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“97 years of Relentless Journey towards Engineering Advancement for Nation-Building”

Mr H C S Berry, FIE
President

Telephone: +91-33-2223-8311/14/15/16/34/40106299*, Fax: +91-33-2223-8345, Web: http://www.ieindia.org

Message

It is my proud privilege to learn that 31st
 
Indian Engineering Congress of The Institution of Engineers (India) on the 

theme “SMART Technologies for Natural Resource Conservation and Sustainable Development” is scheduled to 
be organized by the West Bengal State Centre of the Institution during December 15–18, 2016 at Kolkata. 

Nowadays, everyone is aware of his own impact on the environment, thus definition of conservation has expanded to 
address the effects of human consumption. We have now started encouraging the philosophy, “reduce, reuse, recycle, 
buy local and reduce carbon footprint”. The ultimate aim of these measures is to conserve the natural resources, such as, 
water and energy required for the human race to survive. To promote more resource efficient, greener and to make more 
competitive economy, it is clear that significant innovation is required with respect to sustainable growth that needs to 
go hand in hand with smart growth in order to reap the full benefits of green economy. India needs to reinforce synergies 
between development and sustainable growth to deal with the climate change, environment and energy demands as well 
as growing scarcity of natural resources. We need to change our policy currently based on overuse of natural resources 
into innovation-driven green policies. 

I am quite confident that this Congress will provide a common platform to the engineers and other stakeholders for 
interactions and deliberations on SMART technologies to check the depletion of natural resources in a sustainable 
manner. I am grateful to all the engineers, technocrats and policy makers of the country and to the foreign delegates for 
participating in this event to make it a grand success. 

I am sure that the papers presented during the Congress and published in this Technical Volume will create great impact 
towards advancement of engineering and technology in the country. 

Jai Hind

(H.C.S. Berry)



“97 years of Relentless Journey towards Engineering Advancement for Nation-Building”

Mr N B Vasoya, FIE
President-Elect

Telephone: +91-33-2223-8311/14/15/16/34/40106299*, Fax: +91-33-2223-8345, Web: http://www.ieindia.org

Message

I am very glad to know that The Institution of Engineers (India) is organizing the 31st
 
Indian Engineering Congress on 

the theme “SMART Technologies for Natural Resource Conservation and Sustainable Development” hosted by the 
West Bengal State Centre during December 15–18, 2016 at Kolkata. 

Over the last few decades, the world has witnessed phenomenal economic growth with the dissemination of new 
innovative technologies, accelerated globalization of the economy and implementation of various Government policies. 
Recent economic liberalization policies have seen new strides in technology up-gradation, cleaner fuels, efficiencies in 
production and environmentally sound practices. The planning process also seeks to diversify the economy further into 
industrial and service sectors, while accelerating the growth rate. Development has to be long-standing and inclusive, 
involving both the private and public sectors as partners. The national planning process emphasizes promotion of 
people’s participatory institutions and social mobilization, particularly through empowerment of women and other 
disadvantaged sections of the society, for ensuring environmental sustainability of the development process. Socio-
economic development consists of increase in the production, distribution, sale and consumption of food, goods and 
services. The planning process in India seeks to increase wealth and thereby human welfare and provides a safety net 
to the environment. 

I believe that deliberations during the 31st
 
Indian Engineering Congress will certainly enlighten us about SMART 

technologies in the current scenario of economic condition with respect to sustainable development. 

I wish the Congress a grand success. 

Wishing you all Merry Christmas and Happy New Year 2017 well in advance. 

Jai Hind
(N.B. Vasoya)



	 Message

I am glad to know that The Institution of Engineers (India) is organising, the 31st
 
Indian Engineering Congress at 

Kolkata during 15–18 December 2016 with the theme as “SMART Technologies for Natural Resource Conservation 

and Sustainable Development”. 

Debates on conservation of natural resources and promotion of sustainable and inclusive development are incomplete 
without a comprehensive understanding of issues of Science, Technology and Innovation (STI). Access to smart and 
appropriate technologies will leverage steady improvements in living conditions, which will be a blessing for the most 
vulnerable populations, and drive productivity gains which ensure economic stability. 

In this context, I welcome and appreciate the efforts made by The Institution of Engineers (India) for choosing such 
an apt theme for the Congress, which shares so much in common with the vision of policy-makers across the globe in 
conserving as well as replenishing natural resources of the planet while dignifying the lives of the future generations. 

I am sanguine that all the emerging issues will be discussed during the Congress in its right perspective. I am happy to 
note that the edited Technical Volume of the Congress with ISBN No. will also be brought out on the occasion which 
will benefit the scientists, engineers, technologists, policy makers, academicians and others. 

I wish the Congress a grand success. 

(Ashutosh Sharma)

23rd November, 2016

Technology Bhavan, New Mehrauli Road, New Delhi - 110016
Tel: 00 91 11 26511439 / 26510068 • Fax: 00 91 11 26863847 • E-mail: dstsec@nic.in • website: www.dst.gov.in



Dr N R Bandyopadhyay, FIE, FAScT
Chairman, Technical Committee
31st Indian Engineering Congress
The Institution of Engineers (India)
and
Professor
School of Materials Science and Engineering
Indian Institute of Engineering Science & Technology
(IIEST), Shibpur, Howrah 711103, India

Prologue 
We are currently at the early but secure and irreversible stage of a remarkable and far reaching technological revolution. 
The mastery and control of advanced technologies are dominating several high technology field and major segments of 
manufacturing which emerged as a science based knowledge intensive high technology area with serious implications 
for technical change, competitiveness, growth in employment, trade patterns, location of manufacturing activities 
and global division of labour. Innovation driven growth is no longer the prerogative of the prosperous nations; some 
developing countries have achieved significant economic growth through the creation and deployment of smart and 
sustainable technologies. Issues of Science, Technology and Innovation need to be more participatory and inclusive, so 
that, there is public interface in the scientific endeavour from the entire gamut of social actors. Aligning our interest in 
synchronization with nature through adoption of smart technologies is a challenge which will keep motivating the entire 
scientific community. 

India has emerged as an economic and industrial power. As a member of the Group of Twenty (G20) and BRICS, it 
has now a rapidly growing economy facing challenges in social and environmental issues. The accelerated growth in all 
sectors and urban development in particular has thrown a challenge towards its natural resources. Modern protocols and 
treaties on environmental protection and natural resource management are highly technology dependent. Adoption and 
application of Sustainable, Manageable, Appropriate, Rational and Transferable (SMART) Technologies in all sectors 
of development will be the most befitting action for effective Natural Resource Management in a sustainable manner. 

Pursuant with this mission, the 31st  Indian Engineering Congress of The Institution of Engineers (India) is being 
organized on the theme “SMART Technologies for Natural Resource Conservation and Sustainable Development” 
at Kolkata during December 15–18, 2016. 

The Congress assumes huge response from the engineering fraternity across the country and abroad and is all set 
to discuss all the relevant issues pertaining to the theme of the Congress in its right perspective. There are also be 
concurrent Technical Sessions where peer-reviewed papers, encompassing various engineering disciplines from 
academic and industrial sector across the country, will be presented. On this momentous occasion, this Technical 
Volume of the Congress with ISBN no. is published containing the above mentioned presented papers. I am confident 
that this Technical Volume of the 31st  Indian Engineering Congress will benefit all practicing engineers, technocrats, 
policy makers, researchers and academicians in all respect. 

Let the Congress have its take-off! Meanwhile I extend my sincere thanks and gratitude to all the members of the 
Technical Committee as well as the team of Technical Department of The Institution of Engineers (India) whose untiring 
effort and relentless contributions have made this Technical Volume a reality. My sincere thanks are also due to the 
persons behind the scene, but for whose silent contributions this publication would not have been a success.

 
(Prof. N.R. Bandyopadhyay)
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A Novel Non-Intrusive Load Monitoring  
Technique for Domestic Applications 

Soumyajit Ghosh,*1 Arunava Chatterjee1 and Debashis Chatterjee1 

Abstract: The awareness of energy conservation has rapidly increased in recent years due to modern living 
standard of people and decrease in the use of fossil fuels. In this context, load monitoring is very effective for the 
end users to determine energy consumption and usage. Non-Intrusive Load Monitoring (NILM) is comparatively 
new technique to identify the power consumption of individual appliances from the aggregated household data in a 
single point of measurement. While many researchers have addressed the load identification using data driven 
steady state and transient state features, most of them focus on techniques using event based supervised learning 
method and some on optimization based methods. In this paper, a new simple idea of model based technique is 
demonstrated that can be easily implemented in domestic households with prior knowledge of current patterns. 

Keywords: Appliance Identification, Smart Metering, NILM, Smart Grid, Home Energy Management. 
 
Introduction 

mart metering is the technologies provide exact solution 
for the implementation of energy management systems 

for residential purpose. The Government of India has already 
declared to install smart meter in several states for 
appropriate consumption of electric power [1]. Identification 
of loads is the major challenges in smart metering system 
and also it fulfills the various tasks in the control smart grid 
technology. Non-Intrusive Load Monitoring (NILM) is the 
latest technique for the purpose of load disaggregation. In 
this paper a new technique of a smart system (smart meter) 
can capable to disaggregate the whole energy consumption 
into individual consumers is presented. This way, the user 
will have a better understanding on how the energy is used 
and will be able to reduce his consumption Energy 
management for residential homes and/or offices requires 
both identification and prediction of the future usages or 
service requests of different appliances present in the 
buildings. 

The issue of energy conservation has increased in recent 
years owing to decrease in conventional fuel reserves and 
increase in overall development. Overall devotion has been 
given to improve the energy efficiency, reliability, and 
functionality of household electric loads. Electricity is 
typically sold on a per-unit consumption basis. Concerns on 
climate change and global warming and reduction of 
greenhouse gas emission are the chief interest in the 
measures of energy efficiency. Today, most of the generated 

electricity is consumed in commercial and domestic 
household appliances. Available literatures indicate that 
household electricity consumption can be reduced using 
better energy management systems. Smart grid accompanied 
with household automation network has the enough potential 
to become a significant way of managing energy for 
reducing residential energy consumption. To implement this, 
home appliances have to be modified. Traditional load 
monitoring method uses electricity meters at different point 
of the electrical installation to measure all possible load 
related variables. Various drawbacks are associated when 
applying this method such as the division of the load circuit, 
the cost of the electricity meters, the cost of installation, the 
space for installation the hardware. Traditional electrical and 
gas meters only measure total consumption and they provide 
no information regarding when the energy was consumed at 
each metered site. NILM has been major technique for 
monitoring the energy consumptions. In NILM technology 
smart meter play critical role for energy monitoring and 
transmit the information to the utilities. Smart meters provide 
a way of measuring this site-specific information, allowing 
price-setting company to announce different charges for 
consumption based on the time of uses and the season. Smart 
meters also give information about the measurements of 
surge voltages and harmonic distortion, allowing diagnosis 
of power quality problems. Electricity pricing usually peaks 
at certain predictable times of the day and the season. In 
particular, if generation is constrained, prices can rise if 
power from other jurisdictions or more costly generation is 
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