

Accident scenarios associated with an extremely low probability of occurrence are considered and studied in 

depth in the safety analysis of nuclear power plant. An in-depth programme of quality assurance and safety 

review is built into the system during all stages of setting up and operating a nuclear power reactor. Five barriers 

have to be crossed before radioactivity can escape into the environment following an accident situation. These 

are the fuel pellet, fuel cladding, coolant pressure boundary and the two containments. The last barrier, which is 

the containment system, is intended to mitigate the consequences of a severe accident, in the event of concurrent 

failure of other safety systems. Apart from these, an exclusion zone of 1.6/2.0 km radius is established where 

public habitation is not allowed and the area within this zone is acquired and fenced. Surrounding this, a 

sterilized zone in the annulus up to 5 km radius from the reactors is established wherein activities, other than 

natural growth, leading to abnormal population growth are controlled.  

During accident situations, the philosophy is one of containment. As a matter of abundant caution, to manage 

hypothetical accidents even beyond a design basis accident, emergency preparedness plans are drawn up which 

detail all the measures to be systematically implemented for ensuring protection of the public. No other industry 

is subject to such methodical review and built-in safety as that of nuclear power industry. 

The Chernobyl Accident 

The accident at Chernobyl in the USSR had implications on public opinion in several countries regarding the 

safety of nuclear power. This accident occurred when the reactor power increased in an uncontrolled manner 

during a test that was being carried out on certain electrical equipment. It was a result of certain inherent design 

deficiencies specific to that type of reactor, combined with a series of serious violations of operating procedures. 

The reactor at Chemobyl was of the graphite moderated, boiling light water cooled type. The consequences of 

the accident were aggravated by the surrounding medium of hot graphite. The 31 fatalities that took place 

included many bums, and the spread of radioactive debris were also due in part to the graphite fire. On the other 

hand, due to the inherent reactor core physics and control system characteristics of pressurized heavy water 

reactors (PHWR), which are natural uranium fuel and heavy water as moderator and coolant, an accident of the 

type that occurred at Chemobyl is not possible. The 2  1000 MWe capacity WERs proposed to be set up at 

Kudankulam in Tamilnadu with Soviet co-operation belong to the pressurized water reactor (PWR) type. Over 

60% of the nuclear reactors operating in the world today are PWRs and their record of safety and penormance 

has been good. 

EVOLUTION OF NUCLEAR TECHNOLOGY IN INDIA 

Potential of Nuclear Fuel Resources  

The uranium reserves in the country are presently estimated at 70000 t equivalent of U-308. The long range 

potential of nuclear energy in India, however, depends on our vast reserves of thorium, which is estimated at 

360000 t. The strategy for optimal usage of these resources is the first stage of PHWR using natural uranium as 

fuel which will yield plutonium for use along with thorium in the second stage through fast breeder reactors 

(FBR). In the third stage, U-233 obtained from the second stage and thorium would be employed. The third 

stage reactors could be either fast reactors or thermal reactors as breeding appears potentially feasible in both 

these systems. In addition to this, it is also possible to consider the option of breeding fissile nuclear fuel by 

bombarding thorium with neutrons in accelerators or fusion reactors (or hybrid reactors). 

The uranium reserves when used in the first stage is equivalent to about 1200 Mt of coal, and in combination 

with the second stage of the programme will be equivalent to an additional 100000 Mt of coal. In the third stage, 

thorium reserves in the country will be equivalent to 600000 Mt of coal which is about four times the country's 

present coal reserves. It is therefore seen that nuclear energy from thorium holds the potential of supplying a 

large part of our electrical energy needs at a future date. But, exploiting this potential means the challenge of 

developing a sophisticated technology. A beginning has been made in the second stage of the programme with 

the setting up of a 15 MWe Fast Breeder Reactor (FBTR) at the Indira Gandhi Centre for Atomic Research 

(IGCAR) at Kalpakkam. Design of the first 500 MWe Prototype Fast Breeder Reactor (PFBR) is also in 

progress. 

Growth of Nuclear Power Technology 

Nuclear power was ushered in the mid-sixties with the setting up of two Boiling Water Reactor (BWR) units of 

the Tarapur Atomic Power Station (TAPS), a turn-key contract executed by the General Electric Company 
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(GEC) of the USA. At that time, many considered the decision to go in for these reactors as not a wise one. 

Experience has shown it to be a wise decision, as the station has been supplying the country with its cheapest 

non-hydel power and has yielded handsome profits over the years. 

The PHWR programme began in 1964 as a collaboration with Atomic Energy of Canada Ltd (AECL) for the 

Rajasthan Atomic Power Station (RAPS). This station has two natural uranium fuelled, heavy water moderated 

and cooled reactors rated at 220 MWe each. Work first commenced on RAPS-1, followed by RAPS-2 in 1967. 

The responsibility for the execution of the project rested with the Department of Atomic Energy (DAE). With 

the experience gained at RAPS, we started work on the Madras Atomic Power Station (MAPS) at Kalpakkam as 

a totally indigenous effort. These reactors came into operation in 1983 and 1985, respectively. DAE assumed 

full responsibility for design, engineering, construction and operation of the plant. Although the basic reactor 

design remained the same as at RAPS, a noteworthy feature of MAPS was the adoption of a number of changes 

in design due to the special conditions prevailing at that site. Some of these are given here. 

(i) A prestressed concrete primary containment, secondary rubble masonry containment wall up to the dome, 

and a suppression pool system. 

(ii) Stainless steel end shields for MAPS-2 instead of 3-1/2% nickel steel used in the earlier reactors, as an 

improvement based on safety against radiation embrittlement. 

(iii) A submarine tunnel for drawing cooling water from the sea, the first of its kind in the country, to overcome 

the problem of littoral drift associated with eastem sea coast. 

(iv) An indoor switchyard to avoid problems with salt spray due to proximity of the sea.  

MAPS could well be considered as a pace setter in the technological development of our PHWR.  

When work on two reactors of the Narora Atomic Power Project (NAPP 1&2) commenced, the objective was 

one of upgrading the designs in line with the intemationally evolvinq safety standards and to cater to the seismic 

environment at the site. The NAPP design has been used as a stepping stone to build 500 MWe PHWR units, the 

designs of which have now progressed sufficiently to enable ordering of major equipment. Adoption of a 

integral reactor vessel and end shield assemblies, two independent shutdown systems, a high pressure 

emergency core cooling injection system, and total double containment with suppression pool, are some of the 

significant design improvements made in the NAPP design. Subsequent to NAPP, the Kakrapar (KAPP-1&2), 

Kaiga-1&2, and Rajasthan (RAPP-3&4) projects which also have two units of 235 MWe each, saw further 

improvements leading to standardisation. The department's programme of establishing 10000 MWe of nuclear 

power generation capacity by the year 2000 includes setting up of additional four of 235 MWe each at Kaiga, 

and six units of 500 MWe each, four at Rawatbhata (Rajasthan) and two at Tarapur. The evolution of the 

technology of PHWRs in India has been principally guided by safety, reliability and self-reliance. Operational 

experience has served as an useful guide to incorporate changes during the development of this technology. 

Apart from the programme as discussed above, in order to bridge the gap between the energy requirements and 

expected generation, a decision has been taken to set up 2  1000 MWe capacity WERs at Kudankulam in 

Tamilnadu with Soviet cooperation. The WER type reactors belong to the category of Pressurized Water 

Reactors (PWRs), a design different from the RBMK reactors at Chernobyl. These reactors will follow a 

established design which has already been developed and used, and will continue to be used, in the Soviet 

Union. We may look upon the acquisition of these reactors as in the field of aircraft, wherein we buy a Boeing 

747, Airbus, or Tupolev 154 which are standard equipments worldwide. This in turn also widens the country's 

options with regard to nuclear power generation. 

Build up of Industrial Infrastructure 

The challenges of nuclear power lie not only in setting up and operating the power plants but also in developing 

a self-reliant industry for manufacturing special nuclear materials such as fuel, zircaloy and heavy water to 

support the nuclear power programme. Research and development efforts in this regard preceded the setting up 

of nuclear power plants. India is unique in being a developing countrywhich has comprehensive capability In all 

these fields. No doubt this thrust towards selfreliance meant that we consciously chose the hard option of using 

everything made within the country. Naturally, we had to pay a certain price for it in terms of time and money. 

DAE has developed capability for mining, milling, and fabrication of uranium fuel, as well as production of 

heavy water required for the PHWRs. Uranium reserves in the ground identified todate are considered adequate 

to support a nuclear power programme of 10000 MWe. The challenge lies in prospecting and identifying 

additional deposits. Based on know-how developed inhouse, the Nuclear Fuel Complex (NFC) was set up in 

1971, as an integrated facility for the fabrication of fuel assemblies and zircaloy products. The fabrication of 

nuclear fuel is quite complex involving a chain of technologies. For example, when one discusses the 

manufacture of fuel cladding material, it is that of converting zircon sands from the beach into a very difficult 

matenal like zircaloy tubes. Heavy water plants using H2S-H2O exchanqe and NH3-H2 processes have been set 
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up. In spite of initial problems, recent operational experience of these plants indicate stabilisation and maturing 

of this technology. 

When we embarked on nuclear power development, a reasonable base for light and heavy fabrication jobs was 

available within the country for manufacturing equipment for conventional power plants, chemical and fertilizer 

plants, cement and sugar mills, machine tools and pumps. Since these industries had the basic infrastructure 

required for manufacturing nuclear components, they were inducted into the nuclear power programme. The 

primary task in inducting these industries was to upgrade them to manufacture equipment to meet the quality 

laid down by nuclear standards. For example, shops manufacturing equipment for conventional thermal power 

plants, chemical, cement and fertilizer plants had the necessary basic fabrication and machining facilities and 

experience for manufacture of nuclear components like end shields and calandria. Manufacturers of 

conventional boilers, heat exchangers and chemical plant equipment had to be qualified for the manufacture of 

nuclear steam generators and heavy water heat exchangers which call for quality control and fabrication 

standards of the highest order. In-core components like shielding and sealing plugs, reactivity mechanisms 

required expertise in heat treatment, hard surfacing of different types of alloys, precision machining and 

assembly. Some of the machine tool manufacturers were encouraged to take up this work. To start with, certain 

special manufacturing jobs like machining of end fittings and fabrication of fuelling machines were taken up by 

the in-house workshop at Trombay which is presently meeting part of the production requirements of these 

components. 

When the Indian industries first took up the manufacture of nuclear components in the country during the mid-

sixties for the Rajasthan and Madras power stations, they were new to the stringent quality requirements of 

nuclear jobs. Special assistance had to be provided to them with regard to manufacturing knowhow, special 

equipment and facilities, training of personnel, supply of materials, etc. In some cases, development contracts 

were placed with the industry. In certain other special cases, assistance in finanCing and setting up of special 

manufacturing facilities was also provided.  The industries for their part recognized that the then existing quality 

control practices were inadequate to meet the nuclear quality standards and willingly upgraded their 

manufacturing facilities, quality control departments and skills of their manpower. When the manufacture of 

equipment for Narora plant was taken up during the late seventies, the industries were still on a learning curve. 

The experience gained in Rajasthan and Madras plants could not be straightaway used for the Narora plant since 

major design modifications were made in critical nuclear components like calandria, end shields and steam 

generators. Therefore, new types of challenges were faced in the manufacture of equipment for NAPP. These 

demanded considerable development efforts that came in useful for manufacturing equipment for subsequent 

projects. 

Project Management 

The construction of a nuclear power plant poses many challenges in view of the complexity and quantum of 

work. About 15000 drawings are to be prepared and issued for a 2  235 MWe plant apart from a number of 

specifications and design manuals. This task has been achieved by a combination of in-house efforts in the 

nuclear system and use of Indian consultants in the conventional areas. Procurement of equipment involving  

placing of about 3000 purchase orders with various vendors and installation of several kilometres of piping and 

cabling are some of the statistics which highlight the magnitude of work involved in a typical nuclear project. 

In order to speed up the management of projects of such magnitude, and also to mobilise part of the required 

finance by tapping the funds available with the public, the Nuclear Power Corporation of India Ltd (NPCIL), a 

government company under DAE, was formed in September 1987. Unlike developed countries wherein nuclear 

power stations are built by private firms or consortia, in India, the DAE/NPCIL has to undertake responsibility 

for the entire gamut of designing, constructing, commissioning, and operating the plants. It is now envisaged 

that the total scope of work, to the extent feasible, will be divided into manageable supply-cumerection 

packages to reduce the number of contracts to be handled. A greater degree of mechanisation is proposed to be 

adopted. With the present trend in reduced manufacturing cycle times, we are confident of achievinq gestation 

periods of 8 years for 2   235 MWe units and 9 years for 2  500 MWe units.  

EXPERIENCE TODATE ON NUCLEAR POWER GENERATION 

Operational Performance of Nuclear Power Stations 

Our power stations have been putting up increasingly good performance in recent years. For example, during the 

current financial year till December 1988, the capacity factors achieved in respect of TAPS-1 , TAPS- 2, RAPS-

2, MAPS-1 and MAPS-2 are about 87%, 65%, 74%, 77% and 46%, respectively. During the year 1988, nuclear 

power stations supplied nearly 6 000 million units of electricity to the country, and earned revenues of the order 

of Rs 2500 million. 

RAPS-1, which essentially has to be viewed as a prototype unit, faced a difficult problem of light water leak in 

one of the end shields, and this involved very long shut down periods. Considerable efforts involving remote 

operation and associated tooling were made for sealing the leak and this rectification proved successful. MAPS-
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2 had some unusual forced outages of relatively long durations due to reasons such as turbine blade failure and a 

calandria tube leak which were successfully rectified. Continuing efforts are being made to improve the capacity 

factors of nuclear power stations and a progressive trend is seen towards this objective. 

Just as the civil aviation authorities around the world percieved the need for a global mechanism to exchange 

operational experiences for ensuring safety of civil aviation, and therefore set up an organization, ie, the ICAO, 

the nuclear power industry too has felt a similar need in recent years. It has therefore set up the World 

Association of Nuclear Power Operators (WANO), of which India has become a member. This will enable 

sharing experience about the operation and performance of nuclear power reactors on a global basis, and thereby 

enhance the reliability and safety of nuclear power stations. 

Economics of Nuclear Power Generation 

The unit energy cost for nuclear power stations includes interest during construction (IDC), depreciation based 

on 25 years life, O & M expenditure, 12% return on capital, fuelling cost, heavy water lease and loss and 

decommissioning levy. The economics of power from nuclear energy are comparable to that from coal fired 

thermal power plants at load centres. 

However, there is a view expressed by some that there are hidden costs associated with the economics of nuclear 

power. This is not true. It is also said that decommissioning costs are not reflected in the economics. In the tariff 

for sale of electricity from nuclear power plants, a levy of 1.25 paise/kWh is included, which will be updated 

from time to time, as the decommissioning cost component. For a 235 MWe unit, this component (at 12% 

interest) would accumulate to a total of about Rs 1900 million during the plant life of 25 years. 

Similarly, radioactive waste management facilities related to the nuclear power plants are included as part of the 

capital and operating costs of nuclear power plants. However, radioactive waste management associated with 

spent fuel reprocessing plant is separate, and is not included in the nuclear power plant costs. This is because, it 

is anticipated that credit will accrue for the fuel value of the plutonium that would be extracted by reprocessing 

of spent fuel, and that this would offset the reprocessing and associated waste management costs. 

One other query often raised is that of the heavy water costs not being capitalized. It should be noted that heavy 

water is a non-depreciating asset. Therefore, lease charges at the present rate of 8% per year is included in the 

unit energy cost. However, the full cost of annual irrecoverable loss of heavy water is included in the unit 

energy cost. 

CONCLUSIONS 

The priority before the country today lies in ensuring a reasonable quality of life for its masss by meeting their 

basic needs of food, clothing, and shelter. This will require enormous quantities of energy. In the long run, the 

combination of a growing population with limited natural fossil fuel reserves will continue to cause significant 

damage to our ecology, if we persist with our present pattern of utilizing energy resources. Therefore, the task 

before us is to see that we use all our endowments and not to think in terms of counting our certain options. 

Nuclear energy is already supplying over 16% of world's electrical energy needs at present, and in some 

countries it supplies over half their electricity needs. It is a proven, safe, and economically viable source of 

electric power generation and offers an option to preserve our environment and ecology. One is not prescribing 

it as the panacea for our energy problems. Rather I view it as a part of a mosaic of solutions. The need of the 

hour is to shed any unwarranted fear complex relating to the use of nuclear energy. Deciding on a solution to our 

energy problems is akin to a Hobson's choice. But fortunately, we have the ability to come to terms with the 

challenges posed by nuclear energy. Even if for arguments sake we were to give up on tapping this source of 

energy, the rest of the world is not going to do so, and all this would mean is that we would be more poorly 

equipped to solve the country's problems of poverty and development. We must put to work our endowments of 

skilled manpower, industrial infrastructure, and capability nurtured over 30 years in tapping this source of 

energy.  
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Role of Engineers as Instruments for Nation's 

Development 

Shri J G Bodhe, Fellow 

President of the Institution for 1971-73 

 

It is a great privilege for me to have been invited to deliver this prestigious, Sir Mokshagundam Visvesvaraya 

Memorial Lecture. This series of lectures was instituted at the erstwhile Bombay Centre of the lnstltution of 

Engineers (India), nearly thirty five years ago, and which was then taken up by the headquarters as an annual 

event, to enthuse wider participation and acknowledgment of the capabilities of the great engineer of our times 

Sir Mokshagundam Visvesvaraya, whose contribution to engineering has been unique and un-paralleled in the 

history of engineering in India. 

 

Uptill now, in the last thirty years, over thirty distinguished engineers of eminence, have delivered this 

prestigious lecture and included engineering giants such as Shri A N Khosla, Dr K L Rao, Shri N V Modak, Dr 

T Sen, Dr H N Sethna, Dr S L Kirloskar, Shri Raja Ramanna, Ole last lecture having been delivered by our yet 

another out-standing Fellow Dr M R Srinivasan. 

I, therefore, feel privileged to be part of the list of illustrious engineers, who have come forward to share their 

valuable thoughts with the engineering fraternity-at-Iarge, by way of delivering these lectures. 

 

The engineers are like trees, who give shelter to others, while they themselves bear the ire of the sun, and even 

the fruits that they bear are enjoyed by others, just as the fruits of the work by engineers result in larger good of 

mankind.  

The qualifications, therefore, of the engineers who contribute to the welfare of the Nation, can be seen in the 

ancient treaties by "Maymat", as under, which has identified some of the qualifications amongst others, of a 

good engineer: 

 

 

A Nation's strength, development, achievements and progress are measured in terms of a reasonable, if not 

optimum, quality of life it offers to its population by way of fulfilling the basic needs of any and every 

individual. 

The very basic needs of any living human being necessary for his survival and existence right from the very 

evolution of man to the present times, inter alia, consists of food, shelter and clothing, in the same order of 

priorities. 

Eversince the evolution of mankind began on this beautiful planet, the first need of Man for his survival was 

food, which nature was kind enough to provide in abundance to be identified by himself. The next priority was 

shelter for which the primitive mandeviced his own concepts from the then naturally available and identifiable 

materials, again provided by the kind mother Nature. As civilisation progressed, man also felt the need to cover 

his own physical self, for which too, he devised his own interpretation making use of, to start with, naturally 

abundant leaves of trees, palms and various other forms. 
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Today we stand on the threshold of the 21 st Century AD and unfortunately, for vast majority populations of 

most of the developing Nations, there is plenty left to be desired on all the above three fronts for providing basic 

necessities for human survival. On the fronts of progress, the provision or availability has fallen too short of ·the 

growth of multitudes of the population, particularly in developing and under-developed nations of this world, 

the beautiful planet Earth, which is the only fortunate one amongst all the planets in the Sun's planetary system 

to have conditions conducive to evolution, continuance and survival of man.  

To overcome this shortfall on all the three above fronts, for our great developing Nation, besides the efforts of 

all, great and enormous contribution will be required from the fraternity of engineers to meet the Challenge of 

Herculean efforts that are required on various fronts to cater to these three primary and basic needs for the 

multitudes of our underpriviledged population. These fronts, very vital to national development, include 

interalia, Energy, Fuel, Clothing material production, communication, Dams and Irrigation, Surface Transport to 

include Roads, Bridges, and the Railways, Water Transport  both Sea and River, Housing, Industrial 

production including production of basic Construction materials like Cement and Steel etc. 

Engineers are and have to be the primary contributing Instruments for a nation's development process in each 

and every of man's basic needs of food, shelter and clothing. The need to achieve minimum level of acceptable 

sufficiency for all the above three primary needs, requires application of basic and modern Engineering, directly 

and indirectly, and it is thus that the role of Engineering, fraternity becomes vital as a primary Instrument for 

National Development. 

ENGINEERS' ROLE AS INSTRUMENTS FOR RETENTION AND CONSERVATION 

Before we go into the details of role of Engineers in the Nation's Development, there is a vital function of 

Retention and Conservation. Unless we are able to retain and conserve our present stocks and resources, any 

development will not have its results registered, for, the progress made in development may as well be nullified 

by the loss of existing resources and stocks. 

Thus, apart from the Development, substantial contribution from Engineers is called for, even for retention and 

conservation. This is more so in case of a Nation like ours, which by its very natural geographical and 

topographical structural formation, is highly vulnerable to Natural calamities like Floods, Droughts and 

inundations which are not uncommon to knowledge of each of us, year in and year out.  

For an insight into this aspect, let us look at the facts of Flood Damage only, from the available data on Flood 

Control & Protection provided. 

 

It will be thus seen from the above that at the level of 1985-86 value, the cost or the outlay required for 

providing reasonable protection to one million hectares against floods, would work out to be in the range of 

Rupees line Hundred and Seventy Crores. On the same lines, if all the remaining Thirty million hectares of 

flood prone areas are to be provided reasonable protection against floods, the outlay required for the balance of 

about Eighteen million hectares will be of the order of Rupees Seventeen Thousand Five Hundred Crores at 

1985-86 price levels. 

The above gives one an insight into just one aspect of conservation and retention, which demands involvement 

of the formidable Engineering as a prelude to development.  
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ROLE OF ENGINEERS IN THE NATION'S DEVELOPMENT 

As I mentioned at the out-set, Development of any nation has to be judged from whether it offers its multitudes 

a reasonable, if not optimum, quality of life, by way of fulfilling the first and foremost need of the man for his 

survival ie Food. 

FOOD 

For achievement in the field of self-sufficiency in supply of Food, role of Engineers can not be underestimated 

being primary factor, next to the Farmer. For, considering the Geographical and Geophysical formation of our 

Nation, which though applies to almost all the nations of the World, Contribution of Engineering is primary in 

the efficient development of Food production. 

The areas calling for Engineers' contribution in the context of Food production, can be briefly outlined as under: 

Dams and Irrigation Canals, Fertilisers, Tilling and Harvesting Equipments, Food-Grains Storage, Power 

Energy, Crude Oil, Surface Transport Facilities, Communication, Weather Fore-Casting, Education and 

Awareness, Finance, and many others. 

DAMS AND IRRIGATION 

No Agriculture can proceed without assured timely supply of water required for the growth and survival of 

plantation. The water, unfortunately cannot be produced by man, and one has to depend on the blessings of 

mother-nature for the rains. However, what man can achieve, is to effectively and efficiently make fullest use of 

this naturally and periodically available primary commodity for growth of Agriculture. For this one has to 

device ways for storage and distribution of this precious commodity, Water. It is here that Engineers have to 

playa very vital role by way of prospecting the possible and potential locations for creating areas of storage vis-

a-vis tile topography of the Land, for locating Reservoirs by construction of Dams, identifying pattern of 

distribution of this stored water by distributaries ie system irrigation cannals other related works. 

Let us have a look at few of the vital statistics on Agriculture with reference to Food production in relation to 

our Country. 

A glance at the above Table 1 shows that, between 1950 and 1989, the eirrigated area has increased to almost 

three-fold. It can thus be seen that Engineering contribution has been sizable in the area of Food production by 

way Planning, Design, Construction, and Maintenance of New Water Storage and Conservation Systems and 

Irrigation Cannals, towards achieving higher and higher Food production. 

Let us have a look at the statistics of Area under, Crops and the Area Irrigated in Table 2. 

       

 

It will be seen from the above table that, whereas the percentage of area irrigated rose from 18.3% to 28.8% 

over the period of twenty years from 1960 to 1980, however the increase over a period of eight years 1980 to 

1988 is from 28.8%to 32.8%. 

Even with this, the area under irrigation remains at just over 30% of total area under crops. Thus, the situation 

calls for a very substantial contribution and participation from the fraternity of Engineers towards development 

on front of Food production towards a more efficient and fail-safe system of Dams and Irrigation. 

FERTILISERS 

A glance at the Table 1 in preceding paras shows that the Fertiliser Consumption, which was barely 73,000 

Tonnes of Nutrients in the year 1950-51, it has gone up to 94,00,000 Tonnes of Nutrients in the year 1988-89. A 

comparison between Table 1 and Table 2, reveals that the application of fertisers which was on an average 1700 

Tonnes of Nutrients per million Hectares in 1960-61, the consumption has gone up to 53,000 Tonnes of 

Nutrients per million Hectares. Even with this our imports of Fertilisers and Fertiliser materials has been of the 
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order of worth Rs 486 Crores during 1987-88. However this has reduced from Rs 817 Crores in 1980-81 to Rs 

773 Crores in 1986-87 to present Rs 486 Crores. 

This has been acheived with the contribution of various disciplines of Engineering, and still further contribution 

by the fraternity is called for, for setting up more and more Fertiliser plants, towaards development process in 

achieving self sufficiency in production of Ferilisers for higher yields and production of Food-grains. 

EQUIPMENTS FOR TILLING, HARVESTING ETC 

Every achievement towards higher yields by way of bringing more and more areas under crops under irrigation, 

and self-sufficiency in availability of fertilisers, will call for development in existing, and increasing supply of 

equipments towards mechanisation in this field. These inter-alia include Tractors, Landtilling contrivances, 

Harvesting, sifting, packaging, loading and unloading equipments, etc.  

All these call for ingenuity of the Engineering Fraternity in developments of mechanical equipments best suited 

to our local conditions and requirement of particular crop pattern. 

FOOD-GRAINS STORAGE 

Considering the fact that the agricultural production in our Nation has to rely mostly on favourable monsoons, 

by virtue of which, the expected levels of production of food-grains are unpredictable and erratic, our 

Government has taken vital steps towards building of buffer stocks during favourable years to act as stand-by 

during lean years.  

Let us have a look at tile Data on procurement, distribution and storage of buffer stocks in Table 3. 

It is mainly due to the very pragmatic policy of the Government, that due consideration was given to creation of 

buffer stocks, the Nation could tide over the diffcult periods of weak or erratic monsoon resulting in drought 

conditions in many parts of the Country in almost three years prior to the last year.  

Building up of buffer stocks again calls for multifaceted engineering in-puts in creating proper storage facilities, 

timely transportation, mechanical loading and unloading, preservation and distribution of foodgrains. 

POWER AND ENERGY 

Let us have a look at the pattern of consumption of Electrical Energy as related to our Nation: 

It is seen from Table 4 that the Agricultural sector's share in consumption of energy has more then doubled in 

1986-87, from its level in 1970-71. It is also seen that its share in electrical energy consumption has surpassed 

the combined consumption of Domestic and Commercial. 

      

 

The pattern of increasing consumption of Electrical energy in the sector of Agriculture, indicates more and more 

mechanisations by way of use of Water-pumps and allied Mechanical equipments. This can be achieved with 

greater and greater participation by the Community of Engineers in creating more and more Electrical Energy 

production and supply, as also developing and producing more and more of allied Mechanical Equipments.  

It will be worthwhile to note here that the combined consumption by Agriculture and production of Fertilisers, 

of selected petroleum products of Furance Oil and Low Sulphur Heavy Stock, exceeds 25% of total  

consumptions. 

SURFACE TRANSPORT, COMMUNICATION ETC 

It will be of interest to note from a study of the figures of Revenue Earning Goods Traffic on Indian Railways, 

that the quantum of commodity of Foodgrains transported, which was of the order of about 16 million tonnes 

originating in 1975-76, had rose to 29 million tonnes originating in the year 1986-87, which amounted to say, 

about 8% in 1975-76 to over 10% in 1986-87, of the total revenue earning goods traffic. 
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On similar lines, Foodgrains, which constituted about 15.5 billion tonne kilometers in 1975-76, in 1986-87 it 

constituted about 40 billion tonne kilometres or 18.60% of the total net tonne kilometers. Thus, the role of 

Railway Engineers directly, and other disciplines like Mechanical Engineers, Electrical Engineers, Bridge 

Engineers, Communication Engineers amongst many others disciplines is no less in the Nation's progress and 

development on the fronts of achieving sufficiency in the first and primary need of man's survival and well-

being. 

SHELTER AND HOUSING 

In the foregoing paras, we have seen the role played and required to be played by the fraternity of Engineers in 

the Nation's Development in the context of fulfilling the first and primary need for survival and well-being of 

multitudes of populations. Let us move to the second priority, Housing ie Shelter.  

No Nation's development, can be worth of mention for acknowledgment, unless it provides homes, or atleast 

provides conducive situations by way of availability of Land, Economic conditions of sufficiency, Materials, 

Knowhow, and affordable Technologies, for each one of its population to have a Home. 

Unfortunately, far from being anywhere near satisfactory, the situation on this front of Shelter is highly 

alarming, in our Nation. This, though equally unfortunate, is the situation in almost each of the developing 

Nations on this Earth, and to a limited extent, may be, in few of the developed Nations too.  

The problem of providing shelter, in our Nation, however, is so gigantic that even after considerable investments 

in the Five-Year Plans, which was of the order of Rs 250 Crores in the First Plan and Rs 2458 Crores in the 

Seventh Plan, the backlog is increasing in every successive Plan. As per the estimates of National Building 

Organisation, housing shortage in the Country, which was 15.2 million in the year 1961, stood at 25.6 million in 

the year 1986. 

IMPORTANCE OF HOUSING BY ITS SHARE IN NATIONAL INCOME 

Investment in housing forms a considerable part of a Nations economy. Let us have a look at the relevant data in 

Table 5. 

However, inspite of massive investments being made progressively as seen from the above Table 5, there 

remains much to be done towards fulfilling this one of the primary needs for multitudes of population in our 

Nation. Let us have a look at the relevant statistics in the following Table 6. 

      

 

The housing shortage, as reflected in the above Table 6, is based on the consideration that each household 

should have a pucca or semi-pucca house to live in urban areas and a pucca, semipucca or serviceable kutcha in 

rural areas.  

One of the important socio-economic scene in our country, with particular reference to our metropolitan cities, 

is that there are a sizable number of people who live in places such as: on pavements on roadsides, in hume 

pipes, under staircases, in the open, in temples and mandaps, railway platforms etc, who only are categorised as 

"houseless". The following Table 7 will give us an idea of such population. 

In the above statistics, those living in slums in urban areas are excluded from being declared "houseless". 

It may be worthwhile rnentioninq here, that a substantial portion of the exiting housing stock comprises of 

houses of varying ages stretching even beyond 60 years. Considering that a sizable stock of existing houses of 

age beyond 50 years will require reconstruction or major repairs tantamount to reconstruction, by the year 2001, 

very substantial efforts will be required to be put in for house construction.  

A Private study has shown tile requirements as summarised in the following Table 8. 
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A careful study of the Tables in foregoing paras gives one an idea of the inputs that will be required from the 

fraternity of the Engineers in achieving these goals very vital for the Nation's development.  

Let us assume that as far as Rural housing is concerned, tile methodology of housing construction will not be the 

same as in urban housing, nor the principal materials of construction, largely making use of locally available 

traditional materials of house construction. This is being assumed only for sake of simplicity, since tile trends in 

rural areas too are undergoing change and the tendancies are shifting towards more and more use of, though 

conventional, but industrially manufactured materials of construction like cement, steel, electrification, sanitary-

wares, flooring tiles etc. 

An analysis of the Table 8 above shows that with a deficit of 1.2 million houses, out of requirement by the year 

1991, the total urban housing construction requirement will be of the order of 8.0 million units by the year 1996. 

Presuming that there will be no overflow or carry-over the deficit from this period upto 1996 to tile next period, 

the new requirement of house construction during the period 1996-2001 will be of the order of 9.45 million 

units. Besides this, during the ten year period of 1991-2001, it is estimated that 21.5 million units out the 

presently existing housing stock will need substantial repairs and re-construction due to their very age, against 

their usefull serviceable life expectancy. These, only if retained, will ensure that the population occupying these 

housing units does not add load to the projected requirement of new house construction as described earlier. 

Assuming a modest figure of 50 square meters as reasonable average area, for these 17.45 million house units 

required to be constructed by the year 2001 A D, if housing is intended to be provided to each of the family in 

urban areas, the requirement of area to be constructed by the year 2001, will be of the order of 872 million 

square meters. Given will of the Government and with the involvement of Engineering fraternity from all the 

disciplines, though this figure may seem astronomical, it is certainly not unsurmountable. For ever since the year 

1956, tile Housing construction in the USSR, during each of the five-year periods has been of the order of nearly 

500 million square meters. 

In the following Table 9, let us review the requirement of basic materials of construction that will have to be 

provided to achieve this target. 

The figures in the above Table 9 gives an overall view of the inputs that will be required for manufacture of the 

very primary and basic material of construction that will have to be made available by the year 2001 A D, if 

each individual, of the urban population only, of our Nation has to be provided with a "HOME" to live in. The 

needs by rural housing, for these materials is excluded from these projections, since, it is difficult to visualise, at 

this juncture, the patterns of trends towards rural housing construction. However it can be anybody's guess, 

given the figure of rural house construction requirement in the Table 8 in the fore-going paras. 

Thus, against these partial requirement, let us have a look at the data available, about production of certain 

selected items out of the above in the following Table 10. 
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It is seen from the above that, very significant and sizeable inputs are called for, from the fraternity of engineers 

towards fulfilling this very important basic need of housing, if the aspirations of millions of our population are 

to be turned into reality in yet another of the basic need out the three ie Food, Shelter and Clothing. 

CLOTHING 

Let us now come to the third of the basic needs of human survival, ie clothing. The Government of India, having 

given due recognition to this basic necessity of our milions of underprivilleged, has worked out and adopted tile 

National Textile Policy, in order to endeavour towards fulfillment of this third and primary basic need for 

human survival, ie Clothing. 

Over the years, as scientific development has progressed, and as the production of naturally cultivable Cotton 

has been known to be erratic, it having to depend on good and timely monsoons, emphasis has been, slowly and 

slowly but steadily, shifting towards development and manufacture of man-made fibres for clothing. 

Let us have a look at the following Table 11, which gives us an idea of the trends of production of cloth in our 

Nation.  

It is seen from the above that the percentage share of man-made fibre fabrics, out of total cloth production, 

which was around 12% in the year 1970-71, increased marginally to about 14% in the year 1980-81, it 

constituted over 21 % in the year 1987-88, indicating a significant development in the current decade, and which 

will surpass a sizeable percentage share by the time the decade completes in the end of the year 1990. 

Engineers playa very dominant role, in research, development and production of the man-made fibres, apart 

from the role played by them in the overall cloth manufacture by their involvement in design, manufacture, 

installation and maintenance of textile machineries, construction of textile mills and plants for manufacture of 

man-made fibres. 

Thus, the role of engineers is no less, even in this third of the basic necessity, towards fulfillment of aspirations 

of millions of our brethren in this great Nation of ours. 

There are a number of areas where engineers contribute and have to contribute their might as instruments for 

Nation's Development, progress and achteverner.ts towards gaining higher and higher place in the/Comity of 

Nations of the World. 

It may be worthwhile to note here that for the fulfilment of aspirations of the three basic necessities of our 

millions and for the overall development, enormous production of Energy will be required. It gives us pride to 

note that. our Nation ranks 11th in the world, in electricity generation, with figure of electrical energy 

generation of 198 billion KWh against World total of 10063 Billion KWh. However, we should not be carried 

away by this, since for our Nation, the per capita Energy consumption is barely 200 kg of oil equivalent, 

compared to World's high per capita ccasurnptlon Nations with figures of: 8945 kg in Canada, 7193 kg in USA, 

6374 kg in Sweden, 4949 kg in USSR, 4710 kg in Australia, 4464 kg in W Germany, 3802 kg in UK, 3640 kg in 

France, 3186 kg in Japan and so on. 

Let us have a look, in the following Table 12, at the figures of electrical energy generation in our Nation since 

1970-71 as also the projected demand in the year 1999-2000. 

     

 

It is seen that, to fulfil the projected demand of electrical energy in our Nation, the production will have to be 

over TWICE the actual electrical energy generation in the year 1987-88, to meet the demand in the year 2000 

AD. 

To meet this development required in generation of electrical energy by the year 1999-2000, which will have to 

be of the order of almost twice of the present generation, ernphasls will have to be laid on new and non-

conventional methods of generation of electical energy. This will have to be also particularly so if we have to 

conserve most of our dwindling natural resources, and if we have to see that no sizeable disturbance is done to 

the environement. The most probable and viable alternative would, therefore, be the Nuclear Energy. This form 

of energy constitutes almost 16 % of the World's electrical energy supply, and which constitutes almost 50% in 
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quite a few Nations of the World. The share of Nuclear Energy in our Nation is a very very low at 2.3 % as per 

1987-88 statistics. 

It may be worthwhile to mention here, that this can be called a retrogade development, since the share of 

Nuclear energy in our Nation was nearly 4% in the year 1970-71. Our Nation, therefore, has to start re-thinking 

in termns of exploring posibilities for larger contribution of Nuclear energy in future generation pattern for 

electrical energy. 

In the words of my esteemed Fellow Dr M R Srinivasan, which I take liberty to quote from his 31st Memorial 

lecture delivered only last year, " .... fortunately, we have the ability to come to terms with the challenqes posed 

by nuclear energy. Even if for arguments sake we were to give up on tapping this source of enrgy, the rest of the 

world is not going to do so, and all this would mean is that we would be more poorly equipped to solve the 

Country's problems of poverty and development". 

It will, therefore, be most appropriate, that the engineering fraternity work and create an atmosphere to laying 

emphasis on tapping this very probable and practical alternative source of generation of electrical energy and 

contribute their might as yet another instrucment in the Nation's development. 

INDUSTRIAL OEVELOPMENT 

A country's development is also gauged by the Industrial production, where too, the engineers play a very vital 

role as primary instruments in progress. Let us have a look, in Table 13, at figures of industrial production of 

various Engineering Industries. 

 

It is seen from tile above that, remarkable development has taken place during the last two decades on the front 

of Industrial production, and more so during the last decade particularly, which is an indication of tile role 

played by engineering fraternity as instrument in the Nation's development and in taking it high in the Comity of 

Nations of the world. 

ROADS AND ROAD TRANSPORT 

Roads play the role of very vital link between places of dwellings, work, and industries, for people to effectively 

communicate between these places, as also enable transportation of raw materials and finished goods to-and-fro 
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between various destinations. Considering the fact that, in out country the cultivation pattern of various food-

grains and other agricultural products are at diversities over very large areas, particularly due to geographial, 

geological and climatic reasons, which are at great variance through the length and breadth of our Nation, Roads 

and Road Transportation have to play very important role. 

Table 14 will give an idea as to the role played by engineering fraternity in development of this vital necessity, 

particularly in the last two decades.  

RAILWAYS 

Railways have been, and even in present context are, the most commonly used transport system, may it be for 

carriage of passengers, carriage of Goods to include agricultural products and variety of industrial raw materials 

and finished goods, coal, fertilisers etc etc the list would go endless. 

Railway engineering encompasses almost every discipline of engineering, to quote a few, Mechanical, 

lnoustrtal. Electrical, Electronics, Telecommunications, computational, and the most important of all, civil 

engineering to include planning, construction, tunnels, bridges, structural, etc. 

Let us have a closer look at the following Table 15 to have an idea of importance of this. 

      

It will be obseved that, though there is not much Tractors of development, in increasing total route kilometres 

over the period of last twenty years, a significant development reflected from the above Table 15 is that Indian 

Railways are on definite and set path towards modernisation. It is seen that, during the last eighteen years or so, 

the electrified kilometers have almost increased three-fold compared to the situation in 1970-71. 

The following Table 16 will give an idea of the growth of passenger trafic on Indian Railways. 

 

It will be seen that earnings from Indian railways forms a sizeable contribution to growth of Indian Economy, 

and as described above, the contribution from the engineering fraternity in this vital activity is no less. 

BRIDGES 

It is a common knowledge that. Bridges are the vital necessity, for both, Roads and Railways. Significant 

development has taken place in the sphere of bridge design and construction. Englneers in our Nation have not 

lagged even slightest in keeping pace with the technological advances in the world. As a matter of fact, Indian 

engineers have at times, proved fore-runners in development of innovative bridge design and construction 

techniques.  

It gives us pride to note that many of our Indian engineers have bagged contracts for construction of bridges 

overseas, and in the process, besides earning pride and laurels for Indian engineering fraternity as a whole, also 

earned foreign exchange, in the efforts towards strengthening the nation's economy. 

AEROSPACE, REMOTE SENSING AND SATELLITE ENGINEERING 

The world, today, stands on the threshold of Twenty-First Century and it is heartening to note that, the explosion 

in technological development, particularly in the last two decades, has opened up vast areas of information 

gathering for the benefit of mankind by way of development of remote-sensing satellites, aerospace engineering 

and advanced electronics and communicatinns. 

Remote sensing techniques have been a boon to mankind and it is contributing in the development process by 

way of collection and transmittal of data for compilation, which can help to pre-identify impending natural 
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hazards like Earthquake, Flood, Rainfall and draught, Landslides etc. This can also help study the sub-structure 

of Earth, to reveal a pandora of information, likely to go a long way in a Nation's development and crospenty. 

Electronics engineering plays a vital role in the context of Stellite and Remote-sensing techniques, once 

aerospace engineers have succeeded in launching of satellite through satellite launching systems. 

COMPUTERS AND COMPUTATIONAL ENGINEERING 

Computers and Computational engineering have come to stay, for this present fortunate generation, which is 

helping in vast areas of application, like Medical diagnosis and cure, Engineering of practically all disciplines, 

data collection and analysis in all fields of human activity etc. It is through the application of precise and 

accurate calculations of multidimensional and multi-degree nature that remote sensing data gathering, 

interpretation and their analysis can be possible, to the advantage of the mankind. It is, again this capability, that 

the satellite engineering could succeed and see the light of the day. 

It is the development, in recent times, of the microchip, a wonder name in electronics and computer engineering, 

which has done marvels. For, to-day's micro frame computers have computational capabilities, which were 

available only on maxiframes just a few years ago. 

Thus the contribution of fraternity of computer engineers, if not primary in present context, is no less, as one of 

the main instruments in nation's overall development, progress and prosperity.  

ENVIRONMENTAL ENGINEERING 

Any development process is always coupled with change being effected in the original environment of the earth, 

from the time immemorial, eversince the mankind came into existence. It is, though, a sad story, when day in 

and day out, a hue and cry is being raised against any developmental activity, in the name of environmental 

protection. It may be, for providing housing for millions of our houseless, or creating new water storage and 

irrigation facilities by constructing Dams distribution canal system, or construction of Atomic power stations, 

Industrialisation and the list would go on and on. 

No development process activity can be embarked upon and so no development can be expected, if for any such 

projects, serious misgivings are raised right in the formulation stage, in the name of disturbance to environment. 

Further, no development worth its name can be achieved if we were to restrict to the status-quo, which would 

have existed prior to it. The very evolution of mankind over the time immemorial has been a process of 

development. Had the primitive man, also subjected him to the same stigma, may be billions of us on this planet 

would not have seen the light of the day and all this talk as also this very address of mine would, perhaps, have 

had no origin. Disturbance to environment has to be accepted as a corrolary to development. 

What is necessary is a positive approach, in that, in the process, we do have to effect changes in the 

environment, but see to it that we do not inflict on the Natural balance. 

Thus, the theme, with regard to environment, in relation to development should be- "Do Effect Changes But Do 

Not Inflict". Given the will and sincerity of purpose, Engineering fraternity can certainly and should come to 

play its role in this context, by devicing, suggesting and re-creating the balance of the environment, which is 

required to be disturbed, may be temporarily, to enable the development process to continue. For, devetoprnent 

is the basic key to human survival, sustenance and progress. Let the environment be for mankind and not the 

mankind for the environment. The balance required to be disturbed for development can be re-established in 

various other forms, given the will, as I have said earlier, and with the involvement of the enqineering fraternity, 

amongst others. 

Besides all these, engineers have been one of the primary instruments by virtue of their contribution in foreign 

exchange earnings for the Nation, by way of directly and indirectly contributing to exports in various fields, 

which include Civil Engineering construction, Industiral Machinery & Equipments, Engineering Knowhow etc 

etc, which is a significant contribution towards the Nation's development. 

There is, probably, no activity, where engineering is not involved, directly or indirectly. It may be Agricultue, 

Industrial growth and production, Communication, Transport may it be surface transport or water transport 

including shipping or air transport, and even Medical in view of latest developments in diagnosis and treactment 

of diseases and cure of the needy. 

In view of the formidable role the engineers will have to play, in the coming years, towards their contribution as 

Instruments in the Nation's development, a substantially large number of engineers, both Graduates and 

Diploma qualifiers as also engineering technicians will be required in years to come, than their present stock. 

To get an idea of the need for sizeable increase in creating engineering education facilities, let us have a close 

look at the statistics in the following Table 17. 

A comparative study of statistics as of 1985, reveals that the number of engineering degree holders in India were 

nearly 375000 out of a total of graduates of the order of 8933000, i.e. just constituting about 4% and being only 
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marginally over the figure of Medical graduates numbering nearly 270000. It also reveals that. out of the total of 

390 lakh under-graduates, engineering diploma holders constituted little over 5.5 lakhs i.e. about 1.5%.  

 

A great thrust, is thereforce called for in creating substantially large opportunities for engineering education 

allover India, and the pace of increasing such facilities, as reflected from study of tile above Table 17, needs to 

be kept up. 

As seen the foregoing paras, we can gauge the importance and extent of contribution, that engineers in all fields 

have made and will continue to make. It will, therefore, not be improper to expect recognition of the engineers' 

contribution by tile society, politicians and the Government itself. 

Although, the engineers have played extremely important role in the development of the Nation, they are not at 

all represented at the policy-making for a, and at the highest legislative body viz Parliament, where they can 

directly contribute in the vital decisions for the progress of the Nation. This a serious lacuna, which can be 

rectified by tile the society and the Government. 
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The Challenges to Engineering in Making Nuclear 

Energy Safe and Acceptable 

Dr P K Iyengar 

Chairman, Atomic Energy Commission 

 

INTRODUCTION 

Sir Visvesvaraya symbolises the courage of the Indian mind and its capability to make contributions to national 

development through design and implementation of large engineering projects pursued in a self-reliant manner. 

Sir Visvesvaraya gave a new dimension to Indian engineering, Indian engineering community has come of age 

and it, therefore, becomes important that it takes stock of its achievements and failures and prepares itself for 

meeting the future challenges. Meetings like the one being organised today could well be the fora tor such 

introspection. 

Concept of development may vary. The mix of heavy industries, large scale projects, industrial development 

which promotes consumerism, etc is debatable. It has to be determined by socioeconomic objectives for national 

development as also the influence from developed societies. However, a valid development model would have 

to contend with meeting the minimum needs of the Indian population for adequate standard of living. Such a 

development process would become even more complex when it has to take into account the growlrlg 

population, diminishing resources and me need to minimise environmental burden. Some of these issues have 

global dimensions. 

Apart from engineering, considerable technological inputs are also required tor development. While we may not 

have much of a problem in matching the engineering Deeds, the same cannot be said for technology. In the 

present era of fast communications and information explosion, the pressure of foreign technology on a society is 

a factor that one has to live with. While this is a much large issue with involved and far reaching consequences, 

indigenous development of our own technology based on our own resources and local conditions is an aspect 

that cannot be lost sight of for establishing a less vulnerable socio-economic system. 

In recent years a new trend seems to be emerging. While exchange of technology has generally been governed 

by economic forces, the potential of technology in generating national military strength and the desire to 

preserve certain high technology to one's own advantage has let to restrictions on free flow of technology on a 

selective basis. The regime of these restrictions seems to be expanding rather fast in recent times as it is also 

affected by economic considerations. This leads to a virtual denial of the benefits of advanced technologies for 

the less developed countries. We, in the field of nuclear energy, have been experiencing such restrictions in our 

development efforts right from the beginning. Of late we also see similar situations in other spheres such as 

aviation, space, electronics, computers, etc. 

Global concerns relating to environmental protection are also leading to false alarms and restrictions. One can 

see international pressure developing in banning or restricting the use of some of the older technologies on 

grounds of their global environmental impact. Some items very crucial to development such as coal fired power 

generation, pesticides, fertilizers, CFCs, etc are' some examples which come to mind in this context. These are 

the very technologies which the developed countries have used for decades. Restrictions in use of such known 

technologies, many of which are already available in developing countries would only mean a much greater 

strain on developinq economies by deployment of technologies many of which are new even in toe western 

world. This clearly is a process with tremendous opportunities for western countries and much greater 

difficulties for development of weaken societies. 

This then is the set up in which the scientists, technologists and enqineers of lndia have to find ways of meeting 

the Challenge of national development in the years to come. Here again indigenous development would appear 

to be a direct way of meeting this challenge economically.  

Ours is a country with large population. Clearly any development programme creates a much large market here 

with attendant impact. This could be used as an incentive to develop appropriate technology for domestic use 

and for exporting it to other developing countries. Given the right emphasis, environment and policy directive, 

this is achievable. 

Atomic energy is one of the very few areas in which our country is regarded as one of the advanced countries in 

the world. In this field the importance of a self/reliant indigenous programme was recognised right at the 

beginning. I have personally been involved in use of nuclear energy in India for more than three decades. I think 

it would be useful to share with you some of my perceptions regarding the role that nuclear energy can play in 
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our national development and Challenges that the engineering community must meet in making this important 

energy resource more safe and more acceptable. 

ENERGY SCENARIO 

Energy forms a primary input in any development process. As ceveropment proceeds, share of electrical energy 

in total energy consumption mcreases. This is Hue everywhere as can be seen from Table 1. It also suggests that 

growth in electricity generation capacity is expected to be maximum ill our part of toe world. It is well known 

that the per capita electricity consumption is directly linked with the quality of life in a society, In our country 

the annual per capita electricity consumption, is currently around 200 kWh as compared to around 10000 kWh 

in the USA and more than about 5000 kWh in European countries, Considering the need to improve the per 

capita electricity consumption to a rndoest level of 1500 kWh and also taking into account the growth of 

population, the electricity demand has been estimated to be around 175000 MWe by the year 2004-05 by the 

13th Electric Power Survey Committee. This demand when extrapolated to year 2020 would amount to around 

450000 MWe (0.45 TWe). Despite the considerable thrust that we must provide for, development of renewable 

energy sources, the fuel for bulk electricity production would still be largely depletable. In Indian context this 

means either burning of coal or using nuclear energy as can be seen from Table 2. Which lists all our energy 

resources. Apart from the problem of depletion of coal, there is also a question of carbon burning which bas 

direct impact on global warming. On account of large growth rate in electricity demand. we are likely to be one 

of the largest contributors to green house effect. In the matter of long range energy production strategy, we must 

also maintain certain amount of flexibility. In view of the limited choice that we have. For long term bulk 

electricity production and our ever growing needs we have no option but to deploy both coal fired power units 

as well as nuclear power units. 

       

 

As is well known we have considerable reserves of Thorium and somewhat moderate Uranium reserves. This is 

more or less reverse of the global situation. As can be seen from Table 3, our need to develop nuclear power 

technology based on Thorium is more that most countries capable of indigenous nuclear power development. 

The nuclear power development strategy that we adopted had thus to take into account this important aspect and 

we cannot allow ourselves to drift away to follow the world trend. We must recognise that use of Thorium is not 

a priority matter for world at large. For us it is, While we can derive maximum help from international 

developments we have to supplement these considerably by indigenous efforts If we have to achieve our 

objectives in the time frame consistent with our needs. 

BREEDING OF NUCLEAR FUEL 

An interesting feature of fission process is the following. Although we talk of Uranium and Thorium as nuclear 

fuel materials, the process of fission which produces energy can take place only in one isotope (Uranium-235) 

which constitutes barely 0.7% of Uranium available in nature. However, the same process of fission produces 

neutrons which not only help sustaining the fission chain to provide continuous energy production but also 

interact with the remaining part of Uranium (Uranium-238) and convert it into Plutonium-239 which is 

fissionable. A nuclear reactor thus not only produces energy from fission but also produces additional materials 

which are fissionable and can produce more energy (Fig 1). 
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Thorium, as it occurs in nature, does not contain any fissionable part, However, just as Uranium-238 can be 

converted to fissionable Plutonium-239. Thorium can be converted to fissionable Uranium-233 by absorption 

0.1 neutrons, In the context of energy potential, the amount of fuel that gets converted is also important. This 

depends on the reactor type. With thermal reactors, one generally produces somewhat smaller quantity of fissile 

material as compared to quantity of fissile material consumed. Thus, the amount of fuel (Uranium or Thorium) 

that can be burnt would be higher with hiqher ratio of conversion to fissile material. As this ratio becomes one 

or slightly greater, one achieves the ability to burn the fuel fully. In this way all Uranium and Thorium available 

in the country can be used for energy production and is equivalent to around 700 billion tons of coal. Clearly 

this constitutes an energy source of a magnitude considerably greater than our coal reserves. 

Achieving a conversion ratio near unity is not a problem with Thorium-Uranium-233 fuel cycle. However, this 

requires large quantities of Uranium-233 to be produced. Since Uranium-235 present in our natural Uranium is 

the only fissile material inventory available with us, the real challenge is to multiply this fissile material 

inventory as fast as possible while producing electricity at economically competitive cost. For achieving the 

capability to breed more fissile material than what is consumed, we need the fast breeder reactors which yield 

higher breeding ratio (ratio of fissile material produced to fissile material consumed). The same parameter can 

also be visualised in terms of doubling time which means the time for doubling the fissile material inventory. 

Thus, with a doubling time shorter than the doubling time tor growth of installed generation capacity, it should 

be even possible to match the total demand for electricity generation while the process of multiplication of 

fissile fuel inventory is on. This has been the basis of our three-stage nuclear power development strategy which 

was identified right in the beginning of our nuclear power programme. Briefly, these stages are shown in Fig 2. 

(a) First stage of setting up of Pressurised Heavy Water Reactors, which use natural Uranium most efficie.n.tly 

and lead to production of maximum quantities of Plutonium. 

(b) Second stage of Uranium-Plutonium based Fast Breeder Reactors which can multiply fissile material 

resource base tastest and also produce large quantities of Uranium-233 particularly in the later phase of this 

stage, and 
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(c) Third stage of Thorium-Uranium-233 based reactors. 

The reactor system in particular and the entire nuclear fuel cycle operations in general must satisfy the criteria 

related to economic viability at all stages. The challenge to our scientific and engineering skills lies in 

developing the requisite technology to realise the above programme while meeting the demands for production 

of electricity through this route in a safe and economic manner. All of us in the atomic energy community feel 

justifiably proud of having come a long way on this path based on our own indigenous efforts. 

THE NUCLEAR POWER PROGRAMME 

The Indian nuclear power programme started in 1969 with commissioning of two 210 MWe boiling water 

reactors at Tarapur under a turnkey contract with Mis General Electric Co, USA. The decision to set up these 

reactors with foreign assistance was primarily aimed at demonstration of commercial viability of nuclear power 

generation under the conditions prevailing in the country. These reactors have demonstrated economic viability 

of nuclear power by providing the cheapest electricity in the region. The reactors are still performing well but 

are now being operated at a lower power level of around 160 MWe, each on account of isolation of its 

secondary steam generators. Based on the technical assessment as of now, it is expected that TAPS reactors 

would continue to perform well for many more years though life assumed for purposes of economic calculations 

would be over soon. 

Around the same time detailed studies were carried out to identify the right type of reactor system consistent 

with our resource profile. Pressurised Heavy Water Reactor, which was developed in Canada was chosen for the 

first stage of our nuclear power programme on account of its favorable characteristics related to most efficient 

use of natural Uranium and possibility of its indigenisation.  The first two units of this type of reactor, each rated 

at 220 MWe, were set up at Rawatbhata in Rajasthan in collaboration with Canada. The design of these reactors 

has seen progressive modifications in terms of level of indigenisation as well as in terms of safety 

improvements. As of now, two more reactors at Kalpakkam and one at Narora, each of 235 MWe rating have 

been made operational. The second unit at Narora and the first unit at Kakrapar in Gujarat are nearing 

completion. Five more units of 235 MWe rating are in various stages of construction at Kakrapar, Kaiga and 

Rawatbhata. These reactors are fully indigenous in all respects with the import content restricted to special 

hardware and materials not made in the country. These amount to less than 10% of the cost.  

Simultaneously, with the setting up of 235 MWe reactors, the design work on 500 MWe reactor has been 

completed. These units are expected to be set up at Tarapur and Rawatbhata. Fig 3 shows the power programme 

at a glance. 

     

While the first stage of our atomic energy programme, which comprises of pressurised heavy water reactor, is 

now well underway. Good progress has also been made in developing the fast breeder technology which would 

constitute the second phase of our programme. The fast breeder test reactor has been set up at Kalpakkam. The 
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reactor is fuelled with indigenously developed Uranium-Plutonium carbide which is an advanced fuel deployed 

for the first time. This type of fuel can enable a much shorter doubling time. The reactor will give· valuable 

experience on liquid metal fast breeder reactor (LMFBR) technology. The design of a much larger reactor (500 

MWe) has also been completed. The development of technology related to large, size LMFBRs is also being 

pursued actively. 

Use of Thorium constitutes the main theme of the third stage of our proqramrne. Apart from a number of studies 

related to use of Thorium, various development activities such as fabrication of Thorium or Thorium based fuel 

elements, irradiation of Thorium, reprocessing of irradiated Thoruim and separation of Uranium-233 have been 

pursued actively for a number of years. Using Indigenously produced Uranium-233, critical assemblies such as 

Purnima 2 & 3 have been built and experimented upon. A larger (30 kW) KAMINI reactor based on Uranium-

233 would soon be commissioned at Kalpakkam and would provide a useful neutron source for experimental 

purposes including applications such as neutron radiography of irradiated fuel elements. Based on the 

experience developed so far it is now time that we make a beginning on the design of a power reactor based on 

Thorium. A preliminary design of reactor of this type has been worked out. 

PUBLIC ACCEPTANCE 

Development of nuclear power bas been received differently in different countries. On the one  side we have, 

examples of countries like France, South Korea, FRG and Japan who have made tremendous progress in 

exploitation of nuclear power. On the other side we also have examples of countries lilse Sweden and Italy 

where there has been a considerable slowing gown of the, nuclear prcqramrne. It is necessary for us to 

understand these trends so that we come to rational conclusions about our own programme. On a closer look at 

the giobal situation It would appear that while the developed countries have already built a large nuclear power 

base (Table 4), their additional demand is almost at a saturation level. Whereve·r this bas not been the case, and 

where alternative resources are not easily available, the development of nuclear power is still in progress. There 

is, however, no doubt that there is some concern in Public mind on safety of nuclear power. Accidents at Three 

Mile Island and Chernobyl have added to this concern. 

 

Safety has been one of the most discussed and researched topics in any programme related to nuclear energy. 

Perhaps there is no other branch of science and technology with such strong emphasis on safety. Although this 

effort has led to an Objective assessment of all aspects related to nuclear safety, there still appears to be some 

need to bridge the gap between perception of acceptable risk as seen by scientific workers and as seen by 

members of the Public. Regardless of their lack of validity on objective scientific groundS, arguments made by 

members of the public with regard to what they consider an acceptable or unacceptable risk must be understood. 

Development of a technoloqy brings with it great benefits to mankind. Often these benefits are accompanied by 

an element of risk, Usually, because of a quantum jump ill the benefits that the new technology brings, tne 

associated element of risk (when viewed in tne context of risk-benetit analysis) is acceptable. This certainly bas 

been the case with nuclear energy. There are, however, some low-prcbabiuty/hfqh-consequence scenarios that 

pose problems of acceptability, particularly during toe initial stages of introduction. This may be because of 

inadequate familiarity with the, new technology, which leads to fear ot the unknown, and because of the 

possibility of a higher level of consequence (even of a much lower probability) that may have to be faced. 

Examples of such situations can be seen with every major technology that has had an impact on society. The 

initial responses of society When steam locomotives or major hydropower stations arrived on the scene are 

examples of this phenomenon. The scientifically accepted definition of risk is the probability of occurrence 

multiplied by consequences of the particular occurrence. Reduction of risk through reduction of probability of 

occurrence, of the accident, however, is somewhat difficult for the general public to appreciate. Confidence, in 

such comparisons can be more easily generated after the society has seen the technology deliver goods over 

signiticantly long periods. 

Recent discussions related to global warming as a result of green house, effect have, raised a lot of questions 

about large scale electricity generation based on burning of coal. Consequently, there are positive indications 

now of many countries such as Sweden and USA rethinking about nuclear power favourably. Since we, in India 

have no choice but to produce more energy to sustain even the minimal standard of living, our options are clear. 

Moreover, it is a challenge to our power engineers in general and nuclear power engineers in particular: to 

demonstrate, to our society that we can proceed on the path of development without in any way causing 

unacceptable, risks.  
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Our society must understand that growth in electricity generation capacity is closely linked with our long term 

survival and we cannot afford to emulate the anti-development philosophy of some sections of the rich Western 

societies who are already at around 25-50 times higher than our level of per capita electricity consumption. 

Certain misconceptions in the minds of public must be removed. It must be clear that a nuclear reactor cannot 

explode like a nuclear bomb. Similarly, it must be clearly understood that nuclear waste about which there is 

often some concern expressed, involves small quantities (Table 5) and effective engineering means are available 

to manage it over long periods of time. India again happens to be one of toe few countries ot the world who 

have, made considerable technological advances in the field of high level waste management. Often a concern is 

expressed about radiation around nuclear power plants. 

Here again quick IDOk at Fig 4 would show that the radiation level around power stations is much smaller than 

even variation in natural radiation level inl different parts of our country. 

       

PRESSURISED HEAVY WATER REACTOR 

A nuclear power station is very similar to a conventional power station as far as turbine, generator, condenser, 

etc are concerned, The boiler in a conventional power station which raises steam by burning coal is replaced by 

a nuclear reactor which raises steam through supply of heat from fission ot nuclear fuel. A schematic diagram of 

a power station based on Pressurised Heavy Water Reactor (PHWR) is shown in Fig 5. The reactor uses natural 

Uranium fuel bundles (Fig 6) which can be loaded and removed from the, reactor by sophisticated on-power 

fuelling machines. The energy liberated because ot fission heats up the fuel bundles. This heat is transferred to 

heavy water coolant which is Circulated through the, reactor by the primary heat transport pumps. The hot 

heavy water coolant in turn exchanges its heat with ordinary water in the steam generators thus raising steam 

which is used for driving tile turbo generator. 

      

Just like any other nuclear reactor, pressurised heavy water reactor also incorporates a number of safety features. 

Apart from the systems for regulation and control of the reactor, dedicated safety systems are provided for 

shutdown of the reactor, removal of decay heat from the fuel which continues to be liberated at a smaller rate 

even after shutdown of the reactor and mitigation of accidents. These systems are designed with substantial 

redundancies to ensure high reliability of performance, To prevent escape of radioactivity, multiple barriers are 

available between the fuel and the environment. A hermetically sealed containment is provided around toe, 

reactor as a final barrier to prevent escape of radioactivity. The above features are common between the 

pressurised heavy water reactor and other reactor types. Further, the PHWR system has the following important 
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distinguishing features which enhance its safety. Due to availability of on-power refuelling, the PHWR system 

can be maintained with much lower excess reactivity in the core. Toe reactivity control devices of this reactor 

have low worths and are located in low pressure, low temperature environment thus precluding reactivity 

transients of any consequence. The low excess reactivity along with relatively longer prompt neutron life time as 

well as the presence of delayed photo neutrons also results in considerable slowing down and early termination 

of any potential power excursion. The other feature of this reactor system which leads to increased safety is the 

existence of low temperature moderator as well as vault water within and surrounding the reactor core which 

can result in an alternate heat sink and heat removal path. This ensures limitation of consequences in case of any 

unlikely problems related to core cooling. Even though the choice of PHWR system has been a good one, we 

have been continuously making improvements in this reactor to make it even safer. As an example, progressive 

improvements in the containment system can be seen in Fig 7. Starting with a single contamment at Rajasthan 

we nave now evotved a design of full double containment which would be employed lor all future PHWRs. As 

detailed study of PHWR system in the context of public safety has revealed this reactor to be one or the sater 

reactor designs as compared to vanous reactor designs currently being used. Initial studies done by our scientists 

and engineers have also snown that even with the worst possible accicent postulated, regardless of its low 

probabuity of occurrence, it is perhaps possible to demonstrate that there would be no impact in public domain. 

If this can be done it would be a big step in the direction of improved public acceptance. Detailed evaluations 

and certain, engineenng changes In terms of fail safe containment isolation devices need to be worked out to 

achieve this. 

 

Just like any other plant, a nuclear power plant has a life. Ageing of plants is due to wear and tear, corrosion, 

material degradation and damage due to factors like fatigue, creep and environmental effects, radiation 

environment and its damaging effect being an additional factor specific to a nuclear plant. Life of these plants 

can be extended by replacing worn out or damaged parts and decommssioning is done when it is no longer 

economically viable. Since the reactor core components become radioactive and are located in inaccessible 

areas, their maintenance and replacement is a little more involved requiring special remote and robotic 

techniques. PHWR has considerable advantage over other commercial reactor types on account of its lighter 

construction. For example, the pressure tube in a PHWR which terms the coolant system boundary can be 

replaced more easily as compared to a pressure vessel which in large commercial reactors would be impossible 

(in the economic sense). As a result, it should be possible to achieve greater degree of life extension in PHWRs 

as codmpared to other commercial nuclear reactors. The Canadians are already talking about reactor life to the 

extent of 90-100 years tor their latest designs. Surely this is an area where ow engineers should take up the 

Challenge which will involve work in material science, engineering mechanics, reactor engineering, special 

machine building, robotics, etc. 

There is considerable scope for bringing in new technologies with a view to further improving performance and 

safety of our reactors. With rapid developments taking place in the area of computers, electronics, robotics and 

new materials, there are many possibilities for better operator support, for minimisation of system down time 

and for enhancement of safety. 

Nuclear power reactors, just as any other plants, need repair and maintenance support. On account of radiation 

and geometrical configuration, a number of locations In the reactor are not easily accessible. Special techniques 

are therefore necessary for repair and maintenance, in these areas. Considerable expertise and experience have 

been accumulated while working with the operating reactors. 
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Large scale engineering projects including nuclear power projects are necessarily capital intensive. It is, 

therefore, necessary that these, projects are completed with minimum delay. The delays, particularly towards 

later phases of project, have particularly adverse impact on the economic viability of the project. Management 

of these projects is therefore an important element in the success of the overall programme. Considerable 

improvernents in terms of greater degree of mechanisation, design changes to enable more, flexible equipment 

delivery schedule, etc have already been effected and are showing good results. There are, however, scope and 

need for further improvement. 

FAST BREEDER REACTORS 

The first stage of our nuclear power programme is now well underway with commercial scale activities in full 

swing. As I mentioned earlier, the nuclear power programme has to be taken to its final goal of large scale 

Thorium exploitation through economically viable activities. The second stage based on fast breeder reactors is 

the next step which has to be developed for full scale oommercial exploitation. This starting point is the 

experience base that we have generated with regard to design, construction and operation of the Fast Breeder 

Test Reactor at Kalpakkam. Considerable design experience bas also been accumulated in terms of design of 

500 MWe, Prototype Fast Breeder Reactor (Fig 8). 

 

These reactors need to operate at high power densities tor economic reasons and hence the use of sodium as 

coolant. The use of sodium as coolant also enables operation at higher temperatures of around 500-550°C as 

compared to around 300°C in PHWRs. Again because of sodium coolant, the system is not required to be 

pressurised to prevent boiling of coolant. The liquid metal fast breeder reactor technology is thus characterised 

by high fast neutron irradiation, high temperature and sodium handling/compatibility. Requisite technologies for 

material and tabrication have to be, development to a level of large scale industrial activity. The dynamic 

equipment like pumps, control rods, fuel handling equipment which have to work in sodium environment are 

also speciality items and would need considerable engineering development efforts. 

Development of technology for fast breeder reactors is required to be completed on priority as this holds the, 

key to launching the, commercial scale activity in the second stage. We must also quickly demonstrate 

successful prototype, of fast breeders.  

Once the liquid metal fast breeder technology is mastered, one can take up construction of a series of such 

reactors based on Plutonium obtained from the PHWR programme. Now that the PHWR programme is well 

underway, it would be possible for us to fuel a large number of FBRs from PHWRPlutonium itself. While this 

will enable augmentation of nuclear power contribution which we must achieve without delay, we must also in 

parallel work on fast reactor fuel cycle which would enable shortest possible, doubling time. Development of 

carbide fuel for FBTR is a demonstration of our capability in this area. We need to develop the advanced fuel 

cycle capable of short doubling times before Plutonium feed to fast reactor programme from PHWRs starts 

running out. 
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Fast reactor designers would also have to address safety issues of topical importance from time to time. The 

debate in the context of thermal reactors should be taken advantage of, to generate enough information on safety 

related issues that may arise in the context of fast reactors. In view of extremely good natural convection 

capability, large thermal inertia and possibility of building in strong negative temperature coefficient as well as 

incorporation of passive shutdown devices, it is possible to realise a safe fast reactor. 

THORIUM UTILIZATION 

As mentioned earlier considerable ongoing work in the overall context of Thorium utilisation is being pursued. 

Once our natural Uranium supplies as feed to PHWRs start running out, there may arise a need for Plutonium 

recycle in thermal reactors. This would of course depend on the progress we make on the fast reactor front 

which is our priority. In view of our limited fissile material inventory, we must evaluate various options for 

plutonium recycle, should it become necessary. Our long term interest in Thorium, possibility of Plutonium 

recycle and need to conserve fissile inventory base necessitate design of an advanced heavy water reactor. This 

design must also take note of evolving trends in reactor safety, need to minimise capital investment and need to 

deploy them fast. A preliminary design which would enable these objectives to be achieved has been worked out 

and is being evolved further.  

Hand in hand with reactor design we must also actively pursue programme in the area of fuel development, 

Thorium irradiation, reprocessing for Uranium-233, etc on a continually increasing scale without in any way 

jeopardising the commercial PHWR programme. All situations where Thorium can be irradiated without much 

of disadvantage must be, exploited. Initial power flattening in fresh PHWR cores, irradiation of Thorium in 

adjuster rods and on once through basis in dedicated channels in PHWRs, irradiation of Thorium in research 

reactor, etc are a few examples where significant quantities of Uranium-233 can be produced without too much 

penalty. 

FUEL CYCLE TECHNOLOGY 

Simultaneously with work on reactors, development of tuel cycle technology also has to be pursued. Here again, 

we are among a few countries of the world who have mastered the technology for the entire fuel cycle as far as 

first stage is concerned. For launching the second stage we also need plants which can fabricate Plutonium 

based fuel elements and plants which can reprocess fuel discharged from fast reactors. A good beginning has 

been made in both these areas and there is no doubt that this challenge would be met. 

NEW HORIZONS 

The nuclear power programme that we are talking about would naturally be spread over several decades. 

Obviously things do not remain static. New discoveries ana consequent new possibilities in our search for 

solution to our energy problems are always possible and we should be alive to such developments. We must also 

realistically assess the gestation periods that are involved in various stages of development. For a technology to 

be established there are various stages like discovery of process, laboratory demonstration, engineering 

demonstration, commercial demonstration and finally large scale, deployment. These periods should also form 

part of our planning process. 

Some new developments have taken place since the three-stage programme was envisaged by Dr Bhabha. These 

need to be kept in view for course corrections. For instance, fusion which was predicted to have been developed 

as viable energy source within this century has taken a much long time. We may now be close to a laboratory 

demonstration through magnetic confinement route and progress has also been made on inertial confinement 

route. But this speed of progress puts an extra pressure on energy planners to use fission energy in the 

immediate future. 

Demonstration of a viable device based on accelerators for production of neutrons without going through fission 

process also seems to be a viable proposition. This may open up possibilities of breeding Uranium-233 from 

Thorium. Fast multiplication of Uranium-233 inventory from Thorium would then be possible through such 

marginal external inputs in Thorium-Uranium-233 reactor system, that it could be even based on thermal reactor 

technology. 

There is much greater awareness now about considerably lower level of actinide waste that would be generated 

with Thorium-Uranium-233 system as compared to Uranium-Plutonium system. This could change international 

thrust towards exploitation of Thorium earlier than expected.  

Finally in recent times fusion reaction between deuterium atoms in metal lattice has appeared on the scene. This 

is what is popularly called 'Cold Fusion' . 

As mentioned above we, should be alive to these developments and make our own contributions in these fields 

both for improving our understanding as well as for helping to make these options viable. 
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In spite of these developments the three-stage plan of nuclear power development is still largely valid as can be 

seen from Fig 2, which takes into account the latest developments as far as fission power is concerned. It is to 

the credit of Dr Bhabha, the founder of our nuclear power programme that the strategy chalked out by him in 

early sixties has withstood the test of time and is still largely valid. 

CONCLUSION 

To sum up then, we have to recognise that we must find out own solutions to our long term energy problems as 

our resource base profile demands a route distinct from world trends. Oil crises that have occurred in recent 

times have shown how vulnerable our economy is to such fluctuations in international situation even for 

marginal energy imports. 

Even with a modest goal of achieving a per capita electricity consumption of only around one-fifth that of 

advanced countries, the electricity generation capacity that we would require around the year 2020 is estimated 

to be around 0.45 TWe. Coal and nuclear fuels are the only resources that can match such level of electricity 

generation. Nuclear resources are around seven times larger than coal; Thorium being the primary component.  

The financial resources needed for this level of development are hiqh, The problems are further compounded by 

tbe growing restrictive regime regarding global envrronrnental impact. Since Thorium exploitation is not likely 

to be a priority item for rest of the world in Gear future, there, is a strong need to develop our. own engineering 

and technology base to enable safe Thorium utilization at costs that we can afford. 

While recognising the need to minimise costs on account of our meagre financial resources, we must also 

recognise that minimum level of electricity production is essential for our survival in the competitive 

international environment. In striving hard to achieve the above goal, we have to recognise that large scale 

industrial activity in terms of PHWR and Fast Breeder Reactor programme has to be sustained in a safe and 

economically viable manner. The progress achieved so far provides confidence in our ability to do so. While 

there are emerging possibilities on the horizon with larger energy potential which we must pursue, it emerges 

from this analysis that at the present moment the only answer for our long term energy problem is nuclear 

energy. These then are the challenging scenarios for our scientific and engineering community in the years to 

come. I am confident that the Indian capability can more than match this challenge. 

May I thank the Institution of Engineers (India) for inviting me to deliver the 33rd Sir Mokshagundam 

Visvesvaraya Memorial Lecture at this Fifth Indian Engineering Congress. 
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Emerging Scenarios in the Chemical Industry 

Prof M M Sharma 

University Department of Chemical Technology, Matunga, Bombay 

 

I am grateful to the Institution of Engineers (India) for inviting me to deliver this prestigious lecture. I deem it a 

great honourand accept your invitation with humility. I have been in academia throughout my professional life 

but I have had the pleasure of consulting with industry and involvement in the planning of the chemical 

industry. I was even on the Board of Directors of some renowned companies and have interacted closely with 

the Indian Chemical Manufacturers Association. I have studied, over the years, the changing trends globally and 

the sea-change in the philosophy of running chemical plants. I shall attempt to give you some of my perceptions; 

I do recognize that I am not necessarily endowed with all the credentials to express views on such a vital 

subject. 

PREAMBLE 

The chemical industry (CI) occupies the most crucial and coveted position in meeting the vital needs of our 

society associated with food, clothing, shelter, and health. The CI is also an enabling industry. The CI is highly 

science based and has witnessed revolutionary changes over the years. It provides a wide spectrum of products 

and the scale of production varies from a few kilogram per annum of some expensive agrochemicals/drugs to 

multi-million tonnes per annum of products like fertilizers. The range of properties of chemicals is indeed 

bizzare and it is not uncommon to find highly poisonous chemicals being converted into benign and functional 

products. The CI does carry out clever manipulations of molecules in a grand, and sometimes spectacular, way. 

The track record of the CI in the developed world is very impressive and some speciality companies earmark 

10% to 14% of their turnover for R&D. The CI has repeatedly demonstrated that no technology is ever mature 

and dramatic changes in technology have been a norm rather than an exception. The CI in the world has the 

distinction of having highest privately funded R&D.  

The CI in India has been of relatively recent origin. The progress of the CI, although looks impressive as we  

started with an abysmally low level, is far from satisfactory and it is discomforting to find that we are lagging 

behind developing countries like Brazil, China, etc. Our growth has been essentially through the technology 

purchased from overseas. 

FEATURES OF CHEMICAL ENGINEERING (CE) 

CE has a liberal base and is multi-cultural just as the CI is polygamous. CE brings together desparate subjects in 

realistic ways and exploits them to solve problems where reactions often playa vital role. CE has to deal with 

micro or molecular level as well as meso or equipment scale. We are almost always concerned with scale-up 

(some times scale-down) and we do not have the pleasure of just having a prototype and then multiplying this 

through modern production techniques. An astute scale-up requires a highlevel of expertise and is still pregnant 

with risks. 

DEMANDS ON CHEMICAL INDUSTRY 

We are now looking for very clean and safe processes which are benign on capital cost and where the energy 

consumption is low. We are looking for 'zero' discharge industry and 'completely' risk-free super-safe operation 

involving milder steps. These look like text-book and perfec perfectionist prescriptions but that is the scenario 

that is unfolding. We need to conserve raw materials and consider any waste stream as an opportunity to carry 

out an innovative improvement upstream; in any case recovery/recycle will be beneficial. The CI will emerge 

more function-oriented  offering a basket of services and chemical engineers will have to shoulder 

responsibilities as stewards from the cradle to the crematorium and champions of cradle to recovery loop. We 

would be called upon to explain the final fate of the chemicals. We are thus looking for robust and friendly 

chemical plants which are rogue proof and some parallels can be drawn from the nuclear power industry.  

The above features have also to be seen in the context of having products of exceptional purity on a consistent 

basis. The availability of sophisticated scientific instruments allows many impurities to be traced to parts per 

billion (or even trillion) level. It is not uncommon to find products, made on a grand scale, having specifications 

even better than the so-called 'Analytical Grade'.  

We would be called upon to get more out of the existing assets through innovative ideas and through articulate 

simulations.  
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We, in India, have scarcity of many basic raw materials and we are also very short of energy. Our problems get 

compounded that any new site for a large chemical complex soon witnesses an explosive growth of population 

around. We do, however, have the twin advantages of literally unlimited demand and a high quality manpower. 

NEED FOR A STRONG R&D BASE 

It is of utmost importance to buttress our R&D base with a well defined policy frame. We should not be just 

satisfied with the assimilation of the imported technology as by the time this exercise is over newer technologies 

come into play and the cycle never sees an end. Since the CI is highly science based and our strengths in 

chemistry are reasonably good, we are well poised to embark on this highly rewarding path. 

Our key problems are associated with hitherto highly protected markets and poor management teams at the 

highest level. It is common to find members of Board of Directors having practically no familiarity with the 

operations of the unit. It is astonishing to find a large number of retired personnel on 'comfortable' chairs with 

little propensity for taking risks. The middle-management compounds the problems further and we seem to have 

more of caretakers at different crucial levels. The ease with which horizontal transfer of technology that occurs 

with impunity denudes the residual strength of a company for undertaking R&D. 

R&D is a high risk activity from the usual concepts of financial input/output ratio and pilot plant activity cannot 

be justified on discounted cash flow basis. Inspite of these constraints, we have witnessed in last 10 years, a 

number of technocrat based industries showing some spectacular results and this should embolden us to follow 

an enlightened policy to embark on R&D based growth and be globally competitive with our innovative rather 

than adopted or immitative technology. We also need to cultivate the national pride and trade in technology 

(including some exclusive technology) besides products and function-oriented services. Technology is the most 

expensive kind of equity capital in which we must invest rather than divest. Even answer to environmental 

challenges will come through R&D. 

An attempt will be made to delineate some areas to focus attention on many points that have been raised in the 

foregoing and evolve 'Selectivity Engineering'. The judicious utilization of some of our limited raw materials is 

of paramount importance. Upgradation of materials to highadded value products, besides converting waste into 

wealth, should engage our attention. The hazards associated with the transportation of chemicals like chlorine, 

Oleum, etc would require on-site mini-plants, often with need to have an operation 'on-demand'. 

LACUNAE IN OUR PLANNING 

We, in India, have slipped badly in not commisioning at least two new petroleum refineries, in the course of last 

ten years, to meet our ever increasing demands to meet certain basic requirements. It is distressing to find that it 

will be about 15 years gap when we shall hopefully see a new refinery. This situation needs to be corrected 

immediately.  

We are quite uncomfortable on our real basic requirements of producing more nitrogenous and phosphatic 

fertilizers. Our dire need to be fully secure on food should pull us out of slumber and arrive at a policy frame 

work and create an environment in which it becomes attractive to make investments in this highly capital-

intensive industry. This is all the more disconcerting when we know that we are reasonably well placed as far as 

the supply of natural gas (NG) is concerned and indeed a Significant part of our NG is going for power 

generation. . 

We are seriously lagging behind even China and Brazil for per capita consumption of basic thermoplastics like 

polyethylene, polypropylene and polystyrene. We should stop the unnecessary debate on pro's and con's of new 

olefin plants and swing into action to have at least five ethylene/propylene plants. 

Our progress has been very tardy on pharmaceuticals. We seem to be all the time occupied with the question of 

price-control. Our per capita consumption, compares to even other developing countries, is dismally low and 

one Single drug for ulcers in the world has a turnover more than our total sale of drugs. We should embark in an 

aggressive way and produce basic drugs on a real large scale. 

In all the cases, it is necessary for us to be globally competitive on defined terms. 

FERTILIZERS AND AGROCHEMICALS 

We should catapult India into a prominent player and occupy, at least, the number two slot in the world. With 

the availability of natural gas in Western India, and through the HBJ pipeline all the way.upto Barbala in Up, 

North-Eastern India, South-Eastern India etc, we are fundamentally in a strong position to have a well spread 

industry.  

We now also need medium capacity 450-600 t/d ammonia plants spread all over the country. The key criterion 

should bethe cost otths delivered fertilizer at the farm gate. The total capital requirements, in real terms, have 

gone down in view of some important technological developments. Our penchant to convert all ammonia to urea 

ought to be given up as this practice is not very sound both from the point of view of the plant operation as well 
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as from the requirements of agriculture. Thus when ammonia plant is down, urea plant will be shut down as no 

carbon dioxide will be available. Urea is good for anaerobic conditions for clay type soils. To get more out of 

existing materials the slow-release variety needs immediate attention. 

The modern flow sheet for ammonia has real fascinating features. We can possibly use enriched air, obtained via 

pressure-swing adsorption, and dispense with the reforming furnace (this brings down NOx emissions into 

atmosphere); CO2 can be removed by cheaper pressure-swing adsorption. We can conceive a situation where 

the key syn-gas compressor is dispensed as the above reformer may be operated at higher pressures of the order 

of 75 to 80 atm and this range is also desirable for ammonia synthesis. The new ammonia converters have 

isothermal operation aHowlng recovery of valuable energy. The future may well see the recovery of ammonia 

from this ammonia synthesis loop via 'hot' membranes. 

We should really look at ammonia-urea plant like 'power plants' talking about electrical energy-steam balances. 

We need to realize fully that today's plants require about 7 mkcal/t of ammonia and this should propel us to 

scrap our old plants-some of which consume nearly twice this figure. It is necessary to stress that the emerging 

scenarios will call for the closure of 'white-elephant' grossly inefficient plants which, unfortunately, also have a 

large labour force.  

For phosphatic fertilizers we ought to have more reliance on nitric acid based nitro-phosphate complexes and we 

ought to have our own technology which we can offer globally. Similarly potassium chloride should be 

converted to nitrate and HCI should be used for the acidulation of phosphate rock. We do not have any sulphur 

in India. 

Our engineering industry has the capability fabricating high pressure vessels and reactors, based on multilayer 

technology. Our technical and scientific manpower can cope with a variety of problems. All these ingredients 

make us a potential 'giant'. Should we not tap this potential with dedication and commitment? 

There is often a loose talk that synthetic fertilizers are not required and organic manure will suffice. First of all 

the adjective 'synthetic' is wrong as the form in which nitrogen reaches the plant is the same. We will probably 

never have the required amount of the manure which in any case is also foul smelling and not acceptable near 

semi-urban establishments. Studies all over the world, by different and diverse agencies often antagonist to one 

another, have shown that synthetic fertilizers will be required on an increasing scale. 

As in the case of fertilizers, agrochemicals for plant protection will be a necessity although more potent, safe 

and easily dispensable pesticides will be the norm. So far, our emphasis has been largely on insecticides and that 

too for cash crops like cotton, but the future will see much greater requirements of weedicides/herbicides, 

fungicides, soil fumigants, nematocides, and growth promoters. We have yet to come out with a new molecule 

although we have to our credit some novel processes for known pesticides (eg, non-phosgene route for the 

weedicide isoproturon). It is good to remind that some herbicides are now used on a few gram per hectare level 

and some other plant protection chemicals are used at vanishing levels. We should also embark on using 

controlled-release pesticides. 

There is sometimes misguided criticism about the use of pesticides. We need to realize the immense good these 

wonderful molecules do for us. An expert study, published in 1990 in the USA, has shown that chemical 

measures to protect harvests against damage by insects, fungi and weeds have prevented losses of yield by 72%, 

68% and 21% of cotton, rice and wheat, respectively. We can certainly expect better results in our climatic 

conditfons. Even from an overall cost point of view we 'produce' more food per rupee spent by this method as 

the wastage is avoided in an impressive way. It is good to remind ourselves that a wo.rld free of risk is a myth. 

We will need better delivery system and training of farmers is badly required. A good spray nozzle design can 

improve the efficacy of application of emulsifiable concentrates and the engineering industry can contribute 

effectively. 

Biological control of pests should be attempted seriously in some specified crops. Thus, for instance, apart from 

the use of weedicides, can we avoid the use of insecticides in sugarcane farms? 

Biofertilizers have been talked about for a long time. It can play an important supplementary role, particularly in 

legumes. 

The use of fertilizers in growing high quality grass for cattle will gain momentum and even applications in 

forestry can be foreseen. 

Low grade soils will be upgraded through the use of special polymeric substances and other additives. 

PRESERVATION OF FOOD 

Electrical energy is very expensive in India and often not available in a reliable way, particularly in rural and 

semiurban areas. How can the CI contribute in this vital sector? First of all, we will see emergence of barrier 
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films in a big way. In India we should embark on developing films based on cheaper raw materials and 

upgrading materials like polypropylene films. There is scope to have polyethylenestarch blends. 

In food storage and transportation, we will see the emergence of controlled atmosphere. Thus on-site nitrogen 

generators, based on compact pressure-swing adsorption or membrane separators, will allow creation of an 

atmosphere where degradation of food will be severely curtailed. This will apply even for export consignments. 

We do produce potatoes and vegetables on a large scale, apart from fruits like apple and these materials lend 

themselves to the adoption of the above strategy. 

SUGAR, ALCOHOL AND RELATED INDUSTRY 

We are the largest cane sugar producer in the world and yet we do not have any front-ranking technology. We 

need to evolve new functional technology based on membranes and ionexchange resins. In any case, the whole 

energy pattern ought to be changed. It will surprise many to note that we can add over 3000 MW to our power 

generation by using modern boilers, based on bagasse, which operate at 46 atm, if not 75 atm. 

Our organic CI was based on the use of ethyl alcohol (popularly called alcohol), based on molasses, as the key 

raw material. Even today alcohol as a feed stock can play a vital role, particularly for chemicals based on 

acetaldehyde. Most of our distilleries continue to work inefficiently and the disposal of aqueous waste stream is 

a source of great worry. We must practice at least the contemporary technology and endeavour to improve upon 

the process. Energy integration must be assiduously followed. There is scope to raise the alcohol content in the 

fermented broth all the way upto 10%-12% by weight; more efficient distillation columns need to be adopted. 

For many projects based on alcohol as a feed stock 80%-85% by weight of alcohol is quite adequate and, at 

times, even beneficial. The vapour-liquid equilibrium diagram teaches us that the reflux ratio, and hence the 

energy consumption, can be much lower to realize this concentration compared to the azeotropic compositions 

which is approximately 96% by weight. Any statutory regulations about the sale of lower concentration of 

alcohol ought to be modified. For alkylation of benzene directly with wet ethanol, conversion to ethylene and 

acetaldehyde, etc, the above concentration of 80%-85% is welcome. A reference will be made to the use of this 

concentration, rather than the azeotropic composition, for making ethyl tert-butyl ether (ETBE) and ethyl 

tertamyl ether (ETAE) which are very valuable gasoline additives and, in India, may be cheaper than methyl 

tert-butyl ether (MTBE) and tert-amyl methyl ether (TAME), apart from being more efficient and useful. 

In case absolute alcohol is required then the process of choice may well be a pervaporation membrane separator 

which can be easily integrated wJth the existing distillation columns. 

There is a need to consider using molasses for other value added products and large scale production of citric 

acid, largely for export, at a total level of even 30000 t/a, should be considered and the existing technology 

should be further improved, particularly with respect to the recovery of valuable chemicals from the waste 

stream and its proper treatment 

New desirable uses of acetaldehyde, based on alcohol, are for 1, 3-butanediol, methoxy butanol, etc.  

India is very short of raw materials for paper  a vital need of our society. The only viable way to provide the 

raw material on a grand scale, without in any way even remotely speaking  causing denudation of forests, is to 

exploit bagasse. This can be greatly facilitated in those areas like Uttar Pradesh and Maharashtra which are close 

to natural gas/coal supplies. The power plants in sugar factories should run all over the year and the design be 

adopted accordingly. We need to develop better clean technology for paper from bagasse and each plant should 

be at least of 300000 t/a so that modern effluent technology can be adopted and energy integration is excellent. 

We should have clean technology for bleaching based on ClO2/H2O2, with their on-site production. We should 

also develop a better technology for delignification (eg, steam explosion) and use lignin for value added 

products. 

FUELS ANO ENERGY 

A reference has been made to the tardy progress we have made in putting petroleum refineries; utilization of 

natural gas has been poor and associated gas has been flared with impunity, notwithstanding many protestations. 

The need to get more out of the bottom of the barrel has been repeatedly emphasized. We need to switch over to 

gas for boilers in the entire industrial part of Western India and crack/hydro-crack the low sulphur heavy stock 

(LSHS) so that more middle-distillates and gasoline are made available. This has a potential to add 4 mt per 

annum to our pool. We need to develop our own innovative technology to meet our specific demands for the 

specific heavy stocks. 

The secondary and tertiary recovery of crude oil will require new approaches and we need to follow it 

vigorously. Deeper off shore locations may become important and plastic rigs may be required besides new 

transportation systems to the shore. 

The specifications for diesel and kerosene, and gasoline will be tightened and this will provide new 

opportunities. Thus more C5-hydrocarbons and benzene will be available as feed stock for the Cl. We may have 
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to undertake desulphurization of diesel oil and reduce the content of aromatics. Dearomatization of diesel or 

kerosene can perhaps be advantageously adopted for making petro-naphthalene. We have shortages of this vital 

raw material and there is little hope of meeting this requirement from steel plants. It is important to remind 

ourselves that we are basically diesel consumers rather than gasoline users (18 vs 3.5 Mt per annum, 

respectively). 

Natural gas must be utilized more judiciously and no C2/C3 should be burnt or reformed to CO and H2. Cement 

plants in Gujarat, Rajasthan, and Madhya Pradesh can use natural gas very advantageously. 

We should embark, on decent scale, the production of MTBE,TAME, ETBE and ETAE. Thai in Maharashtra 

lends itself to a viable location for making MTBE on a scale of even 500000 t/a. There is ample capacity of the 

pipeline for natural gas to support a large methanol plant with a capacity of 300000 t/a. An additional pipeline 

can be put up side-by-side to transport C4 from the Uran terminal. The catalytic isomerization followed by 

dehydrogenation allows isobutylene to be produced and the MTBE/ETBE reactor operates as a separator as 

well. There is also a case for making ETBE in view of easier availability of alcohol in Maharashtra and here 

80%-85% alcohol can be advantageously used. Supplementary C4 fraction can come from cat-crackers of 

refineries. Similarly, in view of impending restrictions on the use of C5's in gasoline, C5 fractions from naphtha 

and cat-crackers should be utilized for making TAME and ETAE. 

Another viable location is possibly upper Assam where favourable conditions exist to make MTBE. In Uttar 

Pradesh both MTBE and ETBE can be considered. The C5 virgin fraction from refineries should be earmarked 

from naphtha crackers, along with lean naphtha from aromatics plants.  

Coal slurry transportation should be undertaken on a large scale and this will require speciality chemicals as 

additives. Medium temperature fluidized bed carbonization should precede fluidized bed combustion of high ash 

coals and this will make available a large amount of liquid products whose potential could even be 1 million 

tonne per annum. 

Underground coal gasification, which requires sophisticated high-tech for deeper levels at 1000 m, holds high 

potential as we have about 65 Bt (billion tonnes) reserve in North Gujarat. This will be immensely helpful for 

combined power generation .and put India on the world map in this exclusive technology. 

The CI has practiced the total energy concept but this needs to be even more vigorously followed. Thus 

sulphuric acid plants can be really treated as 'Power Plants' which, by the way, produce sulphuric acid. Thus, a 

1000 t/d plant can have an export power of over 8 MW.  

Nuclear power, which is closely linked to the CI, needs to be augmented in a big way. The production of heavy 

water has to be on much larger scale, with more efficient technology, and uranium recovery from lean resources 

will be required including recovery from phosphoric acid based on phosphate rocks containing uranium. 

PETROCHEMICALS 

This will become even more vital component of our industry and meet ever increasing basic necessities and 

desires of the society. We must make a quantum jump and should not waste our energies in unnecessarily 

debating unimportant issues. There is ample scope to put up plants in different important locations in India. 

We should fully exploit the nature of our Bombay High crude and put up real world size aromatic complexes 

where the capacity is at least 400000 t/a. It is distressing to find that we have shortage of benzene and o-xylene 

when we ought to be exporters. Thus xylene complexes in Madras, Cochin and Saleempur should be 

expeditiously pursued. Bombay refineries should produce 300000 tpa of benzene and additional benzene should 

come from the above aromatic complexes, apart from small quantities that would come from naphtha crackers. 

The future will see the reduction in benzene content of gasoline and it augurs well for us to undertake benzene 

production on a large scale which will act as a booster for the production of the versatile monomer styrene 

required badly for polystyrene, styrene based co-polymers, styrene based rubbers including thermoplastic 

rubbers. Similarly, cyclohexane production shoulc be at 100000 tpa and integrated with benzene plant. 

The large scale production of p-xylene (and ethylene glycol) will enable us to occupy a prominent slot in the 

world of polyester fibres/filaments and from raw materials to fabrics we can be important players. We do have 

one company now in India which has the unique unparalled status in the world of having all the raw materials 

for polyester fibres/filaments and also have finished fabrics within one organization. 

We must mop-up all our ethane and propane on the HBJ pipeline and also in Assam and put up, without further 

delay, for olefin complexed. It is good to know that C2-C3 from Gandhar in Gujarat is planned to be utilized. In 

addition to the gas-crackers we will have need for 2 or 3 naphtha crackers and apart from the full range naphtha, 

additional feed stock can come from C5 fraction and lean naphtha from aromatic complexes. 

We continue to have shortages of butadiene and the need to put up an oxidative dehydrogenation plant to 

convert butenes from C4 fraction of cat-crackers is obvious. A good location is Vadodara where C4 from 
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Mathura and Koyali can be pooled and isobutylene removed via MTBE. There will be an on-site utilization of 

the major part of butadiene. 

We have been repeatedly commiting a mistake of having almost total integration of olefins plants with 

downstream projects. This is most undesirable as when the olefins plant is down all other activities come to a 

grinding halt and a large investment, which is much more than in the mother plant, becomes infructuous. Our 

recent experience at MGCC, Nagothane, bears eloquent testimony to this debacle. We should have a pipeline 

network of ethylene, and possibly propylene, between Nagothane-Baroda and a link with a port location where 

facilities for import of ethylene and propylene are provided. This terminal should also be a conduit for export. 

In all vital sectors of our CI (including fertilizers) we should deliberately plan for exports as flywheels, apart 

from the necessity to secure much wanted foreign exchange. 

We are short of LPG and imports seem a necessity. This opportunity can be utilized to have, stand-alone 

propylene based projects and propylene will be made by dehydrogenation of propane. Two locations in 

Southern India can be considered as viable. At a later stage even MTBE can be considered. 

There is a need for a 10000 t/a acrylonitrile plant based on ammoxidation of propylene. The by-product HCN 

should be utilized for making adiponitrile via reaction with butadiene and this in turn gives hexamethylene 

diamine required for nylon 66  a versatile engineering plastic.  

We have yet to announce out next phenol plant and this should be done without delay and have a capacity of 

80000 t/a, if not 100000 t/a. Our cumene plant should be integrated with the propylene producer. 

ALKALI INDUSTRY 

First of all, over a period of next 5 to 7 years we will have to replace mercury cells with membrane cells and the 

latter, apart from being highly energy efficient, will banish the existence of mercury. We should also plan for 

catalyzed cathodes and in some locations go for in-built fuel cells so that the electrical energy consumption will 

go down drastically. 

The hazards associated with the storage and transport of chlorine will lead to on-site generation of chlorine. We 

can foresee even 25 to 30 t/d production on-site. We should plan for judicious use of by-product hydrogen. The 

purification of salt at the salt-farm head has become a necessity. 

Our soda ash industry needs modernization and in Western India possibilities of using natural gas for lime kilns 

should be explored. There is a need for a new soda ash plant in South-Eastern India on the coastline. 

SPECIALITY CHEMICALS (DRUGS, DYESTUFFS, ADDITIVES, ETC) 

This area needs much more attention as it is 'Knowledge Engineering' based and we can be an important player 

globally. We have made ripples but we should make waves. Unfortunately, our base is woofully small and we 

are preoccupied with intersectoral cold wars and unimaginative price controls, restrictions, etc. 

We continue to depend critically on imported raw materials for vital drugs for TB, malaria, etc. Even in 

pesticides we still import vital raw materials including hexachlorocyclo-pentadiene where chlorine content is 

over 75%. This situation must be corrected. For important analgetics like paracetamol, ibuprofen, etc we need to 

follow more efficient routes. Thus there is no-reason as to why we should not adopt controlled nitration of 

phenol to make p-nitrophenol for conversion to p-aminophenol and then to paracetamol. Similarly, there is no 

reason why we should not follow acetylation of isobutyl benzene followed by hydrogenation and carbonylation 

to make ibuprofen.The future will demand optically active components whenever such a situation exists. 

The scope in the drug industry is immense. We need to remind ourselves that two-thirds of the known 30000 

illness cannot yet be cured including not only much talked about cancer and AIDS, but also rheumatism, 

asthma, etc. 

The need for combining good chemistry with good chemical engineering is vital. We need to engineer our 

processes differently and there is a need to telescope the large number of steps which are typical of such 

processes. We need to audit waste products very carefully and independent detailed material balance is carried 

out. There is a need to replace hazardous processes using phosgene, HCN, etc and avoid use of highly 

inflammable solvents like ether. 

In small scale production of hazardous chemicals the need to adopt continuous plants should be examined 

closely as these are intrinsically safe and in any case the inventory is very low to miniscule. 

The role of 'Selectivity Engineering' is vital and since the cost of raw materials often exceeds 70% of the 

production cost the need to have higher selectivity becomes paramount. Biotechnology will make an impact in 

this area. 

We made a good beginning with our dyestuff industry but we are now lagging. It is very important to develop 

efficient, non-polluting processes. Thus, intermediates like anthraquinones, H-acid, J-acid, naphthols, etc need 
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greater attention. This statutory laws do not distinguish between small and large scale industry and wanton 

pollution from many small scale plants will witness serious opposition from the local community, apart from 

more purposeful role of the authorities. 

We have yet to contribute a new dye to the world of dyestuffs. We do not have statutory problems over here like 

in drugs and pesticides. We need to change our fiscal policy on dyes to encourage innovation rather than 

clandestine transfer of technology with attendant benefits of lower tariffs. 

The additive industry for plastics and fibres is now opening up in a big way and we should seize the opportunity 

and make modern antioxidants, UV stabilisers, etc. 

MATERIALS SCIENCE AND ENGINEERING 

The CI plays a pivotal role in supplying a range of materials. The world will undoubtedly witness breakthroughs 

in materials. We have witnessed super tough, ultra light materials and super magnets and it will not be very long 

when we will see superconductors. The role of liquid crystals-is by now well known. Microelectronics has 

revolutionized the electronics industry. 

New polymer blends and alloys will enter the market and this will require the cutting edge of science and 

engineering. The polyolefin manufacture may well become polyolefins materials industry. New composites will 

emerge and will likewise demand innovative research.  

We in India should ensure that visible impact of breakthroughs in materials is made in railways, housing trucks, 

two-wheelers, etc. This is highly interdisciplinary area and we need to change our habit of being loners and 

work as a team. 

We continue to be very short in non-ferrous metals. The need to produce more copper and nickel is obvious and 

lean ores should be exploited via hydrometallurgy. Similarly, recovery of tungsten and molybdenum be 

undertaken. The processing of rare-earths to get more valuable components has been repeatedly emphasized and 

this is an overdue requirement. 

CATALYSIS: SCIENCE AND ENGINEERING 

The science of catalysis will hold the key for 'selectivity engineering'. Homogeneous catalysis, based on 

innovative coordination chemistry and coupled. with articulate recovery processes, will gain momentum, even 

though throughputs per unit volume of the reactor may not be high compared to that with heterogeneous 

catalysts. Homogeneous catalysis (HC) lends itself to molecular modelling and with the modern spectroscopic 

techniques, particularly vibrational spectroscopy (using even high pressure infra-red cells), we can track the 

transformation of molecules through unstable/reactive intermediates. HC is expected to allow chiral synthesis-an 

area of vital importance for drugs and pesticides. Reactions based on 'Mr Clean' H2O2 and hydroperoxides will 

gain momentum. Our ability to tailor ligands is really high. Reductive carbonylation of methanol will probably 

become important. We need to strengthen our research groups in this area. 

Heterogeneous catalysts based on zeolites and clays (including pillared clays) will make further impact and this 

will also apply to their use in liquid phase; alkylation of isobutane with lower olefins with heterogeneous 

catalysts rather than HF will be lrnportant. Here we seem to have the ability to control the 'entry'; and 'exit' of 

molecules and through kinetics defy therrnodyharnics. Polymerization in the gas phase in fluidized bed reactors 

will. find greater scope. 

Catalysts for lower temperature synthesis of ammonia and SO2 oxidation to SO3 will remain ever attractive 

subjects. 

New possibilities in directly converting methane to methanol, methanol to ethylene glycol, dimethyl ether to 

dimethoxy ethane, decomposition of NO under mild conditions, activation of isobutane and other aliphatics, etc 

exist. Catalytic dehydrogenation of ethane/propane/isobutene and oxidative dehydrogenatibn of these alkanes as 

well as butenes and ethyl benzene will become increasingly important.  

Enzyme catalysed reactions are epitomes of selectivity and that too under mild conditions. The use of biphasic 

system lends greater strength in this area. We will need to introduce 'switches' in enzymes and tailor make their 

activity. 

SEPARATION PROCESSES AND COMBO-REACTORS 

Reactor-separator configurations like for making MTBE/ETBE/TAME, ethylbenzene from benzene and lean 

ethylene, cumene from benzene and dilute propylene, etc will witness greater applications. The separation train 

gobbles a lot of capital investment and is also harsh on energy consumption. 

Adsorptive separations, with innovative pressure-swing operations, will make a greater impact. Membrane 

separations are becoming increasingly popular and we now have 'molecular filters'. The future will see more 
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hybrid systems adopting a basket of separation processes to give the best end result. High temperature inorganic 

membrane separators are likely to be adopted commercially. 

CONCLUDING REMARKS 

In the changed, rather than changing, circumstances the CI will be looking for clean 'closed-cycle production 

technology' which will be benign on capital investment and energy consumption, apart from operation under 

milder and safer conditions. This will call for 'discontinuities' in technology and not minor modifications and 

adoptations. The CI will continue to be technology driven where both Discovery Driven Research as well as 

Market Driven Research will be important. 

The role of R&D will become more vital and there will be emergence of more 'exclusive' technologies which 

will not be traded. The conversion of existing plants to clean and safer ones is even more difficult and calls for 

highest levels of technological competence.  

Major breakthrough will come through catalysis and innovative separations technology. 

The CI will be called upon to account for the ultimate fate of chemicals and provide detailed material balance, 

including a separate audit for all types of emissions. The will be an emergence of corporate environmentalism. 

The society will insist on more openness and mere compliance with the statutory regulations will not be 

adequate for torward planning. There will be a definite shift from the end-of-pipe treatment towards preventing 

the undesirable products at the front-end. We will have to become effective communicators. We need to 

remember that we have just not inherited the globe from our predecessors but borrowed it from our successors.  

Products will be required with higher purity and sometimes with super purity and 'unknown' materials will 

require further detalls, The transportation of chemicals will call for greater scrutiny and for hazardous operations 

on-site generation will become a norm. 

Small scale units will have to necessarily thrive on meritocracy and will not be allowed to pollute and eclipse of 

such polluting units can be foreseen. 

The CI will move towards function-oriented, orchestrating a range of strengths covering disparate fields, rather 

than a pure-product seller.  

Many statutory regulations, high risks associated with insurance and unforeseen litigations, penchant to have 

failure-proof operations, stc, are acting as a serious deterrent to innovations. There is need to qpenly discuss 

these matters and to remind ourselves that a risk free manufacturing operation is a myth. The public perceptions 

of risks should not become hypocritical, irrational and capricious. We should not attempt to drive nails with big 

hammers. 

The future of the CI is unquestionably very bright in view of this being a 'necessary' rather than an 'optional' 

industry. Modern civilization is undoubtedly a chemical world. The science and engineering required for the CI 

is stimulating, rewarding and edifying and has all the excitement and challenges. We must become more 

innovative and fully exploit 'fireworks of ideas'. Economic growth can definitely be combined with respect for 

environment and process integrated environmental protection is feasible. 
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Ethical Values and the Engineering Profession 

Prof T R Anantharaman, Fellow 

Emeritus Scientist, Materials Science Division, National Physical Laboratory, New Delhi 

 

INTRODUCTION 

It has been my good fortune to be accorded a few recognitions and conferred some honours by national as well 

as international organizations and societies during my long professional career as an university teacher and  

researcher, but I consider the invitation to deliver this celebrated Memorial Lecture as the highest honour to be 

conferred on me thus far. My most sincere and grateful thanks are due on this account to the President and 

Members of Council of the Institution of Engineers (India). It is a particular pleasure for me to deliver this, the 

35th Bharata Ratna Sir Mokshagundam Visvesvaraya Memorial Lecture here at Bangalore at the very place 

where I started my engineering education in 1947. I deem it a daunting task indeed to follow on the footsteps of 

so many illustrious engineers who had delivered this Memorial Lecture with such erudition and eloquence in 

earlier years. 

Needless to say, I had heard a great deal, even before enrolling myself at the Indian Institute of Science, 

Bangalore, as a student of metallurgy, about the legendary Visvesvaraya, the unquestioned doyen of civil 

engineers in our country and the undisputed father of industrialization as well as modernization of the erstwhile 

princely state of Mysore. In Bangalore which was my home from 1947 to 1962 but for my two long sojourns 

abroad, I had many opportunities to see this elegantly clad and charismatic personality with a most attractive 

turban, the last one being on the occasion of the golden jubilee celebrations of the Indian Institute of Science in 

1959, which included addresses from many luminaries including Pandit Jawaharlal Nehru, the first Prime 

Minister of India. The affection and regard with which the nearly 100-year old engineer-statesman was then 

greeted by India's Prime Minister made a tremendous impact on me on that occasion. In fact, that moving scene 

involving these two great Bharata Ratnas has remained etched in my memory and so will remain forever. 

In those pre-independence and early independence days our leaders in all walks of life were men of vision and 

integrity, who inspired those around them by their shining examples. Sir Visvesvaraya was no exception and 

thus I used to hear every now and then of the very high sense of ethical values that pervaded his day-to-day 

professional life. It was common knowledge that he used to go on tours with two sets of candles, one for 

performing his official duties, and the other for his personal work. When the official work came to an end in the 

nights, he would extinguish the 'official' candle, as it were, and light up the 'personal' one! One can hardly 

believe today the observance of such high standards of morality in public life. 

Before I proceed further, let me offer my humble and respectful homage to the hallowed memory of this 

matchless engineer-statesman. May his luminous example inspire today's engineers in the efficient performance 

of their duties! 

TODAY'S DISMAL SCENARIO 

As we survey the scene around us today, 45 years after independence, even the most stout-hearted and 

optimistic among us cannot help feeling depressed and concerned about the future of our country. Dishonesty, 

corruption and criminality have so penetrated and contaminated every sector of our society and at all levels, 

from top to bottom, that any reference to morality, ethics or idealism sounds today strange hollow and out of 

place. The cream of our youth in prestigeous professional institutions like the Indian Institutes of Technology, 

the Indian Institutes of Management, etc is generally filled with such cynicism and indifference, if not outright 

contempt, for all things moral and spiritual, that one really despairs about what the future has in store for our 

ancient land celebrated the world over for spiritual classics like the Vedas, the Upanishads the Yoga-Sutras and 

the Bhagavad-Gita. 

Probity in public life is a theme on which leading Indian newspapers have recently been publishing editorials or 

centrepage articles by well-known journalists. Let me give you some samples. 

Writing in The Tribune on August 19, 1992, under the heading 'Violation of Commitments' Nikhil Chakravarty 

has the following to say :  

'When a cliche boomerangs, the effect is devastating. The Golden Jubilee of the August Revolution, 

officially celebrated with so' much fanfare, has brought no dividends for those in power. If anything, it has 

heightened the bitter feeling that the commitments of the do-or-die injunction served by Gandhiji on August 

8, 1942, have been cynically violated in the five decades since then. 



The Thirty-fifth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Seventh Indian Engineering Congress, Bangalore, December 26-30, 1992 
  

 

 

The Institution of Engineers (India)  
 

327 

'While Aruna Asaf Ali was honoured for having bravely hoisted the Tricolour defying the police ban in 

Bombay 50 years ago. and the Prime Minister dedicated to the nation the historic barrack in the Red Fort that 

had housed the Azad Hind Fauj prisoners on trial 47 years ago in that very week of sacred memory one 

found a high-profile Planning Commission Member decorated with Padma Vibhushan, being arrested for 

multi-crore misappropriation. and members of the Parliament making statements about having been offered 

handsome bribes  never mind, whether it is Rs 10 lakh or Rs 40 lakh or more  to defect from their party 

in the Parliament. 

'Who represents the archetype of India today-Arona Asaf Ali or V Krishnamoorthy or the bribe-giver and the 

bribe-taker among the Members of Parliament? From the August revolutionaries to the scam crooks-a 50-

year journey for our nation. marking the vicious pollution of our public life. And with it the great betrayal of 

the interests and aspirations of the common people that live and toil in this country of ours.  

'The Quite India resolution of 1942 ended with the promise: 'The power when it comes, will belong to the 

whole people of India.' That mandate is supposed to form the basis of the Constitution of our democratic 

republic. Today, 50 years later, we find that elections to the democratic organs of power are vitiated on a 

large scale by the demonstration of big money and muscle strength, which negate the very poll process. With 

the open nexus between politics and moneybags, venality in public life has been legitimized. Today there is 

no shame in being corrupt or greedy'. 

On August 21, 1992, Prem Bhatia has the following to record in the same newspaper under the heading' 

Mounting Tide of Cynicism:' 

'But Independence Day and Republic Day are not the only occasions when the cynicism and gloom among 

the younger generations of Indians become manifest Scepticism and distrust are now almost a permanent 

state of mind among our educated youth, and this leads to the adoption of postures and resort to actions 

which betray a tragic loss of confidence in their own and the country's future. Although we have all learnt to 

be cautious about promises and assurances held out by political leaders, the younger generations are plainly 

derisive in their reactions. 

'Disenchantment begins early in the lives of our youth. It starts with admission to school, continues with 

admission to college and reaches its climax with heart-breaks over the search for gainful employment Whom 

can the young people blame for the difficulties faced by them in their struggle except the political and social 

systems under which they are born and brought up? The systems are viewed as the creation of the nation's 

leaders, especially those who happen at the time to be in seats of power. Disenchantment deepens with the 

knowledge that nothing in the country moves without the pressure of 'influence', whether it comes from the 

power of money or authOrityto dispense favours in other ways.' 

On September 4, 1992, The Hindustan Times carried an article entitled, 'Harking back to 'Quit India' Spirit' by G 

P Jain in its editorial page. The following are extracts from that article: 

'A very heavy erosion of values can be seen all around us. School and college teachers take a fat packet 

home, but show no commitment to their work. Bureaucrats have absolutely no fear of helping their kin land 

plum jobs in private sector with which they have official dealings, or in clinching benefits for themselves on 

superannuation.  

'Politicians, too, are hell-bent on making loads of hay while the sun shines. Change of party loyalty has a 

whopping price tag and is practised without compunction. Unnecessary padding of ministries goes on 

merrily. Yesterday's noble professions of law and medicine are also polluted beyond recognition.' 

The Times of India dated September 9, 1992, featured an articles by Barish Khare with the title 'Behind Stinking 

Scandals: Lumpenisation of the Elite', which discusses the widespread corruption in our society by raising a 

question: 

'The larger question that needs to be answered is : from where in the Indian system do the impulses and 

reflexes to shield and protect wrongdoers come? Why do seemingly honest and honourable men and women 

end up behaving in a manner that invites an inference that they are willing to subvert the system in order to 

safeguard the interests (and skin) of a few people? 

'These questions may appear to be rather simplistic and in any case can easily and cynically be 

dismissed/answered by a sweeping generalization about how the corrupt and corruptible have come to 

acquire a stranglehold on the institutions of the Indian State. Yes, the evidence of such a stranglehold is 

overwhelming.' 

For the profession of engineering the news of the arrest in New Delhi on August 7, 1992, of Padma Vibhushan 

V Krishnamurthy came like a bolt from the blue. India Today, a highly rated fortnightly of our country, says the 

following at the beginning of its long cover story entitled 'Securities Scandal: The Krishnamurthy Connection' in 

its issue dated August 31, 1992 : 
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'For close to two decades, he has been India's magic man. Whatever he touched worked-from planning 

power projects to heading and turning around the country's biggest engineering, steel and automobile 

companies. He has been on virtually every important committee in the past 10 years, most recently as 

Member of the Planning Commission and Chairman of the Committee on Public Sector Disinvestment. He 

enjoyed the confidence of Rajiv Gandhi and Indira Gandhi  in all, a dream career. 

'Now, after all that, it is very likely that Venkataraman Krishnamurthy  Krish to friends-is stepping into a 

nightmare. The CBI arrested him on August 7, charging him with forgery, in an early morning swoop on his 

Pandara Road residence in New Delhi. His is the latest casualty in a securities scam that has already brought 

down a cabinet minister, and implicated top stockbrokers and bankers. According to the CBI, the 

Enforcement Directorate and the Income Tax Department, Krishnamurthy is emerging as a key figure in the 

scam.' 

Incidentally, I must state here with sadness that the engineering profession, despite its importance and 

contributions, has not been enjoying in general, in our country as well as elsewhere, any great reputation for 

honesty, integrity I and dedication. Most of you present here must have listened to the oft-narrated episode, 

apocryphal perhaps, concerning Herbert Hoover, well before he became President of the USA, and the 

aristocratic lady, who travelled with him from New York to London on a luxury liner across the Atlantic Ocean. 

These two sat at the same table for their meals and became good friends during the week-long journey. When 

the time came for parting, the lady remarked that she had talked on so many things with Mr Hoover, but did not 

yet know what his profession was. On the latter's confessing that he was an engineer, in fact, a mining engineer, 

the lady exclaimed with genuine horror, 'My God, I thought all along that you were a gentleman!' 

In my younger days I recollect the PWD's, Public Works Departments, in the States often referred to with 

derision as Public Waste Departments! Whenever a diploma or a degree holder in engineering got any job, even 

the ladies at home used to ask the young engineer, 'Okay, you will get so much as salary per month, but tell us, 

what is the scope for further income? In Tamil the two concerned words were Samba lam (Salary) and 

Kimbalam (extra income, some euphemism for bribe!). As for as the State Electricity Boards are concerned, 

many of their top officials have confessed to me that a good percentage of electric power generated by the 

Boards gets simply 'stolen' with connivance from the staff of the Boards themselves! 

As regards our Central and State Governments, the obvious distinctions between the three important and 

interdependent cultures of science, technology and engineering have never been analyzed and appreciated by 

them S&T, ie, science and technology, is a cliche that is supposed to represent all these three cultures and in 

practice scientists only enjoy a high reputation and get invited by our governments to advise on and oversee 

developments in all three fields. As far as I can recollect, the famous Science Policy Resolution adopted by the 

Government of India in 1958 does not mention engineering at all ! 

INSTITUTIONS AND ETHICS 

The time has obviously come for all intellectuals of our country and particularly for us engineers to do some 

heart-searching and honest thinking in this critical situation where, to quote the words of India's first Prime 

Minister in the wake of the assassination of the Father of our Nation in January 1948, it looks as though 'the 

light has gone out of our lives and there is darkness everywhere.' Dr B V Subbarayappa, the reputed authority on 

'History and Philosophy of Science' has aptly pointed out in his recently published 'History of the Indian 

Institute of Science' that sociologists have so far tended to expatiate on leadership, autonomy and freedom as 

interwining strands of an institutionalization process. But little do they appear to have realized that ethics should 

form an important component of these three crucial strands. Bereft of ethics at a high level, leadership, 

autonomy and freedom are like flowers, faded, decolourized and deodorized. In such a situation, the form 

projects itself without what really sustains it. In the dynamics of individuals and their organic totality, ie, an 

institution or a society at large, the cementing bond among them is the often unwritten code of ethics-right 

thinking, correct conduct, honesty of purpose, devotion to work and institutional dedication. II' fact, ethics 

becomes the most critical input for lasting stability and sound health of such an organic entity . 

Today's alarming situation in our country calls, in my humble view, for two sad admissions and consequently 

also for immediate corrective actions based on their understanding and analysis. Firstly, despite India's long 

tradition and intensive preoccupation with philosophical tenets and social ethics, the standards of ethics have 

fallen to an abysmally low level in recent decades practically in all spheres of human affairs in our country. 

Secondly, even men of science, technology and engineering, trained as they are in the methodology of science, 

have not, by and large, shown in their conduct signs of elevated standards of ethics. Here one might be tempted 

to pose the question: After all, scientists arc also human beings like others, what is wrong with the subjective 

and unethical attitude displayed by them? This question needs to be viewed from a broader ethical perspective, 

viz, from the intensive and expensive training of scientists and engineers representing the best of our youth in 

the method of rationality and objectivity, and the consequent high societal expectations from them. Scientific, 

technological and engineering institutions, agencies and societies in which high ethical and moral standards are 
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unilaterally observed by the seniors could become pace-setting and emerge as models of social harmony for 

other institutions in society. Has not the Bhagavad-Gita the following to say about apex leadership? 

 

[Whatever conduct a leader exemplifies,the common man adopts the same. Whatever standards he sets, the 

world at large pursues them.] (III.21) 

It is relevant to mention here that the late J N Tata, the revered founder of the Indian Institute of Science, was 

very keen nearly a century ago that the broad discipline of 'Humanities', which included 'Methods of Education, 

Ethics and Psychology', among other subjects, should be pursued under the umbrella of the Institute, despite its 

pronounced scientific character. In fact, he looked upon the new Institute he was planning as a 'monastery' to be 

dominated by the 'ascetic spirit'. His meeting with Swami Vivekananda during his Atlantic voyage from Japan 

to the USA in September 1893 made such a profound impact on him that he wrote to Swamiji in 1898 soliciting 

his'leadership in promoting the true ascetic spirit in his Institute. It is worth quoting a few extracts from this 

historic letter from a great industrialist to a great spiritual leader: 

'.......... It seems to me that no better use can be made of the ascetic spirit than in the establishment of 

monasteries or residential halls for men dominated by this spirit, where they should live with ordinary 

decency and devote their lives to the cultivation of sciences........ natural and humanistic. I am of the opinion 

that if a crusade in favour of an asceticism of this kind were undertaken by a competent leader, it would 

greatly help asceticism, science and the good name of our common country. And I know not who would 

make a more fitting general of such a campaign than Swami Vivekananda.' 

Unfortunately for all concerned, the contents of Swamiji's reply to Jamsedji, if any, still remain in the realm of 

the Unknown ! 

Following initial reluctance to spend money on humanities, thc management of the Indian Institute of Science 

has come out over the years with several explanations and various reasons as to why humanities could not be 

given its rightful place in the Institute's educational and research programmes. Even though 'such a liberal 

education would doubtless improve the quality of the life'. The same sad story has been repeated in the Indian 

Institute of technology and other universities or deemed universities devoted primarily to professional 

education, ie, engineering, management, medical and agricultural education, despite some of them having 

Departments of Humanities & Social Sciences, generally playing second fiddle to the Engineering Departments. 

During the last two decades I have given off and on lectures in these institutions on subjects like our Sanskrit 

Heritage, 'Spirituality', 'Yoga', 'Sarvodaya' and 'Satyagraha'. At the end of these lectures, many students would 

come forward and tell me that they enjoyed hearing what I said, but such things are neither taught nor brought to 

their notice during their student career. I used to ask them, 'Do you not get some directions from elders in these 

matters at school, college or at home?' They replied invariably, 'Yes, we get one direction from all and that is: 

Towards America!' 

All the foregoing has happened in our country despite increasing realization, the world over since the Second 

World War (1939-45) that the human mind, to be meaningfully active, truly creative and highly productive, 

needs inputs from several branches of knowledge and among them the humanities and liberal arts have a crucial 

role to play. 

THE INDIAN CONCEPT OF TWO SCIENCES 

At this critical juncture in our nation's history I believe it is appropriate and necessary for us as Indians togo 

back to our roots and hearken to the clarion call, the calm, clear and convincing voice of wisdom, emanating 

from our millennia-old Sanskrit classics like the Vedas, the Upanishads, the Yoga-Sutras and the Bhagavad-

Gita. Even a highly westernized individual like Pandit Jawaharlal Nehru had the following to say about our 

glorious Sanskrit heritage: 

'If I was asked what is the greatest treasure which India possesses and what is its fmest heritage, I would 

answer unhestitatingly  it is the Sanskrit language and literature and all that it contains. This is a 

magnificient inheritance and as long as this endures and influences the life of our people, the basic genius of 

India will continue'. 

We have neglected this precious heritage almost criminally since independence and are still denying our 

students access to it, all the time talking glibly about secularism, scientific temper, three-language formula, etc. 

The Mundaka Upanishad exhorts the human family to take to the study of two sciences, viz,  

(Science of the Absolute or the Spirit) and  Vidya (Science of the non-Absolute or the non-Spiritual) in 

the following unambiguous words: 
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[There are two sciences to be studied..... thus indeed have the knowers of Brahman (the Supreme Reality) 

stated.] (I.1.4) 

 

[The science of the Absolute (is) that by which the imperishable (spirit or soul) is grasped.] (I.1.5) 

 

[Herein, the science of the non-Absolute (consists of) the Rig Veda, the Sarna Veda, the Atharva Veda, 

chanting, rituals, grammar, etymology, prosody and astrology.] (I.1.5) 

It is quite clear from the above defmitions that there are two different sciences or sectors of knowledge that have 

to be studied and mastered and these can be understood in modem English idiom as science (or Material 

Science) and Spirituality (or Spiritual Science). Both are essential and there is no question of one being superior 

to or higher than the other, even though the expressions 'Lower Knowledge' and 'Higher Knowledge' have been 

used at times in our tradition to translate . Incidentally, the words  and 

'Science' have a similar derivation from two roots meaning 'to know' and thus may be translated simply as 

'knowledge'. 

The  one of the oldest, briefest and most beautiful among the Upanishads, makes 

the position in regard to both these sectors of knowledge even clearer, using the shorter forms of  and 

 to refer to them: 

 

[  (spirituality) has its own distinct purpose,  (science) has also its own, a different purpose  thus 

have we heard from the brave explorers (in both realms), who analyzed all this for us.] (10) 

 

[One who knows both   (spirituality) and  (science) together conquers Death through   

and tastes immortality through .] (11) 

In these two short and sweet  (verses), the human family is vouchsafed a profound message, which it can 

ignore only at its peril. There are two complementary sciences, each with its distinct identify, its own purpose, 

its own methodology. One of them, science as we know it today, deals with the material, the natural and the 

manifest world without and assists us in overcoming the limitations of life on this earth, to the extent of even 

conquering death ultimately. The second, spirituality as it is referred to today, is concerned with the spiritual, the 

supernatural and the unmanifest world within and assists us in realizing and experiencing the undying spirit that 

pervades the within and the without. This two-fold classification of knowledge looks natural, logical, and I 

would say even inevitable, in the light of all that the human family has thought and experienced in its long 

history in different parts of the world. In Germany, which has a great tradition of affinity with Indian idealistic 

thought, the two sectors of knowledge or the two sciences (WissenschaJten) are referred to as Geistes-

Wissenschaften (Science of the Spirit) and Natur-Wissenschaften (Science of Nature). As many in India know 

and appreciate, the erudite German thinker, Dr Rudolf Steiner (1861-1925), had pleaded for the need to cultivate 

both sciences as early as in the years following the First World War (1914-1918), in fact, most eloquently and  

most passionately in his numerous speeches and writings. 

We know and discuss a great deal about the methodology of science, but what is the methodology of 

spirituality? In the ennobling and elevating dialogue between Yajnavalkya and his wife Maitreyi in the 

 Upanisad, the former tells the latter: 

 

[The spirit (or the self) has to be actually perceived, my dear. It has to be heard about, reflected on and 

meditated upon.] (II.iv.5) 

This ancient and pregnant saying based on the long experience of a whole line of seekers has become the basis 

for the well-known triad of steps or stages, viz,  (hearing or study), Manana (Reflection) and  

or  (meditation), which has played and still plays such a crucial role in the spiritual life of 

 (seekers of truth) of our country. 
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Thus while science is essentially experimental and rational, spirituality is predominantly experiential and 

intuitive. However, in both these realms of knowledge, it is the Buddhi (intellect) that collects, codifies and 

communicates the knowledge sought and acquired. 

In passing, let me note that modem science has begun to admit after the advent of quantum mechanics that there 

is scope for comprehending, experiencing and realizing truths by methods and techniques other than scientific 

and rational. Neuro-physiologists have been concerned in recent decades with understanding the complementary 

roles played by the left and the right hemispheres of the human brain, the former characterized often as rational, 

analytical, assertive and masculine and the latter as intuitive, integral, receptive and feminine. Max Planck, 

father of quantum mechanics, could foresee these momentous developments even in 1936 when he wrote the 

following prophetic words: 

'Science means unresting endeavour and continually progressing development towards an objective which 

the poet's intuition may comprehend, but the scientist's intellect can never fully grasp.' 

THE FOUNDATION OF ETHICS 

The important question that follows now is: What is the source of ethical values-is it science or spirituality or 

both? As for as my own views are concerned, I have never been in any doubt in this crucial matter. It is 

spirituality, and spirituality alone, that holds the key to ethics and morality. 

In this century many leading Indian thinkers like Sri Aurobindo, Acharya Vinoba Bhave, Pandit Jawaharlal 

Nehru and Dr Sarvapalli Radhakrishnan have recorded their views on, and also pleaded for a synthesis or 

unification of science and spirituality. I wish to recall here the deliberations of the 1963 International Seminar at 

Patna on 'Science and Spirituality', particularly the messages received on that occasion from Nehruji and 

Vinobaji. The former wrote: 

'The future of the world is tied up with the growth of science and life is becoming more and more dependent 

on science. At the same time life with science only as its guide and without spiritual basis is very likely to 

lead to disaster for humanity.' 

The latter made two important points in his message to the Seminar: 

'To me science is equal to spirituality. The former is more concened with the outer aspect of the world, the 

latter with the inner aspect and both combined will give us the whole world in ourselves.' 

'Science has force, speed and action, but no direction. The direction has to be provided by spirituality.' 

One of Our great scientists-cum-thinkers (I am afraid we do not have many in this category any more in our 

country), Professor D S Kothari, hit the nail squarely on the head, when he poured his heart out in the following 

words in one of his lectures at the Indian National Science Academy: 'Within the strict confmes of natural 

science there is no place for self, morals, truths, love, beauty and God.' 

I am personally convinced that the time has come for us intellectuals not to beat around the bush any more, but 

understand for ourselves and also tell others that the foundation for ethics and morality has to be sought in 

spirituality. 

As for as our society today is concerned there is considerable confusion in regard to the positions and roles of 

technology and engineering (of technology) on the one hand vis-a-vis science, and of religion and 

institutionalizing (of religion) on the other vis-a-vis spirituality. These derivatives of science and spirituality 

with their human strengths and weaknesses have to be differentiated in our thinking and evaluation from the 

latter, the two original sources of knowledge and truths. 

It is to the credit and glory of our country that the spiritual way or direction, ie, the practice of ethics or morals 

or values, has been given a broad and universal basis, to start with, and been generally identified with all 

pursuits of Satyam (Truth),  (Goodness) and Sundaram (Beauty). I would like to believe that any humble, 

unselfish and idealistic involvement on the part of a human being, may be study, reflection, introspection, inner 

probing or meditation, even sports, games, music, dancing, social service, constructive programmes or 

communion with nature, constitutes a spiritual activity that can promote understanding and assimilation of 

ethical and moral values. It is not surprising that Albert Einstein, considered the greatest of modem scientists 

and known for his spiritual bent of mind as well, could state the following, hailing as he did from the German-

Judaic tradition:  

'The ideals which have always shone before me and filled me with the joy of living are goodness, beauty and 

truth.' 

INCULCATION OF ETHICAL VALUES 

In training our youth for any profession, the first obvious need, as it emerges from all the above, is to give equal 

importance in our educational system to science and spirituality. The roles of the two trinities, viz, science, 
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technology and engineering (of technology) on the one hand and spirituality, religion and institutionalizing (of 

religion), on the other, should be clearly defined and the youth trained to understand and appreciate the 

importance of pure as well as applied scientific and spiritual knowledge. Just as we plan experiments to enable 

students to acquire and master scientific knowledge, so should we plan experiences to assist our students to 

digest and assimilate spiritual knowledge. It is perhaps a gigantic and difficult task, but I believe a start can be 

made without further delay in our schools, colleges and universities. The paramount need from the beginning is 

to stress the universal and global nature of both science and spirituality, particularly the inherent capacity of the 

latter to provide a framework (or an umbrella) for the peaceful and harmonious coexistence of religions and 

religious institutions. The intellectual rather than the emotional approach should be inculcated in our students, so 

that they can assimilate comfortably both scientific and spiritual knowledge, pursuing each with the 

methodology and technique associated with it. I shall be most happy if our large and far-flung Institution, this 

great Institution of Engineers (India), decides to take some initiative in this important national endeavour.  

Our country is the hallowed home of several great religions and numerous vibrant religious sects and yet our 

spiritual leaders have tried right through the ages to stress the common and the universal in ethics, leaving many 

details to be worked out by individuals, families and groups in accordance with actual situations. This approach 

has now to be cultivated consciously, assiduously and vigorously to foster a true secular climate characterized 

by genuine respect to every other person's religious faith. 

In conclusion, let me quote, as an example, an inspiring and relevant  (verse) of Bhartrhari, the celebrated 

poet-philosopher of the three popular  (centuries of verses) who lived in the 7th century AD, on 

universal ethical values: 

 

[Abstention from killing, restraint in the matter of seizing what belongs to others, truthfulness in .speech, giving 

to others according to one's capacity and at the appropriate time. silence in regard to gossip about others' wives, 

damming the stream of greed, an approach of humility to teachers and compassion to all living beings ............. 

these constitute the generally accepted path to fulfilment, the universal law that fmds no disapproval in any 

treatise on ethical values.] 
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Quality Assurance in Engineering Education 

Prof C S Jha, Fellow 

Indian Institute of Technology, New Delhi 

 

I am deeply conscious of the honour you have done me in inviting me to deliver the 36th Visvesvaraya 

Memorial Lecture today. Sir Mokshagundam Visvesvaraya, Bharat Ratna, has been a source of inspiration and 

pride to thousands of our engineering fraternity. He not only raised the status of an engineer in our society but 

also through his creative endeavour, his engineering achievements, his administrative skills and broad vision 

contributed greatly to the industrial, social and economic development of the country. As a visionary who could 

think far ahead of his time, he realised that there could be no prosperity for our people except through the proper 

application of science and technology in most of our endeavours. His emphasis on quality permeated to all his 

activities, be it construction of a dam, a reservoir or of flood control measures innovation in administration and 

economic reforms, establishment of new educational programmes, or membership of numerous committees 

involved in educational, economic or industrial development. His uncompromising attitude on quality made his 

name an endearing legend in the field of engineering. Because of this, I have chosen to speak on 'Quality 

Assurance in Engineering Education' as befitting the memory of this great savant, who would continue to be a  

role model for our people for all time. 

Liberalisation of the economy, opening up of the trade barriers, the gradual integration of local markets into a 

global environment, the internationalisation of engineering activities and globai access to knowledge and 

information have all contributed to a growing appreciation of quality requirement and assurance in all industrial 

activity. To survive and remain competitive in the global market place, goods and services offered should not 

only be of high quality, but also be reliable, safe, energy-efficient, environment friendly and cost-effective. 

Ability to produce such goods and supply such services, and to sustain these over long periods of time, require a 

regular supply of high level manpower properly educated and trained. Sustained success in meeting our national 

objectives and in competing at the international trade arena will depend in large part on the optimal utilisation of 

not only our physical, natural and financial resources but human and intellectual resources as well. In today's 

world, investment in intellectual capital is an option believed to give the highest possible return. 'Intellectual 

capital is like every other form of capital. It appreciates and depreciates, becomes obsolete, requires 

maintenance, repair, replacement and modification. New infusions are needed from lime to time, venture 

capitalists are needed, new sources must be sought and existing sources must be expanded' (National Academy 

of Engineering, US : Focus on Future 1988). We are happy that since independence, India has given statutory 

encouragement and fillip to the rapid growth of the intellectual capital both in the field of general educational 

development through the National Education Policy (1968) and the revised NEP (1986) and in the application of 

science and technology to national development through the Scientific Policy Resolution of 1958 and the 

Technology Policy Statement of 1983. While continuous expansion of intellectual capital across the disciplines 

is desirable, it is believed that engineering intellectual capital has the highest economic denomination of all 

forms of intellectual capital. Numerous studies in the United States have confirmed that engineering education 

and training yield significant economic returns: 

 The 1985 National Research Council Report Continuing Education of Engineers includes a unanimous 

finding that engineering education experts a positive influence on innovation. 

 Motorola Study: Quality engineering education produced a 30:1 payoff in revenue in the same y,ear (Edward 

Bates, Motorola International Report 1987, Galagan 1986). 

 Motorola Study: Statistical Quality Control Course produced a 29:1 pay off in reduced cost of repair and 

rework in the same year (Bates 1987, Galagan 1986). 

 A report cited in a National Research Council Study (1985) indicates productivity improvement of 30 to 

40% resulting from the introduction of computer-aided engineering design. 

Although the translation of educational gains to productivity gains is not guaranteed, because of its dependence 

on several other parameters like investment policy, labour relation and motivation, etc there is enough empirical 

evidence to confirm that industrial enterprises thrive in the presence of adequate supply of trained engineering 

manpower of reasonable quality: research and development staff, professional engineers and managers, 

technicians and skilled craftsmen. 

In addition to the compulsions of international competitiveness, one other factor which is influencing the urgent 

need for quality assurance in engineering education worldwide is the challenge posed by rapid advancement of 

technological frontiers, the emergence of totally new technologies and the dwindling half-life of an ,engineer's 

skills learned in the classroom during initial education. The advances in computers, artificial intelligence, 

photonics, robotics, flexible manufacturing, bio-technologies, new materials, and communications are but a few 

examples of engineering areas which have transformed almost beyond recognition in less than a decade. How 
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does one make certain that students undergoing current engineering curricula would be able to face the 

enormous technological changes that will occur in their typical professional career of 35-40 years? One recent 

report (National University Continuing Education Association, USA, 1987) contains estimates of the half-life of 

an engineer's skills in 1986 at 2.5 years in Software Engineering, 5 years in Electrical Engineering, and 7.5 years 

in Mechanical Engineering. These estimated spans may have become even shorter by 1993. 

The quality scenario has undergone a major transformation in the last few years with concepts of total quality 

management (TOM). zero defect, etc as well a regional and international standards in quality measures and 

assurance like ISO: 9000. In product quality assurance, one.can monitor and ensure quality at all stages, eg, 

material selection, design, process selection, fabrication, assembly, testing, packaging, marketing, etc. For 

human resource development through institutionalised education the equivalent stages of quality control would 

be admission criteria, curriculum design, programme selection, curriculum implementation, evaluation, and 

employability. 

 

While the quality of a manufactured product can best be judged by comparing its output characteristics with the 

input specifications with deviations being kept within permissible limits and by ascertaining whether these 

characteristics (or attributes) remain unchanged even after continuous use over a long period of time, quality of 

an educational process or that of the product of an educational process is much more difficult to define or judge. 

This is primarily because unlike product manufacture the educational process operates on heterogenous (human) 

variables, is operated on by a group of faculty with time-varying abilities, through a time-varying and updated 

curricula, a subjective evaluation mechanism and a variable employment market. Moreover creativity, 

originality, and innovative ability which feature the desirable attributes of quality education are difficult to 

assess for lack of quantitative methodologies or qualitative procedures. It is for this reason that the quality and 

attainments of higher education are often judged more through 'peer reviews' than through the evaluation of 

performnce of their graduates. Even if one could assume that the quality of output is the only criterion for 

evaluating an education system or an educational institution, all the output of the educational process must be 

considered and not only the graduates. In an engineering institution besides the graduates and postgraduates the 

outputs are research papers, conferences, consultancy to industry, technology transfer, new commercial 

ventures, teaching and training materials, short-term courses, state-of-the-art lectures, consultation to 

government in national policy formulation, curricula upgradation, teacher development, etc. A holistic approach 

to the evaluation of all the outputs and giving them relative weightage for a final evaluation of the 'quality' of an 

institution or an educational process is not only desirable but would also appear as 'fair' to the institution 

concerned in the evaluation process. Continuous self-evaluation coupled with occasional external evaluation 

would help the institutions to improve the quality of their educational endeavour and also assure the nation and 

the government that the expenditurelfinancial subsidy on the educational process is justified. 

Quality measurement of human systems and their attributes suffer from the limitations of subjectivity, since the 

perceptions of quality differ among the various concerned client groups which in the case of an educational 

process are students, faculty, employers, society and the government. Students judge quality through peer advice 

on 'image' of the institution and its rating among similar institutions, accreditation status, quality of faculty and 

facilities, atmosphere, success rates, and employability and salary structure of graduates. Faculty, on the other 

hand, worries about quality of student intake, research environment, teaching contact loads, library and 

information support, accommodation, and source and stability of funding. The employers both government and 

industry put stress on the output characteristics of the graduates, their ability to analyse a problem and seek cost-

effective solutions, their aptitude for learning new things and for working as a member of a team, as also the 

quality of consultancy and problem solving services and advice received from the faculty and the ability of the 

institution to upgrade competence of their working employees. The government and the society consider as 

quality indicators, the image of the institution through national and international recognition of its faculty and 

students, awards, help in national policy formulation, employment record of its graduates, and the direct and 

indirect inputs to raising the technological capability of the nation. Although these perceptions vary a good deal, 

it is true that all the client groups converge and are able to identify the very high quality institutions in a country 

with near unanimity, although they may disagree widely on the relative grading among these top schools. It may 

be appreciated that quality is a regenerative phenomena. Good quality institutions attract high quality students 

and faculty, high level of societal support, large industrial consultancy and ensure high level of employment to 

their graduates, all these help in further improving the quality of the institutions and the educational process 

involved. 

Having explained the conceptual difficulties in the measurement of quality, I would like to examine in detail the 

various stages of the educational process as defined earlier, ie, admission, curriculum design, programme 
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selection, curriculum implementation, evaluation and employment so as to identify the quality assurance aspects 

involved in each stage.  

Admission 

We are fortunate that engineering studies are extremely popular with school students completing their +2 stage 

with physical sciences combination. This popularity is based on the belief that the first degree in engineering is 

an insurance against unemployment while opening up the doors to a challenging career in production, 

management, administration, or research and development. The training is believed to be so general and so 

fundamental to analysing a problem and seeking solution that no employment is beyond the reach of an 

engineering graduate. In this situation of large demand and limited supply, selectivity becomes the rule of 

admission to engineering schools leading to high quality input characteristics of the students entering the school. 

Admission tests or other merit criteria however are more of an elimination type rather than evaluation of 

aptitude of the individual towards an engineering career. The mismatch between ability and aptitude often leads 

to frustration in studies and exit from the engineering functions to other sectors of endeavour at the first 

opportunity offered. It is not unusual to see top students from our leading schools forsaking engineering to  

selling soaps or threads. Institutions should develop admission criteria which emphasise potential ability and 

motivation towards problem solving, creativity and innovation. Opportunities should be available to students to 

switch their field of study if they find that they have made a wrong choice.  

Curriculum Design 

The design of a curriculum for engineering is the most challenging as well as difficult operation in the whole 

educational process, The difficulty arises from the fact that engineering functions for which the curriculum 

prepares the student are of multifarious nature with requirements of differing abilities, attitudes and skills. The 

educational requirements of a designer, a production or manufacturing engineer, a maintenance executive, a 

R&D personnel, a teacher of engineering, and a sales and marketing executive cannot be met from the common 

curriculum to which all students are exposed. The needs for developing creativity, innovative ability, and 

problem solving for teachers, R&D personnel, and design staff are vastly different from those for maintenance, 

production, assembly and commissioning, and sales and marketing personnel, the latter needing much more 

practical and management skills than the former. Under such conflicting requirements, the institution can decide 

to take one of the two options, either it decides to concentrate production of only one type of graduates with 

some similarity in output functions, or it allows enough flexibility in the curriculum to permit students choice 

and combination of courses to suit their eventual career requirements. Most of us who have been involved in 

curriculum design knowhow unsatisfactory our methodologies have been since we always play safe by 

combining the two options in different proportions. The quality perceptions in Indian institutions are often based 

on the type of curriculum designoffered, the relative weightage to Humanities and Social Sciences, Basic 

Sciences, Engineering Sciences and Engineering specialisation, the importance of laboratory and design courses, 

the use of computers, the rigour of the final year 'project activity' and the opportunities for exposure to real-life 

situation and real-life problem solving. The new demands on reliability, safety, productivity, quality 

consciousness, technology assessment and international competitiveness have yet to find adequate 

representation in the curriculum design of even our most prestigious institutions. Training in securing needed 

information, permission to do research in vacations, exposure to current levels of technological sophistication in 

industry, and opportunity to be strtched to maximum intellectual demands are other distinguishing features of a 

quality design. Good institutions should have a permanent mechanism for identifying needs of the curriculum 

based on relevance to national needs and international trends so that the nation has an engineering workforce 

whose quality of education and training is equal to or better than its international competitors and who is able to 

successfully tackle the challenges of technological advancement at home and competition in goods and services 

abroad. Curriculum upgradation and modernisation should be carried out at regular intervals with suitable tests 

framed for evaluation of relevance and implementability.  

Programme Selection 

"An engineering programme is an organised educational experience that consists of a cohesive set of courses or 

other educational modules, sequenced so that reasonable depth is obtained in the upper level courses. A definite 

engineering stem should be obvious in the programme and again depth should be reached in pursuing courses in 

the engineering stem. Furthermore the programme should develop the ability to apply pertinent knowledge to 

the practice of engineering. An engineering programme must also involve the broadening educational objectives 

expected in modern post-secondary education". (ABET, US 1987 Criteria for Accrediting Programmes in 

Engineering in the US) 

While curriculum design discussed earlier defines the scope and attainments of engineering education, specific 

programmes lead to specific degrees given by an institution. The selection should normally be on the basis of 

student's interest and his school educational background, but unfortunately student's choice when freely 

expressed is influenced often by extraneous considerations like employment position, parental pressure, 

nearness to home, etc. The ground reality is seen to be the relative popularity of different emerging disciplines 

which keeps on varying upon real and anticipated employment opportunities in the discipline in the country and 
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to some extent in other countries, or even on opportunities for receiving a fellowship ior post-graduate study 

abroad. Institutions are thus forced to use school scholastic record or admission test performance for allocation  

of disciplines at the time of admission, although a better method would be to take this decision after the student 

has spent some time in the institute. Good institutions do allow a certain degree of upward and downward 

mobility in discipline offerings but this mobility is usually controlled by scholastic ability. It would be more 

appropriate if there was an advisory committee to monitor and advise students properly on their selectionof 

discipline and their future career in engineering. This would demand greater personal contact between teacher 

and taught as well as between teacher and parents, and the development of a flexible educational model for 

students to change from one discipline to another.  

Curriculum Implementation 

The implementation of the curriculum is the heart of the educational process. Quality of faculty, method of 

instruction, the setting up of suitable laboratory and design experience, integration of knowledge through 

application to reallife problem solving, exposure to industry and experience of group working for tackling intra- 

and transdisciplinary problems all contribute in the conversion of a young school graduate to a graduate 

engineer. Engineers working in their profession are required to apply with judgement their knowledge gained by 

study, experience and practice to develop ways of utilising economically the materiais and forces of nature for 

the benefit of mankind. While curriculum design makes certain of the ingredients of general knowldge in basic 

and engineering sciences and specialist knowledge in a given discipline, proper implementation of curricula and 

interactions with faculty and industry should enable a student to develop confidence and engineering judgement 

for using his analytical and design ability for solving an engineering problem for the benefit of society. Skills in 

problem identification, analysis, seeking alternative design solution, optimisation and use of engineering 

judgement can all be developed through repetitive opportunities of doing engineering work under faculty 

guidance. We shall separately discuss the importance of design experience, laboratory instruction and the use of 

modern computing facilities in curriculum implementation since these three influence the final abilities of a 

graduating student in his profession. 

It is unfortunate that many institutions have put greater emphasis on analysis at the cost of design courses since 

in my opinion it is the ability to design which distinguishes an engineer from an applied scientist. Engineering 

design is basically a multidisciplinary activity in which a system, component or process is developed to meet the 

desired needs. Unlike the analytical process there is no unique solution to design problems. It is often an 

interactive decision making process in which knowledge of basic sciences, mathematics, materials, engineering 

sciences and system and optimisation theories are applied to convert resources optimally to meet the stated 

objective. Design training allows a student to establish objectives and criteria, use tools of analysis and 

synthesis, develop possible construction/manufacturing strategy, as well as testing and evaluation procedures. 

He has to understand and face realistic constraints of economic factors, safety, reliability, aesthetics, ethics, 

environmental issues, energy efficiency and social impact. It is appreciated that all of these cannot be covered in 

one course or one assignment. While curriculum design may include some design exercises at various levels of 

study, the implementation strategy should make certain that students through Class work and assignments to be 

completed outside the Classroom develop creativity and innovative ability and appreciate concepts of quality, 

and feasibility. Frequent encounters with open-ended problem splving will help them develop engineering 

judgement which would be enriched by experience in the profession after leaving school. 

Laboratory instruction is another important curriculum component the proper implementation of which 

influences the quality of engineering education. The laboratory is the place where the student learns systematic 

planning of experiments and proper measurements and implementation techniques, understands the correlation 

of theory with practice, recognises that the real wurld of engineering is different from that of the simulated one 

encountered in the Classroom, develops methodology of problem-solution where theoretical solutions are either 

not easily obtainable or need validation, and gets practice in maintaining records of observation and written 

communication of scientific inormation (his experimental results). However, laboratory instruction often suffer 

from lack of adquate amounts of needed equipment (due to obsolescence, continued technological advance and 

lack of funds), absence of proper faculty support and setting up of stereotyped experiments with little originality 

and innovation and with no excitement of discovering new knowledge from the experiments. Quality 

considerations would demand proper financial and faculty support to this area along with making the laboratory 

a problem-solving experience of lasting value through well-designed engineering experiments of both open-

ended and closed solution types. 

Extensive use of appropriate educational technologies in the curriculum implementation process differentiates 

the high quality institutions from the lower quality ones. Of the many changes in engineering practice over 

recent decades, perhaps the most dramatic has been the introduction of the electronic computer. Its engineering 

usage has diversified from mere number  crunching to information retrieval from databases, intelligent 

processing and display, assistance in design, manufacture and management, simulation, communication, on-line 

control of engineering processes, artificial intelligence-induced expert systems, learning aids, etc. Engineering 

students must have access, training and practice in all such engineering functions and the use of computers must 



The Thirty-sixth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Eighth Indian Engineering Congress, New Delhi, January 01-04, 1994 
  

 

 

The Institution of Engineers (India)  
 

337 

be integrated in all engineering courses. High performance single-user workstation and more widespread use of 

networking would help students use the computer for problem solving, data analysis and design assistance as 

well as for information collection and dissemination, email, etc. Use of live and tutored video, teleconferencing, 

TV lessons are other educational technology tools which would enhance the quality of the teaching/learning 

process. Unfortunately resource crunch may not allow us to expand a great deal in this direction but the quality 

of our instruction would definitely suffer unless manaqernents make available to our students modern delivery 

systems. 

Evaluation System 

Evaluation of an educational process does not mean only the holding of examination for grading stuents' 

performance in the class but developing a system for determining the effectiveness of the teaching/learning 

process. Since the basic thrust of quality engineering education is to foster creativity, develop innovative ability 

and problem solving skills, routine examination performance can only be a marginal input to the evaluation 

process. Assignments, quizzes, design exercises, investigative project activity and group activity must 

supplement the regular minor and major tests (or mid-term and end-term examinations) for evaluating the 

competence level of students and their engineering acumen. Open-book examination can be used to test both 

understanding and analytical and design abilities since rote memory has no major place in intellectual 

development. Quality assurance would require evaluation techniques which are dynamic and which help 

improve the teaching/learning process. A transparent and open evaluation mechanism guarantees integrity of the 

system and the much needed faith of the examinees as well as their parents. Such evaluation may lead to 

desirable changes in curriculum design and implementation and even in the evaluation techniques used. 

Employment 

Employability of the student output and the mean level of salary they are offered are often used as success 

indicators of the education process and that of the institution concerned. When jobs ae plentiful, quality does not 

playas important a role as availability and terms of hire. However in times of job scarcity, quality of the output 

becomes the dominant factor in job absorption. Good Institutions help in placement of their students and have a 

career guidance cell. Employers are so keen to get good quality graduates that they often go to great lengths in 

offering position on their engineering staff to students even before they have graduated. Quality assurance will 

demand capability of not only job absorption of choice but also ability and motivation for entrepreneurship and 

job creation. If creativity and innovation ability have been fostered, multiple job opportunities including self-

employment would be available to every graduate. 

We have already looked at the basic educational process  the curriculum design and implementation but have 

so far not commented on the key player  the faculty. The heart of any educational programme is the faculty. 

All other matters are secondary to a competent, qualified and forward looking faculty that can give an overall 

scholarly atmosphere to the operation and provide an appropriate role model for engineering students (ABET, 

US Criteria for Accrediting Programmes in Engineering 1988-89). The quality of an institution is often judged 

by the quality and competence of its faculty. High level of academic training, non-academic engineering 

experience, experience in teaching, ability to communicate, interest and motivation for developing more 

effective teaching methods, level of scholarship shown by scientific and professional publications, continuous 

development through self-study, research and participation in professional society activities, awareness of the 

state-ot-the art in the chosen discipline, a sympathetic and helpful attitude towards students for developing their 

creativity and innovative ability and for stretching them to their maximum achievement potential are indicators 

for judging the quality of the faculty. 

Quality assurance would require not only recruitment of high level faculty but also for creating conditions for 

their continuous professional growth by providing them freedom and facilities for personal study and research, 

industrial interaction and consultancy, participation in national and international conferences and opportunities 

for training in newer and emerging areas. Sabbatical leave for development, sponsorship for earning a higher 

degree if required, leave for industrial visits and for acquiring better teaching skills, avenues for promotion and 

provision of required personal comforts like housing, secretarial support, etc would not only attract good faculty 

to an Institution but also retain them for long periods. Good faculty would demonstrate originality, creativity 

and innovative skills and would have enough industrial experience to bring realism to the engineering 

classroom. It is sad that teaching skills are often overshadowed by research aptitude and faculty promotions are 

influenced more by the latter than the former. This often results in the neglect of the teacher's primary function - 

teaching. While knowledge generation and other creative activities through research are important for teachers 

to remain academically alive and upto-date, a teacher should primarily be judged by his teaching ability and his 

competence in exciting curiosity in his students, fostering a willingness to experiment with and acquire new 

ideas and skills and for encouraging them to be sensitive to their environment and alive to the engineering 

challenges facing them. 

Another factor in quality implementation of curriculum is the provision of adequate physical facilities for the 

teaching/learning process in engineering. These include classroom, laboratory and design office space, 
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workshops, equipment, technology aids, etc. The institution should have a structured plan for modernisation, 

maintenance and replacement of these facilities.  

Management 

While quality of students, faculty, curriculum and facilities are important, their effectiveness in producing a high 

quality graduate depends a great deal on the environment in which the teaching/learning process takes place. An 

academic environment requires freedom to faculty and students for purposeful experimentation on educational 

issues, active involvement of students and faculty in academic debates and decision making on academic issues, 

a commitment of institute administration for providing adequate facilities for teaching/research, an open and 

transparent evaluation mechanism both for student performance and for teaching effectiveness, encouragement 

and reward for quality, and round-the-clock access to library, project laboratories, and computing facilities. 

Management functions should be mostly supportive rather than of control and disciplinary nature, and should 

ensure the provision and maintenance of physical facilities, timely filling up of existing and anticipated 

vacancies in faculty and staff positions, timely completion of admission procedures, curriculum implementation, 

examinations, and declaration of results. Quality issues in managment would require. vision delineation, long-

term planning for future growth and annual plans for optimal utilisation of human and financial resources, 

mobilisation and proper allocation of resources, developing an appropriate mechanism for system monitoring 

and evaluation, establishment of grievance redressal mechanism, and fostering' work-culture through work-

norms for all categories of employees. Good administration is rarely visible yet is responsible and accountable 

for the wheels to keep turning. 

Continuing Education 

An MIT study in 1982 on lifelong cooperative education has brought Continuing Education of Engineers to the 

right focus  ".... (A) new pattern of engineering education (is required) .... to meet the needs of a world 

characterised by rapid technological change and by engineering systems of growing complexity. In such a 

world, creative, responsible and broadly knowledgeable engineers are a most precious resource, a resource 

whose quality cannot be replaced by quantity .... (to ensure its success) this new pattern of education would be 

distinguished by three major departures from past attitudes: 

 uninterrupted commitment to formal education on the part of the engineers;  

 wholehearted support on the part of their employers of the nation that study and teaching are valuable 

components of productive work; 

 increased attention on the part of engineering faculties to the educational needs of working engineers of all 

ages." 

The scope of quality consideration in engineering education and engineering institutions cannot be limited to the 

formal degree education at the undergraduate and postgraduate levels but must encompass life-long education 

aimed at upgrading the skills of the engineering workforce and engaging them in new activities when new 

technologies emerge. Good Institutions must have structured proqrarnrnes of continuing education both for their 

own faculty and also for meeting educational needs of working professionals at all levels. These needs are 

identifiably different at different levels of the workforce. While managers may be interested in technology 

forecasting, senior engineers at the state-of-the art in their chosen field of activity, middle level engineers and 

managers on the new skills required due to upgradation of technology or emergence of a totally new technology, 

junior professionals would like to upgrade their knowledge of existing science and technology for more 

effective working or for earning higher degrees. Off-campus courses located near or at the place of work of 

groups of engineers, or education through distant mode have proved very successful in many countries in 

upgrading the competence of the workforce and need to be tried in our country much more extensively than at 

present. 

Interaction with Industry 

Engineering is a goal-oriented activity and engineering education prepares a student to develop his faculty and 

skills to produce, upgrade or maintain physical artifacts or systems through judicious use of material, labour and 

energy. Industry is the culmination of engineering activity and engineering educational process must bring 

industrial reality to the classroom through active involvement and interaction with industry. Educational 

programmes by and large include some time spent in industry for familiarisation of the industrial environment, 

learning the process methodologies used in industrial design, production and testing, and coming face to face 

with ground realities regarding quality, reliability, maintainability and aesthetics of product or system 

development. Industry is always keen to utilise the faculty expertise for their problem solving, and for upgrading 

the skill of its employees in addition to providing training to university students. Thus consultancy, continuing 

education, industrial training, sponsored and cooperative research are different facets of developing close 

interaction between institution and industry. Quality consideration requires that industrial interactions of various 

forms be an integral part of the institution's basic objectives and students must spend some useful time in 

industry and if possible have their major projects related to industry's specific requirements to be carried out in  

close supervision of industry's senior engineers. 
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Need for an Agency for Accreditation 

Quality assurance is basically an internal function of an organisation and requires close coordination between 

faculty, students, employees and the administration for ensuring successful monitoring of checkpoints of the 

educational process and bringing in needed reforms for upgradation of quality. However, external evaluation 

can often bring in new insights in checking that both the goals of the institution and the objectives of an 

educational programme have been met. Such evaluation can examine wh.ether the process organised to achieve 

the objectives have been properly designed and the output satisfies the minimum standards laid down by the 

profession. It is true that creativity, innovative ability and originality cannot be assessed easily except by those 

who have themselves demonstrated these abilities in their profession and are recognised by society as leaders in 

their field. External assessment through 'peer reviews' or through set guidelines and criteria of an accreditation 

agency and visits by expert assessors can help institutions in monitoring and evaluating quality on a comparative 

basis without sacrificing individuality and innovativeness of their programmes. Many countries in the world 

have regular accreditation systems (eg, ABET) and our own AICTE has proposed setting up a national  

accreditation board (NAB) which will have the responsibility of overseeing the quality of our engineering 

education system. Let us hope that NAB starts functioning soon. 

Role of Professional Society 

Professional societies are responsible for the professional growth and development of their members as well as 

of the profession. It is therefore in their interest to attract good quality schoolleavers to choose engineering as 

their prospective career, to help engineering institutions identify the major educational and training requirements 

of the profession including development of proper attitudes for teamwork, honesty and integrity, to assist 

graduate and postgraduate students in gaining experince in real life engineering situation and become a working 

professional, and to organise continuing education programmes for working professionals for learning new 

techniques or new technology and in developing their professional and managerial skills. Professional societies 

can thus playa major role in defining excellence and setting up benchmarks for quality assessment of the 

educational process. In many countries like the US, Canada, Australia, Newzealand, the UK, etc these societies 

influence the teaching programmes considerably by consciously integrating desired practical and professional 

knowledge in curriculum design and ensuring that the engineering graduate has imbibed the basics of all that his 

profession demands now or would demand in future. In many countries they also playa leading role in 

accreditation. Our own Institution also plays a significant role as an educational catalyst 'durinq accepting 

educational qualifications for entry to their Corporate membership. Its role has to be expanded in future through 

active interaction with leading educational institutions, industry and the AICTE and the proposed National 

Accreditation Board so that its views intluence national policy decisions on issues concerning engineering 

education, eg, growth of private engineering colleges, need for increasing emphasis on design, upgrading and 

modernising laboratories, better industry-institute interaction, training in quality, reliability, energy efficiency, 

knowledge of Indian standards, and continuing education needs of teachers and working professionals. 

Conclusion 

Engineering education world over is currently under tremendous strain as it is trying to cope up with the 

educational implications of globalisation of the economy, rapid technological advances in most fields, the 

emergence of totally new technologies and the continuing shortening of half-life of engineers' effectiveness. In 

India, the problem is even more acute due to large scale expansion of degree education particularly through 

privately managed institutions, the growing obsolescence of teaching and training equipment and 

methodologies, and the reducing financial support from the government. The need for laying down quality 

standards for the educational process has therefore become urgent. Standardisation should not mean 

discouragement to innovative educational methodologies or curbing of individual institutional initiatives, but 

only setting up benchmarks which must be crossed by all institutions in time allowing for further raising of the 

quality standards and the benchmarks. 

A good engineering professional today is familiar with the tool of analysis, synthesis, optimisation and 'design, 

has capacity to think, innovate and create new artifacts or systems, is concerned about quality, reliability, 

productivity and cost-effectiveness of his endeavour, is aware of the impact of his work on environment and 

society, and is willing and eager to work in a team in tackling problems of national development and societal 

transformation. Every engineering institution wants to produce good engineering professionals. A good quality 

assurance system can help identify weaknesses, develop strategies to remove them, and assist in the creation of 

an academic atmosphere which encourages originality, creativity, and innovative ability. 
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Technology: An Aid to Change 

Shri K C Pant 

 

I consider it a privilege to be asked to deliver the 37th Mokshagundam Visvesvaraya Memorial Lecture at the 

9th Indian Engineering Congress, on the occasion of the Diamond Jubilee Celebrations of the Institution of 

Engineers (India). The formal inauguration ceremony of the Institution was also held in Calcutta and it is only. 

appropriate that it should be the venue for this celebration. It is an occasion to take stock and prepare for the 

future. The Institution can take pride in its contribution to the profession of engineering, to technical education, 

to the advancement of science & technology and to economic growth. It has promoted consciousness of the role 

of engineers in the development of the country and the welfare of the people. As a dynamic, forward-looking 

body, it has extended its activities and taken up new programs in the light of emerging technologies and shifting 

human concerns. It is this capacity to respond to the challenges of a fast-changing world that the Institution will 

need in abundance as we approach the twenty first century.  

Dr. Visvesvaraya was one of the first engineers who directed his great technical abilities to addressing and 

solving the problems of development. He was truly a nation builder of great stature. His achievements in the 

field of engineering do not need recounting to an audience such as this. As is often the case with men of vision, 

he left an indelible mark on whatever he touched, be it administration, education or industry. The crowning 

recognition of his outstanding services to the nation came in the form of the Bharat Ratna, which was conferred 

on him in 1955. I take this opportunity to pay my respects to this illustrious son of India. 

The Central theme chosen for this Congress is "Technology for a better Tomorrow". Technology, in the sense of 

knowledge organized to do a task, has always played a major role in economic and social activity. Indeed, 

material standards of living, the character of social and cultural life and the security of societies have always 

been closely related to the technologies used. But with the industrial revolution, technology came to occupy 

centre-stage in the development of nations. 

It was not surprising, therefore, that technological backwardness should have been a key concern of the leaders 

of countries which were bypassed by the industrial revolution as they were then under colonial rule. Sukarno, 

Nehru, Mao, Nkrumah and Nasser all saw the rapid technological advancement of their countries as one of 

cornerstones of nation-building. 

In India, this recognition of the role of technology in  development and the commitment to its acquisition were 

first expressed in the Scient'ific Policy Resolution of 1958: "The key to national prosperity, apart from the spirit 

of the people, lies, in the modern age, in the effective combination of three factors-technology, raw materials 

and capital, of which the first is perhaps the most important". The need to enunciate a separate comprehensive 

policy on technology became clearer with the passage of time and on the basis of experience, and ultimately 

found expression in the Technology Policy Statement adopted in 1983. 

Technology is and will continue to be pervasive, as all sectors of the economy use it and all segments of the 

society are influenced and affected by it. Moreover, technology acts as an interface between production and 

employment, between the economic system and the ecosystem. To steer the development process, a country 

must be able to choose appropriate products and technologies and ensure their supply. Supplies may be obtained 

by means of an indigenous design and development effort or by purchase from abroad, followed by adaptation 

and modification to suit local conditions. 

The harmonization of social, economic and ecological objectives, can be achieved only by a careful redefinition 

of goals, both in terms of supply and demand. Technology weighs in on both sides through the technology of 

appropriate production. This, in turn, requires that we do not limit our consideration of technology to its capital 

and labour aspects but treat it rather as a multidimensional entity.  

The choice between existing products and production processes is important but the search for and creation of 

new appropriate products. Processes and technologies is even more important. Such products should address the 

basic needs of the whole population and. as far as possible be produced from renewable resources. 

Over the years, India has forged ahead in many areas. We have a network of institutions engaged in R&D in 

diverse disciplines. We have a pool of scientists and engineers at home and spillovers from this pool in many 

countries. Our agricultural production has registered impressive growth though of late it seems to have reached a 

plateau. Our industrial structure has been greatly strengthened and deepened. This list is by no means 

exhaustive. Nevertheless, the fact remains that we have not yet achieved the minimum goals of development in 

both rural and urban areas in terms of nutrition levels, shelter, health standards, extent of unemployment and 

underemployment or growth of per capita incomes. 
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This is, perhaps, true of many developing countries. It underlines the need to recognise that the developing 

countries will have to map out their own strategies of development rather than go in for whole-sale adoption of 

the goals and growth patterns of the developed countries. 

Scholars have analyzed in great detail the technological, economic, social, and political features of the 

predicament in which the developing countries of today find themselves. The developing world is in a 

completely different situation from that of the United States in 1776, Japan in 1867, or the Soviet Union in 

1917. The development trajectory cannot be the same for all countries. As for India and China, it has become 

clear that the problems they face are unique. There is nothing in social or economic history, let alone social 

engineering, which can provide signposts for the course that India or China, both with projected stable 

populations of over one billion some time in the middle of the 21st century, would have to follow to meet even 

the basic needs of the whole of their populations. 

We need a pattern of development which has no precedent in the history of the highly industralised, wealthy 

nations of today. The pattern must be one which ensures minimum living standards for all our people, 

particularly the over 600 million who will live in India's rural areas by the year 2000. The development strategy 

we adopt should stop, or at least sharply reduce, the present 2 per cent per year rate of rural emigration; generate 

enough productive employment and minimum social amenities in rural areas to enable the vast majority to 

realize improved standards of living on the land; and design and implement new patterns of land use and human 

settlement. The objective of an integral approach to both rural and urban development should be the biological, 

social, economic and cultural well-being and dignity of the whole populance. 

There is a need to move away from considering "rural" and "urban" as separate entities, and to think and act in 

terms of a continuing structure of city, town and countryside, supported by a corresponding continuum of 

production structures and technologies. Pluralism and diversity of technologies will have to be at the heart of 

this strategy. Several different vintages of technology will need to coexist, without the polarization of "high 

technology" ports versus "traditional" or "backward technology" hinterlands. 

Of particular importance is the creation of a substantial volume of employment in rural industries to support the 

work force which cannot find productive employment in agriculture. Traditional, agro-based or artisan-based 

rural industry will need constant upgradation of technology to improve its viability. However, the right balance 

will have to be struck between levels of technology and employment. In addition, to this, India will have to 

vigorously' generate technology, through research and development, for a whole range of new, science-based, 

"modern" industries. These industries may draw on biomass energy or the resources of forests or oceans; and 

progressively, with rising educational levels in rural areas, on information and information-based technologies. 

A new techno-economic model is called for one which is designed and realized with determination, creativity 

and professional expertise. But the enormity of the task should be recognised and appreciated, for this new 

development effort will have to be sustained not just over one decade, but perhaps five to six. 

A key instrument which we have used in our socio-economic development these past 45 years in technology and 

science. The bulk of the industrial plants we have built in this period have been based on foreign technology. It 

is estimated that during the eightees alone, our industry entered into some 3000 foreign collaboration 

agreements. The number of such agreements has been growing at an even faster pace in the ninetees. Payments 

for foreign technology are currently running at around Rs. 800 crores per year.  

There is no point in wasting resources, effort and time on re-inventing the wheel. Where needed, technology 

should certainly by imported, but thereafter it should be assimilated and improved. However, a feature of our 

technology purchases from abroad has been that, with a few exceptions, the companies operating on the basis of 

foreign technology have undertaken practically no R&D to really absorb the imported technology, let alone to 

upgrade or improve it. As a result, many of our companies have resorted to repetitive imports of technology for 

the same product being made by them. This has not only led to avoidable outflows of foreign exchange but also 

affected the capacity of our industry to export. This is because the world markets for which such exports are 

destined expect the products to meet contemporary international performance specifications. More 

fundamentally, such repetitive technology import has led to our industry being unable to really create a capacity 

for continuous innovation on an indigenous basis. What we need, at least from now, onwards, is for the top 

managements of our industries, in both the public and private sectors to ensure, not only effective absorption of 

the imported technology, but also the creation of the next generation technology based on such import, through 

strong domestic R&D and design engineering programmes. Failure in this crucial area is bound to erode the 

competitive position of our industry, both at home and abroad, and adversely affect our economic development 

and exports. Our industry must emulate their Japanese counterparts, not only in words, but in deeds. 

I now turn to a subject which has been keenly debated in scientific conferences as also in Parliament and in the 

media. I refer to the commercialisation of the outputs or results coming from our industrial R&D system. This is 

an important index to measure the performance of R&D institutions. Allover the world, R&D units are required 

to produce results commensurate with the resources. Including high-quality manpower, invested in them. Such 
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an evaluation is even more important for developing countries like India. For many years now, the gap between 

our R&D system and our industrial system, resulting in poor levels of commercialisation of R&D results, has 

been a matter of concern. However, the number and levels of significance of technologies which have come 

from our R&D laboratories and from in-house R&D units of industry, and have been successfully and speedily 

commercialised, has increased steeply in the last 10 years. For example, out of around Rs. 6500 crores worth of 

production in the area of professional electronics, around Rs. 2500 crores worth of equipment and systems are 

today based on domestic designs, know-how and engineering. The C-DOT has succeeded in generating, through 

its telecom switching technologies, around Rs. 300 crores worth of switching equipment production in 1992-93. 

Industrial output based on the results of R&D in CSIR laboratories is also growing. Almost eighty per cent of 

the approximately Rs. 600 crores of Agro-chemicals production in the country last year was also based on 

locally developed technology. The share of domestic technology-based production in the Rs. 7500 crore 

pharmaceutical industry last year was around seventy per cent. More examples could be given. They point to the 

progress made by Government, industry and the R&D system in acquiring the multi-disciplinary skills and 

institutional capabilities needed for successful commercialisation of R&D outputs in many areas of the 

economy. International recognition of this achievement is also now coming along. You will be happy to know 

for instance that the Crown Corporation of the Canadian  Government, called the International Development 

Research Centre, has come to our NRDCto seek help for commercialising technologies developed with IDRC 

financing in R&D laboratories and Universities world-wide. What is needed now, urgently, is to extend this 

capacity, expertise and linkage to all sectors of the industrial economy, from agro-mdustries to advanced 

electronics and biotechnology. This should be a prime task for us during the rest of this decade. I hope the top 

managements of industry and the R&D organisations will commit themselves to this objective and re-double 

their efforts to this end. We should set a target that at least thirty per cent, if not fifty per cent, of our total 

industrial production in the year 2000 should be based on domestically generated technologies. 

I now turn to another major challenge confronting us. I am referring to the upcoming revisions in Intellectual 

Property Rights (IPR) pursuant to our Government's adherence to the Final Act of the Uruguay Round of trade 

negotiations under the auspices of GATT. Government, Industry and the R&D system will have to quickly 

adjust to the new international regime that is coming into force in the sensitive area of patents. We have to 

analyse the strengths and weaknesses of our industry, our R&D system, our technology base, our labour and 

financial pollcies and practices and fashion a strategy which will enable us to face the challenge. This strategy 

has to be both defensive and offensive in character and must have, as one of its key objectives, the emergence of 

our economic and industrial economy as a world player. Purely as an example, I would cite the case of Solar 

Photovoltaic Energy Systems as one such sector in which we are already an international player and in which 

we have every possibility of being the world leader. But the ambition to achieve global eminence has to be 

backed by sustained commitment and determined, organised effort. First, our thinking has to be long term. 

Secondly, we need concerted, mutually-supportive effort through networks of manufacturing companies, R&D 

laboratories, educational institutions and government agencies. And thirdly, we need a suitable policy for 

building up large capacities in national R&D, technology development, manufacturing and world wide 

marketing. 

Coming back to the expected changes in patient laws, they represent a new challenge as well as an opportunity 

to stimulate well-focused R&D and technological innovation in our industry. But if we are to gain from such a 

stimulus, we must start acting now. Industry has to understand patenting and all the other implications of the 

new IPR regime in minute detail. Every industry has to have a patenting policy and a set of operating procedures 

to implement that policy and Government has to provide all necessary assistance to industry in this regard. I was 

glad to learn that NRDC has recently introduced a Foreign Patenting Scheme wherein fifty per cent of the cost 

of international patenting of domestic innovations and technologies of industry relating to exportable products is 

borne by NRDC in the form of grants; only the remaining fifty per cent has to be borne by the industrial 

company concerned. Of course, the company has to compensate NRDC by payment of royalties on exports 

undertaken under such international patenting protection. Industry should take full advantage of this scheme and 

use patenting to promote exports, particularly in areas of advanced technology. The stakes involved in our 

responding quickly to the challenges of the new IPR are very high. There is need for immediate and sustained 

commitment of the top management of our industry to this area. 

We have a large pool of skilled manpower in the field of science and technology. In terms of capability, they 

measure up to their counterparts anywhere. The cost of R&D in India being cheaper than that in developed 

countries, there is no reason why this capability cannot be used by our R&D system to attract orders from 

abroad. This, for example, is already happening in the area of computer software. 

I would like to add that India has also recorded a signal achievement in the field of computer hardware in the 

form of PARAM. It represents a fitting response to the challenge posed by denial of technology. Since this is not 

an isolated challenge, we must be prepared to respond to other similar challenges in the same positive manner. 

In any case, in this competitive age, we must ensure that we are second to one in the front-line technologies. 

This would call for vigilance to avoid acquiring any but the latest technologies. Then there are technologies 
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which are necessary for us but not as relevant to developed countries. These we must generate, on bur own. The 

same applies to technologies which are sought to be monopolised by a few countries and kept out of the reach of 

all others.  

Against this background, one can better appreciate the foresight of Pt. Nehru in establishing the Atomic Energy 

Commission and of Smt. Indira Gandhi in setting up the Space Commission. Over the last 15 years, the 

Departments of Atomic Energy. Space and Defence R&D have come to be collectively referred to as mission-

oriented agencies. The DAE has been undertaking, since its inception in 1954, an integrated program of R&D, 

industrial production and energy generation, all aimed at utilising nuclear energy for electric power production. 

Over the last 40 years we have built up, totally domestically, the complete "Uranium chain" from mining of ore 

to fabrication of nuclear reactor fuel elements, from producing heavy water to designing, engineering, 

constructing and operating nuclear power plants. 

The situation in the case of the Department of Space is not very different. Starting in 1972, an integrated 

capability has been built up under a single apex body for designing arid building remote sensing and 

communication satellites and the launch vehicles or rockets required to put those satellites into orbit. We also 

have an impressive design and manufacturing capacity for all the ground electronic equipment needed to us our 

satellites for remote sensing, communication, TV broadcasting and meteorological forecasting. 

The contributions of the Defence R&D Organisation to the strength of our defence forces has also been 

impressive. They range from advanced radar and communication systems, to the design and development of our 

own Main Battle Tank, Light Combat Aircraft, naval vessels and submarines. Another Mission Area in which 

we achieved remarkable success and. that too in the matter of a decade, is the Green Revolution in agriculture. 

What then has made not only Atomic Energy, Space and Defence but also irrigated agriculture, a success, I 

believe, the crux of the answer is; well defined goal setting, tenacious and sustained pursuit of those goals, 

sustained R&D financing. the design of effective policy and institutional mechanisms to not only do the R&D 

but also commercialise its results, with constant support by the State. 

What we need is to extend and vigorously apply this "policy package" to other important sectors of our 

agriculture, manufacturing industry, energy industry and transportation and communication. We have as I said 

earlier, one of the largest pools of scientists, engineers and other professionals in the world. Can we not harness 

that invaluable resource to contribute significantly to solving the daunting problems of development. I believe 

not only that we can and must do so, but indeed, that we have no alternative but to do so. 

The possibilities in this regard can be illustrated by examples from three key areas of development; foodgrain 

production in drylands, rural energy and new science-based rural industries. 

Between 1950 and 1987, the irrigated area in the courrtry increased from 23 million hectares to 70 million 

hectares, with a doubling of the irrigation ratio in terms of crop coverage. As a result, a little over thirty per cent 

of the cultivated area is currently under irrigation. The enormous food security that extended irrigation and high 

yielding varieties of cereals have given the country is well known and was highly visible in 1988 when we faced 

our most severe drought in 70 years. However, as much as sixty per cent of the incremental agricultural output 

during the period 1968- 86 came from only some 56 districts, while 103 districts contributed only ten per cent of 

the increase. This resulted in the widening of rural inequalities, the impact of which on nutrition and health 

standards had an adverse effect on the already vulnerable subsistence-farming families involved. 

To correct this situation, identified as far back as 1972, a major research and development and extension 

program was taken up for dry or rainfed lands. Unfortunately, the geographical diversity of our country and the 

lack of control over water resources have placed severe constraints on the evolution of a package of agricultural 

practices for drylands similar to the one developed and so successfully propagated in the irrigated areas. It has 

been established, however, that "life-saving irrigation" in the form of a single light dose of water, can increase 

land productivity by sizeable amounts. A five centimeter dose of irrigation has been shown to increase the yield 

of Jowar in the Deccan from around 11 to about 19 quintals per hectare. Another important technical advance is 

the development by the National Chemical Laboratory, Pune, of the polymer JALSHAKTI, which, when 

dispersed in granulated form over rainfed crop lands, is able to reduce water losses from the soil by as much as 

30-40 per cent over a season. Dryland agriculture is a major socio-economic and technical challenge for our 

scientists. 

In this context, the relatively new field of biotechnology offers exciting possibilities. A series of complex 

biological and biochemical procedures termed "genetic engineering" enables selected bacterial species to be 

altered to produce new biofertilizers, biocides-instead of chemical insecticidesor extra high-productivity plants. 

The relevance, for instance, of using biotechnology to produce strains of coarse grains-like Jowar and Bajra-

which can grow on our unlrrtgated lands, is self-evident. These crops generate high outputs, without demanding 

major investments in irrigation, by conserving the very low moisture in dryland soils, and are also pest resistant 

through manipulation and re-ordering of their genetic structure. 
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Plant biotechnology can go even further. It can, in principle, transfer the ability to fix atmospheric nitrogen to 

the naturally occuring bacteria in the stem and leaves of wild species of rice. If this could be achieved, the large 

investments in nitrogenous chemical fertilizer and insecticides currently required for conventional high yielding 

varieties (HYVs) of rice could be saved. It may also be possible to grow rice, one of the most water-intensive 

cereals, on semi-irrigated lands. Such a development, and similar quantum leaps in the technology of producing 

other cereals and pulses, could have a revolutionary impact on the quality of life for millions of our small and 

marginal farmers, who have been unable to use the conventional high yielding variety (HYV)technology 

because of its high capital intensity. 

To develop these new biotechnologies and to realize their full potential requires a sharply prioritized and well 

coordinated R&D-cum-extension program. Such a program must build active farmer-scientists partnerships, and 

design and implement a mass movement for the application and absorption of these technologies. The focus of 

such efforts should be on the 45 per cent of our crop area which even the second Irrigation Commission has 

agreed is unlikely to be irrigated for the next several decades. 

Rural areas presently account for only 10 per cent of the total commercial energy consumed in the country, i.e., 

in the form of coal, oil and oil derivatives and electricity. But only 50 per cent of the total energy consumed in 

India is commercial. What is more, around 80 per cent of the remaining 50 per cent of non-commercial fuels are 

consumed in rural areas, and take th'e form of firewood and animal and crop wastes. The effect that this pattern 

of energy consumption has had on our forest resources is too well known to be repeated. This country is well-

endowed with renewable sources of energy and their development merits very high priority on the national 

agenda. The harnessing of solar energy, both stand-alone and in hybrid configurations with solar energy 

systems, should be an important element in the strategy for sustainable development. 

Two action programs initiated recently in this direction merit attention. The first is the deployment by the public 

sector company, Central Electronics Limited, of around 300 deep-drawn solar photovoltaic-powered water 

pumps for drinking and irrigation. These pumps, capable of lifting water from as deep as 120-150 meters and 

delivering over 5000 litres per day, are of special interest for providing water to many western parts of India and  

the Deccan. The secorld program involves a plant being set up in Ludhiana, Punjab, using technology 

transferred from Brazil, for producing petrol from bagasse. The plant is projected to produce socalled green 

petrol at half the current cost of gasoline from large refineries. As for agriculture, horticulture and fishfarming, 

the new biotechnology-based techniques require less energy than is necessary for prevalent practices in the case 

of high yielding varieties. 

A formidable problem to which I have referred earlier, is to find enough productive employment for a growing 

population which is projected to reach a plateau as high as 1.8 billion by 2025. Our economy will not be able to 

provide the required employment for the rural population from agriculture and agriculture-related activities 

alone. There is, therefore, a pressing need to provide non-farm employment on a massive scale. This will need 

decentralised microplanning and the optimum exploitation of local potential, both material and human. In this 

context, full use should be made of biotechnology which offers a powerful new tool for science-based rural 

industrialisation. 

I have referred only a few of the key areas of development on a sustainable basis which new sciencebased 

technologies can enable us to realize. The examples given are by no means exhaustive. Our aim must be to be as 

self-reliant as possible making full use of the enormous potential for indigenous effort that has been built up 

over the years. 

The challenge, however, is not only in the application of science and technology to improve standards of living. 

It is even more in fashioning the alternative development pattern and path discussed earlier, and in designing 

and implementing social engineering of a kind and on a scale which would enable the realization of such an 

alternative development strategy. This would be particularly important with regard to establishing the rural-

urban continuum based on medium-size human settlements. There would, perhaps, be no better way of 

synthesizing the visions of a free India which Gandhi and Nehru projected almost 50 years ago. 
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Technology Transfer in the Liberalised Indian Economy 

Shri G V Ramakrishna 

Member, Planning Commission, Government of India, New Delhi 

 

I am grateful to the Institution of Engineers (India) for inviting me here today. I am indeed honoured and 

privileged to be invited to deliver this memorial lecture in honour of India's greatest engineer-statesman. It is 

well known that the far-sighted vision of Sir M Visvesvaraya laid the early irrigation and industrial foundations 

of the erstwhile Mysore State. Today, as we pay homage to this great person, we also emphasize the need of 

scientific and technological orientation essential for the progress of our country. Today, more than ever, we need 

to combine technology with far sighted statesmanship. 

In the decades after Sir Visvesvaraya, our country has been able to establish high quality institutions for 

research and technology and we have accumulated a vast pool of technical manpower. Yet, with all these, we 

have not been able to find a place in the forefront of global technological advances. 

For the last 40 years we have been trying to access technology developed in other countries. Today, it can, 

perhaps, be said that most of our technology is wholly imported or imported and marginally adapted for Indian 

needs and very little of our technology can be called really Indian. 

We have only been moderately successful in acquiring the skills of becoming effective receivers and imitators 

of outside technology in many fields. In acquiring new technology from abroad we should not repeat the 

mistake of the past by acquiring obsolescent technology. 

We have to meet international challenges in industry and trade. Our capacity to compete will be directly related 

to our ability to develop, access and apply technologies in newer areas. Many experts feel that compared to 

some other countries in Asia, our capacity to absorb and adopt the state-of-the-art technology has been poor. 

The reasons for this have to be gone into.  

Financial resources to promote scientific and technological progress has been scarce. Perhaps there are also 

other reasons that have inhibited the growth of our science and technology putting us in a position of 

disadvantage in today's competitive world. 

The 20th century has been one of major technological advances in various fields, for application in war and in 

peace, in space, in medicine and in electronics and communication.  

In fact for the last 150 years, economic development of today's industrialized countries has been linked closely 

with scientific and technological advances in diversified fields. In the middle of the last century and the 

industrial revolution, the invention of the steam engine gave an impetus for growth to the engineering industry, 

the textile industry, and railways. Development in electrical engineering followed with steam-based power 

generation and hydropower. Many developments in the pharmaceutical and immunological fields enabled 

medical sciences to deal with a range of diseases. 

The next major leap in technology came with semi-conductor technology around the middle of this century. The 

entire electronics industry with applications in industry and entertainment held the field for nearly 40 years. 

Satellite technology put a man on the moon and today we have satellite-based communication systems opening 

up the vast information highways 'across the globe. In all these major advances, we in India have not had any 

significant role except perhaps in space and satellite technology and atomic research. Indian research has 

contributed discrete segments for application in systems with basic technology from the industrialized countries. 

The Green Revolution which has enabled us to feed our growing numbers is a tribute as much to our agricultural 

scientists as to our enterprising farmers. 

Technology today is used as a competitive weapon. At the same time it is a source of development. Both aspects 

have to be pursued in India. 

As competition among many countries gets more acute, for a large country like India, it is not just a matter of 

convenience or national pride to develop technology; it is increasingly becoming a matter for survival in a 

fiercely competitive environment. Promotion of technology now calls for an understanding of the new global 

environment. Technology applications are relevant for new products, new applications, cost reduction, 

productivity increases and also for quality upgradation. 

Technology attracts capital, promotes imports, exports, and enhances the quality of life. To become a 

technology leader, is not a matter of one, two or five years; the right environment, the right culture has to be 

created for the indigenous generation of new technologies. New initiatives and aggressive leadership backed by 

adequate resources are the basic requirements for the growth and eventual flowering of our technological 
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capabilities. New organizational structures which are non-bureaucratic and non-hierarchical are essential to 

promote and accelerate technology development. Adequate investment both from Government and the private 

sectors will be essential for technology development. 

In the fast moving wodd of taday, it is important to devote attention to scientific activities that will be relevant to 

our present and near future needs. If we see the global leaders in trade in manufactured goods or even in 

agricultural and other natural products, those who have succeeded in harnessing and applying the latest 

technology have also managed to acquire a better share of the market. The application of new technologies is 

essential not only for broadening the choice of tradeable goods, but also for developing new products, for 

reducing costs and deepening the market.  

Global trade has expanded substantially in high technology products and they constitute about two-thirds of 

world trade as compared to 50% about seven or eight years ago. If we wish to have a share of expanding global 

trade, we should pay particular attention to the development of technology or its acquisition and absorption from 

outside. We should manufacture value-added high quality products to be exported in competition with the best 

in the world. 

Application of technology for making new products can come not only from large corporations but also from the 

initiative of individual scientists and engineers. In order to encourage technology development commercially on 

a widely dispersed entrepreneurial level, encouragement should be given for venture capital. The development 

of technology can be both resource-intensive and knowledge- and intelligence-intensive. In today's world the 

latter is acquiring greater importance and will also be better suited to our economic conditions. 

The technologies of the future will be in areas such as new materials, new production techniques, micro-

electronics, opto-electronics and bio-technology. These are not likely to require large financial outlays and 

better suited for our capabilities. Similarly, miniaturization and bionics are areas for fruitful research. 

Technology for social development will receive far greater attention than hitherto. For instance, the setting-up of 

Central Digital Libraries linked to outlying centres will provide access to thousands of books for reference, for 

extracting and printing at very low cost. Similarly, in the field of rural medical services, linkages to speciality 

centres will enable general practitioners to get specialist advice in regard to diagnosis and treatment without 

having to send the patient to far-off places. 

With resources being scarce, we are now beginning to realize that research in science and technology has to 

become increasingly result-oriented. The recent Agreement on Intellectual Property Rights for protecting 

process and product patents highlights the need for involvement in strategic areas with potential for commercial 

application. Our scientific institutions and industry have now, somewhat belatedly, woken up to this fact, but it 

is better late than never. I am sure that· new initiatives in pharmaceuticals and chemical research will create 

international patents which can capture the attention of the world. We have yet a long way to go to improve our 

data systems in technology and in patents. Information about research being done elsewhere can save 

infructuous work and also accelerate competition. There are now over 3000 databases available on a whole 

range of technologies and our scientific community and industry should have access to this fund of information. 

These data are not only important but essential as our experiences of acquiring foreign technology has been that 

we usually get obsolete technology resulting in second-grade products for the domestic market and lack of 

competitiveness in the global market. In today's climate of liberalization with the majority of holdings by the 

foreign companies, the possibility of getting the state-of-the-art technology is important but is by no means 

assured. Multi-national companies (MNCs) have many production bases particularly in smaller countries, from 

which they export all over the world. 

In India the temptation would be to develop products for the large domestic market where quality and cost are 

not necessarily proportionate. It has to be recognized that the large Indian market does not have the per capita 

purchasing power of the developed countries and so mass production will tend to the below state-of-the-art 

technology. 

The state-of-the-art technology developed with considerable expense on research and development will have to 

be priced to recover the cost and to make profits within a limited time frame. Pricing of such products in some 

cases can be moderated by a large-scale production but not in all cases. Foreign investors in high-tech goods in 

India will, therefore, have to locate patterns of demand within the country and for exports. Even in the area of 

exports, differentiation of markets with reference to purchasing power will be necessary for developing diverse 

market. The liberalized import regime in India will also introduce competition between domestically produced 

goods and imported goods. Reducing levels of tariffs within reasonable limits will increase this competition and 

perhaps also bring about improvement in quality and reduction of cost of domestically-produced goods. In 

accessing technology all these complex factors will no doubt be kept in mind by both Indian and foreign 

investors and technology-providers. In accessing technology from MNCs we should give up the reactive 

approach of responding to proposals and take a proactive approach and seek technologies that we require while 
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offering the opportunities of the domestic market for other technologies and products which MNCs wish to 

bring into India. The Foreign Investment Promotion Board should not be merely interested in getting foreign 

investment for projecting the image of India as open and hospitable to foreign investment but should also 

become an instrument for accessing technologies, which are of national interest in a direct and perceivable 

manner. 

It may be said to the credit to the Indian industry that its reponse to competition in India and abroad has been 

encouraging and in some cases remarkable. An important factor in competition is not just cost but also quality. 

Mere acquisitions for second rate technology and in-house quality management systems will not produce the 

kind of goods that can become market-leaders. 

There has been some confusion in India about the role of ISO-9000 Series Certification of in-house quality 

management. The initial euphoria has been somewhat toned down after these limitations have been realized. 

While no one can argue against total quality management, it is a necessary but not sufficient condition for 

increasing our exports. One of the agreements in the World Trade Organization (WTO) relates to Technical 

Barriers to Trade. Under this Agreement, Western countries have now began to lay down technical regulations 

for protecting their health, safety and environment. The requirements to meet environmental standards have 

been applied across the board to many products. These mandatory technical regulations are distinct from 

commercial standards which are not mandatory. In order to meet mandatory technical regulations, the prescribed 

specifications have to be met and conformity with the standards has to be assessed and certified by testing 

laboratories accredited to a national body. We have begun to see the impact of these measures imposed by the 

developed countries on some of our imports such as garments, bicycles, textile and other products. Our response 

to these new challenges to the promotion of our exports has been less than adequate and these challenges cannot 

be met only by getting ISO-9000 Certification. It has now become necessary to take urgent steps to upgrade all 

testing laboratories to international standards and to set up a national accreditation body. We should also guard 

against the import of technology which results in the production of goods which fail to meet these mandatory 

requirements in Western countries. If we do not ensure this, we will be limiting the scope for exports, although 

the products can be sold within ourcountry where we do not have stringent laws on health, safety and 

environment standards for commercial products. 

A recent phenomenon which deserves to be noted is the increasing interaction between Indian industry and 

research institutions in undertaking contractual research in specific areas. This process has to be widened and 

deepened with the greater involvement of industry and its willingness to devote funds for research which may 

lead to commercially valued patents. 

An area of technology to which we should be devoting attention relates to environmental management. A wide 

field has opened now from water purification to solid waste management, clean coal burning technologies to 

automobile emissions, to better quality products from petroleum refineries. In this area also close collaboration 

between industry and technical institutions will provide fruitful results. 

Phyto remediation by the use of plants that absorb harmful minerals and the other pollutants is an area of current 

relevance. In this context and in many others, the concept of networking technologies to obtain synergies is 

becoming increasingly relevant. If we wish the best results, it will be necessary to set up high quality 

interdisciplinary teams to work on carefully chosen time-bound projects with full funding assured in advance. 

A National Commission on Technology should be set up to promote technology development in diverse areas 

on the lines stated above. 

In India energy conservation has not received the attention that it deserves. I am glad that the Institution of 

Engineers (India) has taken some initiatives in this matter but decisive action on the part of the Government in 

setting up an Energy Conservation Authority (ECA) has been pending for nearly a decade. 

In the industrialized countries, a great deal has been on demand side management in energy. Energy efficient 

equipment is one of the areas that has got a particular, attention. Technology for equipment manufacture will 

have to pay increasing attention to efficient use of energy. The whole range of equipment for industry and 

agriculture and domestic use gets opened up for applied research. The sooner a beginning is made the better we 

will be able to meet our energy shortages by conservation as distinct from additional generation. 
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Space for National Development 

Dr K Kasturirangan 
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I am indeed grateful to the Institution of Engineers for inviting me to deliver the 39th Sir Mokshagundam 

Visvesvaraya Memorial Lecture before this august audience. 

The present generation owes much to Bharath Ratna Sir M Visvesvaraya, that meticulous planner, able 

administrator, the man with hindsight and foresight and a colossus among engineers. We are reaping the fruits of 

his labour, be it in the form of infrastructure he built, the institutions he created or the administrative reforms he 

brought about. His daredevil efforts in damming the mighty rivers resulted in the Krishnarajasagar (KRS) Dam 

across Cauvery and Hirakud Dam across Mahanadi virtually converting vast barren lands into bountiful paddy 

and sugarcane fields. He provided succor to millions by providing plans for water supply, drainage, flood 

control in many cities and towns. He tamed the fury waterfalls to generate power  the first hydroelectric 

power project at Shivanasamudra with which he mined gold(!) at Kolar. He put into practice his 'industrialise or 

perish' principle by starting a variety of industries  steel, sugar, paper and agricultural implements. He laid 

roads and railway lines to take prosperity to the interior towns and villages. He knew that education is the root to 

progress and created the Mysore University, started Engineering Colleges, and for artisans, he created the 

Chamarajendra Technical Institute at Mysore. 

Once convinced of the returns based on detailed and painstakingly prepared project reports, he never hesitated in 

investing mind-boggling sums of money in large-scale ventures, like KRS which costed Rs 10.5 crore when 

completed in 1931 including the canal network. While he was the Diwan of Mysore State, the expenditure went 

up from Rs 2 crore in 1912-13 to Rs 3 crore by 1918-19 but the income also went up from Rs 2.15 crore to Rs 

3.17 crore proving his point that more you invest more you earn and more prosperous you become. 

Sir Visvesvaraya invested for the future, with foresight, for the generations to come and not for narrow short-

term benefits. This is the attitude the present generation has to take if we are to see a better next millennium. In 

fact it is the same wisdom of Sir Visvesvaraya that has, to a great extent, guided the Indian space programme 

also. 

The Beginning of Indian Space Programme 

The launch of a sounding rocket called Nike-Apache on November 21, 1963 from Thumba near 

Thiruvananthapuram, close to the earth's magnetic equator, marked the first milestone of the Indian space 

programme. It was a small rocket  weighing just 23.3 kg and reaching a height of about 200 km  but an 

important first step for the space programme. In 1968, the Thumba Equatorial Rocket Launching Station was 

dedicated to the United Nations to enable international scientific community to conduct research from this 

unique place using sounding rockets. 

The subject of space research was initially allocated to the Department of Atomic Energy (DAE) in August 

1961.It was under the Chairmanship of Dr Vikram Sarabhai that, in 1962, the Indian National Committee for 

Space Research (INCOSPAR) was formed by DAE and in 1969 INCOSPAR was reconstituted under the Indian 

National Science Academy and a new organisation Indian Space Research Organisation was formed under 

DAE. Later, in 1972, the national space programme was formally organised with the setting-up of Space 

Commission and the Department of Space and Indian Space Research Organisation (ISRO). 

The great administrative reformer Sir Visvesvaraya, who always strived for a better working relationships for 

increased output, would have certainly appreciated the Government of India resolution of June 1, 1972, which 

read. 

"In order to promote a rapid development of activities connected with the space science, space technology and 

space applications, the Government of India consider it necessary to set up an organisation, free from all non-

essential restrictions or needlessly inelastic rules, which will have responsibility in the entire field of science and 

technology of outer space and their applications". 

Experiments and Demonstrations 

The space programme was, initially, directed towards demonstrating the efficacy of space systems for national 

development. In carrying out this task, India had the benefit of international cooperation in the early stages, 

especially during the 70‘s. For example, the US satellite, AT5-6, was used for conducting Satellite Instructional 

Television Experiment (SITE) to telecast a series of educational programmes on health, family planning, 
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agriculture and the like to over 2500 Indian villages during 1975-76 (Fig 1). It is the largest sociological 

experiment ever carried out in the world. 

Another example is the conduct of Satellite Telecommunication Experimental Project (STEP) using Franco-

German Symphonie satellite during 1977-79. Several remote sensing experiments using aircraft mounted 

cameras were also conducted which followed up with the application of data received from the US satellite, 

Landsat. 

Simultaneously, space hardware were developed for experimental missions that would ultimately lead to 

indigenous operational space systems. Aryabhata (Fig 2), the first Indian satellite, was launched on April 1975 

by an Intercosmos Rocket of the erstwhile USSR which provided experience in design, fabrication and 

operation in space of a complete satellite system. It was followed by two experimental remote sensing satellites, 

Bhaskara-1 and Bhaskara-2, launched in June 1979 and November 1981 respectively, also by Intercosmos 

rockets. The Bhaskara satellites, carrying two television cameras, one in the visible-band and the other in 

infrared band, and a three-frequency microwave radiometer, gave hands-on experience in building and operating 

space-based remote sensing system. APPLE (Ariane Passenger Payload Experiment), an experimental 

communication satellite, was launched in June, 1981using the opportunity offered by the European Space 

Agency (ESA) to launch a satellite on board the third developmental flight of Ariane. APPLEprovided inputs in 

orbit raising and in-orbit maintenance of a geostationary satellite besides enabling continuation of 

telecommunication experiments that had been earlier conducted under STEP. 

    

Therefore, by the end of 70‘s, India had demonstrated, without ambiguity, the efficacy of space systems for 

national development and had proved the capability of Indian scientists and engineers to build the necessary 

hardware. There were sufficient data and analysis before investing in operational systems exactly as Sir 

Visvesvaraya would have liked to do  a proper and thorough exercise before investing in any project. 

INSAT  The First Operational Space System 

INSA T is the first operational space system of India commissioned in 1983 through the multipurpose satellite, 

INSAT-lB. Four satellites in the INSAT-1 series were built by a US Company to Indian specifications. Though, 

unfortunately, two satellites, INSAT-1A and INSAT-1C could not complete the missions due to technical 

problems, INSAT-1B provided service well beyond the designed life of seven years while the last in the 

INSAT-1 series, INSAT-1D, launched in June 1990, is still in service. 
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The concept of INSAT is unique not only in its design combining telecommunication, television and radio 

broadcasting and meteorological services on a single platform, but also in that, it cuts across traditional 

boundaries of various departments of the Government of India like the Department of Telecommunication, 

Ministry of Information and Broadcasting, Meteorological Department besides the Department of Space. This 

joint venture with the involvement of users has enabled in properly tuning the system for identified national 

development needs. 

The INSAT-1 satellites carried on board twelve C-band telecommunication transponders, two high-power 5-

band television broadcast transponders, a Very High Resolution Radiometer (VHRR) with resolutions of 2.5 km 

in visible-band and 10 km in infrared-band for meteorological earth imaging and a data relay transponder for 

relay of meteorological, hydrological and oceanographic data from unattended land and ocean-based platforms. 

Indian Built Satellites  INSAT-2 

The second generation satellites of the INSAT system are all built within the country. Three of them, INSAT-

2A, INSAT-2B and INSAT-2C have been already launched and commissioned and are performmg well in orbit. 

The first two, launched in July 1992 and July 1993 respectively on board the European Ariane Vehicle, have 

enhanced capabilities when compared to INSAT-1 series of satellites. They incorporate twelve C-band and six 

extended C-band telecommunication transponders, two high-power S-band TV broadcast transponders, a VHRR 

instrument with 2 km resolution in visible band and 8 km resolution in infrared band, a data relay transponder 

for relay of meteorological, hydrological and oceanographic data from unattended platforms and a transponder 

for satellite-aided search and rescue operations. 

The third satellite in series, INSAT-2C (Fig 3), launched on December 7, 1995 also by an Ariane vehicle, 

incorporates twelve C-band transponders, six extended C-band transponders, three Ku-band transponders, one 

S-band transponder and C-  S-band transponders for mobile satellite services. INSAT-2C has enabled 

additional services to be provided like mobile satellite services and business communication in Ku-band. The 

high-power transponders have made it possible for the Indian television to reach population from South-east 

Asia to the Middle-east. The satellite has been co-located in the geostationary orbit along with INSAT-2B thus 

making an efficient use of the allotted orbital slot. INSAT-2D, identical to INSAT-2C, is planned for launch 

during the first half of 1997. The follow-on satellite, INSAT-2E, which is also under fabrication, will have 

seventeen C-band transponders, a VHRR similar to that on INSAT-2A and INSAT-2B but with an additional 

water vapour channel and a Charge Couple Devicebased camera operating in visible, near-infrared and 

shortwave infrared bands. 

 

Role of INSAT in National Development 

Sir Visvesvaraya had said "........ the panacea for all economic ills is education. Education removes ignorance 

times are changing. Communications are improving and they are cutting down distances. Only fittest will 

survive. We cannot hold on to our old methods and call ourselves progressive." 

How true! INSAT has brought in a revolution in the telecommunication, television broadcasting, radio 

networking, meteorological services, disaster warning and a host of other services. For example, the 

telecommunication network under INSAT is providing more than 4500 two-way speech circuits with 210 earth 

stations set up in the country, including those located in inaccessibly regions and the offshore islands. There are 

private networks catering to corporate houses. Over 700 Very Small Aperture Terminals, V-SATs, have been 

installed by the National Informatics Centre. Thus, INSAT has been playing a major role in the improvement of 

the telecommunication infrastructure, a crucial element for industrialisation, 

The television in India now reaches more than 65 per cent of the geographical area of the country through 

INSAT. Regional services providing programmes in different languages have been introduced. Educational 

programmes for over 100 hours are telecast every week. It is important to note that a channel on INSAT system 
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has been exclusively reserved for training and developmental education. A two-year pilot project started on 

November I, 1996 in the tribal district of Jhabua in Madhya Pradesh is aimed towards demonstrating of satellite-

based developmental communication and training is expected to lead to a dedicated space systems for rural 

upliftment in the near future. 

Thus, education, training and rural development, which Sir Visvesvaraya used to emphasise, have been given 

importance. I under the Indian space programme. 

Indian Remote Sensing Satellites 

The Indian Remote Sensing Satellite (IRS) system is carrying out the indispensable task of resources survey and 

monitoring. Today, India has a constellation of four state-of-the-art remote sensing satellites in operation. The 

first satellite, IRS-1A, launched in March 1988, provided service for eight years even though it was designed for 

a mission life of three years. IRS-lB, launched in August 1991, is still in operation. IRS-1A and IRS-lB carry 

two cameras  Linear Imaging Self Scanners CUSS)with resolutions of 36 m and 72 m respectively. 

IRS-1C (Fig 4), launched in December 28, 1995, carries a Panchromatic camera (PAN) with a resolution of 5.8 

m  the best for a civilian remote sensing satellite in the world so far. Besides, it carries a USS camera with 

23.5 m and 70.5 m resolution and a Wide Field Sensor (WiFS) with a resolution of 188 m. These payloads form 

a unique combination providing data for a variety stereo viewing and on-board data recording. 

 

Another two satellites, IRS-P2 with a LIS Scamera of 36 m resolution similar to that of IRS-1B and IRS-

P3carrying a WiFS payload similar to that of IRS-1C but with an additional spectral band have also been 

launched. IRS-P3 also carries an oceanographic payload, namely, Modular Optoelectronic Scanner (MaS) 

developed by the German Space Agency, DLR, and an X-ray astronomy payload. IRS-P2 and IRS-P3 were 

launched by India's own launch vehicle, PSLV during its second and third developmental launches. India has 

already planned the launch of IRS-1D, identical to IRS-1C, during 1997-98 and the follow-on satellites in the 

IRS-P series will carry payloads for ocean resources survey, cartography, environment monitoring, etc. 

National Resources Management through IRS 

Sir Visvesvaraya was a meticulous planner. He used to collect a vast amount of data and analyse them 

thoroughlybefore executing any project, be it a water supply scheme for a city, a multipurpose irrigation project 

or setting-up of an industry. It is indeed difficult to imagine what he would have achieved if the remote sensing 

satellites were available to him in those days as the tools for data collection. Indeed, IRS satellites today provide 

data which are useful to undertake most of the schemes similar to what Sir Visvesvaraya undertook during his 

tireless life. 

IRS system, under the umbrella of National Natural Resources Management System (NNRMS), has indeed 

brought in a sea change in the country's resources monitoring and management techniques. IRS data are used for 

estimation of acreage and yield of important crops like wheat, rice, sorghum, oil-seeds and sugarcane. The 

estimates are available about a month before the harvest thus helping in proper procurement planning and price 

fixation. Vegetation index map prepared from IRS-IC data has been shown in Fig 5. Biennial forest survey is 

now made using satellite data. IRS data are used for issuing warnings on drought conditions. Flood mapping is 

done using satellite data and floodrisk zones are identified for taking up flood control measures. Land use and 

land cover mapping for agro-climatic planning, wasteland mapping and their classification for possible 

reclamation, preparation of hydro-geomorphological maps for locating sites for drilling bore wells, monitoring 

and development of irrigation command areas, snow-cover and snow-melt run-off estimation of the Himalayan 

rivers for optimal use of water for irrigation and power in the down-stream projects, etc are now carried out 

using IRS data. Urban planning, alignment of roads and pipelines, detection of underground fires in collieries, 

marine resources survey, mineral prospecting, etc are some of the other applications of IRS data. 
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A unique application of data from IRS, however, is in the Integrated Mission for Sustainable Development 

(IMSD) which was initiated in the country in 1992. IMSD, covering 174 districts, is aimed at generating locale-

specific prescriptions, derived from IRS data and collateral socio-economic data, for development at micro-

level. The impact of IMSD is already seen in areas where prescriptions generated under IMSD have been 

actually implemented. For example, in Vanjuvanka watershed of Ananthapur district in Andhra Pradesh, 

implementation of prescriptions generated under IMSD like construction of check-dams, contour bunding, etc. 

has resulted in the groundwater table raising by a few feet in just about two years and the farmers, who had 

given up the land and migrated away, have now returned to the area to raise two crops a year, and incredible 

achievement for a place receiving the second lowest rainfall in the country. 

Sir Visvesvaraya gave high priority to the development of villages. He had wanted each farmer to be provided 

with refined equipment (he started implements factory for this purpose), provided with water and fertilisers, 

educated to understand the importance ofhealth and hygiene, and finally he wished that each farmer owns a car, 

for, farmers' prosperity is villages' prosperity and villages' prosperity is nation's prosperity. If what has been 

achieved in Vanjuvanka by implementation of prescriptions derived under IMSDcan be replicated all over the 

country, there is no reason why Sir Visvesvaraya's dream cannot be realised.  

Towards Self-Reliance in Launch Vehicles 

"For one reason or the other the complete manufacture of aeroplanes has been given up at present. I wish we 

take up total manufacture and fulfil our country's requirement in the near future" Sir Visvesvaraya had 

bemoaned in 1951when Hidustan Aeronautics was set up. 

It is gratifying to note that self-reliance has been the watchword of the Indian space programme  self-reliance 

not only in the development of satellites and their operation in orbit, but also to launch them from within India. 

Building upon the experience of those modest sounding rockets, India took up the launch vehicle development 

programme with SLV-3 which was the first demonstration of nation‘s capability to build satellite launch 

vehicles. It had its first successful flight in July 1980when it placed a 35 kg Rohini satellite into a near-earth 

orbit. The 22.7 m tall SLV-3 was a four-stage vehicle employing solid propellant with a lift-off weight of 17 

tonne. Two more launches of SLV-3 were conducted in May 1981 and April 1983 with the Rohini satellites on 

board incorporating application-oriented solid state imaging sensors. 

The second was the Augmented Satellite Launch Vehicle (ASLV), a 39 tonne, five-stage vehicle employing 

solid propellant. ASLV is capable of putting 150 kg class payloads in near-circular orbit. It had its first success 

on May 20, 1992 during its third developmental flight (ASLV-D3) when it injected SROSS-C (Stretched Rohini 
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Satellite Series) satellite into a near-earth orbit. The second launch was successfully conducted on May 4, 1994 

when a SROSS-C2 satellite was placed in the intended near circular low earth orbit. 

Polar Satellite Launch Vehicle  PSLV 

Today, India has acquired a significant capability in the launch vehicle area, having successfully completed the 

development of Polar Satellite Launch Vehicle (PSLV) capable of launching IRS class of remote sensing 

satellites in polar orbit. Two successful flights of this vehicle have been conducted  in October 1994 and 

March 1996  when IRS-P2 and IRS-P3 satellites were placed in orbit. The 283 tonne, 44 m tall, PSLV is 

capable of putting 1000-1200 kg class satellite into 900 km polar sun-synchronous orbit (Fig 6). The vehicle has 

four stages. The first stage has a 2.8 m diameter, 129 tonne, solid propellant motor with six motors derived from 

SLV-3 strapped around it. The 2.8 m diameter second stage is based on the liquid engine technology and uses 

37.5 tonne of liquid propellant. The third stage is a 7.2 tonne solid propellant motor and the fourth stage is again 

a liquid propellant stage with 2.0 tonne of propellant. 

 

With the completion of PSLV development, the follow-on satellites in the IRS series can be launched from 

within the country, an important landmark in technological self-reliance.  

Geosynchronous Satellite Launch Vehicle  GSLV 

A Geosynchronous Satellite Launch Vehicle (GSLV), capable of launching 2500 kg class communication 

satellite into geosynchronous transfer orbit, is now being developed. GSLV, which will have a lift-off weight of 

402 tonne, is derived from PSLV by replacing the six solid propellant strap-on motors with four liquid 

propellant strap-on motors (derived from the second stage of PSLV) and replacing the upper two stages of 

PSLV with a single cryogenic stage. The first developmental test of GSLV is expected to take place by 

1998.While the first few flights of GSLV will incorporate the cryogenic stages supplied by Russia, India has 

accepted the challenge of developing the stage indigenously for the subsequent flights. 

Progress in Space Science 

Even as space tethnology and its applications for national development have stolen the limelight, it is important 

to note that India has made significant contribution to space science research. The Gamma Ray Bursts (GRB) 

payload and Retarding Potential Analyser (RPA) flown on SROSS satellites and the X-ray payload flown on 

board IRS-P3 satellite have provided valuable data in high-energy astronomy and upper atmospheric research. A 

Mesosphere-Stratosphere-Troposphere Radar established at Gadanki near Tirupati is a national facility for 

research in the earth's upper atmosphere. 

As a part of the International Geosphere-Biosphere Programme, several research projects related to climate 

modelling and monsoon dynamics, atmospheric chemistry and, land-air-ocean interactionsr etc are in progress. 

Benefits to Industry 

The progress of a country is measured by its industry, trade and commerce, believed Sir Visvesvaraya. An 

important aspect of the Indian space programme is the benefit that has accrued to the Indian industry. Space 

programme has helped the industries to upgrade their technological skills through contributing to the 

programme thus enabling them to take up more technologically challenging tasks. Also, as a spin-off, 225 

technologies developed under the space programme have been transferred to industries for commercial 

applications. A few of the major industries have now set up separate fabrication divisions to meet the demands 

of the space programme. 
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A large number of systems required on ground, such as remote sensing data processing equipment, 

communication earth stations and terminal equipment, etc. have opened up a fairly large market for the industry. 

Thus space has played its part in contributing to the development of high-tech national industry. 

Interface with Academia 

Sir Visvesvaraya gave high priority to the creation of educational institutions so as to shape the future nation 

builders. He created Mysore University. He was responsible for Engineering College in Bangalore, aptly named 

after him now. 

Realising that the space programme can be sustained only if there is a continuous availability of required 

technical and scientific manpower, several steps have been taken up to have a close interaction with the Indian 

academia. Today, several institutions in the country teach remote sensing technology to develop the manpower 

required to introduce this important technology in many more fields. To evoke interest of students in space-

related fields as well as to utilise the research capabilities of academic institutions, grants for taking up research 

projects on subjects relevant to space programme are provided. Several reputed institutions have set up space 

technology cells to coordinate space research. Thus, space programme has acted as an important catalyst to the 

progress of research in many academic and other research institutions in the country. 

International Cooperation 

Sir Visvesvaraya was a firm believer in technology exchange. He did not believe in reinventing the wheel. He 

used to invite experts from other countries to obtain their inputs on important schemes. Today, even as the cost 

of space exploration increases, it has become mandatory even among advanced nations to undertake joint 

ventures. 

Space is one of the areas in which international cooperation has been pursued well in the country. The 

establishment of Equatorial Rocket Launching Station, conduct of SITEand STEP, launches of Aryabhata, 

Bhaskara-I & -II, IRS-IA. IRS-IB and APPLE, manned space mission, development of Vikas engine for the 

second stage of PSLV, etc. have all involved cooperation with several countries including the USA, the former 

Soviet Union, France, Germany and international space agencies like the European Space Agency (ESA). India 

has cooperative agreement with several countries. 

Also, India shares its own experience in space with other developing countries by training their personnel under 

a programme called SHARES (Sharing of Experience in Space). India was selected by the UN for setting up an 

Asia-Pacific Centre for Space Science and Technology Education which has already started functioning. 

India has been actively participating in the UN Committee on Peaceful Uses of Outer Space. India has set up 

two Local User Terminals (LUT) and Mission Control Centre (MCC) as a part of the COSPAR-SARSAT 

network, under the international satellite aided search and rescue programme. 

India has made actively participated in international campaigns related to atmospheric research. A nationally 

coordinated Indian solar terrestrial energy programme has been taken up as a major activity in the field of solar-

terrestrial research which will form an important contribution to the international science campaign in this field. 

Also, India has been active in the international space fora like the UN Committee Peaceful Uses of Outer Space 

(UN-COPUOS), the International Astronautical Federation and Committee on Space Research. That, a UN 

Asia-Pacific Regional Centre for Space Education has been established in India, testifies to India's role in 

sharing its experience in the development and application of space technology for societal benefits. 

Commercial Accruals 

Commercial benefits have started accruing to the nation under the space programme. The agreement with the 

International Tele-communication Satellite Organisation INTELSAT for lease of eleven transponders on board 

INSAT-2E to be launched by 1997 or 1998 and the agreement with a reputed US Company for reception, 

processing and marketing of data from IRS satellites worldwide signify the entry of India into the international 

space market. Several other contracts for supply of space hardware and services have also been undertaken by 

India in the recent past. 

Conclusion 

Through a well-orchestrated programme, India has taken great strides in the development and application of 

space technology for national development. The space systems today form an important element of the national 

developmental infrastructure. The system will be sustained and further enhanced in the coming years, increasing 

the role they play in the national developmental tasks, especially, in the areas of telecommunication, 

broadcasting including for training and developmental education, meteorology disaster management and 

monitoring and management of natural resources. 
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Substantial benefits have accrued to the industries and instituhemsby their involvement in the space programme. 

India has also made an entry in the highly competitive international space market by supplying space hardware 

and services. 

Sir Visvesvaraya believed in investing in advanced technological infrastructure for all round development of the 

nation. It is no exaggeration to say that the investment made and the results achieved so far under the space 

programme have proved his belief as space benefits today pervade almost all aspects of national development 

and the nation can enter the next millennium with better confidence and hope. 

Replying to a question on how he retained his youth for so long, Sir Visvesvaraya had said "Oh! That is simple. 

Old age came a number of times to meet me. I would just send away saying I was too busy. That way old age 

became older and I remained young". 

In today's world of fast technological obsolescence and ever-increasing demand on space services, there is no 

time to relax lest the space programme becomes old and outdated. The programme shall remain dynamic and 

responsive to the national developmental needs. 
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Materials and Energy  A Case for Change in 

Technology Perspectives 

Shri B K Rao 

Chairman, Indian School of Mines, Dhanbad 
 

Let me express at the outset my earnest feelings of happiness and gratitude to the Institution of Engineers of 

India for inviting me to deliver the 40th Sir Mokshagundam Vishveshvarayya Memorial Lecture during the 12th 

Indian Engineering Congress, in this beautiful city of Nagpur, the Geographic Centre of India. I feel indeed 

greatly honoured and privileged. Sir Mokshagundam Vishveshvarayya was the first engineer to be honoured by 

the country as a Bharatha Rathna, a Jewel of India. His spruce, spare and austere presence dressed in a strange 

combination of the western and eastern styles of attire, demands and commands immediate attention. It has been 

said that ―the attire oft speaks of the man‖. While he acquired his knowledge and expertise from European 

Sources as was hls suite, his thinking was always Indian symbolized by his turban. The combination somehat 

looked unique but certainly not odd. 

Civil engineering was his initial discipline in which he made his earliest contribution to the irrigation systems of 

this country for optimal, efficient and equitable utilisation of water which became a standard till today, well 

known as the block system of irrigation. While he continued his interest in civil engineering, he soon found that 

he was in need of wider horizons for giving expression to his luminous thinking. Throughout his work, we 

notice novelty of innovation, a thoroughness of study, an objective decision making based upon rational facts 

for the maximum public good and a courage of conviction which comes only after deep thought unattainable by 

superficial thinking. At the young age of 30 years, he has tendered his resignation as Superintendent Engineer in 

Bombay and from then on Vishveshwarayya unfolded his Vishvarupa far beyond the limits of his own initial 

discipline and earlier career. The free play of a shining intellect found full expression in his pioneering efforts in 

the then Mysore State in establishing such diverse and far reaching developmental efforts like the Mysore Iron 

and Steel works, the Mysore State Railway, the Mysore University. Last but not the least comes the famous 

Krishnarajasagar Project, the biggest irrigation reservoir then. It was here that he created visual poetry th-rough 

the interplay of hydraulics and gravity, a brilliant exercise in aesthetic engineering. 

Many do not know that the was entrusted with the responsibility of improving the finances of Surath and 

Karachi Municipalities. He managed the Mysore Iron and Steel Works at such high level of performance that 

US had to raise a tariff wall against the Mysore Steel. To counter the tariff restrictions he led his workers by 

setting personal example to voluntarily forego and agree to reduction in their wages to retain the competitive 

edge of their steel, an achievement unmatched in the history of industrial labour relations in the country or 

anywhere. He strove hard to usher in Automobile Engineering and Aeronautical Engineering. 

His multifaceted attainments were not merely confined to engineering expertise but every walk of human life he 

touched. His life was an example to prove that genius is not vectorial. In all these achievements, to meet the 

needs of the Indian people, he has relied upon the development of Indian resources without aping but absorbing 

the West. His creativity wherever it was applied was free from dogma and grooved thinking. Throughout his life 

we notice that he guarded against impressionistic approximations, simplistic and sweeping generalizations and 

vague theorisation. He relied on soundfacts carefully collected in meticulous detail. Thus the volume of Nature 

became the book of his knowledge and his fertile mind was his backyard workshop. A careful identification of 

the needs of the people and an equally careful assessment of the valuable national resources, natural and 

otherwise for the optimal utilisation and social and economic development of India were the hallmark of his 

Engineering & Industrial Philosophy. This approach becomes striking and obvious particularly in the design of 

the Mysore Iron and Steel works, using wood charcoal instead of coking coal, which had already come into 

vogue by then. Continuing and refining the efforts in this direction would have hearalded the direct reduction 

route for iron and steel making from India itself much earlier than its I belated arrival into India in the final 

decade of the 20th Century. 

When we are celebrating the fiftieth anniversary of independence, and on the threshold of the next millenium, 

the inspiration of Sir Visvesvarayya should open before us new perspectives in technologies for the 

development of the country. While the achievements so far have been significant, it is necessary to break new 

ground with a view to link the future technological options more in tune with the national resource base, which I 

shall endeavour to attempt. 

Man's endeavour has always been to process naturally occuring materials into new and more desired forms by 

combination, synthesis, transformation, dissociation, separation etc. Products exemplify and are synonymous 

with value addition with technical, managerial and information process inputs at lesser costs than the value 



The Fortieth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Twelfth Indian Engineering Congress, Nagpur, January 09-13, 1998 
  

 

 

The Institution of Engineers (India)  
 

357 

added to render the product and the process technologies economically viable. Thus, product and process are 

reciprocally related. 

Natural Processes and Natural Products 

In fact, planet earth itself can be looked upon as an ongoing and evolving natural processing system located in a 

highly advantageous position between the Sun, a very high temperature energy ―Source‖ and the outer space, 

which acts as the low temperature ―sink‖. The prirnodial materials are thus processed into natural macro 

products viz (i) the crust, mantle, and, core, (ii) the oceans and (iii) the atmosphere. The flora and the fauna, can 

themselves be looked upon as assemblages of a multitude of diverse micro products in simple as well as in 

complex forms and characteristics, imbued with life. Natural processes obey ―phenornenalogical laws‖, which 

provide an insight into the processes, the evolving patterns and, more importantly, the knowledge about the 

natural variables at play. Manipulation of these variables allowed simulation, alteration and regulation of the 

―natural processes‖ in small local controlled systems to form a multitude of material products to meet initiaily 

the needs and later the demands of humankind from time to time.  

Processes and Phenomenological Laws 

All natural micro products can be considered as multicomponent and multiphase systems tending towards 

equilibrium. The Phenomenalogical laws of energetics of these systems govern their separation, dissociation, 

combination, transformation and thereby their characteristics. Their progression towards thermodynamic 

equilibrium, forms the basis for all our understanding of materials and their thermodynamic transformations via 

the fluxes such as in diffusion, heat transfer, momentum transfer and current (charge flux) which in turn are 

directly proportional to their corresponding gradients of chemcial potential, temperature, pressure and electrical 

potential respectively. The processes are controlled and manipulated by the quantum of mass and energy inputs 

and outputs which in turn define the span of the potentials of the materials processing system. A process space 

can thus be defined in terms of a range of potentials, say pressure and temperature.  

Materials Processing and Process Space 

Figure 1 depicts various materials processes on a Pressure-Temperature process space map. From the high 

temperature-high pressure processes occuring in the sun and the stars as well as in the interior of the earth 

(planets), to low temperature  low pressure processes in outer space, matter exists and is continuously 

processed and transformed both by Nature and man who but mimics Nature-on earth in a small window of this 

vast processing space. Even that humble ability has allowed- and resulted in our manufacturing of a myriad of 

material products! 

The beginning of materials processing would have taken place at one atmosphere pressure and as a result of heat 

input from the combustion of readily available natural heat from forest and bush fires. The manipulation of one 

potential, namely temperature enabled production of a multitude of new processed products, addition and 

combination of different input materials was the next progressive step forward which allowed deliberate use of 

the chemical potential and the mass fluxes to transform materials and thus dawned the Age of Metals. 

From the P-T processing space map, it can be clearly seen that the volume of the processing space decreases and 

its cost increases exponentially, as one moves away from the one atmosphere line. The processing space is 

extremely limited either in the tokomaks for fusion reactions or the space labs for experiments in outer space 

and their costs are accordingly prohibitvely high. However, even these extreme regimes are waiting to be 

exploited for select applications. 

Thanks to the advances in the vacuum technology, sufficiently large processing spaces are now available at 

affordable costs at low and medium vaccum levels but the space and costs once again become almost prohibitive 

at high and ultra high vacuum levels. Same is the case on the high pressure side as well. While technological 

advances and increased numbers may bring down the cost of hot isostatic processes (HIP), they are still 

predominantly used for the manufacture of defence, nuclear and aerospace products, where cost is only of 

secondary concern. 

Processes and Pattern Formation 

To understand materials processing in a universal energy perspective, one has to consider materials in various 

forms as being ―nodes‖ in a continuous energy dissipative system which is characterised by increase of entropy 

and the pattern formation characteristics are determined by the fate of entropy prouduction as a ―minimax‖ 

double optimum. It is easy to extrapolate and see that in planets away from earth, the pattern formation is in 

terms of matter that is stable under those conditions of temperature and pressure. Being in a delicate window in 

the solar system, it is but imperative that the processes that are due to the indulgence of man does not alter the 

ongoing evolutionary pattern formation in a significant manner. 
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Centuries of observation and distilled empricisrn have given us the most important laws of nature, namely, 

(i) conservation of energy and its dissipetive character as low quality heat (entropy) 

(ii) conservation of mass 

Thus, when materials are processed into products, energy is invariably expended in various forms and a myriad 

of processed materials (some useful and others not yet useful) are formed. One might even go to the extent of 

saying that it is this obsession with processing (both natural and man-made) that is leading to the concommitent 

flux of energy with residuary form ending up as irrecoverable low quality heat. While at the end of processing 

we get useful and not so useful products adding up to conserve mass, it is sad to note that even the so called 

useful prouducts at the end of their service end up as not so useful ones and thus at the finality it is all 100% 

scrap. This taken together with the consumption of energy during processing and in service, the eventual 

dissipation as low quality heat (enders the whole exercise as being rather ―futile‖  thanks to the second law of 

thermodynamics. However, what is possible is to reduce the rate of entropy production and probably reach 

steady state cycles in all the human endeavours especially those pertaining to the processing of materials. 

Natural processes as in biosphere obey steady state cyclic patterns, eg., CO2 cycle, N2 cycle, H2O cycle etc and 

we have to learn a lot from these natural cyclic processes. 

Materials Processing as a human endeavour 

Centuries of human existence has given us the following ―experience‖:  

1. Earliest of civilizations and up until as recent as the industrial revolution the materials that were used are 

those processed by nature itself such as in 

(i) stone (silicate materials), (ii) bones (phosphate materials), (iii) skin (protein materials) and (iv) wood 

(cellulose materials). These material products were available in plenty and the energy expended in processing 

them was very little as only ―shaping‖ processes of these materials were in vogue. Even the energy input to 

shape them was more in the form of ―work‖ by human and animal force and rarely heat was applied which was 

readily available from the naturally occuring fuels such as wood. 
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2. Furthermore, it is easy to see that almost all the input materials were used up in making the ―shaped 

products‖, i.e., in modern terminology, yields are high and wastage was also totally biocompatible as it is same 

as the starting material. 

3. If one scrutinizes still deeper, it is possible to note that the processing to shaped products was almost ―near 

net‖ in character; as examples one can see a stone which more or less circular is easily cut into a stone for the 

grindingmill; a wood which has two branches coming out at the top is the best input for obtaining a structural 

member for holding the cross beams and so on... 

4. Perhaps the most significant aspect in materials processing until the advent of industrial revolution is that the 

production and the consumption of processed materials were always in close proximity. 

It can thus be sumarised that the most efficient way of processing are to (i) utlizise almost all of the input 

materials either in the process itself or find new uses for not so useful by products (ii) input the least amount of 

energy (maximum recovery) and (iii) process to near-net shapes. While it was probably easier to achieve these 

objectives in those early civilizations, it is worth noting that the least one can do today is to use as little energy 

as possible, use the energy as efficiently as possible in processeses and to produce new products such that 

almost all of the materials produced at the end of processing are utlized and furthermore, after use, end upas 

recoverable resource for the same processes or new processes. 

Separation & Synthesis Paradigm in Materials Processing 

Dalton‘s enunciation of matter as a multitude of atoms provided the philosophical as well as scientific back drop 

for mankind's perserverance in understanding of matter through separation and synthesis. This quest for 

separation, isolation and synthesis made mankind depart from perceiving nature in a combined form and being 

useful in that form itself. Tlie natural products of stone, bone, skin, wood, air are ―combined products‖ and were 

used as such by civilizations and still continues till this day. However, with the advent of separation and 

synthesis philosophies in materials processing which accelerated during the Industrial Revolution matter was 

broken up into elemental forms and recombined as alloys, pure mixtures to render them ―useful‖. The multitude 

of chemicals, (organic and inorganic) owe their creation and existence to the synthesis methodology of 

processing. In both these endeavours, energy expenditure is considerable, at times enormous, even though some 

of the processing did involve production of exothermic heat, which is seldom extracted nor put to useful purpose 

during the processing itself. The definition of matter was futher refined as not just atoms, but futher separated to 

sub atomic particles ―protons + neutrons + electrons‖ which is further refined to be made up of quarks and 

leptons. Separation processes at the nuclear level and recombination via bombardments to synthesize new matter 

are the logical extensions in Dalton's paradigm. It is with this paradigm that generations of physicists, chemists 

and material scientists approach processing of ―nature‖ by dissection and recombination. The modern mass 

production methods inspired by the works of Taylor and Adam Smith, stand as epitomes of making of systems 

first by dissection and then by recombination. 

Early design engineers were artisans and craftman. They used materials in their naturally available form with as 

little modification as possible. Furthermore, the design criteria for all load bearing members was limited 

predominatly to compressive loading as flextural and tensile strengths of storie was not attractive and useful. 

Wood was the only material available with sufficient flexural strength to allow longer spans. 

The industrial revolution ushered in two important changes, namely availability of coal in large amounts which 

made energy available at site and iron and steel as modern materials that allowed ―tensile strength‖ to be 

exploited in design and use. Thus the transition from limited human and animal energies to large quantum 

increases in heat and electrical energies available from coal and oxygen on the one hand and the transition from 

compressive strength materials that were naturally available, to tensile strength materials that were processed on 

the other, marked the most significant of changes. The industrial revolutionalsp marked the evolution of 

concentrated material and energy producing centres as opposed to widely distributed processing and use of 

materials in the earlier era. 

In a world ruled by the possession and exploitation of materials and energy, it is easy to see that the materials 

that were produced for mass utilization contributed to the creation of wealth in a fewer nations/locations 

together with large quantities of unuseable by products. The stark examples are 

(i) Coal which produced useful high temperature steam and very large quantites of not so useful ash (flyash) 

(ii) Iron ore + Coal (Coke) + limestone producing ironand steel and equal if not more quantities of high 

temperature silicate slag 

(iii) Bauxite producing aluminium and nearly thrice the quantity of red mud. 

In fact this list can be extended to include almost all large scale processing of natural resources. Let us look at 

these three most extensively produced materials in the Indian Context. In India, from about 200 million tons of 

coal we produce about 55000 MWe of electrical energy and nearly 70 million tons of siliceous ash together with 
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360 million tons of CO2. Along with 8 million tons of steel from integrated operations, nearly 10 -12 million 

tons of slag is produced in addition to large quantites of flue gases. In the third example we get 1.6 million tons 

of red mud as the companion of 0.6 million tons of aluminium. What is clear in ihis picture is that in reality our 

principal products in the above three cases are flue gases, siliceous ash, slag and ferro-siliceous mud wheras 

electricity, iron and steel and aluminium respectively are subsidiary products in terms of quantities. 

If we contrast these materials processes with the philosophies buit in the earlier systems of human engineering 

or from modern environmental concepts, we find that the processes utilized now are guzzlers of energy and all 

the outputs are not fully utilized. The goals in all these processes are limited to just one of the products that are 

coming out of the sequence of processes and sufficient development in the utilization of the other by products is 

never in the original vision. This has lead to the pile up of, interestingly enough, ―silicates‖ of varying 

compositions. 

A case-tor Silicate Technologies 

Understandinq of molten silicates including slags and their processing, infact started in France as early as 1777, 

with the crystallization and glass forming characteristics of basaltic magma. Nearly two centuries of knowledge 

base has come into being on these class of materials, thanks to works of geologists, chemists and geochemists 

on the one side, metallurgists, materials scientists and cermists on the other. 

Time is now ripe to evolve a truly multidisciplinary approach to develop commercially useful materials, 

processes and product technologies based on stllcates. This would pave way for processing of both naturally 

available silicates and man-made silicate byproducts such as fly ash slags, red mud etc thereby leading to higher 

utilization of all input materials as well as thermal energy content of molten slags, with an attendent benefit of 

the products being easily integratable back with the earth's crust. This would lead us to ―residuary near  net 

composition‖ processing in that silicates consisting of multiple oxides are handled with minimal and only 

necessary changes in their natural and byproduct compositions. With the advent of new processing techniques, it 

is also possible to obtain composites based on silicate matrices with metals and other non-metals as the second 

phase to obtain unusual combination of properties.  

A case for Titanium and Rare Earth Technologies 

In addition to iron ore, coal and bauxite, India is also richly endowed with beach sands bearing illemenite and 

monazite which yield nonferrous metals such as titanium, zirconium, rare earths and atomic metals like thorium. 

While we are deficiently placed with respect to other metals such as nickel, chromium and cobalt etc, it is sad to 

note that useful metals like titanium has not been fully exploited for the benefit of the country. Thus a concerted 

effort to develop the nonferrous materials resources available in the beach sands is urgently required. 

A Case for Solar Power Technolgies 

While the technology options with regard to materials clearly point towards, silicates and the resources in which 

India is well endowned, it is also necessary to tap energy resources in which we are tavourably placed, namely 

solar and wind power. Our tropical location and a long coast line have given us the solar and the wind energy 

options. The strategic requirements necessitated segmented emphasis on nuclear, defence and space technology 

options which has no doubt yielded outstanding and valuable benefits for the ceuntry. It is also necessary to 

appreciate that the strength and defence of country is not merely met by the strength of strategic sectors, but 

determined more by the strengths and weaknesses of general economic activities of the nation. The rise and fall 

of soviet union is a poignant reminder of the economic fragilities of those sectors unless they are integrated into 

other well institutionalized technology developments for the general economic development. The resounding 

successes in agricultural and dairy development in the country are a happy reminder of such institutionalized 

efforts which need to be adopted in other sectors as well. One such sector crying for attention is the solar and 

wind energy technology systems. 

If only we had a Visvesvarayya for the solar sector, India would be the power house of the world in the coming 

century. 
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Managing Indian Industry in the New Millennium 

Shri V K Agarwal 

Chairman, Railway Board & Ex-Officio Principal Secretary to Goverment of India 

 

The year 1999 has gone and we are in a new year. The last decade is out and new one is in. The end of the 

previous century has brought in the current century. And so is the new millennium after the previous one. What 

do these signify? If we view this phenomenon in ‗time‘ dimension, it indicates continuity. If we relate this 

‗continuity‘ on account of passage of time with the world in which we live, it signifies ‗change‘. Taking a 

simplistic view, we can generally conclude that the new millennium would be different from the previous one. 

The single most important factor for this difference would be the pace of change. 

Conditions and criterion for survival and success will be totally different and it will continue to change with 

greater and greater speed. The basic concepts and definitions of ‗time‘ and ‗speed‘ will also change with 

increasing influence of IT. The fast pace of ‗change‘ is, very often, brutal and violent. Many a times, speedy 

changes will herald a new era with unimaginable challenges and opportunities. Though it is certain that the new 

millennium will have greater uncertainties, it will provide both bigger challenges and greater opportunities. 

Managing Indian Industry in the present millennium will, therefore, require 'capabilities' and 'capacities' 

appropriate for handling unfolding 'challenges' and 'opportunities'. The nature of these 'capabilities' and 

'capacities' will depend on the nature of current and future changes. Industry has to exist within the prevailing 

business environment. Therefore, let us first try to understand the present business environment and recognise 

emerging major trends for the future. Two worldwide changes are happening. One is the change in the 

philosophy of and approach towards governance from 'socialist pattern' to 'market driven' and the other is 

globalisation of economy. Progressively every country is coming out of license and permit regime. Role of 

Governments is changing from that of 'controller' to 'regulator'. Thus, the direct role of Government in business 

is coming to an end. There will no longer be protection or discrimination for Indian Industry. Industry can not 

expect to get subsidies just to keep their products priced at relatively lower levels. Incessant competition will 

become an accepted rule of business. The Government has not only to facilitate competition, it has also to playa 

positive role in making industry globally competitive. Industry will, therefore, have to develop an appropriate 

framework for partnership with Government so as to develop global competitive edge. 

The globalization of economy has brought global integration of 'resources' and 'markets'. The barriers are 

coming down in terms of accessibility to physical resources, financial capital, technology, and human resources. 

Similarly market base is not only unrestricted but also unlimited. A country's boundary no longer dictates the 

size of market. 

Thus, the changes in system of governance and globalization of economy result in the emergence of economic 

and business conditions where competition will become a way of life and competitors would surface from all 

directions. The magnitude of competition will increase in geometrical progression, and customer needs and 

customer satisfaction will regulate the competitive market conditions. Hence, every initiative of industry needs 

to be measured in terms of its capability to enhance productivity and competitiveness. 

Global resources are also limited. There is, therefore, a stiff competition amongst the various industries to attract 

these resources and to have access to them. Capital is shifting away from the industries and from countries that 

do not have adequately responsive strategies. Capital will flow to only destinations of maximum return. Many a 

dogma like national industries versus multinational industries, and small scale versus large industries, will 

submerge in the sea of competition. Only those economic thought processes and strategies would ultimately 

survive that help in managing and winning competition. 

No other technology has made such a great impact on human life as is being made by the information 

technology. In fact IT become a crucible in which all other technologies are melting and taking a different 

shape. IT is changing all aspects of society  the economy, the practice of business, the nature of work, and the 

concept of speed and time. Global economy would not have been possible in the absence of IT, and global 

forces that are now changing relationships between business and business, between business and customers and 

suppliers, as also all internal and external transactions would not have existed. 

IT is redefining production, distribution, and delivery processes of many products and services. This can be 

understood once we accept the role of IT as a process facilitator and realize that a new digital word has emerqed 

requiring changes in the ways of doing business. Information technology has opened a floodgate to the industry 

for creation of value, profits and growth. 

IT has made impact on all the three aspects of human behaviour, ie, knowledge, skill and attitude. In the area of 

knowledge major changes on account of IT are easy accessibility of knowledge, predominance of IT-related 
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knowledge, faster pace of development and obsolescence in knowledge, shortened cycle of idea germination, 

and finally, creation of a knowledge-based society. 

As a result of IT, skills involved in transactions, both communication skills and business transaction skills, have 

undergone a major change. Inter-personal skill will, to a large extent, be replaced by internet and intranet 

communication skills. Conventional business transactions are shifting to e-commerce and e-business. 

Future developments in the new era of e-business would be development and application of whole set of new 

concepts like e-bidding, e-exchange, and e-partnership. Some of the functional skills of management will either 

not be required at all or will greatly change on account of IT, for example, availability of enormous amount of 

business information would place greater demands on analytical and evaluating skills. Skills related to 

application of IT for process facilitation will dominate the scenario. 

E-business is giving customers total flexibility and option in regard to getting whatever and whenever they want, 

and that too at competitive price. More information and ease in process will continuously raise the expectation 

level of customers. Therefore, the impact of IT in the attitudinal area would be that industry would have to be 

continuously focused on customer. We are already hearing about manufacture and supply of cars as per 

specifications given by the individual customer. This is just to explain the kind of leverage which the customer 

is going to enjoy in the present millennium. 

The impact of media on business and industry is increasing every day. The media has the capability to make or 

mar not only individual products and services but also complete industry. Building a positive image is becoming 

more and more essential for survival of industries. Managing media to one's advantage will be crucial for 

survival of industry. Products of an industry, with negative image, will not find a place in the market. Therefore, 

the scope of public relations is widening to include media management. 

Globalization of economy and resultant competition, coupled with information technology's inroad into 

business, has given an impetus that has changed the velocity of business. The whole business environment has 

become so dynamic that industry and business have to continuously adjust and readjust every strategy of 

business. 

Globalization of economy, and change in the pattern of governance, have also brought changes in trade practices 

and procedures. The WTO membership demands an international commitment and discipline in the trade 

practices. Protection to domestic industry can be provided only to a limited extent. National and multi-national 

companies would have level playing field. National trade policy and framework is being brought in line with 

WTO regulations. 

Two peculiar paradoxical situations are emerging in the business environment. One is that the process of 

globalization is co-existing with formation of regional economic creations like ASEAN, NAITA, and SAIT A. 

And the other is that while globalization is encouraging competition, acquisitions and mergers of major 

companies are reducing the number of industry-specific key players. In past these contradictions were neither' 

possible to conceive nor manage. 

In present times, growth in service sector is significantly higher than growth in any other sector of the economy. 

The service sector is, therefore, going to have major industries in this millennium. Growing influence of service 

sector in the economy will have it's own influences in determination of the nature of strategies for success of 

industries in future. 

It is clear that managing industry in the new millennium will require managing business environment and 

competition. The first question that should come to our mind is how to manage the business environment, 

because managing business environment is a prerequisite to managing competition. 

The Indian industry needs to create a pressure group that would help in providing them a level playing field. 

Institutional mechanisms have to be developed formally and informally for demanding a policy regime and 

regulatory framework that not only promotes competition but also provides a competitive edge to Indian 

industry. Although WTO regulations will permit only a limited flexibility in this regard, Indian industry, after 

studying other nations' trade practices, can come forward with suggestions that are internationally acceptable 

and at the same time provide some edge to the Indian industry. 

Forums are also needed for demanding transparency in governance to which our Government is already 

committed. To ensure that WTO regulations do not adversely affect them, the Indian industry needs to be in 

regular contact with Government and assist them with all possible information and analytical work so that the 

Government is properly equipped to safeguard the their interests. 

Another area of business environment management would be to develop partnership with Government for world 

class infrastructure. Worldwide logistic costs have decreased from 12.2% in 1992 to 11.7% at present. India 

spends nearly 13% of its GDP on logistics, as against an average of 10% in developed economies. In India, 
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transportation and inventory costs constitute over 50% of the value addition. These statistics highlight the need 

for improvement in infrastructure facilities in India to enable Indian industries becoming globally competitive. 

Outdated labour laws are perceived as one of the major impediments for Indian industry. Indian industry should 

come forward with their own experience of labour laws and assist the Government in formulating forward 

looking labour laws that encourage productive employment and productivity of industry. 

Managing competition would not be easy in the face of the presence of a large number of global companies 

having worldwide access to technology and resources. The first requirement for managing competition would be 

to develop capabilities of anticipating the future and formulating needed responses. This would mean capturing 

the relevant data, analyzing it, and drawing inferences for managing the change appropriately. In the rapidly 

changing environment anticipating the future will also not be easy, and would require specialized skills. 

Industries may have to create a specialized team for this work alone. 

In an era of similar advantages and disadvantages in access to all types of resources the only way to remain 

competitive is to be different. I am inspired by the slogan coined by Nestle for their advertisement of tomato 

sauce where the reason for using their brand of sauce is because ‗it is different‘. Only those industries would 

survive in the present millennium that offer differentiated products and services to customers in terms of cost, 

quality, value addition, etc. 

There cannot be a ready-made solution for managing industry in the competitive environment of the present 

millenium. However, a broad framework for managing industry in coming times can certainly be drawn up. My 

recipe for remaining different and maintaining competitive edge would be: 

• To develop organization and systems that are capable of responding to market changes and economic 

environment with desired speed and flexibility 

With universal access to resources and given the volatile nature of business-environment, industry has to 

continuously adjust the speed, direction and strategies of business. Since all types of capital would flow only to 

those industries that are sensitive to changing market needs and flexible enough to adopt to changing market 

conditions, industries would need to develop organizational structures and systems that can swiftly respond to 

challenges. Therefore, fixed organizational structures will have to give way to flexible ones that have self-

renewing capabilities. 

• To invest adequately in R&D and technology so as to offer unique product to the customers 

Development of differentiated products and services, as also time-effective and cost-effective processes require 

continuous R&D effort. Industry would, therefore, need to invest adequately in R&D and find innovative 

methods to fund this requirement. Acquisitions, mergers, and alliances are often motivated by considerations 

of generating resources for developing competitive technologies so as to maintain leadership in the given 

business segment. 

• To develop product and market strategies that meet the global requirement 

Marketing products globally would require development of products that can be adapted/adjusted to meet 

somewhat varying local needs. For this the product design strategy has to be formulated in a broader 

perspective of global market requirements. 

• To exploit the opportunities offered by the information technology and country's home based advantage for 

having competitive edge 

Indian industry has the advantage of necessary skill and infrastructure facilities for development and 

application of IT based solutions for meeting future challenges. Only recently I came across a news item 

saying that insurance majors are eyeing India's global information technology hub for setting up their claims 

processing units and administrative centres. This would help multinationals to reduce costs by 20% to 30%. 

When multinationals are outsourcing IT related requirements from India, Indian industry is certainly better 

placed to take advantage of our information technology capabilities that would provide them a competitive 

edge. 

Applications of IT would facilitate management and access to distribution, sale and supply channels. Reaching 

to a larger base of customers and reduction in business transaction costs are other advantaqes that Indian 

industry can gain by formulating and implementing suitable IT strategies in their business. 

• To be vigilant about costs of products and services 

Cost control would be a primary concern of every industry. Industries having global strategy for acquiring 

capital would be able to reduce their costs on capital account. Global operation of business could provide cost 

advantage due to economies of scale. Every business process has to be critically examined to enable business 

process re-engineering to save on costs and time. Bench marking would be another tool to keep costs low in 

international competition. 
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• To ensure international quality standards 

On quality front the emphasis has to shift from the concept of quality control to quality production, as quality 

cannot be controlled but can be produced. 

• To create networks and alliances 

Networking is going to be crucial to be distinct from others. Industry is already benefiting from networking of 

people through formation of temporary coalitions for specialised tasks and functions, and from information 

networks. Networking and alliances can provide the industry distinctive advantages of pooling best talent 

available to enable them jointly serve the market in most cost effective manner. 

• To align HR with business 

To remain competitive Indian industries need to refocus their HRD strategies for creativity, innovation, and 

channelling knowledge explosion. Creativity will be the key factor for the success of any industry. Wild 

imaginations and unorthodox approaches also need to be tried for getting imaginative and innovative solutions. 

It is human resource that ultimately manages the business and competition. For encouraging creativity, HRD 

strategy has to align with individuals so that they also acquire a tag of being distinct. 

• To follow business ethics and code of conduct 

Integration with global economy demands that industry should adopt business ethics and code of conduct of 

international standards. Prevailing level of corruption is coming in the way of greater foreign investments. We, 

therefore, need to go back to value systems of our ancient heritage. 

• To manage media to industry advantage 

Media management for creating a positive and distinctive image and developing close relationships with 

customers would be another demand on Indian industry. 

To conclude, managing industry in this new millennium would require the capability of travelling in darkness 

with three pillats, namely, customers, competition and change, being the guiding factors in this journey of 

survival. 
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Industry, Academia and Innovation 

Dr Amit Chatterjee 

Chief Technology Officer, Tata Steel, Jamshedpur 

 

I am overwhelmed by the invitation extended to me by the Institution of Engineers (India) to deliver the 44th Sir 

Mokshagundam Visvesvaraya Memorial Lecture. Many luminaries have delivered the Annual Visvesvaraya 

Memorial Lecture in the past  the list of speakers includes giants like Dr Raja Ramanna, Mr Hiten Bhaya. Dr 

V S Arunachalam. Dr RA Mashelkar and Dr A P J Abdul Kalam last year. This is the ―Who is Who‖ of the 

Indian corporate/scientific world. I am delighted and honoured to be in such august company. At the same time, 

I cannot hide my apprehension and the trepidation in my heart in being a virtual non-entity in this hallowed 

club. I only hope that I will be able to do some justice to the onerous task in front of me. 

Since this lecture is in memory of Sir Visvesvaraya, perhaps the biggest and certainly the earliest innovator 

India produced. I shall spend some time recounting the contributions made by this great visionary and planner. 

Visvesvaraya was born in the Kolar District of Karnataka on 15th September 1861. Hs is regarded as the path-

finder in planning and pioneering the industrialisation of India. It is befitting that every year. 15th September is 

celebrated as Engineers Day in India to commemorate the birth anniversary of this great Engineer-cum-

Statesman, who can equally well be described as Statesman-cum-Engineer. Independent India has produced 

very few engineers who can rub shoulders with this legend. 

Visvesvaraya was educated in Bangalore and Pune  he became an expert in civil andirrigation 

engineering.When in 1912 he was the Dewan of the Mysore State, he introduced several constitutional reforms. 

He separated the executive from the judiciary and in 1916, went on to establish the University of Mysore. As if 

this was not enough he also encouraged the growth of private industry in the State. It is for this type of unique 

forward thinking, which many of us in India are not comfortable with even today, that we pay homage to 

Visvesvaraya. How we wish we had many more Visvesvarayas to guide India‘s continued march towards 

industrialisation. 

Since returning to India in 1972, I have been fortunate to work for only one company, namely Tata Steel which 

has recently become the lowest cost steel producer in the world. It is a matter of great pride for all of us in Tata 

Steel that Sir M Visvesvaraya was associated with the Steel Companyfor a number of years. Hejoined the Board 

of Directors of Tata Steel in 1927 and remained a Director for 27 years. During this time, Tata Steel greatly 

profited from his wise counsel by the modernity of his mind, and from his ideas on good management. He gave 

valuable advice and guidance towards the establishment of the Technical Training Institute in Jamshedpur, re-

organisation and reforms to improve the working of the Steel Works, etc. In each case, the meticulousness with 

which Visvesvaraya undertook his work was truly amazing. Almost 75 years ago, he was passionately 

advocating quality (today‘s TOM), curtailing wastage (today‘s value engineering), encouraging comparison 

with other existing steel plants of the world (today‘s benchmarking), and even preaching sound industrial 

relations (the Statesman in Visvesvaraya). It is incredible that most of the modern concepts of business 

management were actually envisioned by Sir Visvesvaraya several decades ago. He was a great innovator and in 

each task he took upon himself, innovativeness was the key. 

Since the 16th Indian EngineeringCongressis being held at IIT Kharagpur  one of, if not the premier 

educational institute of India  and since I am from Tata Steel  the first and foremost name in Indian industry 

 for my talk, I have decided to focus on industry-academia interactions, with particular emphasis on 

innovation, which was so close to Visvesvaraya‘s heart. 

Let me begin by defining innovation. Innovation is the outcome of two distinct steps  firstly, the generation of 

an idea or invention; and secondly, the conversion of that invention into business. Mathematically, and I am sure 

Visvesvaraya would be the first one to approve of it, it is possible to represent innovation as Innovation = 

Invention + Exploitation. Invention encompasses all steps aimed at creating new ideas and getting them to work. 

Exploitation includes all stages of commercial development, including focusing of the ideas generated towards 

specific objectives, followed by evaluation of those objectives. Thus, while lnventionahouqh extremely difficult, 

is the outcome of a brief moment of inspiration and magic, exploitation is more involved and needs time. The 

overall management of technological innovation is a science by itself. It includes the organisation and direction 

of human and capital resources towards effectively: (i) creating new knowledge; (ii) generating technical ideas 

aimed at new and enhanced products, manufacturing processes, as well as services; (iii) developing those ideas 

into working prototypes; and finally (iv) transferring them into manufacturing, distribution, and use by mankind 

at large. Although these steps were not so clearly enunciated earlier, when we look back at the early part of the 
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Twentieth Century, it is clear that Visvesvaraya championed the cause of innovation management in his lifetime 

stretching from 1861 to 1962. 

Technologically innovative outcomes take many forms  incremental or radical in degree; modification of 

existing entities or the creation of entirely new entities; embodied in products, processes or services; oriented 

towards consumer, industrial, or governmental use; and based on various single or multiple technologies. 

Whereas invention is marked by the discovery of a state of new existence, usually in a laboratory or at best at a 

bench-scale level, innovation is characterised by first use (in manufacturing or in a market). 

Most organised scientific and engineering activities, certainly within any given manufacturing segment, stretch 

beyond the idea-generating stage. This may not always produce radical breakthroughs, but result in a broad base 

of incremental technological advances, sometimes leading to major technical changes. Research conducted so 

far in the area of technology management has focused primarily on incremental product innovations oriented 

toward industrial markets. Neither the less frequently arising areas of radical innovation nor process innovation 

has received much attention. This is unfortunate. If in India we wish to become truly self sufficient, greater 

attention has to be focused towards radical/process breakthroughs. Only then would India be able to produce 

tangible results in science and technology and make Visvesvaraya happy in his heavenly abode. 

Though innovation deals with new ideas, as a process, it is not something new. In fact, we can draw lessons 

from the achievements of our ancestors. Archaeologists excavating the ancient Minoan palace at Phaistos, on the 

island of Crete, chanced upon one of the most remarkable objects in the history of technology. At first glance, it 

seemed quite unimposing; in fact, in some ways, downright ordinary  just a small, flat, unpainted, circular 

disc of hard-baked clay, 6% inches in diameter. However, closer examination revealed that each side of the disc 

was covered with writing, resting on a curved line that spiralled clockwise in five coils from the disc's rim to its 

centre. Some etched vertical lines delineated groups of signs, possibly constituting words, neatly divided into a 

total of 241 letters. The writer must have planned and made the disc with utmost care, so as to start writing at 

the rim and fill-up the available space along the spiraling line, yet not run out of space on reaching the centre. 

Ever since it was unearthed, the disc has posed a mystery for historians of writing. The number of distinct signs 

(45) suggests a syllabary rather than an alphabet, but it is still undeciphered, and the signs are unlike those found 

in any other known writing system. Not another scrap of the strange script has turned up since its discovery. 

What is important to note is that the Phaistos disc anticipates humanity‘s next efforts at printing, which similarly 

used cut type or blocks, but applied/them to paper with ink instead of clay without ink. However, those next 

efforts did not appear until 2500-3000 years later in China and Europe.Why was the disc‘s precocious 

technology not widely adopted anywhere? Why was its printing method invented around 1700 BC in Crete and 

not at any other ancient centre of writing? Why did it take thousands of years to add the ideas of ink and paper 

and arrive at a printing press? The disc thus constitutes a threatening challenge to historians.  

Fortunately, not all inventions get buried in history. Any major breakthrough in the sphere of weapons and 

transport for example, is immediately put into use, perhaps because it provides direct means by which, certain 

people can expand their realm and conquer others. Similar is the case in many other significant technological 

advances ranging from printing presses to glass and steam engines. In most cases, it is not individual 

inventiveness; but, the receptivity of the entire society to innovation, which is the deciding factor. Somesocieties 

are hopelessly conservative, inward looking, and hostile to change. That's the impression many have collectively 

even today of the developing world. For them, people who seem perfectly intelligent as individuals, appear to 

live without making any impression on their society. They perceive a paradox. This paradox really does not 

exist because, in many cases, the problem lies not with the individuals, but their societies. India would certainly 

be a case in point. Although still perceived by most as a developing country, the inherent talent of Indians is 

recognised all over the world. They prosper overseas, though they often do not succeed to the same extent 

within India. Clearly societal factors playa role. How many of us can recall having met an unsuccessful Indian 

in the US or UK? IIT Kharagpur has a fraternity of at least 500 in the New York area alone that are all creme-

do-te-creme of US society! 

Another component of innovation, which needs a closer look stems from the oft-repeated saying ―Necessity is 

the mother of invention.‖ This denotes that inventions supposedly arise when a society has an unfulfilled need 

or some technology is widely recognised as being unsatisfactory. Would-be inventors perceive the need and try 

to meet it. Some one finally comes up with a solution superior to the existing unsatisfactory technology. The 

tragedy of the hero who perfected the stamps used for the Phaistos disc was that he or she devised something 

that the society of the time could not exploit on a large scale. Though this happened several centuries ago, it is 

unfortunate that in India even today, academic research often results in wonderful papers and does not in any 

way affect society. Of course, our recent IT experience is different, particularly in Southern India where it has 

certainly resulted in revolutionising society. Once an inventor has discovered a use for a new technology, the 

next step has to be to persuade society to adopt it. Merely having a bigger, faster, more powerful device for 

doing something is no guarantee of ready acceptance. There are innumerable examples of technologies, which 

were either not adopted at all, or were adopted only after prolonged resistance e.g. the US Congress's rejection 
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of funds to develop supersonic transport in 1971, the world's continued rejection of an efficiently designed 

typewriter keyboard, Britain's long reluctance to adopt electric lighting, and so on.  

In a way it is heartening to note that only a few inventions conform to the theory that necessity is invention's 

mother i.e. that major inventions are responses to perceived needs. In reality, most inventions are made by 

people driven by curiosity or by a love of tinkering, in the absence of any initial demand for the product that 

they have in mind. Once a device is invented, the inventor has to find an application for it. Only after it is in use 

for a considerable time do consumers come to feel that they ―needed‖ it. In some other cases, devices invented 

to serve one purpose, eventually find use in other, unanticipated areas. It may come as a surprise to learn that 

inventions made prior to any idea of its ultimate use, include most of the major technolnqical breakthroughs of 

modern times  ranging from the airplane and automobile, through to the internal combustion engine and 

electric light bulb. Thus invention is more often the mother of necessity rather than the other way around. A 

good example of this is the history of Thomas Edison's phonograph  the most original invention of the 

greatest inventor of modern times. When Edison built his first phonograph in 1877, he published an article 

proposing ten uses to which his invention might be put. They included preserving the last words of dying 

people, recording books for the blind to hear announcing clock time, and teaching spelling. Reproduction of 

music was not high on Edison‘s list of priorities. In fact, when using a phonograph to play music at the drop of a 

coin created jukeboxes, Edison objected to what he felt was a debasement of his serious invention. Only twenty 

years later, did he reluctantly concede that main use of his phonograph was to record and play music. 

The motor vehicle is another invention whose utility seems obvious today; yet it was not invented in response to 

any demand. When Nikolaus Otto built his first gas engine in 1866, horses had been sup plying people‘s land 

transportation needsfor nearly 6000 years, supplemented increasingly by steam-powered railroads. There was no 

crisis in the availability of horses, nor any dissatisfaction with railroads. Because Otto‘s engine was weak, heavy 

and 7 feet tall, it did not score over horses. Not until 1885 did the engines improve to the point that Daimler got 

around to installing one on a bicycle to create the first motorcycle and waited ten more years to build the first 

truck. Till 1905, motor vehicles were very expensive and perceived as unreliable toys for the rich. Public 

contentment with horses and railroads remained high until World War I, when the military concluded that it 

really did need trucks. Intensive postwar lobbying finally convinced the public of its own needs and enabled 

trucks to begin to supplant horse-drawn wagons. 

Inventors often have to persist with tinkering for a long time in the absence of public demand, because early 

models perform too poorly to be useful. The first cameras, typewriters, and television sets were as awful as 

Otto's seven-foot-tall gas engine. Edison's famous invention of the incandescent light bulb on the night of 

October 21, 1879, improved on many other incandescent light bulbs patented by other inventors between 1841 

and 1878 (including one from India). Similarly, manned, un-powered gliders preceded the Wright brother's 

manned powered airplane. All this is not to deny that Watt, Edison, the Wright brothers, Morse, and Whitney 

made significant improvements and thereby, increased or began the commercial exploitation of inventions. 

Fortunately for us, during the past decade at least, the Holy Grail of success in business has been innovation. 

Managers have gone after it with all the zeal their training has instilled in them. It has become clear that what 

fosters creativity does not always look like rational management to many experienced executives. In fact, many 

creative practices go beyond the counterintuitive  they seem downright weird. Managing for creativity means 

taking most of what is known about management and standing it on its head. It means placing bets on ideas 

without much heed to their projected ROI. It means ignoring what has worked before. It means taking perfectly 

happy people and goading them into fights among themselves. For success in business, innovation is crucial; yet 

in most companies, it isn't, and never will be, their primary activity. Companies are overwhelmingly focused  

and correctly so  on the more immediate task of generating wealth quickly from tried-and-true products, 

services, and business models. It is for the future that companies must look at innovation. The IT sector which 

had such a glorious innings until very recently, has already begun to look at innovative ways of pruning cost, 

improving customer satisfaction, etc. to come out of its present downturn. 

The right balance of what organisation theorist James March hastermed exploitation of proven knowledge 

versus exploration of new possibilities varies from industry to industry. But, even in companies that are taken as 

role models for encouraging innovation, only a small percentage of effort is usually devoted to generating and 

testing new products and services. This comparative rarity helps explain why practices that support innovation 

may seem odd and provoke discomfort and why managers hesitate to use them even when they should. At least 

when I was a student, well-known professors frowned upon not conforming to norms. From what I hear, the 

situation has not changed even today. May I use this opportunity to make a plea to academic institutes like IIT 

Kharagpur not to stifle the youth and allow some to be different (and sometimes difficult). They could have that 

vital streak of creativity so lacking in many. Tofoster creativity, it is important that people do what they think is 

right  rather than what they are told or what they anticipate their superiors want. This can drive their superiors 

crazy and get them into deeptrouble. But, it could also force organisations to try ideas that may otherwise be 
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rejected as a waste of time and money because it comes from those who are not looked upon as ―conventionally 

bright.‖ 

3M is regarded as one of the most creative organisations in the world  the invention of the Post-it slips, which 

we all use so extensively today, focused global attention on the positive outcome of creativity in 3M. This did 

not happen by chance, although the invention of these slips may have been a result of a certain amount of 

serendipity. 3M‘s former CEO William McKnight, for example, once ordered a young employee to abandon a 

project he was working on, insisting that it would never work. The employee disregarded the order and went on 

to invent the masking tape  another of 3M‘s breakthrough products. His perseverance also laid the foundation 

tor 3M‘s defining product  Cello tape. 3M never fired such employees who did not follow the orders of their 

superiors, I hope Indian employers are listening. 

It is clear that creative work, which gives birth to innovation, often has to be sheltered frnm the cold light of 

day. This is like growing a tree  after planting a seed in the ground, it does not have to be dug every week to 

see how it is doing. It is important to distinguish between what is right for routine work and what is right tor 

creative work. When known procedures are used by well-trained people failure does signal improper training, 

weak motivation, or poor leadership. But applying this standard to.innovative work stifles intelligent risks. 

Evidence demonstrates that it is impossible to generate a few good ideas without also.generating a lot of bad 

ones, Former Time Warner Chairman Steve Ross had a philosophy that people who did not make enough 

mistakes should be fired. Few companies tolerate failure, let alone reward it. This is certainly true in India. In 

this connection, it is worth remembering that research has shown that starting from the initial step  a bright 

new idea  those that survive a the way to successful application are less than 1 percent. Further, even in 

environments renowned for encouraging innovation, 2000 attempts are required to get one hit. Even after that 

those that survive lonq enough to compete for entry probably fail 95 percent of the time. 

Traditional thinking about the management of innovation focuses almost exclusively on internal factors  the 

capabilities and processes within companies for creating and cnmmercialising technology. Although the 

criticality of these factors is undeniable, the external environment for innovation is at least as important, For 

Example, the striking innovative output of Israeli firms is due not simply to more effective technology 

management, but also, to Israel's favourable environment for innuvation, including strong university-industry 

linkages and a large pool of highly trained scientists and engineers. The most fertile location tor innovation also 

varies markedly acress fields. The United States was an especially attractive environment for innovation in 

pharmaceuticals in the Nineties, while Sweden and Finland have seen extraordinary rates of innovation in 

wireless technoloqy (Ericsson and Nokia).  

The local environment matters for success in innovative activity  Dr. Reddy‘s Lab is perhaps the best example 

in India. 

The vitality of innovation in a location is shaped by the innovative capacity of a nation. National innovative 

capacity is a country‘s potential  as both a political and economic entity  to produce a stream of 

commercially relevant innovations. It is not simply the realised level of innovation, but also, a reflection of the 

fundamental conditions, investments and policy choices that create the environment for innovation in a 

particular location. We in India have to be aware of this fact if we expect institutes like the IITs and our world 

class Business Schools to deliver innovative solutions. Our national capacity is not in doubt  an unsuccessful 

Indian outside India is a rarity. Nobel Prize winning work carried out in India is scarce; yet several Indians 

working overseas have either already received, or are strong contenders for this coveted prize and several others. 

This is true not only in science and technology, but even in arts like music and literature. If we have to ensure 

that fertile Indian brains and talent flourish within India, it is vital that we make the environment in india 

conducive to innovation. 

Recently, I visited the Jack Welch Technology Centre in Bangalore  a mini US type organisation 

―transplanted‖ into India. It employs almost a thousand Indian researches originally trained in institutes like the 

IITs many of whom subsequently obtained MTech./PhD. degrees in the US. These Indians are successfully 

undertaking cutting edge research funded by GEfrom the US. If changing the environment in a small pocket can 

do this. I am convinced that it should be possible to extend it to other places in India. Provided and this is the 

big if we as a nation have the will to do it. 

While the innovation infrastructure sets the basic conditions for innovation, it is ultimately companies that 

introduce and commercialise innovations. Innovation and the commercialisation of new technologies take place 

disproportionately in clusters  geographic concentrations of interconnected companies and institutions in a 

particular field. The cluster-specific innovation environment of which Bangalore/Hyderabad are good examples 

as far as software development is concerned is captured in the ―diamond‖ framework which was introduced 
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The competitiveness of a cluster and its innovativeness depend on the quality of the diamond in a country. A 

strong innovation environment within national clusters is the foundation for global competitive advantage in 

many fields, from pharmaceuticals in the United States to semiconductor fabrication in Taiwan. The relationship 

between the common innovation infrastructure and a nation's industrial clusters is reciprocal: strong clusters 

feed the common infrastructure and also benefit from it. A variety of organisations and networks can link the 

two areas. A particularly important ingredient is a nation's university system, which provides the bridge between 

technology and industry. Without strong linkages, upstream scientific and technical advances may diffuse to 

other areas and even other countries more quickly than they can be exploited ―at home‖. On a global scale, 

although the early elements of VCRtechnology were developed in the United States, it was three companies in 

the Japanese consumer electronics cluster that successfully commercialised this innovation on a global scale in 

the late Seventies. Of course, taking advantage of the national environment for innovation is far from automatic, 

and different industries based in the same location will differ markedly in their success at innovation  the 

foundry industry which has prospered around Howrah is a case in point. Nevertheless, sharp differences in 

innovative output in different locations suggest that location does exert a strong influence. Could this be one 

reason why Karnataka, Andhra Pradesh and Tamilnadu have gone so far ahead of us in Eastern India? Being 

from this part of the country, and delivering this Address in Kharagpur, I certainly hope that this is not the case. 

Improvements made by countries in their respective national innovative capacity are the result of concerted 

efforts along several dimensions. For example, Denmark and Finland have made major gains in innovative 

capacity since mid-Eighties by substantially increasing their R&D work force, raising R&D investment 

(particularly in the private sector) and emphasising policies that support open international competition and 

strong intellectual property protection. They joined Sweden in establishing a region of world-class innovation. 

However, had Denmark and Finland simply raised R&Dexpenditure without addressing the other areas, they 

would have had a much more limited impact. 

National innovative capacity is not the same thing as short-term competitiveness. Japan, for example, continues 

to improve its environment for innovation, as it has since the early Seventies, despite continued economic 

stagnation and difficulties in reforming other aspects of its economy. Conversely, several western European 

countries, including the United Kingdom, France and Italy, have at best maintained innovative capacity, despite 

some success in current competitiveness. The new centres of innovative activity are emerging outside the 

traditional countries (USA and Europe). Singapore, Taiwan, South Korea and Israel have made substantial 

investments in upgrading their innovating capacities over the past decade, which has resulted in a large increase 

in patenting rates. Even a country like Ireland has established the infrastructure and industrial clusters consistent 

with strong innovative activity. Can India follow these examples? 

To do this, we have to realise that capturing locational advantages in innovation involves more than sending 

delegations or establishing R&D listening posts. Companies must proactively invest to tap into the strengths of 

their local environment. This involves such things as active participation in industry associations, investing to 

build deep relationships with local universities, cultivating and assisting programmes that train skilled personnel 

and paying particular attention to the local customers. In this connection, I am happy to report that Tata Steel 

has recently established a relationship with IIT Kharagpur for ―training‖ technical professionals, who may have 
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become outdated, by exposing them to fresh academic inputs and even new laboratory experimentation 

techniques. 

Since I work in a steel company, it will only be in the fitness of things if I devote some time to the subject of the 

role of innovation in the steel industry. The world produced around 850 million tonnes of steel last year but, the 

halcyon days of growth are certainly a thing of past. What has recently kept the steel industry from growing at 

the same rate as it did earlier? A key reason is the neglect of one of the major drivers of growth and value 

creation i.e. innovation, particularly product innovation. At 12 percent, the average share of revenues earned 

from steel products that are less than five years old is well below that of other traditional industries. In the 

construction industry, for example, companies typically earn 2.5 percent or more of their revenues from 

products developed in the last five years. Curiously enough, the most compelling proof that innovation pays has 

come from panies typically earn 2.5 percent or more of their revenues from products developed in the last five 

years. Curiously enough, the most compelling proof that innovation pays has come from within the steel 

industry itself. In terms of overall business performance, innovative steel companies have achieved two to three 

times better results than their less innovative counterparts. I am happy that Tata Steel belongs to the first 

category and, therefore, it is not surprising that Tata Steel was recently declared the Number One company 

amongst twelve leading steel producers all over the world including such big names as Usinor, Nippon Steel, 

China Steel, US Steel, Posco, etc. Top business performance by steelmakers is associated with four interlinked 

elements of successful innovation management (Exhibit 2) : 

 A clear and deep understanding of customer value. 

 Superior technical skills. 

 Strategic networks. 

 An innovative, entrepreneurial business environment 

 

The development of tailored blanks for car doors is a prime example of product innovation in the steel industry. 

Prior to this innovation, doors comprised at least three or four elements: the inner and outer door panels, hinge 

reinforcement, and an edge plate. By working with customers intensely during the development phase, 

innovators found a way to simplify the design of the car door by integrating these parts functionality into one 

laser-welded tailored blank. This reduced the number of parts and resulted in saving of weight, the number of 

tools required, and processing costs without limiting door functionality. 

Branding  which reinforces customer value with the promise that the customer can always buy the consistent, 

defined value from the brandname manufacturer  was not widespread in the steel industry. Yet, despite the 

perceived ―sameness‖ of many steel products, some companies have managed to replace the commodity image 

with a brand. SSAB, a steel producer of high-strength materials in Sweden, has branded its products for end use 

in the machinery and construction sectors. These users have begun to associate the brands with consistently 

outstanding quality, and are willing to pay a price premium Branding of products like steel is an innovation 

already gaining ground in India following the reality of competition. 

Innovation also requires investments in skilled people i.e. talented employees. A recent study has revealed that 

compared with the less innovative companies, the innovators in the steel industry employed more engineers, 

scientists, technicians, sales people with technical backgrounds, and sales people with experience in production 

and operations. These innovators also spend more time training the members of their R&D staff. The R&D 
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personnel also have more diverse backgrounds than their counterparts in less innovative companies as illustrated 

in Exhibit 3. Although this data are from the steel industry, it should be applicable to industries across the board. 

It is heartening to note that a close interface between private and public sector R&D in different areas is 

beginning to emerge even in countries like India. Both the private and public sectors are becoming partners in 

the whole process of R&D, right from design and diagnosis till the final outcome. Reasonable investment in 

R&D is sometimes a stum bling block in India to undertake meaningful R&D (e.g. in the pharmaceutical 

industry). Further, industry is not keen to invest in R&D unless its innovations are adequately protected and 

rewarded by way of assured ROI. This will become critical after India joins WTO. In these changed 

circumstances, it will become even more essential to encour age R&D funding by industry. Hi-tech industries in 

advanced countries are allowed to generate investable surpluses through their own rational pricing structure and 

profit margins. This way they are able to meet a substantial part of their R&D investments through internal 

accruals. In developing countries, while this could be tried, it may also be necessary to address funding issues 

through supplementary inputs from financial institutions/venture capitalists and the Government, in terms of soft 

long-term loans or by forming joint ventures with industry. 

 

Industry investment in fundamental R&D undertaken in academic institutions is crucial for establishing rapid 

product development cycles and for introducing new products. Many companies have reengineered themselves 

to fulfil this objective, but are worried how to transform the knowledge and the ideas generated into rapid 

product development, since immediate assistance from academia is not always available for the latter. 

Strategic relationships with what can be termed ―research universities‖ have provided industry in USA with 

success on both human and knowledge capital. This is a model we may consider in, India. In the US, there has 

been phenomenal growth in industry-funded R&D in educational institutes, so much so that the private sector's 

contribution is now greater than that of the Governmentin universities like MIT.Though industry participation 

has increased, academia has continued to remain in the forefront by developing a range of flexible, innovative 

approaches tailored to the interests of industry. This has not unfortunately happened in India. During personal 

discussions with professors in highclass Indian institutes, I have been informed that they find it commercially/ 

professionally more attractive/satisfying to go overseas during vacations/sabatical in order to conduct research 

for industry in those countries or to interact with other educational institutes. In their view, this ensures a change 

in scene in life in general and also guarantees success (e.g. in terms of a world-class publication). Obviously, a 

radically new approach is called for to correct this trend. Perhaps, greater emphasis requires to be laid by 

industry on using academic institutes to undertake research, which has a direct bearing on business results. 

Academic institutes, on their part, must get ready to face this challenge. Renewed emphasis on maximising 

value generation from this type of cooperation, which can be amicably distributed since it would have a positive 

impact on the bottom line of companies may be the answer. 

Industry is now providing about 69% of US R&D funding and the Government only 25% which is a reversal of 

the percentages forty years ago. Private funding of R&D increased by more than 10% in the year 2000 

compared with the previous year. It is worth mentioning that the US Government spending on R&Dduring the 
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period 1995 to 2000 was essentially flat. Out of the total of around 260 billion dollars spent on R&D in the year 

2000 around 60% was utili sed for development research, 23% for applied research and 16% for basic research 

work undertaken almost exclusively in academic institutes. Furthermore, development research is becoming 

more tightly targeted towards obtaining tangible business results within given time schedules, which are 

becoming shorter and shorter. These trends highlight the need for new models of interaction between industry. 

universities and government laboratories in terms of a greater number of strategic partnerships/alliances. 

Industry-academia interactions should develop as corporate partnerships to foster economic development with 

universities providing the appropriate manpower andfundamental inputs. Renowned educational institutes 

overseas, like MIT, have already made changes in their academic curriculum and even designed new courses to 

cater to these requirements. 

In India, there is little doubt that knowledge and some times deep knowledge which is not available anywhere 

else exists at least in pockets. However, such knowledge in isolation can at best result in inventions  

innovations do not come into the frame. The National laboratories, funded by the Government are also in the 

process of creating niches for themselves by targeting select areas. Although, this type of expertise needs to be 

nurtured and encouraged in the final analysis, it has to be converted into wealth i.e. by closing the loop and 

making the results of research applicable to society. There is no doubt that in this area industry has a role to 

play. The establishment of adequate communication channels between scientists/professors and industry appears 

to be the need of the hour. To begun with it may be beneficial to identify product and technology based 

expertise available in the coun try in different institutions and make this known to industry. Industry instead of 

having a self-motive and product-centered approach should encourage wider coverage and have the genuine 

desire to promote R&D infrastructure development in laboratories/educational institutes. Enhancement of 

industry‘s R&D infrastructure in parallel both in the private and public sectors would addto the effectiveness of 

the industry‘s involvement in the total programme. This may lead to Centres of Excellence emerging in selected 

disciplines and a ―win-win‖ situation for the nation. 

Government's support for R&D should continue to come in the form of incentives soft loans research grants / 

funding of key R&D projects. For greater involvement of industry in meaningful R&D the Government should 

come up with rational measures conducive to R&D in a timely manner. Government‘s involvement in this type 

of interaction should be restricted to that of a ‗facilitator‘  bureaucratic procedures should not stand in the 

way. Research laboratories/academic institutions could even get involved in enterprises to provide analytical 

solutions software expertise and scope for continued research on specific topics for potential product/process 

updates. This would prevent Indian industry from looking at partners overseas to undertake such tasks. It has to 

be recognised that long-term science and technology research must provide for long-term prosperity for any 

industry that funds it. At the same time academia reaps the benefit of undertaking research which does not end 

only in a research paper but the results become more tangible. It needs to be noted that research partnerships 

amongst university and industry have resulted in success stories overseas  the Internet, Human 

GenomeProject, etc, are examples. So far, there is no major success from this type of strategic alliance in India. 

Before concluding, I would only like to reiterate that in todav's globalised world competition is unavoidable. 

The customer cannot be taken for granted  each customer has a very wide choice of goods and services. To 

exist in this situation we need to work together and form clubs or else we will perish. These clubs must have 

dedicated members from academia research institutes and industry to provide the basics of innovation. Whether 

these innovations have long-term impact on society at large may not be under the direct control of the 

participating agencies. Nonetheless, there are examples in countries overseas and in some pockets in India that it 

is possible to leave footprints on society. If we can arrive at a concrete plan of action to make the fruits of 

innovation more widely available to every Indian, I am sure we would make Visvesvaraya proud. We have to 

draw lessons from the approach he adopted during his lifetime's century. Visvesvaraya was successful because 

he was not only an engineer, but also, a statesman. All engineers in India would require these statesman like 

qualities if India has to make it big in the 21st Century. 

I would once again like to thank the Institution of Engineers (India) for having given me this opportunity to 

deliver the 44th Sir Mokshagundam Visvesvaraya Memorial lecture. I shall treasure this experience all my life; I 

only hope that you in the audience would reflect on it, at least briefly. 
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Challenges in Managing Construction Projects 

(Gp Capt) P Mervyn Gunasekera 

President, Federation of Engineering Institutions of South and Central Asia (FEISCA) 

 

As a Sri Lankan Engineer, I have heard and read about Sir Visvesvaraya and his work. But, when I received the 

invitation from the Institution of Engineers (India) to deliver the 45th Sir Mokshagundam Visvesvaraya 

Memorial Lecture, I started looking further into the work of Sir Visvesvaraya. Without having to go into too 

much detail, I immediately found that the engineer, about whom I am collecting data, is the Bharata Ratna and 

an engineer of miracles. I also found that Indians always remember him with admiration and gratitude for the 

services he has rendered to India. I totally agree what, once, P Kodanda Rao said, ‗Visvesvaraya can be 

compared only with himself, for there is no other like him. He is a rare combination of ancient Hindu Bhishma 

and modem American Foret‘. 

As the first Sir Lankan Engineer who got the opportunity to deliver the Sir Vlsvesvaraya Memorial Lecture, I 

consider it an honour to deliver the 45th Sir Mokshagundam VlSvesvaraya Memorial Lecture. I am sure that, 

throughout my life, I will remember this lecture as a significant and honoured opportunity, I got during my 

professional career. Thank you very much, the Institution of Engineers (India), for inviting me to deliver this 

lecture.  

I know that when Indian Engineers talk about engineering projects, they always proudly mention the 

Krishnarajasagara Dam, the water supply project at Sukkur in Sind, Flood control project in Orissa and Flood 

Protection Dams in Hyderabad .... In each of these projects, Sir Mokshagundam Visvesvaraya‘s innovative 

engineering talents have been incorporated. In India, especially in Mysore in South India, the industrial sector 

got revolutionized because of Sir Visvesvaraya‘s vision and commitment to the industrialization of India. With 

regard to Sir Visvesvaraya‘s contribution towards the industrialization effort in India, this is what Dr Amit 

Chatterjee said, when he was delivering the 44th Sir M Visvesvaraya Memorial Lecture. ‗... How we wish we 

had many more Sir Visvesvaraya to guide India's continued march towards industrialization‘. A V Shankara 

Rao, Chairman of the Cauvery Technical Committee, writing an article to ‗Resonance‘  May 2002, said ‗Sir 

Mokshgundam Visvesvaraya is an Engineer, a Statesman and a Planner‘. It is indeed a privilege to deliver a 

lecture in his name. 

Ladies and Gentlemen, first of all, let me tell you what made me select the topic of today‘s lecture. 

This is a true story, that happened about 70-75 years ago in the United States of America. I don‘t know the exact 

data, but this is what exactly happened on that day. 

Some engineers from India stood at the foot of a seventy-five-foot ladder in a factory. They were visiting 

important factories in the States to study their working. 

Officers of the factory were with them, explaining how the factory worked. When they were in one part of the 

factory, the officer said, ‗If you want to see how this machine works you will have to cumb to the top‘. That 

meant that they had to climb up the seventy-five-foot ladder, past four stories. The leader of the Indians, said, 

‗Very well, let us climb‘. The others were very much surprised. He was the oldest of them all. Most of them 

trembled at the thought of climbing up the steel ladder. The old gentleman briskly stepped towards the ladder, 

and started to climb. Many of the others stayed back. A few followed as a matter of duty, but some of them soon 

gave it up. The old gentleman reached the top, completed the inspection and briskly climbed down. Only three 

others completed the feat. 

It was always so with this gentleman  anything he undertook, he did systematically, with the highest degree of 

discipline and a professional approach. That is good management. Do you know, who this old gentleman was? 

He was none other than Sir Mokshagundam Visvesvaraya. 

Today, if you and I go to an ongoing construction project, especially a public sector or funded project, whether 

it is in Sri Lanka or in India, one thing we immediately observe is that in almost all these projects they will 

undoubtedly have issues/problems relating to cost and time overruns, Cash Flow Management, Contract 

Administration and Contract Claims. When we analyse these issues and problems, we will realize that these are 

mainly due to having no systematic approach in managing project activities, no discipline in the project team 

and no professional approach. In other words, what we are talking about here is poor project management. 

The story I mentioned, relating to Sir Mokshagundam Visvesvaraya, tells us that the key to the success of every 

project he started was due to his systematic and professional approach towards the work he undertook. In other 

words, the result of good project management. 
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In this regard, we all agree, that to develop our countries we need to ensure that the projects we implement will 

be completed, meeting the accepted targets and schedules. I think, as engineers, we must play a key role to 

ensure that the projects we implement are professionally managed. 

Therefore, Ladies and Gentlemen, I thought to dedicate the 45th Sir Mokshagundam Visvesvaraya Memorial 

Lecture to the topic ‗Challenges in Managing Construction Projects‘. 

Throughout my whole professional life, I have been fascinated by construction project management. 

I am convinced that it is a field of great importance. But, as engineers, in my view, we have not developed and 

applied effectively this discipline in the work we do. At the same time, I must say, presently, there is an 

increasing trend to support the project management discipline academically and professionally to recognize it as 

a central management discipline. The main reason for this support is that the conventional management system, 

in the construction industry, has failed to deliver the goods. In other words, in today's competitive environment, 

clients want to ensure that their projects will be completed within the budget, on schedule and to the required 

quality levels. But, the conventional management system in the construction industry has failed to meet these 

goals. 

In the construction industry, the traditional practice is for the client to appoint an Architectural and Engineering 

(A&E) consultant at the initial stage of the project to do the design, tendering and also contract administration 

and supervision during the construction stages of the project. During the tendering stage, the contractor is 

normally selected on the recommendation of the A&E consultant. When we study the ongoing projects, we can 

see that this system has failed to provide the required results when executing a project. Because, what is lacking 

during project execution is professional management inputs. 

Now let us discuss some importantareas relating to the issues I mentioned. These are 

 Project Management 

 Project Management Development 

 Present Management Practice and Related Issues 

 Challenges Faced by Project Managers 

Project Management 

The Project Manager is responsible for planning, coordinating and administering all project activities from the 

inception to its completion to achieve the goals of the project. 

Project Management is not an easy task. It requires  thinking about what the client wants to accomplish; 

identifying all steps required (to build that future) obtaining the required resources at the right time, right place, 

right quantity and at the lowest cost to carry out those steps. 

A general definition of Project Management is over-all planning, organizing and control of a project from 

inception to completion ensuring completion on time to the required quality standards and within the budget. 

When we consider the present requirements in the industry, in addition to meeting the time, cost and quality 

targets, the Project Manager has to manage organizational politics, personal objectives of the stakeholders and 

external/commercial pressures relating to the project, in order to ensure the successful completion of the project 

and meeting stakeholders‘ expectations. In addition to these, when we consider the present and the future 

professional management inputs to a project, it may require the attention of the Project Manager to some other 

key factors, such as, management of technology, cost-benefit analysis, project's finance and environmental 

aspects. Therefore, today, when we talk about managing projects for their successful completion, we need to go 

beyond the traditional project management topics, such as, scheduling, planning, cost control, work breakdown 

and organization breakdown structures, team building and resource management. 

Project Management Development 

Dr Peter Morris, the Chairman of the Association of Project Managers, UK, wrote a book titled, ‗The 

Management of Projects‘. In this book, in addition to providing a comprehensive survey of issues relating to 

managing projects, he also provides a detailed record of seminal levels in the development of the modern 

practice of the management of projects. He says, ‗....... Managing projects is one of the oldest and most 

respected accomplishments of mankind. We stand in awe of the achievements of the builders of the pyramids, 

the architects of ancient cities, the masons and craftsmen of great cathedrals, temples and mosques‘. That is 

correct. But, I don‘t think that in those days people talked about project management even though that is exactly 

what they did.  

When we look at modern project management practices, we can see that they are mainly based on the events 

that occurred around 1940-1955. The starting period is the Second World War because military operations have 

a distinct project  like nature. Today's project management practitioners consider that the Manhattan Project 

(the USA‘s development of the atomic bomb) is a significant contributor to the subsequent development of I 
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project management. For example, General Leslie M Groves, who commanded thiS project (as its Project 

Manager) attributed the success of the project to five factors, which he states thus: 

First we had a clearly defined, unmistakable, specific objective ..................... Second, each part of the project 

had a specific task. These tasks were carefully allocated and supervised so that the sum of their parts would 

result in the accomplishment of the overall mission ..................... Third, there was a positive, clearcut, 

unquestioned direction of the project at all levels. Authority was invariably delegated with responsibility, and 

this delegation was absolute and without reservations ..................... Fourth, the project made maximum use of 

already existing agencies, facilities and services. Consequently, our people were able to devote themselves 

exclusively to the task at hand, and had no reason to engage in independent empire building ..................... Fifth, 

and finally, we had the full backing of our government with the nearly infinite availability of resources. 

Ladies and Gentlemen, how many Project Managers are blessed with access to those factors? Not many. 

Getting back to the development in project management practice, in the late 1950's, two planning techniques  

CPM & PERT were developed  almost to the point of being household terms. In the 1960's, mainly due to the 

very bad record of Project overruns, interest was shown worldwide in the new management discipline Project 

Management. 

In 1961, John W Fondahl of Stanford University, developed precedence diagrams with the use of precedence 

matrices and ‗lag‘ values. This was an important development in the project scheduling area. In the same year, 

there was a further development by David Craig (IBM), an extended node system of scheduling called 

‗precedence diagramming‘ and these diagrams show overlaps, lags and leads between activities in a simple way 

(In 1965, ‗Engineering News Record‘ stated that there is a trend that most of the contractors are shifting to this 

method).  

Some of the important developments in the Project Management area can be briefly outlined as follows: 

1962  Department of Defence (USA)  PERT/Cost Systems Design 

1963  USAF - Performance Measurement System 

1963  Earned Value System 

1964  Alan Pritsker  Graphical Evaluation and Review Techniques (GERT): Alternative ways of 

portraying optional paths in a project 

1965  Cost and Schedule Control System Criteria (C/SCSC) 

1972  G L Modler  Venture Evaluation and Review Techniques (VERT): A probabilistic network logic 

similar to GERT 

1984  Build, Own, Operate, Transfer (BOOT) form of Project: Akkuyu nuclear power project, Turkey 

1984-1994  Project financing, computer software, teamwork, project leadership. 

Today we talk about Enterprise Project Management. Enterprise Project Management is an integrated approach 

to support the management needs of project teams across multiple disciplines, in different locations, at varying 

levels of the enterprise. I may be correct in predicting that Enterprise Project Management will be the 

requirement for quite some time in the future. Ladies and Gentlemen, since we have gone through a little bit of 

history, now let us discuss the challenges and related issues in managing projects. 

Present Management Practice and Related Issues 

In the conventional management set-up in the construction industry, the client will select a consultant ( rchitect, 

engineer, quantity surveyor and so on) and hand over the total project management, coordination, design and 

contract administration of the project, to the selected consultant. Figure 1 shows the Conventional Organization 

Structure of a construction project.  

The main reason for the failures in the management of construction projects under.the conventional system is 

that the consultant, in the above conventional system, is appointed considering his/ her (or firm's) technical 

expertise and not on the managerial ability. 

These project failures compelled clients to look for alternative contract management systems. The alternative 

system, which has an increasing demand, is for Project Managers to manage projects, where in-house project 

management capability is not available. In addition to the poor management in the conventional system, there 

are other reasonstoo, why clients are compelled to appoint independent Project Managers to manage their 

projects. 
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Some of the reasons are: 

 The number of stakeholders getting larger. As a result, a greater demand for coordination and performance 

monitoring arises. 

 In the prevailing competitive environment it is not possible for clients to permit time and cost overruns of 

their projects. 

 Changes in the external environment (eg, parity rates, taxes, market conditions) are difficult to predict. 

Therefore, tighter project control is required. 

 Clients have very little time to get involved in managing projects, they have heir own businesses to run. 

 Today, construction projects are of a complex nature. Therefore, specialized professional inputs are required, 

in each field, to ensure the successful completion of the project. 

 Clients have realized that even though some of the A&E consultants could provide superior services in their 

own disciplines and unless they have good management capabilities they have failed to deliver projects 

without cost and/or time overruns. 

 Demand form the financial institutions which are providing funding to appoint professionally qualified 

Project Managers to manage projects. 

 Experience of other countries: Project Management practice is an established profession in almost all the 

developed countries and literature available from those countries show how their projects have benefitted 

from this practice. This influenced domestic clients to investigate the benefits of the project management 

application. 

 Lessons from Successful Projects: There, are some native Project Managers who have demonstrated the 

effectiveness of the project management practice in local industry by completing projects handled by them 

successfully. 

Because of the above issues/requirements, it has been observed that there has been an increase in the demand for 

the appointment of independent Project Managers. 

Challenges Faced by Project Managers 

Even though there is evidence to show that there is an increased trend in the application of project management 

practice in the construction industry, there is still a long way to go in order to obtain the full benefits from the 

effective application of this practice. 

In this context, the following can be identified as some of the challenges faced by the Project Manager: 

(a) Resistance from the Traditional Practice 

Even though there is a tendency to look for different procurement systems, most of the contracts are awarded on 

a ‗measure and pay‘ basis. In these contracts, the Engineer (A&E consultant) is managerially and contractually 

directly responsible to the client in the Project Organization. 

When considering the above managerial and contractual practices, most of the time, there is resistance from the 

A&E consultant for the appointment of a Project Manager. This can be understood, mainly because the A&E 

consultant reported directly to the client earlier and now there is a Project Manager in between the client and the 

consultant. In addition, some consultants think that the existence of the Project Manager is a threat to them, 

because the Project Manager may find and report to the client the deficiencies in the consultant‘s service. 

(b) Project Management at the Inception 

The client gets the maximum benefits from the project management application, only if the Project Manager is 

appointed at the early stages of the project. As shown in Figure 2, effective managerial and contractual 

relationships among the parties to the project can be established if the Project Manager is appointed at the 

inception of the project, prior to appointing the A&E consultants. 
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But, unfortunately, in Sri Lanka, at present, some of the Project Managers are appointed not only after selecting 

the A&E consultant, but also after a significant component of the construction work has been completed. 

When the Project Manager is appointed in the middle of the construction stage, he/she has to face a number of 

challenges the major ones being the following: 

 The contracts already executed do not have a place, contractually or managerially, for the Project Manager 

(see Figure 1). To eliminate this contractual issue, as shown in Figure 3, the Project Manager can be 

appointed as a part of the client's organization. 

 

 At the time of the appointment of the Project Manager, the client may not explain in detail the current issues 

or he may not be yet aware of them. It takes time for the Project Managerto understand the problems and 

reasons-therefore. Often, most problems are due to mismanagement of the pre-construction contract phase. 

(c) Private Relationships between Client and Consultants/Contractors 

Especially in the private sector, it can be found that in many cases consultants are selected on a basis, such as, 

personal friendships, schoolmates/classmates, relatives and so on. It is good to obtain the services of a known 

party, provided that party is capable of providing the services to the required standard and that the client will be 

able to take appropriate action, without any hesitation, when the performance of the consultant is poor. But, 

most of the time, what actually happens is that the clients will have difficulties to complete the project as 

planned because of the personal relationships mentioned. Then, when the project runs into difficulties, they look 

to a professional Project Manager to manage the project. It has been observed that, as a result of such 

connections between the clients and the consultants, the Project Managers face difficult challenges when they 

have to mange projects to obtain the required results. 

(d) Benefits and Services/Marketing 

Sometimes, at the beginning of the project, it is not so easy for a Project Manager to convince a client how 

his/her services will be beneficial to the client. Some clients question as to why they need to have another 

consultant apart from the A&E consultant, since, the A&E consultant has already agreed to provide all the 

required services.  
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Even at the completion of the project, sometimes without a proper analysis, it is difficult to prove that there has 

been a positive contribution from the Project Manager towards the successful completion of the project. One can 

always say that the project was successful because they had a good A&E Consultant and a good Contractor and 

of course a good Client. 

(e) Awareness of the Client 

Most of the clients are not aware of the role(s) of the Project Manager and the benefits they can get by 

employing a Project Manager, if the in-house management capability is not available. 

(f) Educating Clients 

If you ask a Project Manager what challenges he/she faces when managing his/her clients, most of the time; 

he/she will tell you ...... clients take years to take a decision. After the decision, they need the total design and 

tender documents within days. In most situations, without proper consultation, clients take decisions on the 

project duration and they want others to agree to it whether it is feasible or not. The client thinks that whatever 

the work, contractors have rates at their finger tips. Therefore, they want bids within a week and thereafter 

evaluation to be done within two days by the consultant. Whatever, the technical and cost proposal submitted by 

the bidders, clients want to award the contract to the lowest bidder, probably with another discount. They don't 

consider to select a contractor based on the bid that provides the best value for the money of the client. 

Some areas where the Project Manager has to spend some time educating the clients are: 

 Preparation of the project brief. 

 Selection of a suitable procurement system. 

 Selection of suitable consultants and contractors. 

CONCLUSION 

Ladies and Gentlemen, to summarize what I have said, in today‘s competitive environment, clients want to 

ensure that their projects will be completed within budget, on schedule and to the required quality levels. But, 

we have observed that the conventional management system in the construction industry has failed to meet these 

goals. Why? Because, in the management of construction projects under the conventional system the consultant 

is appointed considering his/her technical expertise and not on his/her managerial ability. Yet, he/she is 

responsible for the total project management, in addition to providing technical inputs as required. On the other 

hand we can see that the failure of construction projects is generally due to poor management and very rarely is 

it due to technical problems. 

At the same time, when managing a project for its successful completion, the Project Manager needs to go 

beyond cost, time and quality targets. In addition to these targets, the Project Manager has to manage 

organizational politics, personal objectives of the stakeholders and external/commercial pressures. Other factors 

that need the Project Manager‘s attention are: management of technology, cost-benefit analysis, project finance 

and environment.  

Furthermore, when we appoint a Project Manager to a construction project, he/she needs to have a good 

understanding of the challenges that he/she will have to face in order to ensure the successful completion of the 

project. Some challenges are: resistance from the traditional practice, Project Manager is not appointed at the 

early stage of the project, private relationships between clients and consultants/contractors, marketing, 

awareness of the client and educating the client. 

When we really analyze the challenges faced by Project Managers when managing construction projects, we 

find that these relate more to human issues than technical issues. Ladies and Gentlemen, if you and I can 

understand that, then we know how to meet the challenges in managing construction projects.  

Thank you. 
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Academia-Industry Interaction 

Dr R Chidambaram 

Principal Scientific Adviser to Government of India 

 

It is a great honour to be invited to give the Sir Mokshagundam Visvesvaraya Memorial Lecture and I am 

grateful to the Institution of Engineers and the organizers of the Indian Engineering Congress for this 

opportunity. The legendary engineer Sir M Visvesvaraya was also a great applied economist. Shri P R 

Brahmananda says: ―He is known as the progenitor of the concept of national of holistic economic planning and 

of the idea of industrialization as the sole priority instrument for achieving for India a higher level of economic 

development akin to that of the then leading western countries.‖ This is still true today, though there are many 

other things to be done. My definition of a ‗developed‘ India is ―when the quality of life in rural India becomes 

comparable to the quality of life in the already developed countries‖. And for this to happen, technology has to 

be taken to rural India. So we need large-scale industrialization and we also need to downsize technology to suit 

rural needs. For both of these, increased interaction between academia and industry is essential. That is why I 

have chosen this topic for my lecture today. 

The Need 

The purpose of technology development is to create national wealth; to improve the quality of life, particularly 

of the disadvantaged sections of society; and to enhance national security  national security should be viewed 

in a broader perspective, military security definitely but also food and nutritional security, health security and 

environmental security. Industry has an important role to play in developing technology, encouraging 

indigenous technology development and exporting indigenous technology products and services. I have 

paraphrased the modem futurologist Alvin Toller‘s famous statement some years back: ―Yesterday, violence 

was power, today wealth is power and tomorrow knowledge will be power‖ to say that ―Today, more than at any 

time in history, ‗Technology is Power‘, and this will continue to be so in the foreseeable future‖. I say this 

because all the sources of power Toffler mentions, have their foundations in technology. And technology 

domination is sought, by companies and by countries, through the instruments of Intellectual Property Rights 

and Technology Control Regimes. India should also see that it stays in the forefront of technology development. 

Our R&D priorities must match our technology goals, except in basic research. Basic research is a cultural 

necessity; the highest intellects must be permitted to work on important problems of their choice. It must also be 

remembered that the highest technology is required in the equipment and facilities used for basic research in 

frontier areas. 

Inevitably, some of the frontier areas of basic research will be determined by the technology imperatives of the 

developed countries. On the other hand, it is useful to remember that the foundations for the two highest level  

technologies that have been developed in India-atomic energy and space  were laid by two basic research 

physicists, Homi Bhabha and Vikram Sarabhai. 

In a recent paper on ‗Patterns and Priorities in India R&D‘, I had suggested high priority for four kinds of 

research: 

(1) Globally competitive basic research; 

(2) Mission-oriented applied research and technology development; 

(3) Country-specific applied research (problems which would not be of importance to other countries); and 

(4) Applied research oriented to Indian industry. 

Of course, there are linkages and overlap among the above categories. 

Viewing broadly, one can answer the question: ―What kind of R&D is important for India?‖ by saying: 

1. Globally competitive basic research (without too much concern about its impact on Indian technology). 

2. Research and development that feeds into Indian technology  industry needs, and requirements of critical 

technologies. 

The Success Stories 

There are some technology areas like atomic energy, space, and IT (information technology) software where the 

world no longer views India as a ‗developing‘ country. 
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Percapita electricity consumption is an important measure of development. For the next 20 years, India will 

have to rely mostly on coal  based thermal and hydroelectric power but, if a long-term view is taken, then 

nuclear becomes an inevitable option to satisfy India's future energy needs. The difficulties in building big 

hydroelectric plants, the fact that our coal reserves are finite, and that renewable energy sources such as solar, 

wind, and biomass, by and large, give small packets of energy, all point to this. 

Over the years, the improvement in the performance of our pressurized heavy water reactors (PHWRs)  the 

first stage of our three-stage nuclear power programme and the mainstay of the Indian nuclear energy 

programme at present  has been spectacular. Last year, a report by the CANDU Owners‘ Group revealed that, 

in the calendar year 2002, among the PHWRs around the world, the unit in Kakrapar (near Surat, Gujarat) had 

the highest capacity factor (98.4%), and that the average capacity factor of the Indian PHWRs‘ was 1% more 

than the average capacity factor of LWRs (light water reactors) in the United States. 

Nine reactors are under construction today to add 4460 MWe to the present 2720 Mwe. The target set by the 

Department of Atomic Energy in 1995 for the year 2020 of 20 000 MWe seems achievable. Gestation periods 

are coming down and there is good internal resource generation in NPCIL. Over the past 10-20 years, the 

industrial infrastructure of India has improved tremendously to enable achieving such good capacity factors. The 

enhancement in the quality of services and equipments supplied by the nuclear manufacturing sector is 

symptomatic of India's present industrial potential. The fast breeder test reactor (FBTR) has worked extremely 

well since it was commissioned in 1985 and work has now started on the 500 MWe prototype fast breeder 

reactor (PFBR) and this is the beginning of the second stage of our nuclear power programme. The third stage is 

to move on to thorium, because India has the world's largest reserves of thorium while it only has modest 

reserves of uranium. The success in the atomic energy programme was the outcome of successful interactions 

between academia and industry. However, the driving force for these interactions came from the Department of 

Atomic Energy. The issue is: can we have a similarly strong academia-industry interaction when the driving 

force has to come from the industry? So far there has been a mindset problem in both scientists and industry 

leaders, which has prevented this from happening in significant measure; however, this is changing in the 

current liberalized environment. Technology transfer from abroad is becoming more and more difficult because 

foreign companies can set up shop here and are less willing to share technologies.  

I have been told by many industrialists that, even in joint ventures, the foreign companies are trying to buyout 

the Indian partners! The good news for the Indian scientists is that Indian industry will therefore, in the future go 

more and more to Indian R&D for new technology. However, mature industries and new industries require 

different mechanisms and approaches. The approach for mature industries like steel, fertilizer, sugar, and 

textiles has to be different from, say, the pharmaceutical industry, where someone is trying to discover a new 

drug molecule. If it is a new industry or a new product or process, research can be undertaken in somewhat 

isolation in the laboratory and the results of the research transferred to the industry. On the other hand, if it is a 

mature industry then, like Dr J J Irani of Tata Sons says, ‗the scientists have to work in the actual plant 

environment.‘ That is, scientists have to improve the quality of the product or to improve the energy efficiency 

of the process or seek other ways to reduce the cost. If industry begins to interact actively with academia (for 

convenience, I am using the word ‗academia‘ to mean the national laboratory system as well as the universities 

and other research institutions, but excluding in-house research centres in the industry), it can also play a greater 

role in guiding academic activities in the direction of industry interests, be it human resource development, 

R&D prioritization, or choice of areas of international co-operation.  

The Initiatives 

At the end of several academia-industry interaction meetings in the PSA‘s Office, we came up with a series of 

recommendations to the industry and to the academia; one of these recommendations is the following. Very 

often people with degrees in engineering don‘t go in for research and technology development, even though they 

may have a talent for it, but opt for jobs in IT, management, or just go abroad. Now, if the industry were to send 

some fresh employees (from among those they recruit during placement interviews in academic institutions), the 

most talented among them, to do research with professors whom the industry respects and in institutions that 

they respect, and pay them company salaries, then there would be greater scope for industry-oriented research. 

Although the employee might not be addressing the company‘s problems consciously, subconsciously the 

company‘s products would always be in his thoughts and actions in his professional interactions. Over a period 

of 4-5 years, he could evolve into someone very useful for the company's product or process development. 

Dr J J Irani and I have sent a joint letter in this context to about 50 private sector enterprises and 20 public sector 

companies, and the reaction from industry leaders has been positive. Even when a technology is imported, 

academia expertise should be utilized by industry for technology assessment, upgradation, and absorption to 

ensure that the acquired technology is suitable for indigenous raw materials and indigenously fabricated 

equipment. 
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SMEs (Small- and Medium-Enterprises) have to be dealt with differently. Large enterprises generally have their 

own R&D centres, but SMEs do not have the resources for trying out a new idea or process and for carrying out 

R&D. Thus, the concept of ‗incubation centres‘ is very important for SMEs. 

There must be flexibility in the rules of the academia to encourage interaction with industry, and this is 

beginning to happen. The IITs (Indian Institutes of Technology), the IISc, etc. are willing to play a more 

proactive role. 

The Automotive Sector 

The process of creating a user-friendly database of professors and scientists, who are willing and capable of 

interacting with industry, has started with the automotive sector. This was a suggestion from one of the members 

of the industry during the academia-industry interaction meetings I referred to earlier. A core group for R&D in 

the automotive sector, appropriately called CAR, has been formed and one of its first recommendations was that 

we should not stop with the database of scientists. There was also a need to identify emerging frontier 

technologies in the automotive sector. Tomorrow‘s car, with 40% of its cost formed by microprocessors and 

sensors, is going to be a virtual computer on wheels. So work has to be done on embedded systems and we may 

be able to lead in some areas, if the Indian software ability is married to the automobile sector. In the area of 

vehicle Telematics, the global auto-companies have failed to find a successful business formula, but we may be 

able to demonstrate in India that a shared paradigm  of open software and common interfaces/standards  

will allow more people to participate. The increased volume will enable several types of business to profit, 

including infotainment, insurance, medical aid, fleet and traffic management, customized public transport etc. 

The range can be expanded with imagination. The core-group is paying special attention to India-specific needs 

in the use of alternate energy sources (Biodiesel and combusting of Hydrogen, instead of fuel cells) and for 

making vehicles and roads safer through typical low cost Indian solutions. The country‘s strength in materials 

technology will be utilized to develop vehicles that are light, efficient and safe. The core group is also studying 

how all the components that go into the vehicle can recycled, and this may lead to new thinking in what goes 

into the making of an automobile in the first place, as several plastic and glass components are difficult to 

recycle.  

If this is successful for the automotive sector, then TIFAC (Technology Information and Forecasting 

Assessment Council) of the Department of Science and Technology, which is the secretariat for this effort,  

would carry out similar exercises for other important technologies.  

Technology Foresight and a National Perspective 

The choice of technologies for development requires technology foresight  forecasting plus assessment based 

on social, economic, environmental and security issues, and on availability of national resources and 

infrastructural strengths. The answers to some questions may be different for India and the developed countries; 

in other words the technology foresight analysis has to be done on a national perspective. For instance, the 

question whether fast-breeder reactors are necessary may have different answers for India and the United States. 

Americans, at the moment, say 'no' because uranium prices in the world market are running cheap. Why should 

they bother to re-process, namely cut open the spent fuel and take out the more expensive plutonium? They are 

putting away their spent fuel as waste in the Yuccah Mountains, but the plutonium is not running off anywhere 

as it has a half-life of 24000 years! Also, the later the spent fuel is re-processed the easier it is to re-process, 

because other radioactivities would have died down. However, India cannot afford to wait because it has limited 

resources of uranium and thus has to switchover to thorium as early as possible, and to do this you have to go 

via the fast breeder reactor route. Again, consider rural food processing. Why should the Americans be 

concerned with this when whatever processed food is manufactured in their big factories is able to reach 

everywhere? However, this issue has a different significance for India. 

So what are the critical technologies for India today? India's technology requirements span a wide range. It has 

to continue to develop strategic technologies  nuclear, space and defence-related. National Security also 

requires development of technologies related to information security, counter terrorism, and of ―dual-use‖ (sic) 

technologies denied to India under the Technology Control Regimes. Technologies related to food and 

nutritional security, energy security, health and water security, environmental security, advanced manufacturing 

and processing, advanced materials, information technology and biotechnology, and rural development-related 

technologies are all important for us. 

The Importance of Rural Technologies 

Two meetings were held in the PSA's Office on rural technologies, and two approaches were identified: 

1. Collect all information on successful dissemination of technology in rural areas. The NIRD (National Institute 

of Rural Development), Hyderabad, has prepared a directory of rural technologies (four volumes) and is now 

selecting 20-25 among them, which have been most successful in the field. (There is also a directory of CSIR- 

developed technologies and there is a directory prepared by CAPART). 
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2. Find the problems in the field and identify technology solutions. 

The ideal thing is for the two approaches to converge. So we have on the one hand a list of all technologies that 

have been successful, at least in the laboratory, and that will hopefully be successful in the field. On the other 

hand, there are a large number of non-governmental organizations and governmental agencies, which are 

familiar with rural problems, which require introduction of science and technology to solve them. These classes 

of efforts have to be brought together. 

I think that there is practically no technology needed for rural development that is not available among Indian 

scientists or in Indian industry; the problem is to transfer it or to downsize it, if necessary. Normally any 

technology is enlarged to benefit from economy of scale. If we increase the size then there is economy of scale 

even for nuclear reactors; instead of 225 MW, build 500 MW or 700 MW plants and the overall cost including 

manpower cost per MW comes down. On the other hand, what we lose in economy of scale-by downsizing a 

technology for rural use, we can gain from the fact that the source of raw material  be it leather, milk, grain or 

anything else  is scattered and distributed. An international conference was held during 7-9 October 2003 in 

Bhubaneswar at the Regional Research Laboratory, a CSIR laboratory, on the ‗Downsizing Technology for 

Rural Development‘ and there were excellent presentations. I also think that there is no rural industry, for which 

there is not a modern counterpart. If we can encourage experts from modern industry to help their rural 

counterparts, it can help to transform rural India. The inescapable conclusion is that if technology is to drive 

rural development, the academia and industry must get together and interact with the other agents of rural 

development like government agencies and S and T NGOs (non-govenmental organizations). The present 

efforts, often fragmented and needlessly duplicated, must be synergised in order to nucleate new initiatives and 

to strengthen existing ones. The PSA's office has conceptualized RuTAGs (Rural Technology Action Groups) 

that could provide the mechanism and the S&T support needed for this synergy. 

The RuTAG structure is conceived of two parts: 

(a) A Central RuTAG consisting of top scienitific and technological experts in the country, who can provide 

advice and assistance to rural entities in any part of the country. 

(b) A locol RuTAG synthesized at a geographical mode of each targeted rural entity, which will synergise the 

efforts of the NGO's and the governmental agencies and canalize the technology support from the Sand T 

institutions and the corporate sector. 

The Need for Coherent Synergy 

Every S and T effort towards national development or national security requires synergy among the concerned 

parties and coherence collectively among all the efforts. ‗Coherent Synergy‘ is a new phrase I have coined! 

Every synergetic S and T effort, including enhanced academia-industry interaction, gives a momentum for 

development and momentum is a vector. All vectors must point in the same direction for fast growth. Synergy in 

any effort has local coherence, of course, but ‗coherent synergy‘ implies global coherence. If we can bring 

‗coherent synergy‘ in all our efforts, then India can develop very fast. 

The Prime Minister has envisaged an 8% annual GNP growth rate and the management guru C K Prahalad 

considers even higher growth rates possible. And I agree! In any physical phenomenon, the initial growth rates 

are very fast and then saturation sets in. Economic growth is somewhat similar. The United States, for example, 

cannot grow at six or eight per cent because it has already reached a very high level of development and there is 

not much space to grow; that is why its growth rate has flattened out. China has grown fast recently, because it 

is in the initial stages of growth and so can India. 
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The Challenge of Change 

Shri K V Kamath 

CEO and Managing Director, ICICI Bank Limited 

 

The impact of change can create major discontinuities for business organisations. A glance at the last 30 years 

tells us a story of change driven by technology  the phenomenal expansion in computing power and the 

communications revolution. Time and distance are dead today and no business can rely on these as a barrier to 

competition. These revolutionary developments have created sophisticated and informed customers and 

cornpetitors. Businesses have to cope with faster erosion of competitive advantage, quicker commoditisation of 

products, enhanced customer expectations and shorter business cycles. 

Organisations must constantly examine their strengths and weaknesses, their competitive positioning, their long-

term strategy and their portfolio of businesses. Based on this ongoing analysis, they must change their structures 

and reallocate their resources optimally, to maximize the value that they deliver to their stakeholders. The art of 

managing change hinges on the organisation's ability and willingness to learn, anticipate the future and 

implement strategic change to enable it to continue to successfully compete under all conditions. Approach to 

strategic change requires leaders to realign the strategy, structure, process, technology and people of the 

organisation to fully capitalise on available opportunities. 

While every major change has to be initiated and managed separately and systematically, the organisation must 

have a basic structure and philosophy that supports change. Organisations must be flexible and amorphous, able 

to change shape and form easily. They must have a culture that encourages innovation and the challenging of 

conventions and existing procedures, at all levels. They must have a mindset that welcomes change as an 

opportunity for improvement, rather than as a threat to existing ‗comfortable‘ situations. For this, investment is 

required in continuously revitalising people, organisation and relationships within an organisation, and 

democratising information. In the process, change leaders must ensure that the people in their organisations 

continue to learn, unlearn and relearn. The employees need to master new skills and knowledge with the 

increasing advance of technology. They need to be able to adapt to new structures which organisations bring in 

to stay flexible and fluid. 

THE ICICI EXPERIENCE 

Till the 1990s, ICIeI was a single product project finance company with limited need for or use of technology. It 

operated in a segmented financial sector with limited scope for entrepreneurship and gave loans to companies 

operating in a protected environment. In the 1990s, however, a series of challenges confronted ICICI. Indian 

industry was going through a process of deep structural change, trying to cope with liberalisation and 

competition. Technology and the advent of the world wide web were changing business paradigms across the 

globe. 

ICICI responded to these developments with a multi-pronged strategy. We identified the key growth opportunity 

for the future  consumer banking, recognizing the under  penetration of retail lending in India and the 

importance of this segment in propelling economic growth. We realised that technology was the key to 

capitalising on this opportunity profitably. We pioneered the delivery of financial services using technology in 

India. And, more importantly, we did not limit it to a niche customer segment or restrict it geographically, we 

scaled it up and rolled it out across the country. We have consciously chosen a technology architecture that is 

flexible and scaleable, without building legacies that could hamper future innovation. Technology is ingrained 

in our products, services and business processes; indeed, we have changed from a bank using technology to a 

technology company offering banking products and services. As a result we were able to increase our customer 

base from less than one million to over 10 million in four years; less than 30% of customer transactions now 

take place at the branch, compared to about 90% four years ago; and we have a 30% market share in retail 

lending in India. We have not allowed this success to breed complacency and continuously seek new 

opportunities for our growth and evolution. In the last two years, our two key initiatives have been to expand our 

presence outside India and deepen our presence in rural India. We believe that India's rural economy and the 

country's growing international linkages will be our future growth engines. 
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Indian Engineering Science and Technology  a 

Movement 

Prof S S Chakraborty 

Managing Director, Consulting Engineering Services (India) Private Limited 
 

It is a great honor for me to address this august gathering at the Indian Engineering Congress and delivering this 

48th Sir M Visvesvaraya Memorial Lecture. 

Visvesvaraya is one of those personalities that make Indian engineers proud on the one hand and, on the other, a 

little apprehensive too about their carrying on his tradition of ―continuously scaling peaks‖. 

In his book, ―Prosperity through Industry‖, Sir M Visvesvaraya has outlined that we are poor because our 

―manpower‖ is untrained and marginalized and also that government s policy that regulates and controls, is 

piecemeal and fragmented. What is more, our vision does not necessarily include rural development, including 

the capacity for communities to come together and co-operate. These are the areas that form the crux of holistic 

development. Rural communities can take charge of their surroundings by bringing together their resources and 

working together to make the needed improvement. 

It comes to that our technological capabilities should benefit the whole spectrum of people and regions. We 

should leave no pockets unattended. We are focusing on our rural areas, appropriately leveraging our 

technological expertise. President Abdul Kalam's PURA (Providing Urban amenities in Rural Areas) concept 

becomes workable in the capable hands of our engineers, technologists. And, it is in this context very much that 

the theme of this congress assumes significance. 

Holistic, not item-wise, excellence is what should be aimed at. All the emerging areas of technical endeavours 

sport this personality and these essentially include space technology, nuclear energy, nanotechnology, bio-

technology, communication technology, ITeS, renewable energy and many others. We are in the process of 

forming a robust knowledge network among like-minded research and academic institutions for cooperative 

efforts. Interested in orienting the results of our technical education efforts towards societal needs, we would 

also correspondingly increase our interactions with society, including the social and governmental structures, to 

have our voice heard where they matter most. 

We are in the midst of a global trade regime that does not necessarily support our national ambitions. The global 

media space that both China and India are cornering for their forward movement  quite comprehensive in 

terms of primary, secondary and tertiary economic activities  is a source of discomfort in the minds of the 

developed countries. Strings are being pulled to keep us where we are. 

We do remember the rninisterials of WTO at Doha and Cancun. India became the de facto spokesman (before 

G-20 was acknowledged as an entity) for the developing and the least developed countries in spite of efforts to 

prise open this subset of the comity of nations by the developed countries. We could very well withstand the 

pressures and this is so because we have the capability. And, this capability has to be quickly and continually 

enhanced for retaining our position in the global arena. 

A recent news item makes clear the speed requ ired. Just a couple of months ago, we heard Mr Nicholas 

Negroponte of Media Labs, MIT, USA, announcing a US$ 100 handheld/laptop computer to be in the market 

next year or so, obviously without much of the bells and whistles of the full scale items, meant for developing 

countries with an initial focus on African countries. We should consider this a wake-up call. We cannot let the 

developed world, in the guise of concern for the underdeveloped, occupy our space of operations. We have to 

move fast. 

The famous Moore's Law talks about computer processing power doubling every 18 months. Recently, I read 

that similar break-neck speed is seen in memory capacities, in terms of GBs per square inch. In the hard 

engineering fields, people are thinking of kilometer high buildings, sea crossing spans of 5 km or so across the 

Gibraltar Straits at the mouth of the Mediterranean Sea. We have oil tankers of astounding capacities. What 

about the new A-380 from Airbus, or the 350 km/hour speeds of the maglev train plying in Shanghai? 

Nanoscience is in the process of turning into nanotechnology. We should get into it now, in a big way and with 

focus. 

It is readily acknowledged that our infrastructure falls woefully short of what is required. Transport provides an 

essential framework for our national economy. The problems are caused mostly by three factors: inadequate 

investment, insufficient strength of reforms and problems of management and operation. The government must 

move forward quickly on real estate reform so as to attract both domestic and foreign capital for urban 
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infrastructure renewal. Shanghai's example of attracting foreign real estate capital/expertise in collaboration 

with the government and their own real estate players, needs, be taken cognizance of. 

Roads and railways should be a prioriry for the Government of India's resources/public investment and open to 

private participation. It will reduce cost and cycle time of the supply chain for imports/exports and goods sold in 

the country. Air and seaports are under upgradation but need a break-neck speed. Urban transit system should be 

seriously considered to improve our productive efficiency. 

Let us considerthe railways of the two countries, India and China – carried exactly the same volume of 

Passenger Kilometer (314 billion Pkm vs, 315 billion Pkm), but Chinese railways managed to carry 1,157 

billion tonnes kilometer freight, or 4.5 times that of Indian Railways (257 billion tkm). Although India's road 

network was more intensive than that of China's in 1992, the quality of roads in both countries was severely 

deficient relative to the standards of modern highways in virtually all dimensions  pavements, road geometry 

and traffic management Over the succeeding decade (1992-2002), China leap-frogged India in both railways and 

highways, We are adding 9 kilometer metrolines per annum in our congested cities every year vis-a-vis China's 

40 kilometer or so. 

While many differences between the situations in the two countries are recognized, it is argued that the 

extraordinary economic growth in China created a dynamic momentum that broke the bounds of inertia and 

overcame many impediments similar to those of India, IfIndia is to overcome its transportation bottlenecks and 

sustain its future economic growth, it too will have to break the fetters and rise to new levels of performance in 

the creation and utilization of transport infrastructure, 

We are taking initiatives in all forms of futuristic infrastructure, I would cite a recent article in the New York 

Times that describes West Bengal as ―acres of green paddies‖ with ―Satellite townships ... being built near the 

town of Burdwan, which would be only an hour from Calcutta‖ with the completion of Durgapur Expressway. It 

also talks of a ―crosshatch of elevated highways on the edge of Calcutta?‖  

The fast coming up and one of the largest Public-Private Partnership projects in the road sector, the Second 

Vivekananda Bridge across river Hooghly, near Dakshineshwar, with technological innovations of a high order, 

is another example. This unique bridge would also help in establishing fast connectivity from the new satellite 

townships to the airport and also to other regions of the State and northeastern India. Or, the Vidyasagar Setu  

a standing testament to the ingenuity of Indian engineers. An international structural engineering expert 

mentioned how our innovation of steel-concrete composites in this project has pretty much become a standard 

even in the developed world for all long-span bridges. This is the highest level and most sincere testimonial to 

our capabilities. Such initiatives would provide India the leadership. 

Our communication systems are getting better day-by-day. In fact, the mushrooming BPO sector is an 

advertisement by itself of our communication capabilities. The developments in the Information & 

Communication Technology sector are indeed astounding. It is on the strength of I&CT, that the services sector, 

including ITeS and bio-technology, has become a dominant feature of our export revenue. We started out on the 

lower rungs but have gradually climbed. 

We are working on the power and water front. In the power sector, while new technologies are being inducted, 

albeit at a slow pace, institutional reforms like unbundling generation, transmission and distribution have 

provided a spurt to service delivery. 

Our diverse terrain, in itself, is a motivator for technology initiatives to improve the standard ofiiving. Only 

recently, in the wake of the unprecedented and devastating rains in the state of Tamil Nadu, our President A P J 

Abdul Kalam reiterated the need to inter-link rivers and also the interbasin transfer of river waters in two 

distinct networks, one, the Himalayan component and the other, the Peninsular. There are many issues to be 

studied like the environment, resettlement & rehabilitation, sociological benefits and costs. But, finally, when 

the initiative is flagged offfor implementation, it is the engineering marvel that would occupy center stage. This 

is in continuation of the thoughts that Meghnad Saha drew the attention to at the Indian Science Congress in 

1934 with respect to the serious problems caused by floods. 

We have recognized the debilitating effects of natural disasters and we are taking initiatives to soften their 

impact. Our engineering community speaks with one voice on this and that is how the standards of seismic 

design got revised as the situation demanded in the aftermath of the Bhuj earthquake. We are not proceeding as 

fast as we should be, however. 

Our educational institutions have acquired unassailable reputation, thanks to the vision of our leaders. New 

academic and research institutions that aspire to global leadership are being created continually. Our venerable 

professional educational institutions are being upgraded to meet the demands of the fast evolving society vis-a-

vis the technology. 

I would like to mention what happened to EADS, the consortium for Airbus. It set up shop in Toulouse, France. 

There was, and continues to be, a high level of interaction between the design and production facility and the 
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University of Toulouse. In the process both gained. To some extent, we can see similar things happening in 

India also  interaction between industry, research and educational institutions. 

Scientific discoveries and technological innovations certainly unfolded even in the pre-Independence era 

through distinguished engineering scientists such as Sir M Visvesvaraya, Sir C V Raman, S N Bose, S A 

Ramanujam, J C Bose, P C Roy, M N Saha and others. The tradition continues. 

India's own satellites have soared into space on rockets indigenously designed; India's Super Computers 

confront the most complex strategic and civilian challenges; bio-technologies have produced the first leprosy 

vaccine. India has a comprehensive range of skills and technologies on the cutting edge of engineering science 

in diversified fields such as: 

• Remote sensing and communication satellites 

• Solid propulsion fuels and systems 

• Cryogenic engines 

• Closed loop control and guidance systems 

Now, we come to another crucial question and that is, "What is going to be India s emergent role?" 

We, the engineers and the technologists, are going to decide this. New fields are emerging fast and furious. Even 

the traditional technology fields are sporting new looks. We are moving with the technology times, but as in the 

case of development of infrastructure, accelerated efforts are imperatives. There are a few technologies which 

are at nascent stages and getting in even now would not be a great disadvantage, if we push forward with 

diligence. 

I refer here first to nanotechnology. Innumerable applications are mooted for this technology and some are 

coming true, albeit with stutters and stammers. Drug delivery is perhaps the most attractive one yet, given its 

impact on the health of society. The other day, the Prime Minister declared that with so many investing in HIV 

drugs, India could well be the ―hub‖ of vaccine production for the developing world. We need special 

institutional structures to incubate promising ideas. We may adopt four major thrusts in developing our 

capabilities and these are: 

• Build and sustain a robust research base, preferably coordinated among academia and industries and also 

geared towards identifying the appropriate areas of application. 

• Focus on commercialization of technology shorten the period of transfer from laboratory to marketplace. 

• Develop key elements of innovative technology cluster to capture the high value-added elements. 

• Commit ourselves to developing technology-capable workforce. Realizing that research in the emerging fields 

is highly resource intensive, we need to develop a less risk-averse funding system, say on the lines of venture 

capital with appropriate regulatory mechanisms. 

On the energy front, we need to look at renewable energy systems more seriously. Yes, we are in the top-drawer 

of countries investing in wind energy. India has one of world's largest renewable energy capabilities with a total 

capacity of over 1500 MW added from non-conventional renewable sources, such as: 

• 3 million family-size biogas plants 

• 50,000 m
2
 of collector areas installed for solar water heaters 

• Largest development of 500,000 solar photo-voltaic system aggregating to about 40 MW. 

The government should continue to move forward aggressively on identifying supporting areas of additional 

renewable sources incluciing clean technology and nuclear technology. It is extremely gratifying to learn that 

India is now a full member of the ITER nuclear fusion initiative to demonstrate the scientific and technological 

feasibility offusion energy for peaceful purposes. 

But we also need to look at passive solar energy, tidal energy etc. Hydrogen economy would soon be upon us. 

Are we ready or even preparing for it? 

Bio-technology is another area where we need to lay strong foundations very fast if we do not want to be left 

out. While there are serious doubts about the efficacy of genetically modified organisms (GMO), we should not 

shy away from doing cutting edge research. We are blessed with biodiversity galore. This is the type of 

technology that plays to our strengths and we would be wise to leverage it to the maximum extent. 

Defence research also helps in health, food processing, weather forecasting, avalanches forecasting and light 

weight metals for the disabled (developed for Agni missile), or food technology in the arid Ladakh-Leh region. 

Exim Bank is promoting development-funds for expansion of food processing sector, namely, Agro Export 
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Infrastructure Development Fund (AIDF), Export Market Development Fund (EMDF), and Fund for Organic 

Agricultural Products (FOAP). 

Leather processing technologies have changed the industry's profile to an exporter of high-end goods without 

the closure of tanneries as in Tamil Nadu and West Bengal. 

Even in demanding environments, we have dared international monopolies as we did in Antarctica or in the field 

of deep-sea exploration or mining. 

Environmental scientists are developing systems and technologies based on a more holistic vision that 

recognizes the essential symbiosis of man and nature so as to reverse the damage done earlier. 

The acknowledged powerhouse that we are in software, we have hardly registered ourselves on the hardware 

radar. This is going to change in short order what with AMD the world's second biggest chip maker ready and 

willing to put up a fabrication facility in India. This is very encouraging news. The upstream and downstream 

multiplier effects are sure to be significant. Of course, on the software side we need to keep adding value to our 

products, like from writing millions of lines of codes to offering financial research services. 

We need to innovate. Our methodology should focus on our own as well as on the needs of the target market, be 

it the least developed or developing countries. While in the academic circles, the publish or perish syndrome is 

much derided, in the technology and industrial fronts, there is no gainsaying the importance of registering one's 

innovation through patents. The number of patents Indian engineers get is minuscule compared to what people 

from the developed countries do. This asymmetry has to be abolished. 

I have tried to layout in broad brush strokes the efforts India has to undertake to get to the top of the global 

engineering and technology enterprise. In this context, what Swami Vivekananda said resonates well  "We are 

responsible for what we are and whatever we wish ourselves to be. We have the power to make ourselves." 

The Indian engineering community subscribes to the above philosophy and has done itself proud. "Leadership" 

in India would come by only when all those who have authority and money, use them not only for their own 

gains but also for the benefit of those who lack them. Participative "governance", rather than merely 

government, can drive the change. Public participation, continuous and tireless hard work, are the instruments 

that only could provide India the leadership baton where the world will watch the country as an embodiment of 

vibrancy, equity, and intellect in a market-driven economy in an all-inclusive environment. Redistributions from 

richer and more powerful groups to poorer groups that may face limited opportunities should be pursued. Our 

ultimate goal is reduction of poverty through equitable pursuit of prosperity and our engineering community will 

harness and manage the natural resources with equity lens and demand level playing field. 

Efforts at the required reforms must be accompanied by safeguards as appropriate for a country of the size and 

income disparity such as India. Also, policy initiatives that contribute to the growth of agricultural and 

manufacturing sectors, and therefore create employment, must be pursued rigorously. 

India needs greater access to the developed countries' in its areas of strength such as manufactured goods like 

textiles, garments, steel, agriproducts and more importantly in the services sector such as I&CT, ITeS, BT, 

healthcare, contract research and clinical trials. Large pool of skilled and talented people find access restricted in 

the developed countries in terms of movement of people. 

We engineers gathered here have to introspect and take appropriate measures. If we indeed are under-achieving, 

it behoves us to identify "why" and act remedially. If we are ever to realize our ambitions, we have to get out of 

the treadmill and run on solid ground together in the spirit of a "movement". It is here our seamless engineering 

and technology capabilities, tempered by our social and political systems, find relevance and resonance. 

There is a clear path to lead us to global leadership in engineering and technology. We have the resources, the 

institutions and the mindset too. What we do need to work towards is however a fusion of our positives. This is 

the sine qua non for India's emergent role in global engineering and technology. 
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Warship Building in India  Success of Indian 

Engineering Enterprise 

Vice Admiral (Retd) S K K Krishnan, AVSM VSM 

Chairman & Managing Director, Mazagon Dock Limited 

 

 

Chairman, Ladies and Gentlemen, 

It is indeed a great honour and privilege to be chosen by The Institution of Engineers (India) to deliver this 49th 

Sir Mokshagundam Visvesvaraya Memorial Lecture in the 21 st Indian Engineering Congress. May I, therefore, 

thank The Institution of Engineers (India) and also the organizers for bestowing this honour on me. I have 

chosen to speak on indigenous warship-building predominantly because very little is known about this aspect of 

Indian Engineering Enterprise beyond a small circle of people who are associated with it. Unlike the space 

programme or missile development or the light combat aircraft, warship-building rarely ever comes in the public 

glare of the media. There is an occasional write up at the time of launching or commissioning of a vessel. Such 

articles seldom highlight the Engineering Enterprise involved in production of a warship. Yet most major 

warships or submarines are complex platforms costing upwards of Rs 2500 crores per piece and require astute 

engineering ingenuity to design and assemble. Thanks to the initiative displayed by many engineers in the 

country, we have emerged as one of the very few countries in the world capable of producing all our needs in 

warships and submarines. This transformation from a ‗Buyer's Navy‘ to a ‗Builder's Navy‘ is a major success 

story for the Indian engineering fraternity. I am lucky to have been associated with this movement and would 

like to share with you the details of this success story, so that you may also appreciate the entrepreneurship and 

perseverance displayed by fellow engineers involved in this enterprise. 

Historical Background 

Centuries ago, India was well-known for its capabilities to build woodenhull ships. These ships having excellent 

sea keeping qualities were widely used for trade across the seas. The influence that India wielded at sea during 

those years and the spread of Indian culture across the globe that ensued are well-known. Even after the British 

came, initially East India Company and thereafter the British Government encouraged the building of wooden 

hulled ships. Indian teak was found to be immensely suitable for the purpose and the craftsmanship of the Indian 

shipbuilder was of world class. One such vessel built in Mumbai is the second oldest floating vessel in the world 

and is preserved as a museum in the United Kingdom. The vessel named ‗Trincomalee‘ was built in Mumbai in 

the year 1814. This situation changed when steel replaced wood as the material for the hull in late 19th century. 

Although shipbuilding was one of the motive forces of the industrial revolution in Europe, India, under the 

British Rule in those years, was never exposed to the technology. All the building yards, therefore, slowly 

became repair yards with very limited knowledge of modern warship building.  

The Start in the 60's 

In the early 60's, when a decision was taken to nurture indigenous production of Defence related equipment, 

warships also figured as a thrust area. The first real venture in this direction was the decision of the Indian 

Government to acquire shipyards like Mazagon Dock in the west coast and Garden Reach Shipbuilders and 

Engineers in the east coast with the aim of starting warship production. The project gained momentum when the 

Government decided to buyout the complete design of the Leander Class Frigate from Mis Yarrow of UK. 

Building of the first vessel started in Mazagon Docks in 1966 and the vessel was commissioned on 3rd June 

1972. This was indeed a landmark achievement.  

Developments in Warship Production 

The first Leander commissioned was followed by five more Leanders, the last one being delivered in July 1981. 

Each of these had some improvements over the previous ones with the last two being significantly modified to 

accommodate a much larger and highly capable antisubmarine helicopter. Parallelly, the nucleus of the Design 

Team at the Naval Headquarters at New Delhi was expanded to form the Directorate of Naval Design, which 

then started spearheading the design efforts for all future projects. The first such major project, small but 

significant, was the Seaward Defence Boat Programme, which was built in GRSE, Kolkata. Designed entirely 

in-house, it was the first success story for the Indian Designers. Closely behind came a major success. The 

original Leander Hull was stretched by 10% in length and 10% by beam to form a larger ship with almost 800 t 

increase in displacement. This vessel called ‗Godavari‘ was a complete transformation from its predecessor, the 

‗Leander‘. While the ‗Leander‘ had no major weapon systems to speak of, the ‗Godavari‘ had surface-to-surface 



The Forty-ninth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the 

Twenty-first Indian Engineering Congress, Guwahati, December 21-24, 2006 
  

 

 

The Institution of Engineers (India)  
 

389 

missiles, surface-to-air missiles, a close in weapon system, state-of-the-art sensors and a large hangar to 

accommodate two Sea-King Anti-submarine Helicopters. Despite a significantly larger size, these ships 

achieved the same top speed using the same propulsion system as the Leanders. With the commissioning of the 

Godavari, the rest of the world stood up and took notice of the capabilities of our designers and shipbuilders. 

Thus, it can be said that indigenous warship-building came of age in December 1983, when the Godavari was 

commissioned. A series of new designs and constructions followed. These included the Offshore Patrol Vessels, 

Missile Boats, Corvettes, Landing Ship Tanks, Fast Attack Crafts, Extra Fast Attack Crafts, Brahmaputra Class, 

which is an advanced version of the Godavari and finally the Delhi Class Destroyer, which is one of the best 

fighting platforms in the world today. In-between all this, we also built 2 SSK Submarines. In all, 80 ships have 

been built in the 40 years that have elapsed since production of the first Leander started. 

The Product Mix 

The most important aspect of the Indian warship building programme has been the choice of the product mix. 

What started with the Leander Class Frigates at Mazagon Docks and Seaward Defence Boats at Garden Reach 

Shipbuilders and Engineers Ltd has now matured into a wellnurtured system that produces a wide variety of 

ships. Thus, we have frigates, destroyers, stealth frigates, corvettes, missile boats, seaward defence boats, fast 

attack crafts, extra fast attack crafts, offshore patrol vessels, landing ship tanks, landing ship utilities, et al and 

submarines, being already produced by the three Defence Shipyards. In addition, an air defence ship is already 

under production at the Cochin Shipyard. There are perhaps just three other countries in the world which can 

claim such a diverse product range. 

A Modern Warship 

The Modern Warship is a floating platform that can be deployed in the oceans far away from our shores for 

independent actions over sustained periods against the enemy or any threat to the interest of our nation. 

 

It has a variety of sensors like radars, sonars, electronic surveillance measures, electronic counter measures and 

digitised encrypted communication systems to locate the threat, identify its impact and communicate to others, 

so that co-ordinated action can be initiated when required. To act against the threats, it is equipped with 

sophisticated weapons like surface-to-surface missiles, surface-to-air missiles, guns, torpedoes, anti-submarine 

rockets, etc. For its own defence, it has ciosein weapon systems; rapid fire guns that can shoot down even a 

missile. It is also equipped with decoys to avert weapons fired by the enemy and invariably one or two 

helicopters, which can be tasked for a variety of roles from early warning to submarine hunting or peace time 

missions of search and rescue. 

 

Integrating all these weapons and sensors on-board a small steel platform is not easy. The platform is 

continuously exposed to the vagaries of the sea where it is continuously tossed around by heavy waves. Unlike 

land based equipment which have a firm foundation, all sensitive systems onboard a ship have to be 

continuously stabilized as the platform itself moves perpetually in all the three directions. In addition, the 

warship has to be self-contained for its own energy needs of propulsion and power generation and has also to 

provide hotel and domestic services for all the crew members on-board. It has a series of platform related 

systems, which include a combat action information organization for assessing the threat and deploying the right 
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weapon against it. It has an integrated ship data network and a platform management system for all internal 

communications and monitoring of data. All these are supported by a wide variety of other engineering systems 

and a large number of mechanical and electrical machinery. Selecting all these equipments and locating them 

ideally within the restricted steel hull, which should have optimal hydro-dynamic attributes and structural 

strength, is indeed a difficult task. The ingenuity and enterprise of engineers is always put to test while 

designing a warship. As a platform, it is more complicated than any other land based systems because of the 

miniaturization that is required and the necessity to withstand shock and the corrosive atmosphere. 

Technologically, the warship is as advanced as an aircraft and more difficult to design and construct due to the 

complexities of equipment onboard and the necessity to carry substantial amount of crew for a considerable 

length of time. 

Stealth as a Feature in Modern Warship Design 

Amongst the myriad features that need to be considered while designing a warship, stealth has assumed 

considerable importance in recent times. Hence, I will pause to highlight this aspect alone in some detail. 

Needless to add that there are many other equally important and more stringent criteria that the designer has to 

consider and include while balancing the different variables. 

 

A warship in motion in the waters of the open ocean radiates a variety of signatures that enable the enemy to 

pick it up quickly. These include radar signature, underwater noise, magnetic signature, extreme low frequency 

emissions, infrared signature primarily due to engine exhausts, wake created by motion, etc. 

 

The designer has to ensure that the effect of each of these individual elements is minimized, so that the overall 

signature of the ship is reduced. Then and only then, the enemy will be drawn closer and closer in his attempts 

to detect the ship, making him more vulnerable to attack by the ship itself. There are a variety of methods of 

reducing each of these signatures and the art lies in choosing the right combination that will be effective without 

adding weight or other side effects which might affect other performance parameters of the ship. 

Submarine  The Ultimate Weapon at Sea 

In maritime warfare, submarines occupy an enviable position. In terms of technological prowess and 

engineering enterprise, producing a submarine has always been considered a crucial yardstick while assessing 

maritime capabilities of a nation. 
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India entered this field in early 80's, when a decision was taken to build the German design SSK Class 

Submarines. Two of them were built in Germany and two more were built in India. As is understandable, a 

submarine pressure hull is made of special alloy steel which requires very high quality standards for welding 

and fabrication. Thereafter, almost all the weapons and sensors that go into a warship have to be fitted in the 

submarine alongwith accommodation and hotel services. The submarine also carries sufficient batteries for 

propulsion under water and has excellent periscopes and specialized communication equipment. Two modern 

submarines were built and handed over in the mid 90's. Although there was a break thereafter, the programme 

has started afresh and six submarines are right now on order to be built in India. This places the country amongst 

a select group of nations which have such capabilities.  

Design and Delivery of a Warship 

Design of a warship starts with the Naval Authorities defining the role they have to perform and therefore the 

weapons and sensors that should be fitted. Always, the desire is to include the latest and in most cases some 

technology which is as yet being developed. The designers, thereafter, prepare a concept design, after carefully 

balancing more than fifty variables that need to be considered. 

 

These are then vetted and verified through a number of iterations before converting into contract specifications, 

which can be handed over to the shipbuilder, who has to prepare the detailed designs and production drawings 

prior to proceeding with the actual building and integration activity. There is considerable amount of 

consultations and synergy between the user, designer and the builder in each of these steps, to ensure that the 

user ultimately gets what he needs. Finalizing the requirements and bringing them to the ordering stage takes 

about two years and thereafter the building period varies from two years to seven years depending on the size 

and complexity of the ship. 

 



  

The Forty-ninth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the 

Twenty-first Indian Engineering Congress, Guwahati, December 21-24, 2006 

 

 

 The Institution of Engineers (India) 
 

392 

Indian Industry Participation 

Indigenization was the thrust of the warship building programme right from the beginning and the Government 

set up a few organizations to nurture local manufacture of equipment and systems for use on-board warships. 

These agencies interacted with the industries and both by means of licenced production and ab-initio 

development, managed to indigenize a large number of equipment and systems. 

  

Developing and manufacturing an item for a warship is not an easy task. Unlike land based equipment, all items 

for use on-board warship, have to be specially ruggedized to operate in extreme conditions of the marine 

atmosphere, which is hot, humid and corrosive, have to sustain continuous rolling and pitching at sea, have to be 

amenable to sea water cooling wherever required, have to sustain underwater shock of phenomenal magnitude 

and in some cases capable of operating in submerged conditions. Developing such equipment requires astute 

balancing of engineering ingenuity; metallurgical knowledge to select the right materials, superior design skills 

to miniaturize systems, ability to choose correct shock-isolation arrangements, cater to very high levels of 

insulation protection and above all endow the product with immense reliability, so that it can continuously and 

reliably perform at sea without any failures. 

It should be stated with pride that the Indian industries rose to the challenges. Both the larger engineering firms 

and more so, the small and medium enterprises participated with active interest and today are capable of 

producing a majority of items that go into a warship. The early beginnings saw a series of licence productions 

like that of main steam turbines by BHEL, boilers by the Naval Dockyard, radars by BEL, turboauxiliaries by 

HAL, turbo-pumps by Triveni Engineering, main gear boxes by Walchandnagar Industries, etc. These were the 

major supporters for the Leander and the Godavari programmes. Subsequently, a large number of industries 

joined the fray and today we have HAL for Gas Turbines, Kirloskar Oil Engines and Cummins Diesels, making 

most of the diesel engines, BHEL delivering Guns, Larsen and Toubro making weapon mounting and a number 

of other major systems on-board, BEL supplying entire radars, sonars and communication suites, Elecon 

supplying the main gear boxes for the stealth frigates, SAIL manufacturing the steel for warship building, 

Burckhardt Compression India (P) Ltd supplying 400 bar HP air-compressors, Veljan Hydrair supplying 

steering gears and stabilizers and a large number of small and medium vendors supplying nickel-aluminium-

bronze valves and fittings, electrical machinery and switchgears, the entire requirement of cables and almost 

everything else that is required on-board. Till recently, we were importing a few armaments and the 

computerized action information systems. With the commencement of Project 28  an indigenous corvette  

being built at GRSE, Kolkata and Project 15A  the new destroyer class  being built at Mazagon Docks, 

even these have come within the indigenous umbrella. Thus, warship building in India has not been confined to 

just a few designers at Naval Headquarters or engineers in the shipyards, but has brought together the 

technological prowess and engineering ingenuity of a large number of engineers employed through the length 

and breadth of our nation. In a way, warship building has achieved a significant step in our greater aim of nation 

building. 

Concurrent Engineering 

The greatest challenge for warship building is the fact that a number of equipment and systems required for the 

ship are developed and manufactured while the shipbuilding programme has already commenced. The 

shipbuilder as an integrator places orders for these equipment and has to deftly manage the shipbuilding 

schedule, takinqinto account the development time for each of these equipment. Almost all of them go through 

their own individual hurdles in development and have to undergo extensive trials before being cleared for 

fitment on-board. For example, in the Project 15A Class ships currently being built in Mazagon Dock, the new 
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generation long-range surface-to-air missile system is being co-developed by DRDO with a foreign participant. 

In this ship, we will also be installing the ‗Brahmos‘ Missile System for the first time. The shafting and 

propeller systems are being designed and developed by a Russian firm and the AK-630 close-in weapon system 

is under manufacture for the first time by the Ordnance Factory Board under licence from Russia. The Combat 

Action Information System and the Integrated Ship Data Network are being developed by BEL separately. 

While the Sonar is being manufactured by BEL, the Dome for it has been ordered on a German Company. A 

European firm will be designing and supplying all ventilation and airconditioning systems to match the air-flow 

requirements of individual compartments. Only few major systems have been mentioned here. There are more 

than 100 such items large and small, which are all being developed parallelly and eventually have to be 

integrated into the ship. 

 

The problem is acute with a developing nation like ours, where we are keen to promote Indian industry 

participation and the industry by itself is getting exposed to some of the difficult design requirements for the 

first time. Both the ship-designer as well as the shipbuilder, therefore, have to have a high level of multi-

disciplinary knowledge to put all these together in a cogent manner. Workmanship required in integrating all 

these systems no doubt needs a special mention. All the systems on-board are installed and connected by 

workmen of the shipbuilding yard. With these sophisticated systems, there is no room for any mistake 

whatsoever. A series of checks and counter-checks, although time-consuming, ensure the required reliability. 

The entire exercise of warship-building, therefore, is indeed mind-boggling and definitely not meant for the 

faint-hearted.  

Project Management 

After the design is completed and equipments are chosen, the next major aspect is the production by itself. This 

is no mean task either. The shipyard has to have specialized facilities for fabrication and erection of the hull and 

outfit the ship completely. Due to the wide variety of equipment, systems and fittings that go on-board, the most 

advanced systems of project management techniques are to be used, so that no minor element is ever lost sight 

of. 

 

Success in shipbuilding can be achieved only by planning all activities and sequencing them in such a manner as 

to ensure that the right item is available at the right time for fitment in the right place. This by itself is a major 

supply chain management exercise apart from being a great team effort. In both these aspects, we as a nation 

have met with reasonable success as can be seen from the final products at sea.  

Lessons to be Learnt from the Success Story 

Unlike many other mega projects associated with defence, warship and submarine building have proved to be an 

area of unqualified success. There have been some problems in terms of larger build periods and expenditure 
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beyond the initial cost estimates, but the net result has always been overwhelmingly positive. The technology 

level and performance particulars of our ships and submarines are comparable with the best in the world and the 

costs incurred have consistently been lesser than the import cost. More than anything else, most of the money 

spent has been ploughed back into our own economy through the active participation of a number of public and 

private sector industries. So, this transformation from a ‗Buyer's Navy‘ to a ‗Builder's Navy‘ should be seen as a 

classic example of how success can be achieved in mega projects involving high technology. One significant 

aspect that emerges is the fact that this entire scheme of building warships has been controlled through a close 

synergy between the user and the industry. It has never been seen as a process of Research and Development 

and did not have to go through the steps associated with it. It was primarily driven by the concept design that is 

generated by the dedicated design team created by the Navy as the user, with matching enthusiasm by the 

shipyards who took on challenges of detailed design and system integration, with some occasional help from 

foreign equipment suppliers whenever needed. Such a direction of viewing mega projects as problems of 

applied engineering and realizing them through direct interaction with the industry is far more result-oriented 

than considering them as Research and Development Projects and dealing through laboratories. It is easier to 

assign such a task to a specific industry, who could then invest in the required Rand D which will be needbased. 

As a nation, we should perhaps separate the two aspects of Research and Development. While research in 

primary subjects or future concepts should continue in laboratories, development which is required here and 

now, should be steered directly through industry. 

 

As experience shows in the case of warship building, industry can drive development in contemporary 

technology a lot faster than what can be achieved through a research establishment. This is the thought I would 

like to leave with the audience as a major lesson learnt from the 40 years of our engagement in warship building. 

I must add that such a grand success in a national programme could not have been possible without the 

enterprise, ingenuity and perseverance of a large number of engineers employed both by public and private 

industries of the country. As mentioned earlier, warship building has quietly but surely contributed to nation 

building in no small measure, and for this, an entire engineering fraternity can be justifiably proud. 

  



The Fiftieth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Twenty-second Indian Engineering Congress, Udaipur, December 13-16, 2007 
  

 

 

The Institution of Engineers (India)  
 

395 

Energy Independence: Challenges Ahead 

Dr Anil Kakodkar 

Chairman, Atomic Energy Commission and Secretary to the Government of India, Department of 

Atomic Energy 
 

1. Introduction 

Let me begin by expressing my gratitude to the Indian Engineering, Congress for inviting me to deliver the 50th 

Sir Mokshagundam Visvesvaraya Memorial Lecture and pay tributes to the memory of Sir Visvesvaraya. Sir 

Visvesvaraya has been a role model for all Indian engineers engaged in nation building, I indeed feel very 

honored at being asked to deliver this lecture. I have chosen to speak on a topic that I think is important for 

development of India and where our domestic R&D efforts are well poised to meet the challenge. 

India is the largest democracy with nearfy one-sixth of world population and low per capita income. In recent 

years, it has witnessed an impressive growth rate in GDP. Development aspirations of its populace demand that 

this growth rate be sustained for a long enough time so as to enable them to have decent enough quality of life. 

This necessitates a matching growth in the availability of energy. Further, the development process, is also 

driving, as expected, a shift in energy use from non-commercial energy sources to commercial sources, 

particularly electricity. This phenomenon is similar to what has been witnessed by the developed countries in the 

west. But the situation in India is more complex because of high density of population, continuing growth of 

population and demographic shift from rural to urban areas. 

Let us look at the global picture first. The world's population crossed 6 billion mark in the year 1999. Most 

current estimates suggest that around 2 billion people will be added over the next 30 years with another billion 

in the following 20 years. The two factors namely, rise in living standards and the increase in the world's 

population are rapidly depleting the energy resources within the earth and produdng vast amounts of waste 

products particularly when energy is produced using fossil fuels. That means the situation has come to pass 

where humankind can no longer afford to make unmindful use of resources. 

Stabilization of population at as Iowa figure as possible is a crucial issue. When we visualize what the world 

may look like with 9 billion people, it becomes clear that the challenge of enhancing standard of living of the 

larger fraction of poor and underdeveloped societies would require out-of-box thinking. We cannot afford to 

harm Mother Earth including its environment anymore.  

The concept of sustainability calls for exploitation of available resources to improve the quality of life of people 

without harming the interest of future generations, both from the point of availability of resources as well as 

degradation of environment beyond the inherent corrective capability of natural processes. While environmental 

burden has to be kept within the limits of selfcorrection and geographically well distributed, development 

aspirations of people have to be given a place of supreme importance in all decision making processes. After all 

―poverty is the biggest polluter‖ and is the source of several conflicts. 

2. India's Energy Resource Base 

India is not well endowed with energy resources. Coal is the dominant source and proven .coal reserves, even if 

one assumes a modest growth in consumption at the rate of 5% per year, will last only until the middle of this 

century. Coal mining is an area requiring much attention so that reserves considered uneconomic at present can 

be exploited. Oil and gas reserves are very modest and India is already importing most of its requirements. India 

is not a well explored country, however, and the recent stepping up of exploration for petroleum may yield 

positive results. From a long-term perspective, unconventional sources of gas such as coal-bed methane and gas 

hydrates could also be important for India. 

Hydro potential is reasonable and needs to be fully exploited. With regard to other renewable sources, the report 

of the Planning Commission also says that the energy potential has been assessed independently for each option. 

If all such options are developed together, the combined potential may be less than the sum due to paucity of 

available land for energy generation as other competing land uses may dominate. The potential of solar is 

significant, but on the basis of currently known technologies, it is not cost competitive and that is why· hardly 

any potential has been realized. Bio-diesel and bio-ethanol derived from energy crops are being harnessed to a 

significant extent in some countries, but growing energy crops requires not only land, but also water and 

sunshine. These could have significant potential in countries which are not densely populated such as Argentina 

and Brazil, but not for a densely populated country like India. In a country like India, there is going to be a 

direct competition between energy crops and food crops and food crops should always get higher priority. 

However, India must exploit full potential of energy crops, howsoever limited in percentage terms it may be. 
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Considering India's existing installed capacity base, the gestation period for setting up of hydro-electric plants, 

plans for setting up of nuclear power plants by 2020, limited potential for energy crops and solar energy based 

on currently viable technologies, it is obvious that fossil fuels, particularly coal will continue to be a dominant 

energy source in India during near-term. Intensifying exploration to locate additional resources particularly 

petroleum, deploying modern technologies to improve recovery of known resources, developing techniques like 

in situ coal gasification to exploit deep seated coal reserves can all increase the net availability of fuel resources. 

Further, the most efficient generation tecnnoloqies have to be deployed to make best use of all available fuel 

resources. This would require more investment in research and development on all elements of the energy 

supply chain. In relation to the size of energy market in India, current investment on energy related R&D needs 

to be stepped up
1
. 

1Considering that overall generation of eledricity in India may be about 700 TWh and the average cost to consumer is of the 

order of Rs 3 per kWh, the total size of the market is about Rs 2100 billion per year. Considering the Importance of 

electricity or energy for growth, India must spend at least 2% on R&D and that will amount to Rs 42 billion per year. The 

total primary energy market is about 2.5 times the electricity market and expenditure on energy related R&D should be of 

the order of Rs 100 billion per year. 

Based on currently known technologies, only other supply option available is nuclear. The fact that India is not 

well endowed with energy resources has been known ever since independence (1947) and the country has long 

invested in developing the infrastructure for harnessing nuclear technology. Yet, here again, India has resource 

constraint of her modest domestic reserves, of uranium and constraints on the international trade in uranium 

arising from prevailing control regime. 

For this reason, India has planned to develop a closed fuel cycle, which makes use of the full potential of given 

nuclear fuel resources and also makes it possible to use thorium, which India has in abundance. This requires a 

detailed comment about basics of nuclear technology. 

Certain heavy isotopes like uranium-235, when bombarded with neutrons, split into lighter nuclei and neutrons. 

During the process of splitting or fission, energy is also released and this energy gets converted into heat and is 

used to produce steam and electricity. Uranium-235 is the only naturally occurring fissile isotope, which can 

undergo fission. Uranium-233 and plutonium-239 can also undergo fission, but do not occur in nature. All 

fissile isotopes can be used in nuclear reactors to produce energy through the process of fission. There are some 

naturally occurring isotopes, which can be converted into fissile isotopes by irradiation in nuclear reactors, 

followed by separation in reprocessing plants. Such nuclei are, called fertile isotopes. Two fertile isotopes found 

in nature are uranium-238 and thorium-232 and can be converted into corresponding fissile isotopes plutonium-

239 and uranium-233. 

Natural uranium consists of two isotopes viz., uranium-235 and uranium-238. As indicated in the previous 

paragraph, whife uranium-235 is a fissile material, uranium-238 is not. Apart from a couple of reactors, all the 

reactors now in operation for generating electricity on commercial scale are thermal reactors and generate 

energy from the fission of uranium-235, which constitutes only 0.7% of natural uranium. In thermal reactors, 

less than 1% of the total energy potential of the mined uranium is used. When the uranium fuel is irradiated in 

the reactor, a fraction of uranium-238 gets converted to plutonium-239, a fissile material, which can be used as a 

fuel. In an open cycle system, spent fuel is disposed as such and no attempt is made to recover and recycle 

plutonium-239. If one could follow an approach where most of the uranium-238 is progressively converted to 

plutonium-239 and is used for energy generation, then the energy potential of available uranium can be 

theoretically enhanced 100 fold. This can be done following a closed fuel cycle wherein plutonium-239 

recovered from spent fuel is recycled as fuel in reactors. To realize the full energy potential of natural uranium, 

the scientists have to develop reactors, wherein the fissile material produced is more than the fissile material 

consumed. The closed cycle approach, by recycling fertile material recovered from the spent fuel also 

significantly reduces the radioactive waste per unit of energy produced. Strategies based on the closed fuel cycle 

are thus necessary, both for nuclear fuel sustainability and for credible waste management.  

Pursuit of closed fuel cycle is also necessary to convert fertile thorium-232, the other naturally occurring heavy 

element, into a nuclear fuel that is fissile isotope uranium-233.  

In regard to nuclear resources and plans for their use, India has formulated a three stage nuclear power 

programme involving setting up of PHWRs in the first stage, fast breeder reactors in the second stage and 

reactors based on thorium fuel in the third stage. During each stage, associated fuel cycle facilities are also to be 

set up and the three stages are linked through such facilities. The three stages have to be followed sequentially 

following a plan based on physics characteristics of the fuels and optimized to meet India's energy requirements. 

The extent of breedinq in a reactor depends on the type of reactor system i.e. thermal or fast, element used as 

fuel ie, uranium or thorium and chemical form of fuel i.e. metallic, carbide, nitride or oxide. For inter-

comparison of different reactor systems, a term breeding ratio is used. It is defined as the ratio of number of 

fissile atoms produced to the number of fissile atoms that have been consumed. Physics characteristics of 

thorium do not allow for a high enough breeding ratio and therefore large scale introduction of thorium would 



The Fiftieth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the  

Twenty-second Indian Engineering Congress, Udaipur, December 13-16, 2007 
  

 

 

The Institution of Engineers (India)  
 

397 

give the required energy supply rate when a large enough installed capacity base has been established based on 

uranium-plutonium fuelled fast reactor systems. We would of course continue to pursue with high priority R&D 

and technology development on various aspects of large scale deployment of thorium in the mean time. 

3. Nuclear Power  An inevitable Option 

Nuclear technology is an option, which can provide a million fold increase in energy per unit of mass extracted 

from the earth in an environmentally benign manner. Access to such large energy with minimum use of earth 

resources and negligible or minimum adverse impact on earth's environment is the challenge, before the 

Technological community. I believe, we have reached a point where we need such quantum jump solutions in 

several areas without which maintenance of life sustainability itself would be under threat. At the present stage 

of development, however, no single energy resource or technology constitutes a panacea to address all issues 

related to availability of fuel supplies, environmental impact particularly climate change, and health 

externalities. Therefore, it is necessary that all non-carbon emitting resources become an integral part of an 

energy mix as diversified as possible to ensure energy security to the world during the present century. 

Available sources are low carbon fossil fuels, renewables and nuclear energy and all these should be subject of 

increased level of research, development demonstration and deployment. 

Forecasts by several agencies point towards a robust GDP growth in India over the next three to five decades. A 

group in DAE has studied available information on GDP growth forecasts, population growth, trends with 

regard to energy-elasticity and electricity intensity of industries and has developed a scenario for growth of 

electricity. It forecasts that electricity generation will grow at 6.3%/yr in the coming two decades and will 

continue to grow till, the middle of the century, though at somewhat decreased rates. Even after five decades, 

per capita electricity generation would reach only about 5300 kWh per year with a total generation of about 

8000 billion kWh. It may be recalled that historical electricity growth rates during 1981-2000 was 7.8%/yr. 

From the perspective of fuel resource position, one has to examine cumulative resource expenditure. According 

to our study cumulative resource expenditure will be about 2400 EJ by 2052. The ratio of thermal equivalent of 

electrical energy to the primary commercial energy will rise from about 57% in the year 2002-03 to about 65% 

in the year 2052-53. 

Power generation in India which was only 4.1 billion kWh in 1947-48 increased to more than 600 billion kWh 

in 2002-03. Considering the past record, the future economy growth scenario and likely boost to captive power 

plant sector as a result of changes arising due to Electricity Act 2003, the target of generating about 8000 billion 

kWh per year by 2052 is achievable. The study brings out several important conclusions with regard to fuel 

resource position and the role nuclear energy has to play in India during the next five decades. 

The essential conclusions are that considering our uranium resources and physics characteristics of metallic fuel 

based fast reactors, nuclear energy can confribute about 25% ot electricity requirements by the middle of the 

century. Even after tapping full potential of hydro and other renewable energy resources, it would be necessary 

to meet a major portion of the demand from fossil fuels. Considering our fossil resources and their projected 

usage, these will get exhausted by the middle of the century unless additional resources are found. 

It is, therefore, necessary to ensure that nuclear generation through fast breeder reactors and thorium-fuelled 

reactors is poisec to replace coal based generation after 2050. 

In this context, let me talk about the status of the nuclear power programme as it exists today. At present, 

Pressurized Heavy Water Reactors (PHWR) form the mainstay of our nuclear programme and we have 15 such 

reactors in operation and three under construction. The designs of these reactors have progressively evolved 

taking into account the needs for indigenization, our own operating experience, operating experience, in PHWRs 

outside the country and progressive evolution of enhanced safety features. Performance of our operating plants 

has progressively improved to a level of world class excellence. Nuclear power technology in India has reached 

a state of maturity. 

In percentage terms, nuclear power contributes only about 3% of India's total electricity generation, but it 

signifies the fact that India has the technology base on which it can build further to provide long term energy 

security. India's modest reserves of uranium can support about 10 GWe of PHWRs. Presently the Nuclear power 

installed capacity has reached 4.12. GWe and by 2011 it will reach 7.28 GWe including 2.32 G,We of Light 

water reactors and 0.5 GWe from FBR and 4.46 GWe from PHWRs. 

Simultaneously, India is pursuing the fast reactor programme. Based on indigenous R&D efforts, we are already 

constructing a 500 MWe Prototype Fast Breeder Reactor (PFBR) at Kalpakkam. Hon'ble Prime Minister of 

India while launching the construction of PFBR had said, ―Our nuclear programme takes a major step forward 

today with launching of the commercial phase of the fast breeder programme. This is an occasion to celebrate 

and also to reflect on our past achievements and also to look to the future with hope courage and confidence. 

The progress during past 50 years have made us proud‖. 
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Construction of the fast breeder programme will open up a vast source of energy forthe development of the 

country. It also reflects the fact that Indian scientists and engineers have mastered the reprocessing technology 

to a stage where they feel confident about taking the bold step of launching the fast breeder programme on an 

industrial scale. It may be recalled that India has a 40 MWt Fast. Breeder Test Reactor (FBTR), operating since 

1985, FBTR is powered by a unique mixed carbide fuel, which has already undergone a burn up of over 154,000 

MWd/tonne. Experience with reprocessing of carbide fuel from FBTR is also very encouraging. The experience 

of operating the FBTR has given us the confidence of thinking about a very large programme based on fast 

breeder reactor technology. 

Our strategy for fast breeder reactors would involve setting up of mixed oxide based Fast Breeder reactors in the 

early phase to be followed by metallic fuelled Fast Reactors which would enable shorter doubling time. All 

these developments provide challenging assignments to the scientists and engineers working in the Department 

of Atomic Energy and other research institutions of the country. I can say with some degree of confidence that 

developments in nuclear energy technology in India are comparable to similar developments anywhere in the 

world. Rather in view of our fuel resource position, fast growing economy and the fact that we have a large 

necessity  availability gap in terms of energy, the research efforts needed to provide energy security in India 

have no parallel in the world. This is what is propelling us in DAE to nurture a strong and independent energy 

technology development programme. 

4. Economics of Nuclear Power and Environmental Concerns  

The comparative economics of nuclear power plants depends on local conditions, discount rates and availability 

of cheap fuels like coal and gas. Wherever fossil fuels are available at reasonable prices, the setting up of 

thermal power plants is an option to be considered in any techno-economic analysis. Issues to, be considered in 

case of thermal plants include location of coalrmnes vis-a-vis load centres, coal transportation, availability of 

railroads for transportation, sulphur and ash content of the fuel and associatec environmental impact. 

Hydropower provides low cost electricity generation, but sites available for large projects are limited and social 

impact is very high due to submergence of large areas. Gas prices are subject to fluctuations due to market 

forces and form a sizable fraction of electrictty cost produced from gas fired plants. Therefore, the cost of 

electricity generated from gas fired plants can vary a lot depending on the market conditions coal fired thermal 

power, when the nuclear plant is about 800 km from the pit-head. There are several regions in the country where 

such haulage is involved. Being capital.intensive in nature, the cost of nuclear electricity becomes more 

competitive with the age of the, plant as the capital cost deprectates. Interest during construction (IDC) adds to 

capital cost of a plant and it is necessary to reduce the gestation period. NPCIL has been able to reduce the 

gestation period by adopting innovative project management practices including having large EPC packages and 

the nuclear power plants in the country are being completed in about 5 years. Capital cost of most recently 

completed units like TAPS-3&4 and Kaiga 3&4 has been in the range of US $ 1200 to 1300 per kWe which IS 

comparable or better than international costs.  

5. Roadmap for utilization of Indian Thorium Resources and Future Energy Options 

To serve as a platform for development and demonstration of technology for large scale utilization of thorium, 

we have designed an Advanced Heavy Water Reactor; which besides using thorium also aims at enhancing 

safety to a level far higher than current safety requirements, which themselves are very stringent. Examples of 

Generally only direct costs are used in comparative assessment of different electricity options. However, the 

opinion is building up in favour of internalizihg all costs of generation in any comparative assessment of energy 

options and this would include, inter alia, the cost of impact on environment and health and cost of setting up of 

infrastructure for fuel transportation which is often subsidized. The largest environmental impacts associated 

with fossil fuels are carbon dioxide and other forms of air pollution which can cause chronic illness. (See fig 1 

for comparative green house gas emissions). The risks associated with these impacts affect the entire planet. In 

addition, the volume of waste generated in case of energy generation from fossil fuels is quite large (See fig 2). 

Technically nuclear energy is far more benign and much of the cost is already internalized in financial plans. For 

example, nuclear power operators are required to provide funds for decommissioning of installations. External 

costs have been estimated by a study conducted under European Commission's ExternE project results and 

reported in 1998 are summarized in the Table 1. 

An internal study done by Nuclear Power Corporation of India Ltd. (NPCIL) indicates that nuclear power is 

competitive compared to safety features include pumpless primary cooling system, operator forgiving 

characteristics with a grace period of three days, passive containment isolation, elimination of impact in public 

domain etc. We have irradiated thorium in our reactors on a progressively increasingly scale, reprocessed 

irradiated thorium to recover Uranium-233 and have set up small reactors running on Uranium-233. With setting 

up of Advanced Heavy Water Reactor. (AHWR) and associated facilities for closing the fuel cycle we will be 

able to .enhance the scale of our experience with thorium. In addition, research and development on accelerator 

driven sub-critical systems has also been launched and this will enable India to exploit its vast thorium reserve‘s 

earlier than possible otherwise besides opening up the possibility of transmutation of long lived radio-activity. 
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Another initiative, recently taken, pertains to generation of high temperature process heat using advanced 

nuclear reactors (Indian High Temperature Reactors - IHTRs). This process heat could be used for a variety of 

purposes including hydrogen generation and for serving as a compact nuclear power pack for remote areas. The 

technologies inherent for such reactors are highly challenging on account of the need for special material which 

could withstand such high temperature and new technologies for ensuring core heat removal passively under all 

conditions including normal operation, shut down and accident conditions commensurate with the requirements 

stipulated for advanced nuclear reactors. In the XI Plan, it is envisaged to build a demonstration unit of a 

Compact High Temperature Reactor which would serve as a platform for development and. demonstration of 

very high temperature heat removal capabilities and other challenges associated with the operation of high 

temperature components of newer materials or hitherto unused materials for nuclear reactors. 

DAE has also started working on generation of hydrogen energy. Hydrogen is .an attractive energy carrier and is 

expected to playa major role in energy systems for many economic sectors in the next few decades. In the 

medium term, its most promising application appears to be in the transport sector where it can be a substitute for 

hydrocarbon fuel. Development of high efficiency processes like thermo-chemical water splitting using high 

temperature heat and high temperature electrolysis have been taken up. Megawatt scale Solar energy 

concentrators to get high temperature of the order of 900-1000°C are also proposed. A demonstration plant for 

hydrogen production by electrolysis route based on high surface area electrode developed in BARe is also 

proposed to be set up. This will demonstrate the feasibility of hydrogen production based on etectrolvsls using 

indigenously developed membrane. 

So far we have talked about fission reactors. Another phenomenon that can be utilized to produce electricity is 

fusion. Fusion powers the sun, and stars, and is potentially an environmentally responsible and intrinsically safe 

source of essentially limitless power. Based on experiments already conducted in various laboratories around the 

world, scientists have convincingly concluded that fusion could be mastered to produce power. These include 

the Joint European Torus (JET) of the EU and TFTR of the USA. The International Thermonuclear 

Experimental Reactor (ITER) is the next step in the fusion research towards achievinq fusion based power plant. 

The ITER programme was initiated in 1988 as a collaborative effort by 4 parties: the USA, the EU, Japan and 

the Russian Federation (then USSR). The physics and engineering design of ITER was completed in 2001 and 

subsequently three more parties viz. China, South Korea and India have joined ITER consortium. The design 

goal of ITER is to produce at least 500 MW of fusion power, with a plasma heating input of around 50 MW. 
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ITER will be located at Cadarache in South of France and aims to lead to develop a plant for demonstrating 

generation of electricity based on fusion. Fusion technology is expected to make large scale contribution in the 

second half of this century. 

India joined ITER as a full partner in December 2005 and this would involve contributing in-kind about 9% of 

the machine cost. Being a full partner, India will have access to this complex technology as and when it is ready 

for commercial deployment. In view of the potential of this technology, and the sizeable ongoing programme in 

fusion research at the Institute for Plasma Research, Gandhinagar, the decision of the Government of India to 

join the ITER programme is well advised. 

6. .Conclusions 

India has above 16% of the world's population and only about 6% of the wortd's coal reserves, oil and gas being 

less than 1%. However, India has about 32% of the wortd's Thorium reserves. We have significant hydro 

potential, but its exploitation is beset with issues like displacement of people and possible effects on ecology. 

Non-conventional sources, at present stage of technology development, are suited essentially for decentralised 

srnall capacity plants. Large-scale development of nuclear power is thus inevitable. India has developed 

comprehensive capabilities in all aspects of nuclear fuel cycle and as far as nuclear technology is concerned, 

India is a ―developed country‖. 

We believe that nuclear power is a clean source of energy. Unique three stage nuclear power programme that is 

being pursued in our country offers a credible route to large scale thorium utilization for meeting our long term 

energy requirements. This development has to be carried out maintaining the economic competitiveness of 

nuclear power through successive technology development steps. Our country has acquired the necessary 

capabilities to realize this objective. 

There are several other areas of development which are also being pursued with a long-term focus. Accelerator 

driven reactor systems to sustain growth of thorium systems and to transmute radioactivity, high temperature 

reactor systems to enable use of nuclear energy for production of hydrogen in addition to electricity and 

desalination of sea water, and of course, the fusion energy technologies are some of the important dimensions of 

this effort.  
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Delhi Metro — A Challenge and A Triumph  

Dr E Sreedharan 

Managing Director, Delhi Metro Rail Corporation 

 

INTRODUCTION 

It is a great honour and recognition to anyone chosen by the Institution of Engineers (India) to deliver the Sir 

Mokshagundam Visvesvaraya Memorial Lecture. I am happy as this honour has come to me to deliver the 51st 

Lecture of this series this year. This lecture has been instituted to commemorate the life and achievements of a 

great visionary engineer and statesman who was the recipient of India's highest civilian honour, ―Bharat Ratna‖  

and is known as the Father of modern Mysore State (now part of Karnataka). Sir M Visvesvaraya was 

responsible for building the Krishna Raja Sagar Dam, Bhadravati Iron and Steel Works, setting up Mysore 

University and the State Bank of Mysore and was rightly hailed as the ‗Worker of Miracles‘, the ‗Bhagiratha of 

Karnataka‘ and the ‗Gem of India‘. Although hailing from a poor family, he was brilliant in his studies, became 

an outstanding engineer and rose to become the Dewan of the erstwhile State of Mysore. Sir Visvesvaraya was 

incredibly honest and dedicated to his work and set up high standards of efficiency, which he carried on 

displaying till his death at the age of 101 years. On this occasion it will be apt to remember a few incidents, 

which vividly bring out the character and personality of this great man and which, I am sure, will be a great 

inspiration to all of us. 

 As soon as Visvesvaraya became the Dewan of Mysore, one of his relatives went to him for a favour. He 

was a man whom Visvesvaraya liked and respected. He was in Government service, and wanted a promotion 

to a higher post; that would give him a rise in salary of fifty rupees a month. Visvesvaraya said 'No'. But, as 

long as the relative was alive, he paid him a hundred rupees every month from his own pocket. What a 

rectitude and what a compassion! 

 In 1918 he decided to give up the Dewanship. He had to give the Maharaja of Mysore his letter of 

resignation. He went to the palace in the Government car but chose to return in his own car. What an 

edifying propriety! 

 Sir M Visvesvaraya was famous for his integrity and probity in public life. He was known to use for official 

work, the stationery and candles supplied by the Government; for his own private work he used stationery 

and candles purchased by him. Therefore, on official tours he carried two sets of candles red for official use 

and white for his personal use.  

His dedication to work is summarised in his own words which I would like to quote. ‗Remember, your work 

may be to sweep a railway crossing, but it is your duty to keep it so clean that no other crossing in the world is 

as clean as yours‘. 

Sir M Visvesvaraya raised the dignity and value of the engineering profession to its highest pinnacle and glory. 

I have chosen Delhi Metro as the subject of my lecture since this is a unique project which has drawn inspiration 

and values from the life and principle of Sir M Visvesvaraya. 

NEED FOR A METRO SYSTEM 

The need for a Metro system in any developed city is determined by its population. All developed countries start 

planning for a Metro when the population of the city nears the one million mark and by the time the population 

level reaches two million, a Metro network is in place. Density of Metros in the various continents are as 

follows: 

 Continent  Length, km  Population, Mn  Length/Mn Population 

 Europe  2847.2  75.10  37.91 

 North America  1370.4 60.15 22.78 

 Asia 965.4  95.73  10.08 

 South America  466.7  60.9  7.66 

 Africa  10.9  8.3  1.31 

 Total  6700  300.18  18.85 

 India (Delhi+Kolkata)  65+16=81  14+6=20  4.05 

 This shows that the world average is for every one million population of a city, there is 19 km of Metro line. 

However, against this standard, India's standing is indeed very low at 4 km/million. 

ADVANTAGES OF A METRO SYSTEM 
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The advantages of a rail based system for urban transportation are manifold as they can achieve a carrying 

capacity as high as 60,000 - 90,000 phpdt, require 1/5th the energy per passenger-kilometer compared to a road 

based system, result in no air pollution in the city, lesser noise level, and occupy no road space if underground 

and only about 2 m width of the road if elevated. It also considerably reduces the traffic on the roads as well as 

road accidents and pollution. A rail based system can carry the same amount of traffic as 9 lanes of bus traffic or 

33 lanes of private cars. It also reduces the journey time by 50% - 75% depending on the road conditions. There 

is no denying that compared to a road-based system a rail-based system is more reliable, comfortable and safe. 

These were the basic reasons behind introducing a modern Metro system in the capital of our country. Building 

the Delhi Metro posed a unique engineering challenge and was India's biggest urban intervention since 

Independence. 

LESSONS FROM KOLKATA METRO 

Delhi is the second city in our country to have a metro system. The  distinction of having the first metro goes to 

Kolkata. The construction of the network in Kolkata began as early as 1973. Commercial service on a 3.4 km 

section with five stations began in 1984 and the full 17 km network with 16 stations became fully operational 

only in 1996. This gives us an idea of the slow progress of construction and the resultant problems for citizens. 

During construction, the central arterial road namely the Central Avenue was kept open for a long time. Heaps 

of mud and construction materials blocked the carriageways resulting in daily traffic chaos. There were 

incidents of ground subsidence and house collapses as well. 

To cut a long story short, the Kolkata Metro experience acted as a dampener for the spread of the 'metro culture' 

to other cities for a long time. But it taught us a very important lesson – what not to do while constructing a 

Metro network! 

CHALLENGES 

Delhi is a sprawling city covering 1483 sq km with a population of 14 million today. It also happens to be the 

capital of the country. The country did not have the expertise or the experience to build a modern, world-class 

metro in a city like Delhi. Calcutta Metro was constructed and is being operated by Indian Railways. The 

technology adopted for Calcutta Metro is very old and that Metro is making an annual operational loss of about 

Rs 80 crores. A number of studies were carried out to decide upon the configuration and technical parameters to 

be adopted for the Delhi Metro and finally a three line configuration covering 65 km was decided upon as the 

Phase-I of the Delhi Metro of which about 15 km is underground and the rest elevated. A friendly gesture from 

the Japanese Government to extend a soft loan to cover about 65% of the cost of the project emboldened the 

Government to finally clear the project in 1996. To cut through usual delays associated with a major project of 

this size being executed by a Government department, it was decided that a special purpose vehicle under the 

name, Delhi Metro Rail Corporation, with equal participation by the Government of India and the Government 

of Delhi would be set up and this company was registered in May, 1995. DMRC, though owned by the two 

Governments is not a Public Sector Undertaking either under the Central Government or the State Government. 

This unique corporate structure has given the company a lot of latitude and freedom in decision making process. 

Realising that the country did not have the experience or expertise to build a modern world-class Metro, DMRC 

engaged international experts as general consultants to assist in planning, design and implementation of the 

project. It was also decided that frontline technologies would be adopted in all areas of metro planning and 

construction. The international consultants brought with them international standards in safety and quality. 

As per the Government mandate the Phase-I of the project, with a completion estimate of Rs 10,571 crores, was 

to be implemented within a period of 10 years. Actual work on the project commenced in October 1998 and the 

first phase was fully commissioned in December, 2005, 2 years and 9 months ahead of the schedule with no cost 

over-runs. Today, Delhi can boast of a world-class Metro which can compare well with the best Metro anywhere 

in the world. 

TECHNICAL INNOVATIONS 

In completing the Phase-I of Delhi Metro, a number of new technologies were brought to the country for the 

first time. On the civil engineering side, adoption of incremental launching method for a continuous pre-stressed 

hollow single box girder of 620 m length across Yamuna river was the fore-runner for many other innovations 

such as, (a) an extra-dose bridge of 92 m span across live railway lines  a technology adopted for the first time  

in this country, (b) extensive adoption of segmental pre-stressed girders for the elevated sections, (c) ballastless 

track over the entire stretch  again a new technology for the first time, (d) continuous welded rails from end to 

end and high speed turnouts enabling trains to change over from one line to the other at high speeds. Earth 

pressure balanced tunnel boring machines were adopted also for the first time for tunnelling through busy areas 

of the city causing no settlement of the ground or damage to the overlying structures. The speed of tunnelling 

achieved was 28 m a day of fully completed tunnel section. 
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On the signalling side, the concept of Automatic Train Protection and Automatic Train Operations were 

introduced also for the first time in India. Under such a signalling system there is no possibility of a train 

colliding with another and the speeds of the trains will be automatically regulated based on the distance between 

the two trains. DMRC has also introduced for the first time, modern, light weight, stainless steel rolling stock 

with pneumatic springs, regenerative braking, wide vestibules and automatic door closing systems. The entire 

ticketing system is highly computerized with contactless smart cards for multi-journeys and contactless tokens 

for single jouneys. In fact the automatic fare collection system of Delhi Metro is the most advanced anywhere in 

the world. 

PROPERTY DEVELOPMENT 

The concept of commercial exploitation by retailing outlets at station areas and also commercial exploitation of 

air space above stations and car depots was adopted by Delhi Metro in a serious way to raise resources for 

funding the metro construction and also to augment the revenues to the system. This type of property 

development not only caters to the needs of the commuters but also enhances the urban environment around the 

stations. Today nearly 30% of DMRC's revenues are from non-operational sources.  

OPERATIONAL HIGHLIGHTS 

The Delhi Metro makes 1300 train trips a day with 70 train sets (280 coaches) with a frequency of 3.5 to 4 min, 

carrying an average 8 lakh people a day. This translates into about 80,000 vehicles off the road. Each train has 

four coaches, which can be gradually increased to eight if the need arises. The trains operate from 6 AM to 11 

PM and the fare structure ranges from Rs 6/- to Rs 22/-, which is the cheapest in the world, except Kolkata. The 

punctuality of the metro trains is measured with a least count of 60 seconds and in most of the days 100% 

punctuality is maintained. The system is completely barrier-free for physically challenged persons. 

ENVIRONMENTAL AND SOCIAL BENEFITS 

The Delhi Metro has also provided significant environmental and social benefits to the city. According to a 

study conducted by Central Road Research Institute (CRRI), these benefits will help to recover the full cost of 

Phase I by 2013. These benefits are a result of passenger time saved, fuel cost saved, reduction in capital and 

operating cost of vehicles, reduction in environmental damage, time saving and less maintenance cost on 

infrastructure, reduction in road accidents, improvement in road traffic conditions, etc. Since DMRC began 

operations in December 2002, people have progressively shifted to the Metro from road-based means of travel. 

According to estimates, the Metro today takes the load of 80,000 vehicles per day and has saved 57,858 tonnes 

of petrol, diesel and compressed natural gas (CNG) by the end of 2007 already.  

The Delhi Metro is also the first Railway project in the world to be registered by the United Nations Framework 

Convention on Climate Change (UNFCCC) under the Clean Development Mechanism (CDM), which will 

enable to claim carbon credits. Under the project sanctioned on December 29, 2007, DMRC will earn 400,000 

Certified Emission Reductions (CERs) over a 10-year crediting period for the use of regenerative braking 

system in its rolling stock (trains). Under the regenerative braking system, whenever a train applies brakes, 

about 30% of the energy is regenerated back into the overhead electrical system thus resulting in substantial 

savings, as this energy is again used for running trains. We have also introduced system for water harvesting at 

all elevated stations of Phase-II. 

FEEDER BUSES 

To make its stations easily accessible to commuters, DMRC has introduced its own fleet of feeder buses 

equipped with Global Positioning System (GPS) so that their movement can be tracked at all times. This service 

has proved very popular and more than 120 buses have been introduced so far. 

PHASE-II 

After the completion of Phase-I project, DMRC is now engaged on the Phase-II of Delhi Metro project which 

covers 128 km of which 35 km are underground and the balance is elevated. The completion cost of the Phase-II 

project is about Rs. 20,000 crores and this has to be completed by August, 2010, in time for the Commonwealth 

Games slated for October, 2010. This would mean 128 km of the Metro System have to be completed within a 

period of 4½ years. If we are able to achieve this, this will be a world record in the speed of metro constructions. 

Already one section of Phase-II was commissioned in March, 2008 and another section covering 8 km is 

scheduled for commissioning in December this year. 

HIGH SPEED AIRPORT LINE 

The Phase-II of Delhi Metro project includes a high profile High Speed Metro Link from New Delhi Railway 

Station to the Indira Gandhi International Airport. This 22.5 km line, of which 15 km will be underground, is 

being implemented on Public Private Participation model in which the civil works are being executed by DMRC 

at its own cost but the systems such as signalling, power supply, track, rolling stock, etc. will be brought and 

installed by a private concessionaire who will operate the system for a period of 30 years at the end of which the 
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whole line reverts to DMRC. Two City Air Terminals,one at New Delhi Railway Station and the other at Shivaji 

Stadium near Connaught Place are being set up where the air travelers can check-in, take the boarding pass and 

use the High Speed Line to reach the Airport. The distance of 22.5 km will be covered in a matter of 18 min 

against one hour now being taken for the road journey. 

For the construction of the Airport Line as well as for the underground portion of Phase-II, DMRC will be using 

a fleet of 14 tunnel boring machines during the peak period which will be a record for metro constructions in 

any city of the world.  

FUTURE METROS IN INDIA 

With the success of Delhi Metro, the Metro culture is now spreading to other Indian cities as well. The country 

today has the experience and expertise to plan and implement Metro System without any foreign help. The 

Delhi Metro project is today seen as a model of how urban transport systems can be successfully built in 

crowded cities. Visitors from the US, the UK, Japan, South East Asia, South Asia etc, have toured the system to 

understand the DMRC technologies and project management techniques.  

Delhi Metro has also attracted the attention of other countries such as Ireland, Pakistan, Sri Lanka, Bangladesh 

and Vietnam. DMRC has completed its first international consultancy assignment, a Special Assistance on 

Project Implementation (SAPI) study for the Jakarta Mass Rapid Transit (MRT) System in Indonesia. 

DMRC has carried out the investigations and studies for all the upcoming metros in the country such as 

Mumbai, Bangalore, Chennai, Hyderabad, Kolkata (Second Line), Kochi, Ahmedabad and Ludhiana. 

Detailed project reports are now being prepared for Metros in Pune, Lucknow, Chandigarh and Kanpur. 

Today, Delhi Metro has become the transport backbone of the city and is a fast, reliable, safe and comfortable 

means of travel. Over the last four years, Delhi Metro has covered a fairly large part of Delhi. Perhaps the 

greatest achievement of DMRC is that it has given Indians the confidence to believe in themselves that they can 

efficiently build and operate the most challenging and technically complex projects. 

The integrity and high principles which Sir M Visvesvaraya upheld throughout his professional career have been 

the inspiration and guiding spirit for all of us in Delhi Metro Railway Corporation, which is today well known 

for a very unique work culture and adorable organisational values. We have only tried to carry forward the high 

ideals and professional excellence which Sir M Visvesvaraya bequeathed to this country. Let his life and his 

achievements be a beacon and inspiration to all Engineers present here. 

It has been a very satisfying task for me to deliver this 51st Sir M Visvesvaraya Memorial Lecture. I wish to 

thank once again the Institution of Engineers (India) for giving me this opportunity and honour and I thank the 

audience for their patient hearing. 

Jai Hind. 
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Science and Engineering: Chandrayaan-1 Experience 

Shri M Annadurai 

Project Director, Chandrayaan-1 and 2, ISRO Satellite Centre, Bangalore 

 

Background 

India recognized the potential of space science and technology for the socio-economic development of the 

society during the early days of space era and embarked upon development of an ambitious space programme. 

Over the last three decades, India has achieved significant progress in design, development and operation of 

space systems, as well as in using the systems for societal applications like telecommunication, television 

broadcasting, meteorology, disaster warning and natural resources survey and management. The Indian space 

programme has become largely self-reliant with capability to design, build and launch its own satellites using 

indigenously designed and developed launch vehicles, for providing space services to the country. 

The state of maturity of spacecraft development at ISRO has been amply demonstrated with launch and 

maintenance of a series of remote sensing satellites in low earth polar orbit and communication satellites in 

geostationary orbit. Launch vehicle PSLV has been operationalized through successful demonstration of a series 

of flights to place spacecraft in low earth polar orbit. The GSLV had three successful flights to place 

communication satellites in geostationary orbit. The capability of PSLV to place a satellite in geostationary orbit 

was demonstrated in 2002 when meteorological satellite, KALPANA-1 was launched. With these developments, 

ISRO is in a position to embark on newer missions. Lunar and interplanetary explorations provide such an 

opportunity. While managing the present there is a need to invent the future. 

In the new millenium international scientific community has considered several exciting missions in space 

science and exploration. These have the prospect of expanding horizons of our knowledge effectively and will 

provide benefits to the human society at large. In the Indian context, one of the initiatives, which attracted 

debates and excited the imagination of a large number of people, was the possibility of launching a lunar 

mission through an Indian launcher. Groups of national scientists and technologists debated this in various fora 

under the aegis of Indian Academy of Sciences as well as Astronautical Society of India (ASI). Based on these 

interactions, and further study conducted by a National task team, the Chandrayaan-1 mission came into being, a 

mission where science and engineering teams needed to work seamlessly to realize the objective. 

Mission Objectives 

The overall objectives of the mission are summarized as 

 Design, develop and launch a spacecraft in a lunar polar orbit using Indian launch vehicle. 

 Develop expertise for planning and execution of mission and ground systems for sending spacecraft beyond 

the orbit around the earth for future planetary exploration missions. 

 High resolution imaging and chemical and mineralogical mapping of lunar surface to understand the process 

of formation and chemical evolution of the moon. 

 Systematic topographic mapping of the whole surface of the moon. 

 To establish capability of planetary data analysis and also data archival and dissemination. 

 To create expertise in development of detectors and sensor technology for planetary remote sensing for 

future planetary exploration programme. 

 To enhance India's image in the international scene by being part of a select group having capability to 

observe planets directly. 

Scientific Payloads 

Chandrayaan-1 carried the following science instruments developed by ISRO to achieve the science objectives, 

 Terrain mapping stereo camera (TMC) in the panchromatic band, having 5m spatial resolution ( size of the 

smallest object that can be seen ) and 20 km swath ( width of the picture).  

 A hyper-spectral camera (HySI) operating in 400-900nm band with a spectral resolution of 15nm and spatial 

resolution of 80m with a swath of 20km producing data in 64 spectral bands ( colors ) 

 A laser ranging instrument (LLRI) with height resolution of about 10 m. 

 A low energy (1-10keV) X-ray spectrometer (LEX) for measuring the fluorescent X-rays emanating from 

the lunar surface having a foot print of approximately 20km. This instrument was realized as a joint effort by 

ISRO and Rutherford Appelton Laboratory, UK 

 A high energy X-ray (30-270 keV) mapping (HEX) employing CdZnTe solid state detector with CSI anti-

coincidence system having a foot print of approximately 40km to identify degassing faults or zones on the 
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moon by mapping Rn[222] and its radioactive daughter Pb[210]. This will enable us to understand the 

transport of volatiles on the moon. 

 A Moon Impact Probe (MIP) to be released to impact the Moon's surface during the Mission. MIP in turn 

carries three instruments, a mass spectrometer, a C-band altimeter and a video camera. 

Apart from the five payloads (TMC, HySI, LLRI, LEX and HEX) and MIP discussed, five additional 

instruments under international collaboration were accommodated in Chandrayaan-1. They are, 

 Miniature Imaging Radar Instrument (Mini-SAR) from Applied Physics Laboratory USA supported by 

NASA. 

 Sub KeV Atom Reflecting Analyser (SARA) from IRF, Sweden, JAXA, Japan supported by ESA and 

VSSC, ISRO. 

 Moon Mineralogy Mapper (M-3) from Jet Propulsion Laboratory and Brown University, USA, supported by 

NASA 

 Infra Red Spectrometer-2 ( SIR-2) from Max Plank Institute, Germany, supported by ESA 

 Radiation Dose Monitor (RADOM), Bulgarian Academy of Science, Bulgaria. 

Table 1 provides the summary of Chandrayaan-1 scientific instruments, their configuration and objectives. 

 

The Spacecraft and Launch Vehicle 

Spacecraft for lunar mission had a judicious mix of the technologies of remote sensing satellites and 

communication satellites. PSLV with enhanced performance was chosen for the Chandrayaan-1 mission to place 

the spacecraft in 260 km  22,860 km orbit around earth. 440 N liquid fuel motor similar to that used in INSAT 

series of satellites was used for further orbit raising. The spacecraft was cuboids in shape of approximately 1.50 

m side, weighing about 625 kg at lunar orbit. The spacecraft structure used in Kalpana satellite was adopted 

with minor modifications for extending the thrust cylinder and incorporating an upper payload deck to 

accommodate MIP and few other scientific instruments. The high gain antenna used for downloading the 

scientific data to the Indian Deep Space Network (IDSN) was a dual gimballed system. 
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The spacecraft was three-axis stabilized. The orientation of the spacecraft orbit was precisely determined using 

star trackers and gyroscopes. Chandrayaan-1 had a canted (inclined) solar array to maximize the solar power for 

the orbit around the moon, which was inertially fixed. It generated about 750W of peak power and was 

supported by Li-Ion batteries for eclipse operations. The spacecraft carried a bipropellant propulsion system to 

carry it from EPO through lunar orbit, including orbit and attitude (direction) maintenance in lunar orbit. The 

propulsion system carried required propellant for a mission life of two years, with adequate margin. The TTC 

(Telemetry, Command and Tracking) system used microwave in the S-band and the scientific payload data 

transmission in X-band. Figure 1 provides the spacecraft configuration with payloads. Figure 2 gives the 

configuration of the polar satellite launch vehicle with its capability. 

      

The Mission Sequence 

Chandrayaan-1 was launched by PSLV- XL, a variant of flight proven PSLV, from Satish Dawan Space Centre, 

SDSC- SHAR. The spacecraft was injected into 260 km  22,860 km orbit. After separation from the launcher 

solar panel was deployed. The spacecraft was raised to moon rendezvous orbit by five consecutive in-plane 

maneuvers at the perigee (closest location to the earth) to achieve the required 379,500 km apogee. After the 

fifth perigee burn, the achieved lunar transfer trajectory (LTT) orbit was computed using tracking data received 

by the IDSN and a mid-course correction was imparted 24 h after the last perigee burn. The spacecraft coasted 

for about five days in this trajectory prior to the lunar encounter. During the coasting phase the spacecraft was 

staying mostly in the sun-pointed mode and at the same time ensuring good communication link to ground. The 

major maneuver of the mission, called lunar orbit insertion (LOI) leading to lunar capture, was carried out at the 

peri-selene (nearest point to the moon) part of the trajectory. The maneuver ensured successful lunar capture in a 

polar elliptical orbit of 500 km  7500 km orbit around the moon. After successful capture and health checks, 

the altitude was lowered through a series of in-plane corrections to 100km near circular orbit. Figure 3 details 

Chandrayaan-1 Mission Sequence from launch to final orbit acquisition. The failures of others were studied in 

detail so that we did not repeat the same mistakes. 

 

Payload Commisioning 
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Moon impact probe was released on 14 Nov 2008. All the three instruments of MIP, namely, video camera, 

altimeter and the mass spectrometer have provided good data. Subsequently all other instruments of 

Chandrayaan-1 were commissioned one by one as :  

RADOM : 23 Oct 2008, one day after launch. 

TMC  : 13 Nov 2008 (in the moon orbit) 

MIP  : 14 Nov 2008 

HySi  : 16 Nov 2008 

LLRI  : 16 Nov 2008 

M3  : 18 Nov 2008 

SIR-2  : 19 Nov 2008 

MiniSAR  : 17 Nov 2008 

CIXS  : 20 Nov 2008 

HEX  : 5 Dec 2008 

SARA  : 8 Dec 2008 (low voltage commisioning) 

All the instruments functioned satisfactorily. Figure 4 shows for the initial data of some of the instruments. 

            

            

        
Indian Deep Space Network (IDSN) 
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Establishment of IDSN was a vital element not only for Chandrayaan-1 but also to cater to future planetary 

missions. The existing ISTRAC/TTC and external S-band network supported slant range up to 100,000 km 

during journey towards moon orbit. Beyond this range during the mission profile and at lunar distance of 

approximately 400,000 km, IDSN was used both for TTC and payload data reception. The spacecraft position in 

orbit was determined using radio frequency ranging technique and computation of orbital parameters based on 

the measurement of range and rate of change of range. Two ground terminals one with 18 m antenna and 

another with 32 m antenna had been established at Byalalu village near Bangalore as a part of IDSN. Though 18 

m terminal was sufficient for Chandrayaan-1, 32 m antenna provided further margins and would cater to the 

futuristic needs also. ECIL, Hyderabad had the prime responsibility of realizing 32 m antenna with the technical 

contributions from ISTRAC, ISAC, BARC and others. Figure 5 depicts IDSN antenna.  

 

Compared to the International Deep Space Network stations of, Goldstone California, USA, the Bangalore 

IDSN has 180 longitudinal shift with respect to longitude and is centrally located with respect to the other two 

DSNs, namely, Villa Franca, Spain, and Perth, Australia. Establishing IDSN at Bangalore had the potential of 

commercial benefit since it could be useful to international space agencies for their planetary missions.  

Indian Space Science Data Centre (ISSDC) 

The IDSN in Bangalore receives the payload data. The data in its raw form along with auxiliary data is sent to 

Indian Space Science Data Centre (ISSDC) that has been set up in Bangalore. ISSDC would process the raw 

data and convert it into user-friendly form. The data centre also archives all the payload data and is the focal 

point for foreign payload teams as well. 

Present Status and the Road Ahead 

Chandrayaan-1 Spacecraft along with all 11 scientific instruments was fully functional in its targeted 100 km 

lunar polar orbit. All the newly built ground systems were fully operational. The scientific outputs as derived 

from Chandrayaan-1 instruments data will be released after due reviews by Chandrayaan-1 science team. The 

experience gained in realizing Chandrayaan-1 mission will be fully utilized for the upcoming Chandrayaan-2 

mission along with the mission specific updates. 

Summary 

The technical objectives of the mission namely, a) to design, develop and launch a spacecraft in a lunar polar 

orbit using Indian launch vehicle and b) to develop expertise for planning and execution of mission and ground 

systems for sending spacecraft beyond the orbit around the earth for future planetary exploration missions c) 

providing high quality data from all 11 science instruments amounting more than 6TB of data volume have been 

fully accomplished and initial findings like discovery of water, local magnetic field, radiation environment and 

radar images of the lunar poles are quite encouraging.  

The scientific objectives of higher resolution topographic mapping of the Moon and imaging in X-rays 

identified for the present mission are unique experiments in many ways and would provide insight into the 

chemical composition of the moon and frequency of small impactors. A comprehensive image and topography 

of the moon will be generated using data from Chandrayaan-1 instruments in the coming months. Such a 

topography database would be valuable for onward research, by both Indian and the international science teams. 

It will also enable us to understand the lunar surface features for a more systematic planning of future missions. 

The Indian mission to the moon should be seen beyond the scientific results it has produced. Studies have 

shown that the moon could serve as a source of economic benefit to mankind and could be of strategic 
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importance. The moon can be both, a beacon and a focus for the next generation of space exploration which will 

accrue new and important benefits, to the people of all nations and the earth. 

Just a few decades back, man never imagined that he would set foot on the moon. Decades from know, human 

colonies on the moon could become a reality. India should also be in the forefront of this challenging and 

exciting endeavor. Chandrayaan-1 mission is a well thought out mission in this direction and has lived up to the 

expectations paving the way for future lunar missions. The lessons learnt while managing Chandrayaan-1 could 

very well translate into a good message to the youth to be future leaders of different mindset. Chandrayaan-1 has 

demonstrated a good team spirit between engineers and scientists, setting an example for other ongoing projects 

in planetary science and as well for emerging interdisciplinary fields.  
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Space Transportation System: Indian Scenario and the 

Vision 

Dr K Radhakrishnan 

Chairman, ISRO 

 

INTRODUCTION 

India is one among the few nations having capability to build satellites, launch vehicles and launch them from 

its own soil. Our Space Transportation Systems (STS) fleet consist of PSLV and GSLV which are currently 

operational and meets the demand of launches of all the Remote Sensing spacecrafts and communications 

spacecrafts of GSAT class. India has the capability to define and develop spacecraft systems for communication 

(INSAT), remote sensing (IRS) and scientific applications (Chandrayaan-1). Space based applications through 

remote sensing have been serving many areas such as natural resource mapping, disaster management and 

surveillance. The INSATs are the backbone of the telecommunication and Television networks in India. Novel 

applications such as tele-medicine, tele-education have been introduced through these spacecrafts for the benefit 

of the common man. The vision of the founding fathers of the Indian Space Programme has been accomplished 

fully. The vision was to apply the advanced technology of space for solving the problems of the common man 

and benefit the society at large. Now ISRO is treading on a new path with a second cycle of vision. Having 

established this end-end capability in the space segment, it is important to sustain and enrich the capabilities 

through the development of cost effective space transportation systems, advanced spacecrafts, contributions in 

basic science, interplanetary exploration and human presence in space. 

The Space Transportation System (STS) is the backbone of the Space segment. The Rocket propulsion 

technology has remained very closely guarded, due to its duel use nature. It is one of the difficult technologies to 

be mastered in terms of acquisition of expertise and investments required for infrastructure development. The 

capability to place our satellites using our vehicles gives us an immense strategic edge and at the same time 

significant cost-effectiveness. The goal of ISRO is to sustain this advantage of mastery over the launch vehicle 

development in a cost-effective manner and extend its wings to the other areas of space transportation systems 

such as re-usable launch vehicles and human space transportation. 

EVOLUTION OF ISRO LAUNCH VEHICLES, PSLV & GSLV 

The development of the rockets in India started in the early 60s at TERLS, Thumba with the launching of small 

sounding rockets. The development of a Spacecraft Launch Vehicle was the logical route to be followed. The 

SLV-3 was the learning ground of the new technologies that later paved way for the development of PSLV and 

GSLV. SLV-3 was based on an indigenously developed all solid propulsion technology, with a capability to 

place a spacecraft of about 40 kg mass in a Low Earth Orbit (LEO) of about 400 km. In addition to the 

propulsion systems, host of other technologies got developed in the process and new facilities were established. 

TheAugmented Satellite LaunchVehicle (ASLV) was an SLV-3 derived vehicle with a payload capability of 

about 150 kg. ASLV further advanced the knowledge base of launch vehicle design through the introduction of 

strap-on technology, bulbous fairing, Closed Loop Guidance (CLG) system, Strap-down Inertial Navigation 

System etc. The first two launches ofASLV failed to achieve the mission and the analysis of the failure gave 

valuable inputs to the future developments for PSLV especially in the areas of atmospheric flight dynamics, 

structural design, control systems design and control transfer algorithm between stages. 

The SLV-3 and ASLV were the learning phases in the Launch Vehicle development. They were not to become 

the operational launch vehicles. However, the design methodologies, simulation and validation methods, facility 

elements etc. were established in smaller scale during this programme.  

The PSLV design (Figure 2) started during the development phase of the ASLV. This vehicle was the designed 

as the operational launcher for the remote sensing spacecrafts of India, which were being launched through 

procured launches. Host of propulsion and other technologies were developed during the PSLV programme. The 

biggest ever solid motor, S125 (later upgraded to S139) and the necessary infrastructure for the production were 

established. The liquid propulsion second stage was an acquired technology through the collaborative 

development programme with SEP, France. The third stage solid motor with composite casing was developed 

which is one of the best solid motors in terms of performance. The upper stage was using an indigenous liquid 

engine based on earth storable propulsion technology. Host of other technologies were developed in the areas of 

control systems, avionics, inertial systems, mechanisms and pyros, simulation and testing. The first flight of 

PSLV could not achieve its mission objectives, but it identified certain system weaknesses which were corrected 

in the subsequent mission. PSLVso far scored sixteen consecutive successful missions. 
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The GSLV (Figure 3) was developed for achieving the indigenous capability to place communication satellites 

in GeosynchronousTransfer Orbit (GTO). The GSLV relied on the technology heritage of PSLV. The new 

Cryogenic propulsion stage was procured form Russia. It also used liquid strap-on motors for the first time. The 

very first mission of GSLV was successful, and placed a 1900 kg spacecraft in theGTO, proving the maturity in 

the design and development of Launch Vehicle Technology. The cryogenic upper stage was later developed by 

ISRO and was used in the GSLV-D3 mission.  

               

 

DEVELOPMENT OF GSLVMK-III 

Commensurate with the growing spacecraft size, the next vehicle under development is the GSLV-MK-III 

(LVM3) (Figure 4), which is having a capability to place a 4 ton spacecraft in the GTO. With this development, 

all the communication spacecrafts could be launched through our own launchers. The cost of launching per kg 

of the spacecraft is brought down by50%compared to the present launch vehicles.  

LVM3 is a three-stage vehicle using solid motors with 200 ton propellant loading and a cryogenic upper stage 

with a new engine having 20 ton thrust and 25 ton propellant loading. The development of the vehicle systems 

are in the advanced stage. The S200, the biggest solid booster (Figure 5) developed by ISRO was successfully 

ground tested during beginning of this year. 

The L110 core liquid stage (Figure 6) was tested for the flight duration of 200s during September this year. The 

C25 engine is in the advanced stage of realisation. The turbo pump systems were tested successfully with start-

up system. It is expected that the first demonstration flight of LVM3will take place in the first quarter of 2012.  

             

IMPROVEMENTS IN PRESENTSTS 

PSLV and GSLV are the operational launch vehicles of ISRO. PSLV is a very rugged and versatile launch 

vehicle, which has demonstrated the capability in carrying out a variety of missions. In PSLV-D2, the payload 

was 856 kg, which was progressively enhanced to the present level of 1600 kg through a systematic 

improvement programme involving optimized upper stage design with composite structures, performance 

improvement for the upper stage solid motor, enhancement of propellant loading in the booster (S139) and 

strap-ons (PSOMXL) and increase in propellant loading in second stage (PL-40) and in the fourth stage (L2.5). 

The PSLVhas carried out variety of missions such as GTO mission of Kalpana-1 in PSLV-C4, small satellite 

missions in PSLV-C2 and C3, large inclination planar missions in PSLV-C8 and C9, and multiple spacecraft 

missions in PSLV-C10, dual launch of two main spacecrafts in PSLV-C7 & C8. In the PSLV-C11 mission, 

India's first moon mission, Chandrayaan-1 was launched weighing 1380 kg in a highly elliptical orbit with 

22600 km perigee. In the last PSLVC15 mission, a high resolution remote sensing satellite, Cartosat-2B along 

with four other co-passenger satellites were placed in orbit, one of which was Studsat realized by students in 
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Indian Universities. Preparations are on for the PSLV-C16 mission, carrying Resourcesat-2, X-sat from 

Singapore and Youthsat. 

The GSLVis capable of launching a spacecraft of 2300 kg in the GTO. The GSLV will continue to be used for 

launching communication satellites and navigational satellites. In third development flight of GSLV-D3, the 

ISRO developed Cryogenic upper stage was flight tested. The mission was terminated due to malfunctioning of 

the cryogenic stage. The failure analysis concluded that though the engine got ignited, it failed to sustain 

thrusting due to seizure of the fuel boosted turbo-pump. The realisation of the next cryogenic stage is in progress 

after validation of the failure scenario and further demonstration tests. The immediate launch of GSLV-F06 will 

take place in December 2010 with the communication satellite GSAT-5Pweighing 2310 kg. 

Figure 7 shows the improvements in the payload capability and the corresponding reduction in the launch cost 

per kg of spacecraft mass to orbit for the ISRO launch vehicles.  

 

FOCUS ON THE SPECIFIC TECHNOLOGIES  

Launch vehicle design is a multi-disciplinary technology and integration of these technologies and their 

interactions at system level is the key. The Space Transportation System development is built around this 

mastery to engineer and integrate various types of these technologies. A review of few of these areas is made 

highlighting the developments. 

Aerodynamics, Mission&Vehicle design 

Aerodynamic characteristics and loads are the primary input for the design of any aerospace vehicle. From 

dependence on analytical, empirical and experimental methods, now there is an increasing shift towards the use 

of CFD for generating design data. Indigenous capability has been achieved in the CFD area required for the 

launch vehicles and reentry vehicles. The ‗PARAS‘ software tool is used along with the results from the wind 

tunnels established in ISRO and other National Laboratories. The availability of low cost computer clusters 

coupled with large parallel computing capability enables high fidelity aerodynamic study of large number of 

configurations at the preliminary design stage itself. This is followed by experimental studies which focus on 

high quality data generation for the finalized design. Keeping in mind the future hypersonic re-entry missions of 

ISRO, a hypersonic wind-tunnel facility of 1m test section, capable of simulating flows up to Mach number 12 

is being built at VSSC. A beginning has been made to use CFD in formal Multi-disciplinary Design 

Optimization (MDO) of re-entry vehicles employing CFD based Artificial Neural Network (ANN) models. In 

future, such high fidelity aerodynamic configuration optimization will be of routine nature. 

The computational and theoretical capabilities for launch vehicle and other advanced missions have been 

developed over the years. This capability has been amply demonstrated in the recent missions of ISRO such as 

Chandrayaan-1 and SRE. India's historic entry to the club of countries having re-entry technology took place on 

22nd January 2007, when our spacecraft reentry capsule successfully with stood earth re-entry and was 

subsequently recovered back into possession. SRE was intended as a technology demonstrator for re-entry & 

recovery of an orbiting module, providing a platform for long duration microgravity experiments in space and 

also to gain confidence in development of basic technologies required for future missions such as reusable 

launch vehicles and human space flight missions. Important technology developments attained were in aero-

thermodynamics, development of lightweight, reusable thermal protection systems, navigation, guidance & 

control, management of communication blackout and recovery support systems. 
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Solid propulsion systems 

Solid propulsion has remained the core technological strength on which launch vehicles were configured. ISRO 

produces world-class solid motors in a wide range of propellant mass. The spin motors used in Moon Impact 

Probe (MIP) has only 6 gm propellants whereas the booster of LVM3 has 200 ton propellant loading. The HPS3 

motor of PSLV third stage having a mass fraction of 0.92 and ISP of 295s is one of the world class solid motors. 

A comparison of the biggest solid motors of the world with S200 motor of LVM3 is made in the following 

table. 

 

The progress of this technology and the present capability is due to the mastery in critical technology elements 

such as development of efficient fuel binders like HTPB, achieving high solid loading of the propellant to the 

extent of 86%, development of high strength materials such as Maraging steels and use of composite materials 

for motor cases, development of case bonding technique and development of facilities for production of 

propellants, propellant processing and testing of motors. 

Capability has been established in terms of software and hardware design for carrying out a wide range of 

analysis like performance prediction, thermal analysis and thermal protection systems, grain and other structural 

designs, flex nozzle technology etc. Aluminum composite propellant system with HTPB binder are used in all 

motors due to its higher specific impulse, better mechanical properties, better castability, and higher safety. 

However, constant effort is being taken by the R&D group to improve and modify the system through 

developing better bonding and curing agents, inclusion of high energy oxidizers such as HMX, use of nano-

aluminum etc. The production of the ingredients of the propellants has been established in Indian industries and 

within ISRO. 

Liquid propulsion systems 

The development of the liquid propulsion systems started in the 70s and found its way into the control systems 

of SLV-3. Today we have a wide range of liquid engines with thrust levels of 1 N to 600 kN. Different types of 

liquid propulsion systems were developed based on mono propellants, bi-propellants, hypergolic and non-

hypergolic types. The second stage and upper stages of PSLVare earth storable liquid engines which are being 

produced in the industry. The high performance pressure fed-engines of the upper stages and spacecraft engines 

are the products of in-house development. 

The Cryogenic engine technology has now been mastered with the development and flight testing of the 

cryogenic stage used for the GSLV. Facilities have been established at Liquid Propulsion Systems Centre 

(LPSC), Mahendragiri, for the integration and static testing of the engines and stages.  

Materials and Structures 

Indigenous development of ultra high strength grade Maraging steel, with yield strength as high as 1800 MPa, 

enabled the realization of world-class solid booster casings for our launch vehicles. Processing of Electro Slag 

Refined (ESR) grade high strength low alloy (HSLA) 15CDV6 steel plates and rings and mastering of their 

welding and heat treatment technologies is another critical development. 

Development of new material for lighter, stronger and stiffer metallic alloys, e.g. Al-Li alloys, high temperature 

Ti-alloys such as HalfAlloy square tubes for inter-stages and high specific strength Beta titanium alloy for 

pressurized gas bottles are important developments. A variety of austenitic and semiaustenitic stainless steels, 

super alloys, copper-zirconium alloy, refractory metal Columbium based alloy, powder metallurgy products 

such as Nozzle Throat Inserts, bi-layered copper-tin seal rings and silver-graphite composite brush blocks, 

bimetallic adapters based on alloys of stainless steel and aluminium alloy were also developed. Maturing of 

composite technology has provided high strength/stiffness low weight structures such as the Kevlar/Carbon fibre 

motor cases, nozzle backups, CFRP heat shield, inter stages and payload adaptors which have improved the 

payload capability. 
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A range of developments in special chemicals were undertaken such as special propellants, special thermal 

paints, adhesives, rubber elements, potting compounds, primers, optical films, and thermal screens for cryo 

interstages. Expertise in high temperature materials such as Carbon-Carbon, CMC, SiC, Silicide, Zirconia 

coatings are also attaining maturity. 

Establishment of a world-class Cast House at BALCO to produce highest quality billets and Ring Rolling Mill 

at M/s Bay Forge, Chennai to process rings upto 5 m diameter are the noteworthy milestones in the 

establishment of indigenous capability within the country. 

Investments are being made to develop expertise in hot structures, Shape Memory Alloys and Metallic TPS for 

light, thermal barrier coatings and efficient structures.Another critical thrust area is nano materials, which 

involves developing CNT based Metal Matrix Composite Structures, Functionally Graded Materials, CMC, 

nano polymers and Smart Materials which are the thrust areas for the future. 

Avionics, Navigation Guidance and Control systems  

The avionics systems for the launch vehicles are mainly the Navigation, Guidance&Control (NGC) systems, 

telemetry and tele-command systems and power systems. These systems have been developed indigenously and 

used in all the ISRO missions successfully. The design capability exists within ISRO and the production is 

through industry. In the inertial sensor area indigenous capability has been achieved with ISRO sensors being 

used in all the spacecraft and launch vehicle missions. The accuracy of the spacecraft injections achieved speaks 

of the quality of the inertial sensors.  

Guidance system controls the translational dynamics while the Digital Auto Pilot (DAP) controls the rotational 

dynamics. Navigation has the vital role of measuring the translational and rotational states of the vehicle. The 

acceleration and rates are integrated to compute the Euler angles, velocity vector and position vector. Closed 

Loop Guidance (CLG) system generates optimum steering commands based on the states measured by 

navigation. After the development of algorithms like E guidance, FE Guidance and VG guidance schemes, a 

Unified Guidance scheme which is a single algorithm, can be configured for different vehicles and missions, is 

being developed. 

The control actuation systems and their power plants are the backbone of the NGC system. They follow the 

commands and steers the vehicle through the required trajectory. Various types of control system in vogue for 

launch vehicles have been developed and used in all the programmes. Starting with small control thrusters based 

on mono propellants to gimbal control systems for all, the liquid engines have been developed. For LVM3, the 

large flex seal control system for the solid motor with electro hydraulic actuation systems having 30 ton force is 

one of latest developments. 

Hardware production and industry interface 

The launch vehicle hardware design, development tests and their integration is carried out in-house. But the 

launch vehicle sub-systems such as motor cases, light alloy structures, engines, avionics packages, propellants 

and chemicals are produced in the industry. The partnership between ISRO and the industry has been a long 

standing one with mutual benefits. As an example, the development of the Maraging steel took place in ISRO, 

but the large scale production and processing is carried out through MIDHANI and Rourkela steel plants. The 

productions of the motor cases are from L&T and WIL. The light alloy structures are produced at HALmaking 

use of their expertise in the field of aerospace structure manufacturing. The precision fabrication required for the 

control systems, component modules for the propulsion systems, pyros and mechanisms are through many of 

the Indian industries who have developed the expertise in association with ISRO. The production of Vikas 

engines and Cryo engines are through a consortium of industries, with the technological support from ISRO. 

The development of the new launch vehicle LVM3 poses new challenges in terms of the size and precision 

requirements of the hardwares. Perfecting the fabrication techniques is the key to the successful development of 

the new C25 upper stage cryogenic engine. Some of the challenges are in the process of five-axis milling of the 

thrust chamber to generate the precision coolant channels, brazing of the outer chamber and welding, production  

of high quality injector elements that provide consistent performance, machining of turbo pump impellers and 

casings with complicated profiles and precision. 

Assembly and integration 

The assembly and integration of the space transportation system involves significant amount of system 

engineering and planning. The sub-systems are integrated electrically and tested out. The stage level tests are 

carried out to ascertain the performance before shipping them to the launch site. The methodology and protocols 

were developed over the years and perfected through the launch vehicle programmes. The facilities are planned 

for meeting the specific needs of the sub-system and stage integration. The hardware sub-assembly preparation 

and integration at launch pad are meticulously carried out in an orchestrated manner. 

FUTURE PROGRAMMES 
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The development of the future space transportation systems is aimed at bringing down the launch cost by half 

for placing a kg of spacecraft mass in orbit through the expendable launch vehicle technology and by the 

reusable technologies. At present the expendable launch vehicles are being continuously upgraded for increased 

payload capability through incremental improvements. Larger vehicles are being developed with fewer stages so 

as to bring down the cost of launching to 50% of the present costs. It is also our target to increase the indigenous 

contents in the space transportation system and efforts are on to fully become self reliant in the area of materials, 

special components etc. 

In the area of launch vehicle technology continual research in advanced propulsion methods is essential for 

reducing the cost of access to space and for further space exploration. Significant R&D effort is being carried 

out in the area of semi-cryo propulsion and air-breathing propulsion. On the space exploration front, candidate 

technologies include ion propulsion, pulse detonation, beamed energy, nuclear propulsion, antimatter propulsion 

and magnetic levitation launch assist. Air breathing propulsion systems reduce system weight since they do not 

carry oxidizer.  

Technology demonstrator for Reusable LaunchVehicle 

Accessing space like air travel with a short turnaround time using a fully reusable single stage vehicle is the 

dream of the STS developer. A Two Stage To Orbit (TSTO) fully reusable vehicle is a practical solution, that 

will bring down the cost of the launches by an order. The configuration studies are in progress for a TSTO 

vehicle. As a precursor to this, a technology demonstrator for the Reusable Launch Vehicle (RLV-TD) is being 

readied for validation of the technologies. RLV-TD is a winged body which has interaction between 

aerodynamics, structures, propulsion, guidance, control and navigation. The flight path of RLV-TD is similar to 

that of the first stage of a TSTO vehicle. The vehicle hosts a variety of cutting edge technologies such as 

Carbon-Carbon / Inconel hot structures. Flight Air Data System (FADS), controlled aerodynamic reentry, 

control logic and material development. The RLV-TD would serve as a flying test bed for proving many of the 

critical technologies. 

Air-Breathing technology demonstrator 

As scramjet engine with supersonic combustion is recognized as the most critical element in Air Breathing 

Propulsion technology, the current focus is on development and flight testing of a scramjet engine. Under this 

program, supersonic combustion in ground testing and 3D reacting flow computational simulations have been 

successfully achieved. To demonstrate supersonic combustion in flight, a low cost twostage flight technology 

demonstrator (DMRJ-FTD) is conceived. Novel mission profile has been arrived at for the vehicle by which it 

will dwell on the ―Mach number-dynamic pressure‖ (M-q) window of interest for about 5 seconds enabling 

evaluation of the scramjet performance.  

The roadmap for STS development envisages the expandable launch vehicle upgrading and cost reduction 

through the use of semi-cryogenic technology and development of a unified launch vehicle which is derived 

from GSLV Mk-III. The knowledge gained from re-entry technology demonstration, RLV-TD and air breathing 

technologies will lead to a TSTO vehicle which will be fully reusable. This approach is pictorially shown in 

Figures 8 and 9. 

       

HumanSpaceflight 

The access to space by humans provides immense advantage in terms of future exploration. There is a renewed 

interest world over for further human exploration of moon and other planets. Building space stations, 
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establishing base in moon and to begin further exploration missions from there are being thought of. To acquire 

the capability to transport human being to space and bring back safely is a challenging task. The present launch 

vehicles are to be up-rated for human transportation by building adequate safety, reliability and failure detection 

and abort capabilities. Studies have been initiated including human rating of the launch vehicles, development of 

the technology elements for the human space capsule with its constituents of life support systems, 

environmental control systems, recovery systems etc. It is the new vision of ISRO to acquire this capability of 

Space Transportation of human beings in the near future. An orchestrated effort with other scientific 

establishments, industries and ISRO centres has been initiated. 

TECHNOLOGY ROAD MAP 

ISRO believes in continual improvements in technology, capability and scope driven by necessity. Besides 

catering to all remote sensing and earth observatory requirements, the vision beckons the space programme 

beyond mastering the re-entry technology to inter-planetary mission, rover to moon and to human space flight. 

Technology has to be aggressively taken forward; new technology has to be imbibed. 

To meet the surge in space flights, generation of high fidelity, fast and robust aerodynamic data demands 

establishing state-of-the- art aerodynamic & aero-thermodynamic test facilities and developing highly accurate 

and versatileCFD tools. For thermal protection, research is underway for suitable coatings for thermal and 

radiation protection as well as acoustic and cryogenic insulation. Also micro-meteoroid impact resistant systems 

are vital for protection from small objects traveling at very high speeds. Studies have been initiated in inflatable 

space structures, free return trajectories, IP based telemetry tracking and soft lander. Space debris engineering 

models are being developed for success of these critical missions. 

Human spaceflight missions demand unprecedented stress on safety and reliability. Software and hardware 

implemented fault tolerance, redundancy management, structural health monitoring, crew health monitoring are 

to be developed. Polymer sciences have to deliver special polymers for space suits, opto electronic polymers and 

fluoro polymers and chemicals for life support systems, energymanagement systems such as super capacitors 

and advanced fuel cells. Moreover for operations while in space, research is to be done for MEMS and NEMS 

based actuators and robotic manipulators. The futuristic concepts of space habitats demand research in the areas 

of micro-gravity processing, solar welding and also thermal control for long duration missions. And in the times 

to come, efforts have to be directed towards in-situ synthesis for planetary habitats and material mining. 

CONCLUSION 

A brief overview of the developments in the Space Transportation Systems of ISRO has been brought out. The 

achievements in this critical technology area of national importance enabled us to have end to end capability for 

the space missions without external support. The STS being an integral part of the space activities have been 

receiving adequate attention from all quarters. The programmes to improve the payload capability and reduce 

the cost of the launch vehicle are bearing fruit. The rates of launches of PSLV and GSLV have increased 

substantially to meet the national goals of space based applications as well as to participate in the commercial 

launch service market. The infrastructure and the industry capability are being enhanced to meet the increased 

production and launch requirements.Advanced launch vehicles and concepts are being given adequate attention 

so that we will not lag behind in this enabling area. 

The vision of the forefathers of the space activities in India have been enriched and built up on by the 

subsequent leaders. This tradition enabled ISRO to maintain continuity of programmes with adequate focus. The 

second vision for space has enthused the space community to take up challenges for exploration beyond earth's 

orbits and planning is underway to achieve and demonstrate further capabilities. 

 

Co-authored with: S. Somanath, Project Director, GSLV Mk-III Project, VSSC & S.R Vijayamohanakumar, Deputy Project 

Director, GSLVMk-III Project. 
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Mr Prabhakar, President of The Institution of Engineers (India), Mr Garg, President-Elect, Fellow Engineers, 

Ladies and Gentlemen 

I deem it an honour to be invited to deliver the prestigious Sir M Visvesvaraya Memorial Lecture at the 26th 

Indian Engineering Congress, particularly since we are celebrating his 150th birth anniversary. It is not for me to 

speak of his multifaceted personality, his many splendour achievements, and pioneering contributions to the 

development of Karnataka, and of our country. Suffice it to say, that he is truly honored and remembered on his 

150th birth anniversary as Engineer Statesman of the 20th Century, that India can be proud of.  

I have chosen the topic, ‗Technology and the Challenge of Sustainable Development‘. I shall start with a quote 

‗Life on this planet is a system consisting of human beings, resources, environment, ideas and possibilities. To 

act one must understand, to understand one must enquire‘.  

I wish to share some perspectives on the crucial role of scientists, technologists and engineers in addressing the 

myriad challenges of sustainable development. 

Several questions come to mind: 

(i) What are the key issues and challenges in sustainable development that call for better insights, analysis and 

solutions that Science and Technology can offer? 

(ii) How should technology orient itself to the challenges of creating a more sustainable future? 

(iii) What kind of emphasis should educational system place to meet the demands of skills of the high-tech era 

and a knowledge based society? 

(iv) What are the strategies and pathways required to be followed in crucial areas such as energy, water, food, 

transport, habitat, land use, and healthcare that impact on sustainable development? 

Sustainable Development rests on the three E‘s viz, Economic Development, Equity (social), and Ecological 

Balances. It essentially involves achieving society‘s economic and social development goals within the planet's 

environmental limits. The sustainability challenge is not just confined to the areas that I have mentioned. 

However, I shall focus on certain key areas such as energy, water and food security. First let me address the 

issue of energy for sustainable development. 

Of all the challenges to sustainability, energy and climate change looms largest. Finding energy pathways for 

sustainable development is therefore crucial. Unfortunately, energy issues have got embroiled in a variety of 

technical, social, environmental and geopolitical issues making it a rather complex subject to deal with. 

The current world energy system is saddled with inefficiency, anthropogenic emissions, climate change, uneven 

distribution of depleting fossil fuel resources, iniquitous consumption, increased supply vulnerability etc. If the 

world as a whole is to meet the economic, social and environmental goals of sustainable development, we must 

accept that fundamental changes in the energy system are necessary and that action should start in this direction 

right away. World leaders, recognizing the seriousness of the burgeoning energy problems, issued a call for 

urgent actions for reorienting energy policies to meet the goals of sustainable development in ways that will 

result in substantial increase in energy efficiency, increased share of renewable energy, and transition to 

advanced energy technologies. 

Global energy demand is continuing to grow unabated. All eyes are on China and India, where energy demand 

is growing at 2 to 3 times that of global annual average of about 1.7%. Energy supply is facing uncertainties, 

and prices are escalating. Energy-related environmental impacts loom large on the horizon. For these reasons, 

energy and climate change issues have been hogging headlines at both national and global levels. There is 

growing concern that the present patterns of energy production and consumption are unsustainable in the long 

run. It is this concern together with the threat of climate change is what is prompting the call for fundamental 

changes in the global energy system. 
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The basic question in this connection is, are there options for a sustainable energy future? The answer is clearly 

in the affirmative if only the world were to opt for a more diversified mix of energy sources than at present, and 

ensure a more efficient energy system with increasing share of renewables, and advanced energy technologies ¾ 

called the next generation energy technologies. 

According to a statement by Prof Chris Llewellyn Smith, Director of UK Atomic Energy Authority, experiments 

at the Joint European Torus (JET) had already produced fusion power at the level of 16 MW, and that fusion 

power is intrinsically safe, capable of producing energy in an environmentally responsible manner with 

reasonable economics. The construction of the International Tokomak Experimental Reactor proposed by a 

consortium of countries is a step in establishing fusion power as a practical option in the longer term. 

Distributed energy generation based on locally available energy resources is an option that is increasingly being 

advocated in many countries by introducing innovative policies and financing modalities, as it can provide 

opportunities for improving access to energy, particularly for dispersed communities in rural and remote areas. 

One of the key challenges of sustainability is related to our continued reliance on fossil fuels ¾ coal, oil and 

natural gas. Oil and natural gas pose new problems. International oil prices have risen sharply to the highest 

levels in history, although the price has dropped recently. The polemics about the future of oil, the extent of 

reserves and new discoveries, how long it would last, and whether production peak is imminent or has already 

occurred, potential supply and demand imbalance and price volatility, presents a somewhat bewildering picture 

of the situation. 

According to studies made by the International Energy Agency, global oil production will reach 118 million 

barrels a day, just to satisfy projected demand by 2030. The production will have to essentially come out of 

existing reserves for the simple reason that new discoveries have not substantially increased reserves. In the past 

30 years, new discoveries of oil have averaged only about 14 billion barrels per year, with recent discovery rates 

well below that. 

The transportation sector is almost entirely dependent on oil and there are as yet no clear cut alternatives that 

can substitute it in any large measure, at least in the foreseeable future. Electric vehicles and hybrids are on the 

roads. Vehicles with bio-fuels are in vogue in Brazil. This reminds me of my student days in Guindy during 

World War II when my research topic was ‗Nonedible Vegetable Oils as Fuel for Diesel Engines‘ and testing of 

Producer Gas Plants for buses. This was in response to petrol rationing. 

Leaving aside the transportation sector, if we look at the global primary energy demand, it is expected to 

increase by at least 50% between now and 2030 at an average annual rate of 1.6% to 1.7%, according to the 

International Energy Agency (IEA). An IEA report says that more than 70% of that demand increase will come 

from developing countries with China alone accounting for 30% of the increase. 

Electricity use has been outpacing GDP growth, particularly in developing countries, as access to electricity and 

the use of appliances have been growing with improved living standards. China, India, the Middle East, and 

Russia are adding massive power generation capacity. China, for instance, is expected to add another 500 GW 

of generating capacity by 2020, on top of the 400 GW added over the past two decades. India is planning to add 

another 300 GW over the next twenty years. Most of this capacity addition will be based on coal. Rapid capacity 

additions and rising demand for electricity are spurring a massive need for investment estimated to be at an 

average of $150-175 billion annually. If the challenge of sustainability is to be addressed in this regard, timely 

action is needed to progressively move from the current generation of fossil fuel technologies to more advanced 

next generation of energy technologies especially those relating to coal. These include, ultra supercritical 

thermal power generation, integrated coal gasification and combined cycle (IGCC). Other advanced 

technologies would include wind, solar, hydrogen, fuel cells and nuclear energy technologies. 

If the dominant role of coal, which is projected to continue in the foreseeable future, is to be managed, new 

techniques involving capturing and storing the carbon dioxide (CO2) from combustion could turn out to be one 

of the greatest challenges of the century. There are at least a dozen proposals for sequestering all the carbon 

dioxide generated from coal burning and to focus on research aimed at attaining perfection in clean coal 

technology that could provide climate friendly energy at a reasonable cost for hundreds of years. Scientists and 

engineers are working on methods for capturing the carbon dioxide as diverse as forcing the gases as they come 

out of smoke stack after combustion, and binding them with a liquid chemical. Two other possibilities include 

modifying or changing the air it is burned with. Babcock and Wilcox of USA is working on a technology to feed 

the boiler with oxygen, not air so that the flue gases are almost all carbon dioxide. Capturing the gas is one part 

of the equation. Finding a way to store is equally challenging.  

Coming to the challenge of climate change, scientific evidence seems to indicate that climate change is already 

showing its initial effects in the form of changes in weather patterns, hurricanes, typhoons, floods, snow melts 

etc, and that it could turn out to be one of the most serious problems facing humanity unless the world as a 

whole acts decisively to arrest the GHG emission trends. The consensus among the scientific community is that 

our climate is actually changing and warming; the remaining uncertainty is mostly about how fast and how 
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much this will impact the globe. While concerns about the climate change issue have been growing, 

commensurate action is not forthcoming at the global level. India, however has adopted National Plan of Action 

on Climate Change. 

National Action Plan on Climate Change 

India has initiated a National Action Plan on Climate Change recognizing the need of sustaining its rapid 

economic growth while dealing with the global threat of climate change. The national strategy builds into it 

targeted action on several fronts including the development and use of new technologies. In line with this 

thinking there are eight national missions: 

(i) National Solar Mission, 

(ii) Mission for Enhanced Energy Efficiency, 

(iii) Mission on Sustainable Habitat, 

(iv) National Water Mission, 

(v) Mission for Sustaining the Himalayan Eco-system, 

(vi) Mission for a Green India, 

(vii) Mission for Sustainable Agriculture and 

(viii) Mission for Strategic Knowledge on Climate Change. 

It is therefore clear that addressing the challenge of sustainability in the energy sector calls for maximizing 

energy efficiency, progressively transitioning to next generation of advanced fossil fuel and nuclear 

technologies, and securing a significant increase in share of renewable energy. 

Speaking about renewable sources of energy, the need for and the urgency to develop them are compelling 

because the future of sustainable energy seem to indicate that it is essential to have a significant share of 

renewable energy, say of the order of 20% to 30% in the overall energy mix. The good news is that there is a lot 

that is happening in the development and application of renewable sources of energy. Investments in RE 

capacity in 2009 was 150 billion USD. The top six countries with Renewable power capacity are China, 

Germany, Japan, USA, Spain and India. 

In India the national solar mission spearheaded by MNRE aims to establish our nation as a global leader in solar 

energy by creating the policy conditions for its diffusion across the country. The mission has as a goal to 

achieve grid parity cost for solar power and has targeted 20000 MW of solar power capacity from grid and off-

grid based solar technologies  both thermal and photovoltaic by 2022. The phased implementation has 

targeted 1000 MW by 2013; and additional 2000 MW by 2017, through the mandatory use of the renewable 

purchase obligation by utilities backed with a preferential tariff. This capacity is expected to be doubled 

reaching 10000 MW or more installed by 2017, based on progress. The ambitious target of generating 20000 

MW or more by 2022 will be dependent on the success of the first two phases, that could lead to conditions of 

grid competitive power. 

It is gratifying to note that several MW scale grid connected solar PV power plants have come on stream. As of 

July 2011, about 45 MW of capacity has been reached in various locations in the country according to MNRE. 

While I applaud these efforts, we feel compelled to admit that the capacity additions are indeed small compared 

to many other countries in Europe and America. 

The global shipment of PV is expected to touch 25 GW and cumulative capacity of installation is over 50 GW. 

Even though India started its quest for PV technology over three decades ago, our technology base has not kept 

pace. While we have established crystalline silicon technology for cell and module manufacture on our own, we 

have no indigenous capacity for silicon production. Nearly all the silicon is imported in the form of ingots and 

wafers. We must establish our own silicon production facility in a bid to augment our PV capacity. 

Development in thin film technologies such as Cadmium Telluride and Copper Indium gallium selenide, which 

are tending to reach GW scale production with prospects of sub one dollar costs abroad have hardly any 

footprint in India. A lot of innovations are taking place in PV technology for eg Tandem solar cells, printed solar 

cells on flexible substrates, nanotechnology based PV, dye sensitized PV, concentrated PV capable of reaching 

30% to 40% efficiency, micro inverters integrated with PV modules to mention are only a few of such 

innovations. 

While attention is more on grid connected system in our country, given the situation of level and grid 

availability, there is a lot of scope for off-grid system and deserves increased attention. 

Innovations in Renewable Energy are essential for a sustainable energy future. We will witness many 

innovations in the energy area such as energy conversion technologies with minimal carbon footprint, 



The Fifty-fourth Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the 

Twenty-sixth Indian Engineering Congress, Bangalore, December 15-18, 2011 
  

 

 

The Institution of Engineers (India)  
 

421 

distributed generator and hybrid RE systems, energy storage, smart grids, fuel cells for stationery and mobile 

applications, solid state lighting devices to mention a few where the innovation drive is well underway. 

There are a number of success stories. Wind power is one such area. The global installed capacity to generate 

power from wind energy has crossed 150000 MW. India comes fourth with 14000 MW. We need to strengthen 

the S&T base for further wind energy development to take advantage of future trends in terms of higher capacity 

wind machines and more advanced technologies such as custom designed permanent-magnet generators; 

variable-speed power electronic converters with improved performance characteristics and reliability; novel 

gearbox designs that are smaller and lighter; improved aerodynamic and structural dynamics codes that 

accurately predict unsteady loads and aerodynamic stall effects for lighter more flexible turbines under wide 

ranging atmospheric conditions; improved rotors that utilize aeroelastically tailored blades of advanced 

materials such as carbon-epoxy composites; advanced control techniques that can decrease total machine loads 

without increasing machine cost; higher blade tip speeds with reduced blade chord and lower aeroacoustic 

emissions; novel new towers employing self erection or advanced composite materials, offshore machines 

supported on floating platforms; and improved marine electrical collection systems.  

Biofuels 

Moving on, biofuels is another area of growing interest with a certain degree of success because they can 

provide substantial benefits both as alternative fuels for transportation as well as in mitigating climate change. 

Brazil with its huge ethanol programme has been in the forefront of biofuel production and use. World ethanol 

production is now in excess of 75 billion litres per year. There are more than 30 million cars running in Brazil 

on ethanol and gasoline flexi fuels. Both ethanol and biodiesel are attracting a great deal of attention of leaders 

across the globe, and programs are expanding all over the world. But concerns have also been voiced over their 

potential impact on land use, water and food prices. As a matter of fact, use of cornbased ethanol in the USA as 

fuel is already tending to increase the price of corn. 

The future of bio-fuels seems to lie more in cellulose-based, and non-edible oil seed approaches and 

establishment of biorefineries. If bio-fuels are to become a significant player in the fuel/energy mix at national 

and global levels, the use of land and water on a commensurate scale is inevitable. It therefore becomes 

necessary to critically examine the technical, economic, social and environmental dimensions of large scale bio-

fuel development under different scenarios that aims to project significant bio-fuel impacts in areas of 

transportation, greenhouse gas mitigation, energy security, and employment generation, particularly in the rural 

sector. 

While issues such as land availability and energy input-output ratios have been discussed in various forums, a 

holistic view of all relevant factors in the framework of sustainable development is what is called for, in order to 

guide specific policies in this regard. In other words, we need an integrated assessment of various factors 

involved. 

Hydrogen together with fuel cells is potentially a key option to address the challenges of sustainability in the 

long term especially in the transportation area. Fuel cell technology and systems are evolving rapidly. Since 

wide-ranging applications of high and low temperature fuel cell systems are envisaged for decentralized 

electricity production, and transport vehicles of all kinds, it is important to invest heavily in R&D on materials, 

catalysts components and systems. 

While solar energy has great promise for the world as a whole, it has particularly a key role in India's 

sustainable energy future. The world annual shipment of photovoltaic cells has crossed 25 GW, growing 

annually at about 25%. China has rapidly expanded production of SPV cells and has invested heavily to capture 

global markets. The United States has recently imposed added tariffs on Chinese solar imports to protect 

domestic US solar panel industry. 

Solar Thermal 

The solar thermal option particularly for power generation is equally challenging. It entails serious foray into 

areas such as solar concentrators, tracking systems, receiver designs, heat transfer and overall system 

engineering. Our country's considerable expertise in conventional thermal power development can be utilised to 

address these challenges and there is a strong case for building MW scale solar thermal power plants similar to 

those that exist in USA and Spain. Solar resources potential is indeed very large and developing this resource is 

critical to our energy security and long term sustainability. It is gratifying to note that a few new companies in 

our country are making a foray in the solar thermal power area. 

That renewable energy is an option capable of making an increasing contribution to the total energy mix is no 

longer in doubt judging from the way it is picking pace. Typical growth rates of renewable energy industry 

during the past five years are in the range of l5% to 30%, albeit from a relatively small base. For example, over 

the last five years annual growth rates reported are ¾ wind power 28%, bio-diesel 25%, solar hot water heating 

17%, off-grid solar PV 17%, geothermal heat capacity 13% and ethanol 11%. 
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Let me reiterate that, building appropriate energy technology pathways is an important aspect feeding into 

sustainability considerations. What will distinguish the next generation of energy technologies from current 

technologies is their accent on efficiency and near zero carbon emissions. By increasing our reliance on 

advanced and more efficient technology options we can both reduce the amount of energy needed to produce a 

unit of economic output, and at the same time, lower the carbon emissions per unit of energy used. 

Water and the Challenge of Sustainability 

I will now turn to sustainability issues with regard to fresh water for human needs, food security, and energy. 

Water and energy are going to be the two most crucial determinants for societies the world over during this 

century. The demand for both resources is increasing faster than ever. It is high time that we take cognizance of 

the fact that each of these resources might soon cripple the use of the other, unless we find better ways of 

managing these resources. 

We consume massive quantities of water in agriculture, thermal power generation and likewise, significant 

amount of energy are used to deliver clean water for human needs. According to a recent article in the Scientific 

American, the amount of water required to generate one MW-hour of electricity using gas/steam combined 

cycle systems is placed at 7400 to 20000 gallons, coal and oil based systems at 21000 to 50000 gallons, and 

nuclear at 25000 to 60000 gallons. 

The interplay between energy and water creates tough choices in specific instances. For example, is it a better 

solution for a specific city to import fresh water from a distant place or to import electricity to desalinate 

brackish water that may be available in deep aquifers below the city? To what extent does bio-fuel option or 

plug-in hybrids for transportation create strains between water and energy resources? 

Little is being done to address the tension between water and energy: water resource constraints are holding 

back solutions for more energy and energy problems are hampering efforts to supply more clean water. Solving 

the dilemma requires new national policies that integrate energy and water solutions and new institutional 

arrangements that bring the principal actors in these two areas to a common platform to look at supply and 

demand issues in a holistic manner. It is also important to place a realistic value on water, as in the case of 

energy, so as to ensure conservation and efficient use of both. 

Innovations can reduce the competing demands of water and energy. For example, use of drip irrigation and root 

irrigation in agriculture can reduce water and energy use in agriculture. Likewise, power plants can reduce the 

water requirements for cooling by using hybrid air-water cooling systems. Engineers must play a more active 

role in solving myriad problems of urban and rural water utilization. 

Increasing stress on freshwater resources caused by ever rising demand and profligate use, as well as by 

growing pollution worldwide is one of the serious concerns today in the context of sustainable development. 

Global water use has increased sixfold over the last century, more than twice the rate of population growth. In 

growing number of areas, limited freshwater resources is a major constraint on sustainable development, 

requiring difficult decisions regarding water allocation among various uses. Like the energy crisis which had its 

origins in the oil price hike in the 70s and the impact of the continuously escalating price of oil on our economy, 

the world could face a water crisis in the foreseeable future in many countries unless we recognize that water is 

not an unlimited free resource that can be exploited with abandon and wasted without consequences but as 

critical and finite resource to be managed and conserved like a precious commodity. 

According to the World Health Organization, approximately 2.4 billion people live in highly water stressed 

areas. Inadequate and unsafe water supply is a problem that impacts adversely on people, especially the poor as 

they face the issue of access to basic services. Yet, remedial measures over the years have faltered. Many of the 

most persistent pathogens are water borne and diseases result from contamination of all kinds. Diarrheal disease 

particularly in infants is still a major cause of death and directly attributable to contaminated water. If we are 

committed to sustainable development, it is imperative that water and sanitation issues should be given high 

priority in our plans. Improving human-life style and investing in universal availability of water services will far 

outweigh the costs involved as these will bring benefits by way of improved productivity and stimulation of 

income generation activities. In urban areas, increasing demand for water consumed by industry and by 

households and other municipal users is putting enormous pressure on water availability. 

While sound policies and programs are crucial to address water issues, engineers will have to show greater 

involvement in efforts at local levels to alleviate water stress by evolving effective techniques for protecting and 

restoring the ecosystems that naturally capture, filter, store and release water, such as rivers, lakes, wetlands, 

forests and soils, all of which could help in increasing the availability of water. Therefore, what is really needed 

is a multidisciplinary approach to water resources management, one that ensures coordinated development and 

management of water and related resources in order to maximize economic and social welfare in an equitable 

manner without compromising the sustainability of vital ecosystems. 
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Decision makers need to focus on integrated water resource management for efficient use of all water sources 

(groundwater, surface water and rainfall) and on water allocation strategies that maximize the economic and 

social returns to limited water resources, and at the same time enhance the water productivity of all sectors. In 

this endeavour, there needs to be a special focus on issues relating to equity in access to water and on the social 

impacts of water allocation policies. 

It must be emphasized that addressing water availability issues requires actions at local, national and river basin 

levels. It also calls for actions at international levels, leading to increased collaboration between nations on 

shared management of water resources (rivers, lakes and aquifers) and of the benefits thereof. A major challenge 

in addressing water scarcity in countries successfully is the institutional fragmentation of responsibilities in the 

water sector. Clearly, significant reforms needs to be undertaken, depending on local circumstances to address 

this challenge. 

The importance of effective use of water in agriculture and in achieving food security can hardly be 

overemphasized. According to FAO, agriculture today accounts for 60% of all water use globally. To keep pace 

with the growing demand for food, it is estimated that 14% more freshwater needs to be withdrawn for 

agricultural purposes in the next 30 years. Adding to the pressures on agricultural use of water is the increased 

awareness of the value of water in maintaining environmental services and ecosystem resilience. 

A systematic approach to agricultural water productivity is required if the challenge of sustainability is to be 

addressed satisfactorily. The expansion of agricultural land due to increasing demand for food and loss of arable 

land due to overintensive cultivation is one of the greatest threats to forests, wetlands, mountains and 

biodiversity. S&T inputs must be directed to reducing the pressure for agricultural expansion by increasing 

yields, and to reduce land degradation through sustainable agricultural practices, such as high-efficiency 

irrigation systems (for example drip irrigation), integrated pest management and efficient fertilizer use. This 

calls for actions at all levels, from crops and irrigation schemes to national and international economic systems, 

including the trade in agricultural products. Analysis of issues and informed discussion among stakeholders on 

the scope for improved water productivity to manage intersectoral competition for waterresources will be 

needed so as to optimize social and economic outcomes. 

Engineering Education and Sustainability 

Since we are moving into a high tech era and knowledge based society, many new challenges will be faced in 

developing the knowledge and skills required to achieve socio-economic development goals and yet remain 

competitive at the international level. Education at all levels has to be addressed in ways that sustainable 

development pathways demand. As science and engineering education will have tremendously important role to 

play in this rapidly changing environment, it should increasingly focus on the integration of knowledge, skills, 

understanding and experience. 

Therefore engineering education must be given new impetus in ways that will generate required skills in the 

emerging high tech era. Traditionally defined boundaries between disciplines are vanishing and therefore, 

engineers must have the capacity to work in interdisciplinery areas. Greater emphasis should be on creative 

problem solving and just not merely on analytical skills. I commend the idea proposed by some experts to 

include courses on subject-neutral design methodology in engineering education wherein students understand 

the multidimensionality of real life problems. 

Education in emerging high tech era must not neglect appropriate training in life sciences, as engineers interact 

with medical, agricultural, climate scientists leading to the development of new technologies and products for 

human welfare. The convergence of technologies can maximize the synergy among the various components of 

knowledge, healthcare, governance and economic development. Converging nano-technology, bio-technology, 

info-technology and cognitive science (NBIC) in conjunction with traditional engineering technologies are 

expected to change the ways research, product manufacturing and education are planned. 

The key challenges are : 

(i) Creating the multidisciplinary science and technology platforms  

(ii) Preparing the earlier education and training in NBIC 

(iii) Understanding the nervous system and the connection to mind, behavior, education and work productivity. 

We must not neglect training in multi-criteria decision making, basics of business and management, professional 

ethics and laws pertaining to intellectual property rights, environmental impact assessments, and sustainability. 

There is a trend these days for bright students to pursue management courses. Management education is not only 

about financing and marketing. It should encompass, innovative design, entrepreneurship, manufacturing of 

components, products and systems based on a cradle to grave approach that builds into it ideas about recycling, 

reuse and safe disposal of the product at the design concept stage itself. 
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In the decades ahead, there will be greater interdependence between the educational and corporate sector. 

Education of engineers should become a lifecycle with an interval of five years, for updating knowledge and 

skills. Institutions should offer specialized programs of short duration in selected areas deemed necessary. The 

Engineering Staff College of India, at Hyderabad has demonstrated its potential of offering such programs, 

having won several awards in the last few years needs to be supported both by the corporate sector and by 

Government in creating chairs in several fields like energy, water, transport and mobility, communications, 

management programs for public utilities like power, sea ports, airports, and urban services etc. 

Humankind has experienced three revolutions : agricultural, industrial and informatics. We are on the threshold 

of a fourth revolution  one which will make sustainable development, a prerequisite for economic growth, 

social equity, and competitiveness. The fourth revolution will demand a much better trained and more 

professionally competent work force. The countries whose educational and social environment produces such 

work force will take the lead in this century. 

I shall end with a quote ―we live in deeds, not words; in thoughts not breaths, in figures on a dial;  

We count time by heart throbs; he most lives, who thinks most, feels the noblest, acts the best. 

Thank you. 
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Sustainable Urban Transport 

Mr Mangu Singh 

Managing Director, Delhi Metro Rail Corporation 

 

As I stand to speak on this august occasion, two things come to my mind – First the recent smog in Delhi (and 

other Indian cities) and second Hurricane Sandy that devastated US cities recently.  

Behind both of these is believed to be a common thread – the Global Warming and behind Global Warming is 

human's unquenchable thirst for fossil fuel mostly being used for transport and which is the biggest danger to 

sustainability. 

This is happening in large part due to unsustainable march of fossil fuel consuming personalised transport. 

And when it comes to Indian consumption of fossil fuel for urban transport the perspective has to be clear – 

Nation has no alternative but to import 80% of the fossil fuel. 

When I look at the present context – I find the theme for the Congress in sync with the realities of the day when 

India is unmistakingly moving on path to faster urbanization and its cities and towns are already urban transport 

gridlocked. 

And keep in mind ladies and gentlemen, in last one decade Indian urban population has grown from 28% to 

32% and the march towards urbanization has only accelerated. 

The need for sustainable urban transport has to be met at war footing. And in this context the three concurrent 

themes of the Congress ―Engineering, Sustainable Development and Inclusive Growth‖ get subsumed into one 

common trait. 

I will focus my talk to the critical issue of ―sustainable urban transport‖ facing cities and towns of India and the 

responsibility that lies on the shoulders of Engineers to make it happen. 

This is a subject whose time came long ago. The price of inaction is humungous. And if we fail today, the 

generation next will never forgive us because cardinal to sustainability is inter-generational equity. 

Let me say Sustainable Urban Transport: is not an utopian concept, it means creating a symbiotic hierarchies of 

urban transport to ensure a combination of sustainable public transport systems along with non-mechanised 

transport meet the need of the populace optimally at least cost to environment and ecology. 

At the one end it calls for creating ―Maximum City‖ environment to enable environment-friendly walking and 

cycling and at another end it requires a canopy of Rail Based (Metro Rail, Mono Rail and Modern Light Rail) 

and Bus Based (BRTS and effective and comfortable fuel efficient ordinary bus services) to work in tandem. 

Sustainable urban transport is a goal towards which India has to march faster to give positive dividend to 

environmental and ecological sustainability, economic gain and a new societal compact for present and future 

generations.  

Let us turn attention to the Indian Scenario. 

India is changing and changing fast. The country no longer lives only in its villages. 

To quote some numbers from the study on Indian urbanisation by McKinsey Global Institute, by 2030, there 

will be 92 million urban middle class households, there will be 270 million net increase in working age 

population and 70% of all employment will be in cities and towns. 

Truth is, even today more and more Indians are living in cities and towns. 

And urban India already contributes more than two-third of total GDPof the country. 

Further, the trend is unmistakable – consensus estimates from recent studies and committees suggest ―By 2030 

(in less than two decades), 600 million Indians will live in cities and towns, which is twice of the total 

population of America today. 

Also the number of million plus cities and towns will grow beyond 75 and their total contribution to GDPwill 

exceed 75%. 

Cities and towns are already engines of Growth and will be far more important as a driver for the nation's 

prosperity and inclusive all round growth. 
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Urban India is also getting increasingly mobile, bulk of country's population is in the working age group and 

millions are getting added to the work force every year. Their mobility needs are increasing fast and has to be 

sustainably taken care of. 

Needless to say, mobility of senior citizens, children and specially disabled too needed to be addressed 

imaginatively and above everything else. These need innovative engineering solution. 

On the contrary, country's cities and towns present a picture of chaos and confusion – and it should be the 

Engineer's big challenge today. 

Both big cities (metropolitan towns) and smaller ones are transport-gridlocked today and the situation is 

worsening fast. In many arterial corridors of bigger cities, the per hour vehicular speed has dropped to single 

digit. 

Increasing disposable income of growing middle class, increasing options (and reducing prices – Nano effect) of 

automobile (both cars and two-wheelers), prestige attached to owning and driving personalized transport are all 

factors which are contributing to the urban chaos and unsustainable urban transport. 

And in the midst of confusion, lack of availability of sustainable public transport options makes the situation 

worse. Such a ground reality is taking cities and towns fast to the path of unsustainability. This situation needs 

to be altered fast and the problem needs to be addressed on war-footing and Engineers have a big role to play in 

this transformation. 

While the ground realities are deteriorating fast, the country has woken up to the challenges of urban transport 

problem only in the decade gone by. The success of Delhi Metro Rail Corporation has sown seeds of ―Urban 

Rail Revolution‖ in the country. 

It has heightened the aspiration of other cities and today nine cities in India are constructing metro rail. An equal 

number of cities are in advanced stage of planning for the same. 

The task is humungous, the McKinsey Report ―India's urban awakening: Building Inclusive Cities, Sustaining 

Economic Growth‖ suggests that India will need to construct 7400 km of Metro Rail by 2030, which is more 

than 20 times the total capacity added in last one decade. In the same period it will also need to pave 2.5 billion 

square km road, again a gigantic task. 

Can Engineers look for a bigger challenge? Our responsibility is to innovate in such a manner that costs of the 

projects come down, timing to completion are drastically reduced and quality of construction is one that makes 

India and Engineers proud. 

This is important because future of India and sustainability of a whole nation is at stake. 

The sustainable urban transport in the country has to have multipronged attack. 

It is needless to add that beyond particular Peak Hour Peak Directional Traffic (PHPDT) on heavy traffic arterial 

routes metro rail is the only solution in Indian cities and towns which have historically evolved. 

But this mode, the highest of hierarchies of urban transport has to be well supplemented. 

The multipronged attack of a ―mobility away from unsustainability‖ has to have the hierarchy of systems in such 

a manner that no city dweller has to travel for more than 500 meters for accessing a public transport and end to 

end connectivity has to be provided. 

 Metro Rail for corridors above a given PHPDT – for 20000-75000 PHPDT range, other than metro rail 

there is no effective solution.  

 A complementing quality affordable and comfortable city bus service working in tandem with Metro rail. 

 In corridors below PHPDT of 20000, instead of ad-hoc system selection, depending upon the city profile 

and the life cycle cost analysis, the options from Mono Rail, BRTS, modern LRTS should be chosen. 

The need for NMT – non-motorized transport has been totally neglected even though in both big cities and small 

towns, NMT infrastructure has to be substantially upgraded and dovetailed in such a manner that mobility needs 

of commuters are effectively addressed. 

NMT is one area which requires urgent Engineering solution- in unbridled march to motorization the need of 

―walking‖ and ―cycling‖' has to be converted into a pleasurable experience. Even ubiquitous cycle rickshaw a 

green mode of urban transport and income generator for the poor needs innovative engineering face lift. 

Let me turn back again to why sustainability has to become seamlessly imbedded in urban transport solution. 

Transport systems are significant contributors to environmental degradation, accounting for one fourth of world 

carbon emissions. Greenhouse gas emissions from transport systems are creating mayhem, growing much faster 

than other energy consuming sectors. 
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A deliberate movement away from the present predisposition towards personalised vehicles (car and two 

wheelers) centric urban transport has assumed critical importance. 

Urgency towards movement for sustainable urban transport also is derived from the fact that the situation in 

India has become critical even though the per capita personalised vehicle ownership is much lesser than even 

China. 

Let us stop here and compare different countries: 

―An average US urban dweller uses 24 times more energy annually for private transport than a Chinese urban 

resident, and almost four times as much as a European urban dweller. These differences cannot be explained by 

wealth alone but are closely linked to the rates of walking, cycling, and public transport use and to enduring 

features of the city including urban density and urban dispersal. 

We the Engineers of India have a duty to stop India from getting into this ―Un-sustainable Energy Cliff‖ if we 

have to save present and future generations from pollution, road fatalities, hours of life lost in commuting and 

saving precious foreign exchange by first decelerating and then reducing the use of fossil fuel. 

Needless to say, when it comes to bearing the composite cost of unsustainable urban transport, including the 

cost of negative externalities, poorest suffer the most. 

Time for us to act is now. And the goal that comes to my mind is: 

 Providing accessibility and mobility sustainable to individuals, companies and society safely and 

comfortably with intra and inter generational equity specially tending to the needs of the poorest. 

 If the urban transport has to be sustainable it has to be not only efficient and effective but also Affordable, 

and work in such a manner that the hierarchy of transport combines to give the comfortable mobility 

experience at least cost to the commuter and least cost to the environment. 

 Limits emissions and waste within the country's ability to replenish-it is here that the Engineers have a great 

responsibility to shoulder to bring innovative, best practices, cost efficient and ecologically sustainable 

transport solutions. 

Role Delhi Metro has played in Fast-tracking Sustainable Urban Transport in the country. 

The construction of the Delhi Metro project began on 1st October 1998, marking the physical commencement of 

the project. Since then Delhi Metro has come a long way and has crossed various landmarks in completing its 

phase-I and Phase-II covering seven lines. Delhi Metro's operational journey started with the opening of 8.5 km 

stretch from Shahdara to Tis hazari on 25.12.2002. Since then DMRC has witnessed unprecedented growth in 

all spheres and has emerged as the transport backbone of the city and commuters today recognize it as a fast, 

reliable, safe and comfortable means of travel. 

 Phase–I of the metro network, consisting of 58 stations covering 65.1 km, completed on 11.11.2006, three 

and a half years ahead of schedule and within estimated cost. With the opening of Kirti Nagar–Ashok Park 

Main section of Line-5 i.e green line on 27 Aug 2011, Delhi Metro completed its Phase–II covering 

additional 85 stations and 124.36 network kilometres again within compressed schedule and cost. 

 Presently construction of Phase III of Delhi Metro covering 136 km is in progress . This mammoth task is to 

be accomplished in a short span of 5 years. 

 Also DMRC has already started planning for phase IV of Delhi MRTS and a Detailed Project Report 

covering 115 km of metro network is under preparation. 

Operational Highlights 

 Today, the entire Delhi Metro Rail network, including Airport Express line, consists of 143 stations and 

about 190 operational km. spread across the length and breadth of National Capital Territory of Delhi. 

 DMRC's operational systems are among the most efficient in the world and trains have a punctuality of more 

than 99%. Ever since opening its first section for commuters in 2002, Delhi Metro has witnessed rapidly 

increasing upward trend in the ridership and revenue. 

 Presently we have an average Ridership of 2 million passengers travelling on our network every day and we 

are one of the few metros in the World which are making Operational Profit from Day -I. 

 For smooth movement of traffic and passenger convenience, Customer Facilitation Agents have been 

deployed at Automatic Fare Collection gates and platforms of stations witnessing high footfall. 

 More ticketing counters are being operated to reduce waiting time at the token counters and during the past 

one year there is an increase of about 8.33% in total shifts by ticketing staff. To meet challenges of ever 

ballooning ridership, Delhi Metro has also installed Automatic Ticket Vending Machines at several stations. 

 On special occasions, more number of trains are inducted in revenue services which run additional trips 

during such times. Special arrangements like providing extra coins, cash counting machines, etc. are being 

done at stations on special events like Trade Fair, Auto Expo, religious congregations, etc. 
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 Delhi Metro has also established world class training facilities and has its own training institute equipped 

with state of art training infrastructure including simulators, computer aided class rooms/labs, model rooms 

etc. 

 DMRC's experience and expertise is very relevant to other metro cities of Indian and similar developing 

countries. DMRC's recommendations therefore are more reliable and bankable for these stake holders. 

 Delhi Metro has made Special arrangements for disabled persons in the form of ramps and extra-wide AFC 

flap gates for wheel chair users, tactile paths for visually challenged passengers, Lifts buttons at a low level 

and in Braille, Chime to indicate train arrival and audio visual announcements, spacious train doors & lift 

doors etc. 

Benefits of Phase I and Phase II 

Alot has been talked about benefits which Delhi Metro has brought to Delhi and country. 

Let me briefly touch upon some of them. 

 Biggest benefit which DMRC has brought is two-fold: ―A DMRC Way of Handling Mega Projects 

successfully within cost and time‖ and second ―Adomino effect for the nation – a confidence that things can 

be done, the success being emulated by other cities speaks for itself. 

 Developmental projects such as this often result in environmental degradation, but DMRC broke from that 

pattern by implementing Environmental Management System (EMS) as per ISO 14001 standard; it was 

awarded ISO 14001 certification for environment-friendly construction practices. It is the second metro 

system in the world, after the New York subway system, to achieve this standard and the first to receive it in 

the construction stage. 

 Delhi Metro is the first railway project in the world to be registered by the United Nations Framework 

Convention on Climate Change (UNFCCC) under the Clean Development Mechanism (CDM), which will 

enable it to claim carbon credits. The certification report was produced by the Germany-based validation 

organization TUV-NORD on February 22, 2009. That organization conducted an audit on behalf of the 

UNFCCC and found that DMRC prevented the emission of 90,004 tons of carbon dioxide from 2004 to 

2007 by adopting regenerative braking systems in Delhi Metro trains. Another CDM project i.e Modal Shift 

has also been registered by UNFCC. 

 Implementation of rainwater harvesting in the depot, use of Fly ash, compulsory afforestation etc. are some 

other highlights of our concern towards Environment friendly vision and sustainable development. 

 As per the Central Road Research Institute ( CRRI ) report, the socio-Economic benefits of both the phases 

is summarized below. 

 

 

As per this report, the Economic Return of return ( EIRR) of Phase I comes to around 23% which implies that 

the entire cost of Phase I shall be got recovered in a span of four years.  

My dream for the future is what Delhi Metro has done for Metro Rail in the country, let many more success 

stories spring from all over India from bigger and smaller cities and towns in all areas of urban transport. 

Innovation, speed, technical excellence and sustainability of urban transport let it define the future of urban 

India  

Let me conclude by telling: 

―The responsibility of Engineers is to propel this ―sustainable urban transport movement‖ from beyond the 

confines of this conference room to the larger land-scape of cities, towns, states, nation and even taking to 

international shores to create winning collaborations‖. 

It is important because sustainability is no longer a mere environment concern- it also subsumes the issue of 

equity for today and survival for tomorrow. 
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Most of the tools and concepts of sustainable transport were developed before the phrase was coined. Walking, 

the ubiquitous mode is also the most sustainable. Public transport dates back to invention of the public bus by 

Blaise Pascal in seventeenth century. The first passenger tram began operation in 1807 and the first passenger 

rail service in 1825. Pedal bicycles to 1860s and London Underground first Metro Rail services also started 

service around the same time. 

The central message which emerges is that the advent of public transport was much before the cars and two 

wheelers came to centre stage creating unsustainability in the urban transport.  

Today we Engineers need to reinvent the zeal of innovations by digging in the same past and create winning 

innovative sustainable solutions for the future. 
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Inspirational Leadership in Engineering and its Role 

Nation Building 

Dr Thirumalachari Ramasami 

Secretary to the Government of India, Department Science & Technology, New Delhi   
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Smart Villages & Cities and Intelligent Buildings 

Integral Part of Sustainable Infrastructural Development 

Dr H C Visvesvaraya 

Past President, IEI and Former Vice Chancellor, University of Roorkee 
 

PREAMBLE 

Bharata Ratna Dr. M. Visvesvaraya, as you are all well aware, dedicated a substantial part of his life to 

infrastructural development and industrialization with a view to improving the quality of life in our society; as 

an engineer, he gave leadership in conceptualization, planning, designing, and executing a number of 

infrastructural engineering projects and incorporating innovations in many of them as suited to those times. 

For instance, this city of Hyderabad and its twin, Secunderabad, are protected from floods by implementing the 

plans made by Sir M.V., as he was popularly known then. In the Krishnaraja Sagara Dam near Mysuru and the 

Khadakwasla dam in Pune he came up with innovations including a new system of automatic Waste Weir Flood 

Gates and a gravity masonry dam with surkhi mortar; for the watersupply project in Sukkur in Sind he 

implemented the concept of ‗collector wells‘ rarely used in those days but found in text books on ground water 

hydrology. He introduced the Block System of Irrigation in the then Bombay Presidency, which laid the 

foundation for the sugar cane growing revolution in Maharashtra. He also planned and executed Water supply 

schemes inmany major cities. He provided the first plan for rural electrification to the then Government of India. 

In fact, practically, no area of activity of importance to the society, in those days, was left out without his 

personal attention, guidance and leadership. It will be too wide a canvas to cover all these areas. 

I have therefore chosen for today's Memorial Lecture in honour of him the same general subject of ―Sustainable 

Infrastructural Development‖ to which, he, as an engineer & planner, gave special attention. This subject, 

indeed, is also a vital part of the theme of this 29th Indian Engineering Congress. And in this broad field, I will 

briefly deal with some aspects of what some call as 'Modern or Smart Villages, Smart Cities and Intelligent 

Buildings'. 

Modern, Smart, Intelligent, Green are all adjectives used more to attract attention. They are all, broadly 

speaking, parts of any Sustainable Infrastructural Development in the context of overall National Development. 

Sir M.V. achieved most of his engineering achievements in the first half of 20th century. Since then Science, 

Technology, and Engineering have advanced leaps and bounds in several directions, many of which were not 

even dreamt of in Visvesvaraya days. 

These advances are now available in a variety of specializations. Whilst there cannot be an iota of doubt that 

these specializations are essential for progress, in order to realize the fruits and benefit from them for meeting 

our needs, we have to apply Multi, Inter, and/or Intra-disciplinary approaches as the National Building Code of  

India has emphasized in its very first part (Part 0). 

At the same time, the change in demographic scenario has also a major impact on whatever we do. The Planning 

Commission of India, in its 12th Five Year Plan Approach paper, had said, and I quote: 

―The country's total population, as recorded in Census 2011, at 1.21 billion, is slightly more than what was 

forecast. But the population growth rate has decelerated from 1.97 per cent per annum between 1991 and 2001, 

to 1.64 per cent per annum between 2001 and 2011. Notably, it declined in almost every State including those of 

the populous Gangetic plains. The deceleration reflects a much-needed decline in the Total Fertility Rate (TFR) 

which is estimated to have fallen to 2.6 per cent and is expected to decline to 2.3 per cent in the first half of the 

present decade. The Southern States have reached, or are close to reaching, the replacement level of fertility. 

Fertility levels in the northern states are also falling, but are still much higher than the replacement level.India 

has a younger population not only in comparison to advanced economies but also in relation to the large 

developing countries. As a result, the labour force in India is expected to increase by 32 per cent over the next 

20 years, while it will decline by 4.0 per cent in industrialised countries and by nearly 5.0 per cent in China. 

This 'demographic dividend' can add to growth potential, provided two conditions are fulfilled. First, higher 

levels of health, education and skill development must be achieved. Second, an environment must be created in 

which the economy not only grows rapidly, but also enhances good quality employment/livelihood opportunities 

to meet the needs and aspirations of the youth.‖ 

Therefore, our task in our chosen area of work is three-fold. First, we ensure that the available manpower is 

appropriately trained and judiciously and fully deployed, secondly, develop more villages and more towns, 

satellites, and cities to become 'SMART' and be sustainable human settlements, and thirdly we invoke Multi, 

Inter, and/or Intra-disciplinary approaches wherever it is necessary and beneficial. 
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SUSTAINABLE INFRASTRUCTURAL DEVELOPMENT 

Although India's investment in Infrastructure in the last two decades has been lower than those in many other 

developing countries as indicated by Fig 1, and India's 12th Five Year Plan projected investment in 

Infrastructure is as detailed in Table 1, it is expected that the investment as percent of GDP which was only 4 

percent in the 11th Five Year Plan period will be about 6.52% by 2016-17. Indication are this may further go up 

in the years ahead.  

 

It is important that with massive investment foreseen, it should be ensured the investment is sustainable. 

I need hardly say that when an infrastructure is developed in a 'Sustainable Regime' it is a 'Sustainable 

Infrastructural Development‘. 

The Sustainability context can keep changing depending on the context, but the basic principles of Sustainable 

Regimes required to secure Sustainable Development remain the same as that defined by the Brundtland 

Commission in 1987 and the Earth Summit in 1992 under the auspicious of the United Nations: 

―Sustainable Development is that development which meets the needs of the present generation without 

compromising the ability of the future generations to meet their own needs‖. 

Sustainable Development is a harmonious integration of Environmental, Economic, Social, and Cultural 

Dimensions‖. It is therefore a dynamic process. 

In this background, we can look into the development of our villages, cities, and buildings. 

Any Infrastructural Development has to simultaneously satisfy the following objectives. It should be: 

 Functionally Satisfactory 

 Energy Efficient 

 Material Efficient 

 Environmentally satisfactory 

 Ecologically safe 

 Structurally Safe against all forces and disasters 

 Economically efficient 

 Mitigate or Adapt to Climate Change Issues 

For any infrastructural development to be carried out in the best interest of the country, it is important that we 

have the following: 

1. Trained Manpower Resources 

2. Materials Required 

3. Equipment Needed 

4. Standards to follow 

5. Technical Audit over the life cycle 

The team utilizing the above and carrying out the development must also have: 

6. Time Consciousness 

7. Cost Consciousness 

8. Quality Consciousness 

9. Health, Safety and Environment Consciousness, and 
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10. Social Responsibility Consciousness 

11. Risk Consciousness 

And when all these are put together it will be 'SUSTAINABILITY CONSCIOUSNESS‖. Since it will be too 

long a lecture to deal with all the above issues, I will briefly highlight only a few of them for the present. I may 

however mention that the series of Indian Standards dealing with Construction Project Management now being 

developed by BIS under the series Is 15883 is expected to cover all aspects of construction management. 

MANPOWER RESOURCES 

Every Infrastructural Development endeavour requires appropriately trained manpower at various levels and in 

different disciplines. We must see that, if there is a shortage, it is made good well in time otherwise the 

development will suffer. As an example, we may take Civil Engineering inputs required under each sector. 

Although Real Estate, Construction, Building and Housing are components in most of the sectors and although 

these components are given considerable attention by the Planning Commission and other national fora, 

investment for these is not specifically brought out in the sectorial investments shown in Table 1. However, an 

expert group of the Indian National Academy of Engineering brought out a Report on ‗Assessment of Civil 

Engineering Inputs for Infrastructural Development‘. In their Report they have consolidated the requirements as 

indicated in Table-2.  
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This means, for all sectors put together an average annual enhancement of the order 160,000 Civil Engineers is 

required as against the current level of about 15,000. At about the same period, the Real Estate and Construction 

Professionals in India made a Report for the Royal Institution of Chartered Surveyors in which they summarised 

as in Fig 2. 

 

STANDARDS FORMULATION & IMPLEMENTATION 

Standards which have to be followed in a given situation of Infrastructural development have to be appropriately 

formulated and then ensured that they are properly implemented. International and National Standards and 

sometimes Association and Company Level Standards give vital guidance in the activities. There are a Plethora 

of Standards at each of these levels. What is required is that we have to properly implement the provisions in 

these standards.  

The International Standards Organization ISO has so far brought out 19500 Standards and one of them ISO 

37120:2014 deals with Smart Cities and I will deal with later. 

We are fortunate in India that, since the time of independence we have a well-founded national standards 

movement through ISI (now BIS). This national body has so far brought out close to 19000 National Standards. 

The provisions or stipulations included in these standards are not just a few people sitting down and writing 

down what they think is best; there is a great deal of knowledge input from different angles in the formulation of 

standards. First, there are three basic dimensions in terms of LEVEL, SUBJECT, and ASPECT; then, when we 

go a little deeper, there are three more dimensions in terms of TECHNOLOGY ORIENTATION, 

TECHNOLOGY TRANSFER INTERFACE, and SYSTEM STATUS. These types of basic aspects and their 

impact should be fully understood and kept in mind when a standard is being formulated or a formulated 

standard is being implemented. A couple of simple examples – one at the micro aspect of a standard 

specification and the other at the macro aspect of a standard code both relevant to construction activity as part of 

infrastructural development – will perhaps make the above abstract statements better appreciated. 

Let me choose a simple example of the material, ordinary Portland Cement, which is a vital component in most 

infrastructural developments. When India was under the British, as in most other cases, India had to follow the 

British Standards; even after independence, in the early years, the Indian national standard specifications IS 269-

1951 for Ordinary Portland Cement commonly used in constructions was also in line with the corresponding 
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British Standards Specifications, which amongst other requirements, specified that the MgO (Magnesium 

Oxide) content in the cement should not exceed 4%; so, the Indian cement manufacturers were compelled to use 

only such quality of inputs, specially limestone, as would ensure that the final product produced as cement did 

not have MgO content more than the specified 4%; the Indian Cement Industry had therefore to reject millions 

of tonnes of its main raw material – the limestone; this colossal national waste had to be stopped and so the then 

ISI initiated studies and it became clear that BSI had prescribed 4% because British Cement Industry did not, in 

those days, have much of High Magnesia limestone to bother about. Considering this Indian problem and its 

adverse effects on utilization of India's natural resources, systematic scientific studies in Indian laboratories 

were initiated by ISI which led to the limit of MgO being raised step by step since early1960s without any 

adverse effect on the performance of the cement produced. And today, it is at 6% permitting the Cement 

Industry to utilize millions of tonnes more of naturally available limestone raw material. Since then, many 

countries have followed India's initiatives and similarly revised their own national standards. 

The next example I have chosen is the National Building Code of India 2005. This is the most comprehensive 

and the largest national standard and it is the  Building Code for the Nation  a vital instrument in 

infrastructural development. It is a code formulated by having inputs from more than 400 members of 

committees & panels, 18 expert panels, 50 formal meetings, culminating into its 26 Chapters, having a total of 

around 1200 pages. The provisions in the Code are intended to ensure Safety, Quality, & Performance  

Structural Safety, Safety against Disasters, Health Safety, Fire Safety, and Public Safety. Disasters such as 

Earthquakes, Cyclones, Floods, River & Sea Erosions, Tsunami, Land Slides &/or Land Erosions are covered 

but not Unlawful Attacks, Blasts etc. per se. 

Amongst the 11 Parts of this Code, the first one named Part 0 deals with the need for integrated approach 

through multi, inter, and intradisciplinary activities. Recently a new Part has been added dealing with 

―APPROACH TO SUSTAINIBILITY‖ and also, a total look at all aspects are being taken with a view to 

bringing out by next year the National Building Code of India 2015. This will help us towards securing 

Sustainable Buildings. 

It is understood that 

(a) The Hon'ble Supreme Court has directed the State Governments/Union Territories to implement NBC 2005 

for ensuring safety of school buildings. 

(b) RBI and Planning and Housing/Infrastructure Finance Institutions have already made compliance to NBC 

2005 a pre-requisite for granting loans. 

(c) Fire Advisor to Government of India & the Chiefs of State Fire Services have been advised to appropriately 

modify regulatory media governing fire safety measures under their jurisdiction, in line with NBC 2005. 

(d) The Central & State Government and Building Regulatory Authorities have advised the public works 

organizations under the Ministry such as the Central Public Works Department and the National Building 

Construction Corporation that all the public buildings, life line buildings and other buildings owned or 

constructed by them must have provisions of fire safety and structural safety from natural disasters like 

earthquake as enshrined in NBC 2005 and also the local authorities to revise the local building bye laws 

appropriately to implement the provisions of NBC 2005. 

(e) The importance of imparting education about provisions of NBC 2005 to the students from the earliest stages 

so as to ensure effective implementation during their stage of professional practice for safe and orderly 

development in the country in the process of nation building has been emphasized on various technical 

educational institutions. 

There are also a number of other standards on certain aspects of sustainable development such as: International 

Energy Conservation Code, Indian Energy Conservation Building Code 2007, Green Rating for Integrated 

Habitat Assessment (GRIHA-the national rating system for green buildings in India), Leadership in Energy & 

Environmental Design (LEED) etc which are also useful. 

SMART VILLAGES: 

Whilst most of you wouldbe familiar with terms like ‗Smart City‘ you might be wondering why I am using such 

a term as, ‗Smart Village‘ which terminology has perhaps not been used earlier by any one. You will all agree 

with me that when we think of India's progress, we must first think of progress of our nearly 650,000 villages. 

These villages are presently at different stages of development; some are remaining totally undeveloped and a 

few are in advanced stages of development. 

For example, the village named PUNSARI in Taloda taluk of Sabarkantha district in Gujarat located about 80 

Km from Gandhinagar which has a population of about 6000 people can in my view be termed as a 'SMART 

VILLAGE' because of what it has developed into over the years. It is a village with Panchayati Raj System. 
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Punsari has a 66kV sub-station for electric power supply. Solar Power is also being harnessed; as a beginning 

solar powered lamps are provided in the village. 

To ensure good potable water to villagers, a water filter plant has been installed. Drinking water taps are 

available to all. Water tanks are arranged for wedding and other functions. The village also has a completely 

underground drainage and sanitation system. Door to door garbage collection is a regular practice in this village; 

a tractor visits each home to collect waste. 

Mini-buses are used for transport purposes within the village and to three small suburbs. The Panchayat has also 

started a bus facility called Atal Express which is also used for import of milk. For female students, the bus 

service is completely free. There are cement concrete paved roads in the village. 

For communications from the Sarpanch Office to the villagers, over a hundred waterproof speakers are installed 

spread over the village; and this is also used to convey exemplary slogans such as slogans of Mahatma Gandhi 

and also to play Bhajans, Music etc. There is also a toll free complain receiving phone service at the Sarpanch 

Office. 

There are eight kindergarten and five primary schools. Each primary school has CCTV cameras placed to enable 

parents check their wards' performance without interrupting the lectures and also to keep a watch on the 

teachers.Efforts have been made to provide best possible facilities to students. Air Conditioners are also 

installed in most of these schools. The school drop-out rate in theseschools is said to be zero. 

In addition, 25 CCTV Cameras are installed at primary junctions of the village. The village also has got Wi-Fi 

connectivity and the villagers can use unlimited internet once they procure their modem available from the 

Panchayat Office. 

Even disposal of the remains of the dead has also been taken care of. There is an 'Asthi Bank' where ashes of 

those cremated are collected in pots. These pots are taken to Haridwar periodically for immersion. 

The total cost of this development, at 2010-2011 prices is estimated to be about was Rs 14 crores; the village is 

proud to claim that the funds for doing all these are either from the self-generated corpus or from the state and 

central governments provided funds under their schemes and that no part of the funding is from any donation;  

the corpus was initially built when the village made a few plots in their land and sold them to the villagers. 

Those who pay taxes get gift; the Panchayat started by giving dust bins as gift. It is claimed that nearly 90% tax 

collection is achieved. 

It is also understood that all these achievements have been possible because the village has managed its funds 

and accounts efficiently and without corruptions and put to optimal use the government schemes and its funds. 

SMART CITIES 

If our villages can become SMART as illustrated above, what is the difficulty in our cities becoming smart or in 

our creating new cities which are smart. With limited population and limited areas to manage in villages many 

of the issues relating to their sustainability or making them smart can be more easily resolved and handled than 

in the case of cities. 

It is well known that when agrarian economies move towards industrial and service related economies, 

urbanization takes place. This leads to the rural population moving to urban locations. Globally, the urban 

population is increasing and the rural population is decreasing. (Fig 3). It is estimated that 90 per cent of the 

world's urban population growth will take place in developing countries. India's share in this will also be 

significant. Urban population in India is currently estimated at about 32 per cent of the total population and the 

urban contribution to GDP is about 61 per cent (Fig 4). 

      



The Fifty-seventh Sir Mokshagundam Visvesvaraya Memorial Lecture was delivered during the 

Twenty-ninth Indian Engineering Congress, Hyderabad, December 18-21, 2014 
  

 

 

The Institution of Engineers (India)  
 

443 

As you all know, transforming an existing city into a Smart City has many advantages and at the same time 

many difficulties. Similarly, to set up new locations to create smart cities has its own merits and demerits. In 

general, experience in many countries indicate that there has been better successes in appropriate transformation 

of existing cities rather than in setting up new ones. Either way we have to deal with a number of issues. 

One general definition is ―A Smart City is a developed urban area that creates sustainable economic 

development with aimed or implied quality of life by excelling in multiple key areas  economy, mobility, 

environment, people, living, and governance‖. Excelling in these key areas can be done through appropriate 

infrastructure, human capital and, social capital and utilization of Information & Communications Technology 

(ICT). Different sources define Smart City in different ways such as: 

 The UK Department of Business, Innovation and Skills considers smart cities a process rather than as a static 

outcome, in which increased citizen engagement, hard infrastructure, social capital and digital technologies 

make cities more liveable, resilient and better able to respond to challenges. 

 The British Standards Institution defines it as ―the effective integration of physical, digital and human 

systems in the built environment to deliver sustainable, prosperous and inclusive future of its citizens‖. 

 IBM defines it as one that makes optimal use of all the interconnected information available today to better 

understand and control its operations and optimize the use of limited resources. 

 CISCO defines it as one that adopts scalable solutions that take advantage of information and 

communications technology (ICT) to increase efficiencies, reduce costs and enhance the quality of life‖. 

 Accenture defines it as one that delivers public and civic services to citizens and businesses in an integrated 

& resource efficient way while enabling innovative collaborations to improve quality of life and grow the 

local and national economy. 

 Some other sources define itas one when investments in human and social capital and traditional transport 

and modern information and communications technology infrastructure fuel sustainable economic 

development and a high quality of life, with a wise management of natural resources, through participatory 

action and engagement. 

Steering away from such definitions, the International Standards Organization (ISO) has recently brought out a 

new Standard for Smart Cities ISO 37120:2014 with the title ―Sustainable development of communities – 

indicators for city services and quality of life‖ 

This Standard has been developed as part of an integrated suite of standards for sustainable community 

development under ISO's Technical Committee 268. This ISO Standard is a milestone in the development of 

Smart City Indicators and defines 46 core and 54 supporting city performance indicators that could and should 

be measured. It also provides for profile indicators such as population and GDP. All these indicators will help 

the decision makers on the one hand to compare which cities are most relevant for comparisons and help the 

authorities in arriving at Smart City decisions and investments. These 17 themes are listed below. 

LIST OF ISO 37120 THEMES (in alphabetical order) 

Economy 

Education 

Energy 

Environment 

Finance 

Fire & Emergency Response 

Governance 

Health 

Recreation 

Safety 

Shelter 

Solid Waste 

Telecommunication and Innovation 

Transportation 

Urban Planning 

Wastewater 

Water & Sanitation 

In order to make the best use of ISO 37120:2014, many cities globally are: 

· Assessing service performance and quality of life, 

· Prioritizing budgets of the cities, 
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· Improving operational transparency, 

· Benchmarking regionally and globally, 

· Supporting open data and applications, and 

· Leveraging public and private funding for infrastructural investments. 

Let us review these from time to time and take advantage of the outcome from these for our own decisions on 

Smart Cities. It is understood that the World Council of City Data is now piloting implementation of this ISO 

Standard in 17 cities globally. 

INTELLIGENT BUILDINGS 

A general definition of an intelligent building is it is a building within the sustainable regime that integrates 

technology, building, and energy management systems. An intelligent or smart building takes a number of 

building systems and brings them together to reduce energy consumption and make the building as efficient as 

possible. 

Some explain that an intelligent Building is run by a ―system of systems‖ that is integrated to deliver a higher 

level of operational efficiency and has improved set of user-interface tools than are usually found in traditional 

building automation. In some ways, an intelligent building can be considered an improved ―automated‖ 

building, incorporating more building systems and advanced functions. At a higher level, however, intelligent 

buildings are completely different. Typically, intelligent Buildings contain three layers of features that 

differentiate them from traditional building automation: Improved Building Systems, Control Systems 

Integration, & Enterprise Management. 

Dealing with Climate Change issues as related to Sustainable Habitats the ‗National Mission on Sustainable 

Habitat‘ first addressing Mitigation and Adaptation issues, says: 

―Dealing with climate change broadly requires two sets of actions. The first relates to mitigation and the second 

relates to adaptation. In a developing country like India, issues related to adaptation may be the primary concern 

since per capita Green House Gas (GHG) emissions are anyway only a fraction of emissions in developed 

countries and also significantly lower than the world average. However, there are many GHG mitigation 

opportunities that offer win-win possibilities i.e. mitigation along with overall reduction in costs. These 

opportunities need to be harnessed optimally. In this context, promoting energy ef?ciency in the residential and 

commercial sectors, improved management of water supply, sewerage and municipal solid waste and promotion 

of urban public transport assume great significance. Apart from mitigation, societies also need to respond to 

climate change by adapting to its impacts which include drought, changes in river hydrology, extreme rainfall, 

river and inland flooding, cyclonic storms, storm surge and coastal flooding, and sea-level rise‖. 

In order to implement the above policy and develop the infrastructural project, we need to first prioritize, 

conceptualize, plan, design, execute, and maintain the infrastructure during its life time. 

Just like us, some buildings may be more intelligent and some less intelligent; some may give more importance 

to solar power generation, that the power generated may be much more than needed within the building and so 

become a power supplier to the neighbourhood; some may give more importance to building management 

system etc. 

These general statements may become clearer from the following specific examples: 

(a) TCIL Bhawan: 

· Access Control System 

· Building Management System 

· Closed Circuit Television 

· Fire Alarm System 

· Public Address system 

· Uninterrupted Power Supply 

· Communication and IT Network 

· Rain Water Harvesting 

(b) Indira Paryavaran Bhawan: Has adopted solar passive design and energy efficient building materials. The 

building has been designed to conform to the highest green ratings- GRIHA 5-Star and LEED India Platinum. 

The key features include: 

Parameters  Features 

Ventilation  Effective Ventilation has been achieved by orientating the building in an East-West 

 direction, separating different blocks with connecting corridors and having a large 
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 central courtyard 

Lighting  Optimal design allows utilization of 75% of natural daylight, thereby reducing energy 

 consumption 

New and Renewable The building has the largest roof-top solar systems amongst multi-storeyed buildings 

Energy Sources in India, with installed capacity of 930 kW 

 A Solar power generation system has been provided at terrace level, by creating 

 6000 sqm support area, for meeting with the complete power demand of the building. 

 Power generation and is fed to the NDMC grid 

Total Energy Savings Total energy savings of about 40% achieved by adoption of energy Efficient Chilled 

 Beam system of Air Conditioning. An innovative air conditioning system, where air 

 conditioning is done by convection currents rather than air flow through diffusers and 

 chilled water is circulated right up to the diffuser points unlike the conventional 

 systems. Achieving 40% Savings in ENERGY and ZERO Electricity Billing  

Building Materials Green materials have been used like Fly ash bricks, regional building materials, 

 Materials with high recycled content, high reflectance terrace tiles and rock wool 

 Insulation of outer walls 

 Rapidly renewable Bamboo Jute Composite material has been used for door frames & 

 Shutters 

 UPVC windows, with hermetically sealed double glass. Calcium Silicate ceiling tiles 

 having high recycled content and grass paver blocks in pavements and roads 

Water Consumption  Reduction in water consumption has been achieved by use of Low discharge water 

 fixtures, recycling of waste water through Sewage Treatment Plant, use of plants with 

 Low water demand in landscaping, use of Geothermal cooling for HVAC system, rain 

 water harvesting and use of curing compounds during construction 

Source: Press Information Bureau, Government of India. 25 February 2014 

(c) Masdar City, Abu Dhabi 

Masdar City promotes the sustainable green building practices with the aim of achieving carbon-neutral 

emissions, zero waste and being powered entirely by renewable energy sources. 

Parameters  Features 

Energy Systems · > 80% reduction in energy usage from typical construction ~ exceeds LEED® Platinum 

standards 

 · > 230 MW of Renewable Energy Supply 

 · > 170 MW from Photovoltaics ~ 2.5x greater than the largest existing PV Installation 

 · < 30 kWh per capita per day energy usage ~ 9x less than USA 

Water Systems · Safe, cleaned to the highest levels, and reliable for drinking, irrigation, and reuse 

 · Managed on-site using advanced water and wastewater treatment schemes 

 · > 60% of demand supplied by recycled water  

 · Potable water use will be < 80 litres per day ~ 50-70% of high performing systems 

Waste Systems · Managed through an integrated, user friendly, invisible and odourless system 

 · < 2% waste to landfill 

 · Recover energy from materials that have reached the end of their useful life 

 · Composting system for biodegradable waste 

Source: “Masdar City, Buildings for a Sustainable Future”, ISO Open Session, Dubai, UAE 

TIME CONSCIOUSNESS 

Time Consciousness is of utmost importance because, as you would be knowing very well, project costs go up 

when there is time overrun; not only costs go up, but the individual, the society, or the country will have to 

remain without the benefits of what they have already invested for a longer period of time. 

QUALITY CONSCIOUSNESS 

Quality Consciousnesses necessary in everything we do as otherwise the optimum benefits from any 

achievement, project, product, or service will not accrue to the individual, the society, or the country. The 

International Standards Organization ISO has defined ―QUALITY as the totality of features and characteristics 

of an entity (a product or service) that bears on its ability to satisfy the stated or implied needs‖. The stated or 
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implied needs are those derived by balancing excellence and equity within the sustainable regime in the given 

socio-techno-economic scenario. Also, the features relating to assessing and assuring quality have undergone a 

sea-change progressively from standards & sciences facilitating quality, then policing quality, thereafter judging 

quality, then promoting quality and now growing quality through quality systems.  

SOCIAL RESPONSIBILITY CONSCIOUSNESS 

Social Responsibility Consciousness has been ingrained in the original fabric of Indian tradition; however, from 

what we see round us, the ethics of thought and actions seem to be changing from this great tradition for the 

sake of individual material gains; all of us should join together to do whatever is needed to stop this change and 

strengthen the efforts to revert to our traditional high ethical standards as exemplified by BharatRatna Sir M. 

Visvesvaraya.  

Thank you, 

JAI HIND! 
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21st Century Engineer and Sustainable Development 

Dr V K Saraswat 
Member, NITI Aayog, Government of India 
 

I. INTRODUCTION 

―Engineering is a great profession. There is the fascination of watching a figment of the imagination emerge 

through the aid of science to a plan on paper. Then it brings jobs and homes… it elevates the standards of living 

and adds to the comfort of life. That is the engineer's high privilege‖ [Herbert Hoover, engineer, author, 

humanitarian, and 31st US President]. 

Engineers are critical agents in the process of knowledge acquisition, creation, diffusion, transfer and 

commercialization. Engineers are Society‘s Technical problem solvers. Engineers strive for improvement in 

productivity and for better performance to benefit more number of people.  

Engineering is about applying knowledge (in a systems sense) from a broad range of disciplines (including 

Mathematics, Physical & Biological Science, Economics and Information Technology) to create technological 

processes, products and services that meet societal needs and enhance the ‗Quality of Life‘. 

The technological process capabilities and engineering skills have enhanced agriculture productivity, textiles 

production, power generation, transportation, communications, Biomedical equipments, pharmaceutical 

products, building materials, construction of buildings, Defence equipment and Weapon Systems & Space based 

Satellites and systems. Engineering Revolutionized and improved virtually every aspect of 'Human Life'. The 

engineering processes and the engineers have driven the advancement of living conditions of humans and 

provided them with better standards of living. 

Performance of engineering activity is the creative part of an engineer. The dawn of the new era, the 21st 

Century World has presented greater demands on engineers than ever before. Engineers are faced with the 

challenge of performing in a ‗global environment‘ with ever-changing business models, shorter product life 

cycles, competitive conditions & uncertainties and emphasis on Sustainability and Sustainable Development. 

This requires special effort to include Social, Economical and Environmental features in the development path. 

Further, as the engineers create & build new products & systems with better Technologies and Process, they will 

be at the forefront of ‗change‘ and are required to lead the change process. To lead the change and change 

process, the Indian Engineer is required to have a vision of the future, under complexities of ‗Global 

competition‘. Foremost in this vision would be the challenges of meeting the needs of a 120 crore people in the 

environment of scares and limited resources. As the Nation is expecting the results faster, the engineer faces 

challenge of acquiring, developing, innovating suitable and appropriate Technologies & Resources for 

production and distribution of goods and services. 

Thus, the Indian Engineer is concerned with ‗Engineering a large number of development tasks‘ creating new 

products & services faster. Towards this the 21st century engineer is required to have certain characteristics, 

skills and approaches, like, values, professionalism and attributes of entrepreneur. 

In the wake of changing Technological, Environmental, Social and Economic conditions, it is necessary that we 

should reorient ourselves from development to sustainable development. The role of Science & Technology in 

sustainable development is viewed in a new way with emphasis on technologies for empowerment like 

Education, Information, Communications etc, and Environmental sustainability like sustainable Agriculture, 

Clean and Renewable Energy, Improved Resource Efficiency. The focus of technologies in Sustainable 

Development is whole systems. 

II. SUSTAINABILITY AND SUSTAINABLE DEVELOPMENT 

Sustainability is the process of moving human activities to a pattern that can be sustained in perpetuity. 

Sustainability is ―meeting the needs of the present generation without compromising the ability of future 

generation to meet their needs‖. Balancing economic development, social equity and environmental protection 

help organizations to move towards sustainability standing. 

At Global level, Sustainability and Sustainable Development are about striking a balance between 

environmental concerns of national resources, techno-economic systems and their development and societal 

concerns of human capital and social expectations, which results in ―Development that meets the needs of 

present generation without compromising the ability of future generations to meet their own needs‖. 

This definition forms the basis for defining all categories of sustainabilities in different areas of human 

activities. 
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Environmental sustainability may be seen as the ability of an eco-system to maintain and progress ecological 

processes, functions and productivity over time to promote human health and happiness by merging design, 

manufacturing, economics and policy matters. 

Corporate and Business Sustainability is about increasing productivity and reduction of consumed resources, 

maintaining product quality, competitiveness and profitability, along with continuity in the growth of financial 

returns, social systems satisfactions and harmony with environmental systems and their growth. 

Towards development and sustainment of eco-systems, sustainability development may be built on the Three 

Pillars – Economic Development, Techno-Centric Concerns and Socio-Centric Concerns (the triple bottom line 

approach).  

Sustainability and Sustainable Development can be achieved through alignment of these three parameters. The 

process may be faster and more precise if it is approached through technocentric engineering processes and their 

alignments with sociocentric and eco-centric subjects. 

Technology sustainment is associated with activities that 

a) Keep an existing system operational 

b) Enable to manufacture and field multiple versions of the system that satisfy the original requirements and 

c) Support manufacture and supply updated versions of the system that meet evolving performance requirements 

Towards meeting the Technology sustainment requirements, there are many engineering activities such as 

system design, product design, manufacturing process finalization, product performance testing and evaluation, 

qualification and storage life tests. Further, system production and operational performance and system 

maintenance phases also are affected by engineering and design considerations. 

Hence, the technology sustainment is nothing but engineering activities, carried out to sustain the product for its 

lifetime, under varying conditions encountered in life span of products ranging (say) 5 to 25 years. 

This holistic view of engineering – the technology strategy of the business serves dual purpose. 

It provides the overall framework within which engineering design practices have to be carried out. It 

emphasizes that, for sustainable development to be achieved, professional practices in engineering to be 

performed with larger and wider perspectives than the development of elegant solutions to narrowly specified 

technical problems in the business environment. 

It will help to demonstrate that engineers are addressing Sustainable Development issues in their work of 

product design and manufacturing etc., and can take steps to make a sustainability orientated approach, central 

to the way engineering decisions are taken. 

The Researchers and Experts on Sustainability requirements suggested certain guidelines to oversee engineering 

processes that ensure sustainment. These include – 

 Larger global vision beyond local and the immediate future 

 Seek engagement from all stakeholders and arrive at balanced solution 

 Ensure exact needs and wants for the product of service 

 Plan and manage product development effectively 

 To create and Innovate 

 Treat Sustainability as the balancing requirement between Global and Local. Exercise the needed 

discretionary perspective of usage of local skills and resources to meet global scale requirements. 

 Adopt a holistic, ‗cradle-to-grave‘ approach for all product engineering decisions and actions 

 The principle of engineering for sustainable development should assist all agencies involved in the 

engineering processes to make their contribution to society 

 To reduce the adverse environmental and social aspects of engineered products, services and infrastructure 

 To improve their environmental performance 

 To innovate & improve the contribution of engineering products, services and infrastructure to provide a 

high quality of life 

 Through products, services and infrastructure designed to be most competitive in their market place 

 Technological growth and sustainability of its ‗growth rates‘ is to be ensured as key factor in accomplishing 

sustainability of eco system. 

III. VALUES FOR THE 21st CENTURY ENGINEER 

To make 21st Century Engineer‘s vision a reality, the engineer is required to have certain values. 
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Holistic Values 

The whole is greater than the sum of its parts. The modern engineer needs to see connections between seemingly 

disparate components and integrate them so that their combined value is greater than the sum of the values of 

the individual components. To develop this view the engineers have to interact with other fields such as 

Marketing, Finance and Production to build products and systems for mass consumption. These interactions 

have to be made by the engineer in addition to his engineering tasks. 

Creativity and Innovation in the product designers  

‗Creative‘ thinking‘ is a critical component of innovation process. 21st Century Engineers will have to think 

outside the box and improve their creative thinking abilities. Creativity is an attitude and a skill. Modern 

engineer must be willing to break the norms and persist unwaveringly in their pursuit to innovate better 

products, process & systems. They should set goals of maximizations to their creative efforts.  

Responsibility  Service Orientation 

21st Century Engineers have to be responsible towards humans and the environment. The engineers strive to 

develop technology that helps to bridge the digital divide. Bridging the digital divide (development of masses) 

and profit making can go hand in hand. The Indian engineer has to keep this as an axiom in his product design 

and production technology development exercises. 

Entrepreneurship and Risk taking capabilities 

Development of new idea is just a first step towards innovation. An idea that is developed and put into market, 

is more important than idea that exists only as an idea. The Engineers must have an understanding on the 

methodology and process of marketing their ideas, attract venture capital, strategically operate their business 

and create wealth. The engineers to be action oriented individuals with a desire for achievement and willingness 

to take risks. 

Learning to improve 

Modern engineers to have an excellent ‗knowledge base‘ coupled with an insatiable desire to continuously 

acquire new knowledge and skills. The illiterate of the 21st Century will not be those who cannot read or write, 

but those who cannot learn, unlearn and relearn. Learning new technical skills is important for engineers. A 

holistic learning approach drives the engineers improve their thinking, communication, problem-solving 

capabilities and interpersonal skills. 

Leadership for change & global excellence 

It is often in times of great change that great leaders are born. The Engineers as Leaders, recognize the need for 

change and develop new approaches and goals for the future. The Engineers with new visions work together 

with partners in collaborative modes. They work & collaborate with Industry, academic institutions, government 

and formulate strategies and develop & produce new products, processes and systems of excellence. The 

Engineer as a leader can bring in change through the results of his efforts benefitting large multitudes of people. 

IV. THE PROFESSIONALISM OF AN ENGINEER 

The 21st Century Engineers are required to be professionals with technology orientation. Professionalism is an 

ability to respond quickly and effectively and in a global context, to technological and organizational changes, 

as well as changing market conditions, client requirements, government policies and national and international 

regulations. The engineers as professionals are required to be prepared to undertake Engineering works, as a 

result of impact of globalization and consequent changes in organizations. The professionalism of Engineers is 

also a necessity due to mergers and acquisitions which bring different technologies and work cultures together 

to make organizations rejuvenate and compete in the market place.  

Towards developing professionalism, the 21st Century Engineers are to be trained & developed  to attain 

global competence, to develop partnerships for cooperative and collaborative research studies, to learn & 

develop new technologies, to work for break through innovations in global context and to accept transnational 

mobilities.  

To develop professionalism among engineers, the Engineering education programmes may require necessary 

reforms and changes in curriculum. 

V. DESIRABLE ATTRIBUTES & SKILLS OF THE FUTURE ENGINEER: 

The desirable attributes of future engineer include 

 A good understanding in fundamentals of engineering sciences 

 An excellent knowledge in design and manufacturing processes, an ability to work as a team member & a 

capability to adapt to major changes in the environment 
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 A multi disciplinary systems perspective & the context in which engineering is practiced locally, globally 

and competitively 

To support the above attributes, the engineers are required to develop Technical, Engineering, Professional and 

Business skills. 

In addition to the above attributes and skills, the engineers need to posses characteristics like Systems 

perspective and Networking capabilities. 

VI. SOCIETY NEEDS & EXPECTATIONS AND ENGINEER'S CONTRIBUTION 

Equipped with right values, professionalism and requisite skills the engineer goes about meeting societies' needs 

and expectations. As already brought out earlier the engineers provide value solutions in the form of products 

and services to the society. In this process, the engineers take the contributions from ‗Science‘ in understanding 

‗WHAT‘ possibilities and opportunities are existing to solve the societies problems. They search for tools & 

techniques, facts and data from science to develop technologies and to formulate engineering solutions. The 

Engineers also take the help of ARTS in understanding ‗WHY‘ society needs (humans) products & services, 

ethical considerations regional differences and need for coexistence and cooperation. The engineer develop and 

build the solutions (HOW) in terms of ―engineering‖ the products, systems and services meeting needs of the 

society. Thus the engineer is uniquely qualified and experienced in meeting the needs of society and the 

mankind in the global context. 

VII. INNOVATION CAPABILITIES 

Innovation of new products & processes, emerge out of new ideas, & concepts from sciences, technologies and 

from other disciplines. Engineers specialized in sciences and technologies help develop new products & 

processes, through the processes of innovation. 

Creative thinking & idea generation is a critical component in innovation process. Engineers have the benefit of 

being able to group technical concepts, think analytically and solve complicated problems. Businesses strive 

continuously to innovate their processes and products, so that they can create new opportunities in a complex, 

ever changing environment. 

Innovation process enables to work together with products, processes, organizations, markets and finance in a 

competitive manner in dynamic environments. 

Innovation is not just about technology only. An innovation system is an integrated set of processes, policies 

and tools that link corporate strategy to new sources of value – products, services and processes in order to 

create sustainable competitive advantage. 

Engineers working in multifunctional teams & multi technology groups, innovate different methods of 

cooperation & manage the expertise, the capabilities and the skills, to develop synergy. The synergy thus 

developed enable engineers to take up development of large complex projects & programmes, such as fighter 

Aircrafts, Warships, Weapon Systems, Telecommunication systems. The development of large synergetic 

capabilities of this magnitude would be the result of this type of innovation. 

Engineers & technologists with specializations in Agricultural Engineering, Bio-medical Engineering, Civil 

Engineering, Earth Sciences, Geology, Mass Communication and Audiovisuals etc., can create ‗innovation 

centres‘ at villages across the country. These innovation centres can work for development of Roads, Water 

resource generation, storage, purification & supply systems, Literacy programmes, Health & Hygiene 

improvement programmes, Nutrition programmes, agricultural crop protection & better yield methods, 

benefiting agriculture & welfare programmes at village level. The innovation centres organized and lead by 

engineers with their wide ranging skills and capabilities yield best results. The 21st century engineer can bring 

the development to our villages faster. 

Innovation is also considered as important by engineers specialized in measurement engineering. Measurement 

science and technologies help to innovate measurement of ‗inputs and outputs‘ in agriculture engineering, bio 

engineering & human systems engineering. Innovation in these disciplines helps productivity improvement. 

VIII a) New disciplines & fields for 21st Century Engineer 

There is whole set of new disciplines in sciences and in technologies covering academic curriculum of 21st 

Century Engineers. The trend of these new disciplines is to work at ‗atomic matter sizes‘ and at molecular 

diameters. The Engineer of 21st century will have to deal with these advanced scientific areas under different 

disciplines. 

The disciplines beyond conventional sciences may include – Molecular Biology, Bio-Engineering, 

Pharmaceuticals, Food & nutrition technologies, Plastics, Ceramics, Composites, Solid State Physics, Lasers, 
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MEMS/NEMS, Fibre Optics, Microwaves, Solar Power system, Lithium Ion cells, Fuel Cells, Nuclear 

Technologies, High Energy materials & the like. 

The ‗Nano Technology‘ is revolutionizing the entire engineering process of products and systems, product 

performance and measurement systems. According to Nanostructure Science & Technology ―Nanotechnology is 

the control and restructuring of matter at dimensions of roughly 1 to 100 nanometers [from atomic size to about 

100 molecular diameters] where new phenomenon enable new applications‖. That is measure control 

manipulate-integrate at the Nano scale. 

The 21st Century Engineer is also required to work on a number of new technology areas and new types of task 

complexities like 

 Network centric large complex activities 

 Convergence of Nano / Bio / Info / Cognitive (NBIC) Technologies 

 Advanced logistics 

 Autonomous intelligent systems 

 Quantum computing and encryption 

 Advanced power sources 

 Digital Manufacturing 

b) Technologies due to Micro & Miniaturization 

Miniaturization means that there is more room for additional functions and increased capabilities. 

Miniaturization is defined as when a component or system is made smaller while still performing at least as 

well. Or it can refer to something built up from very small components which gives new or improved functional 

capabilities. 

Miniaturization development will be along two main tracks. One track encompasses the miniaturization of 

today's technology. Another track follows technology for new materials. Nano technology is a strong driver of 

this track working to develop new materials. Miniaturization through the use of Nano technologies allows more 

capabilities to be built in from the start, Micro System Technology, complement Nano Technology. It is used in 

positioning systems and warhead guidance systems, 3 axis accelerometers, GPS receivers, Image intensifiers, 

laser optical transmitters and receivers and in very small acoustic sensors. Miniaturization is also found to 

improve multi functionality. Miniaturization is ‗blurring‘ the boundaries between, materials, components, and 

subsystems. Example – in a UAV, the power source, antenna, sensors and fuselage – all will form a single unit. 

It is estimated that in 20 years time computers may be 80 times faster with possibility to pack 10000 times more 

devices on silicon chip. Data storage may be through ‗electron spin‘ from magnetic semi conductors. 

c) Modeling and Simulation and System Engineering 

The 21st Century Engineer is required to develop design capabilities of high degree. The design task occupies 

major portion of an engineer. Design is a creative process and is to be performed, systematically to realize the 

new products or process easily. 

Modeling and simulation, proto typing, concept development and experimentation are important tools for 

innovation and for arriving at best designs. Also the optimization tools help in arriving at ‗product designs‘ 

confirming functional performance. 

The engineers are required to acquire expertise in qualitative, quantitative and physical modeling. The theory of 

constraints and physical laws governing the product will also help to arrive at best products and services from 

the Engineer of the 21st Century. 

System Engineering is another important skill for the future engineers. In this, the engineer captures the market 

requirements in terms of products, and systems along with expected performance. The system engineer develops 

the system requirements, system architecture, support systems design development and finally develops 

engineering details for assembly-integration and testing with an eye on system performance. 

Capability is seen as a ‗System of Systems‘. Capability is an ‗Assemblage‘ of independently operated and 

managed systems. Capability Engineering is another tool which studies the ‗System of Systems Engineering‘ 

and estimate the overall capability existing at any point in time. It integrates, the systems, doctrines, personnel 

and collaborates to arrive at the requisite ‗capability state‘. 

IX ENGINEERING THEORY & PRACTICE – ‗BRIDGING THE GAP‘ by ‗DESIGN – BUILD-TEST 

VALIDATE‘ PROJECTS 

Design as skill is at the CORE of any engineering discipline. Development of this skill continues throughout the 

engineering course and lifelong for an engineer. To develop this capability, the engineering students are to be 

given projects to expose them to the field situations. In these projects, the engineer has to develop detailed 
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product designs, manufacture the product as per designs, test the product for its functional performance, and 

validate the process. 

The ‗design-build-test & validation‘ project experience has to be introduced in many curricula as an effective 

means to ‗Bridge the Gap‘ between engineering Theory and practice. This should become more pervasive from 

the beginning of the engineering course through graduation years as a complement to Engineering theory 

subjects and must remain a core element for any curriculum. 

Design-Build-Test & Validate Projects will help to: 

 Teach students how to formulate an engineering problem and to differentiate between ―requirements‖ and 

―objectives‖ 

 Develop both creative and critical thinking skills and abilities 

 Reinforce the concept that ―if you can't built it, you can't use it or sell it‖ 

 Introduce and develop project management skills and an awareness of business practices including costs & 

budgets. 

 Demonstrate the importance of communication skills - i.e ―if you can't explain your solution to someone 

else, you haven't solved the problem‖. 

 Demonstrate the value of team work (synergy and diversity – that two or more diverse heads are often better 

than one) 

The project also acts as a motivator since it is creative act and thus attracts talented students in engineering 

courses and programs. 

X CHALLENGES 

I would like to bring three sets of challenges here. One set of challenges are concerned with building and 

developing 21st Century Engineers for India. Another set deal with challenges which are to be undertaken by 

the Engineers of 21st Century. The third set deals with challenges of large scale and require innovative, 

technological, managerial and leadership skills. The third set elevates the capabilities and build confidence to 

the engineers. 

A. Challenges to build & develop 21st Century Engineer, 

 Building expertise in fundamental sciences like Maths, Physics, Chemistry, Biological Science to establish a 

‗base & foundation‘ to support the development of future advanced technologies like Nano technologies and 

to build system knowledge [the WHY of a system] 

 Building a ‗national and international perspective and standards‘ on the ‗subject knowledge‘ among the 

‗Teachers in Schools‘ and ‗Faculty in Colleges‘. 

 Creating a culture and mind set of ‗design-build-test‘ and validate in colleges and universities through 

Awards & Rewards of highest order & making it as a pre-requisite for career entry into industry 

 Building infrastructure to enable growth of science & technologies in colleges and among universities – 

specifically Test facilities. 

 Provision of larger budget for faculty improvement and excellence 

 Integration of Education, Research and Industry to innovate new products & processes. Sustaining the 

‗integration‘ and making it ‗productive‘. 

B. Challenges for 21st Century Engineer 

As a developing country, India has been facing many challenges related to Engineering & Technology 

discipline. Some of these are brought out here as a representative sample 

 Development of new sources of energy without degradation of environment-like solar power, wind energy, 

nuclear power & the like. 

 Development, production & distribution of quality water in sufficient quantities to our villages – Robust & 

 reliable small scale technologies for local use to be explored. 

 Diseases prevention control and knowledge dissemination covering the entire country in mission mode. 

Diseases prevention & control requires massive infrastructure. 

 Maintenance & upgradation of ongoing ‗aging infrastructure‘ of cities & towns of India. 

 Productivity improvement in the existing industry – sector wise 

 Many more of this nature 
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C. Challenges of 21st Century Engineer  World Class: 

These are the Big tasks like Chandrayana, Man-on-Moon, Development of Space based platforms, Space based 

systems and control – exploration and exploitation of Space and Solar systems and Under Water resources. 

These explorative and exploitative technological endeavors require advancements and expertise in all Sciences, 

Humanities, Biological and System Engineering capabilities and computational systems. The challenges are 

wide open for all the engineers to explore, innovate and reap the results. 

XI SOLUTIONS TO MEET THE CHALLENGES 

The Engineer of the 21st Century can contribute significantly when we give priority and importance to 

‗developing ability to create‘ and ‗innovate‘ new product and systems. This requires development of expertise in 

Design skills and design capabilities, which is a major gap in engineering education today. 

New Product development requires divergent thinking and radical departures from existing concepts underlying 

the product or service, to meet the needs of the society. It requires that basic premises about the raw material 

and other natural endowments be changed. It requires different concern regarding quality, from achieving 

excellency and surpassing. It requires empathizing with the people in society to design new products that will 

sell. 

Further new product development requires development of entrepreneurs. The present opportunities are not 

adequate to the tasks of creating our own new products based on indigenously developed technology. Addi t 

ional measures for entrepreneurship development are imperative to faster new product development activities. 

Finally, new pattern of education has to be evolved, to visualize new concepts, new products and systems, to 

ride on new opportunities and to meet societal needs. The education system must also be focusing on resource 

generation, mobilization and deployment. It must aim at development of collaborative skills, team working. It 

also must aim at developing leadership behavior and leadership skills. 

XII CONCLUSIONS 

In a 21st Century World, which has Global Economy, International Competition, Finite Resources, 

Environmental Sustainability, Demographic Shifts, Shared Wealth, Defence Re-investment, Diverse Workforce, 

Cognitive Revolution and Information Explosion as its attributes and controlling factors, Engineers will have to 

select the following Next Generation Engineering Career Paths: 

 Sustainable Development: avoiding environmental harm; energy / materials efficiency 

 Life Cycle / Infrastructure creation and renewal 

 Micro / Nano-Technology / Micro-Electro-Mechanical Systems 

 Mega Systems 

 Smart systems 

 Multi-Media and Computer-Communications 

 Living Systems engineering 

 Process Quality / Control 

 Management of Technological Innovation 

 Enterprise Transformation and …. ? 

And to perform effectively and efficiently on these Career Paths, they will have to develop the following 

Engineering Skills: 

 Systems Integration : Synthesis 

 Engineering Sciences : analysis 

 Problem formulation as well as problem solving 

 Engineering Design 

 Ability to realize products 

 Facility with intelligent technology to enhance creative opportunity 

 Ability to manage complexity and uncertainty 

 Teamwork; sensitivity in interpersonal relationships 

 Language and multi-cultural understanding 

 Ability to advocate and influence 

 Entrepreneurship; management skills; decision making 

 Knowledge integration, education and mentoring 

This would require considerable changes in the ‗Core‘ Curriculum and transforming the path of ―Science and 

Engineering through Education‖ to ―Education through Science and Engineering‖ wherein the emphasis would 

be on Three Pillars of sustainability ie Ecocentricity, Sociocentricity and techno-economic centricity. 
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Let us all work towards training engineers for Sustainable Development to make the planet earth a place full of 

happiness, prosperity and peace for our future generations. 

Our strength lies in the knowledge and technological capabilities of our Engineers & Scientists and also in our 

basic research capabilities at our educational institutions, colleges & universities. The future engineers are to be 

developed with strong creative & innovative capabilities built on design-builttest- validate path. Government of 

India has been exploring the possibilities to develop technological bases for research studies. Academic 

Institutions have to develop strong Research & Development base covering Science and Engineering disciplines 

in an integrated manner. Recent emphasis by Government of India in this regard by creating more Centres of 

Excellence viz., Indian Institute of Science Education & Research. I hope Research, will yield rich dividends in 

future and improve the Science & Technology base in country and contribute to Sustainable Development. 

I thank The Institution of Engineers (India) for giving me this opportunity to share my thoughts with you all on 

this day. 
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