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Mailbox

The Akshay Urja magazine is very
informative and useful, which
contains useful information on
renewable energy technologies.
We received valuable information
about biofuel and its various uses in
our life. We were surprised to know
that rice husks and other agriculture
waste can also produce electricity.
Amber Goyal, SHPL
Greater Noida, Uttar Pradesh

vDVwcj 2015 dk fgUnh laLdj.k eq>s izkIr
gqvk] blds fy, vkidk /U;oknA ea=kky;
v{k; ÅtkZ@lkSj ÅtkZ esa cgqr gh vPNk dk;Z
jgk jgk gS vkSj vki lacaf/r tkudkfj;ka
tu&tu rd igqapk jgs gSa] blfy, vki o iwjs
laiknd eaMy] laj{kd] l`tu Vhe vkSj blls
tqMs+ leLr tu c/kbZ ds ik=k gSaA foxr vad
esjs ikl gS] blesa vR;ar egRoiw.kZ tkudkfj;ka
nh xbZ gSaA lcls T;knk eq>s ^^lw;Z fe=k dkS'ky
fodkl dk;ZØe** yxkA bl dk;ZØe esa 10
yk[k lw;Z fe=k@dq'ky lkSj Jfedksa dks rS;kj
djus dh ckr crkbZ xbZ gSA
'kSysUæ flag pkS/jh
#nziz;kx] mÙkjk[k.M
I read the latest issue of Akshay
Urja. Our organization (SHARP) is
working to save soil. We educate
people on gobar gas (biogas) but
feel that more work should be done
by the government in this field in
the country. Biogas not only saves
environment by providing renewable
energy, supplies gas but also saves
soil. Kindly give more details on gobar
gas or government’s policy on biogas
through your magazine. We need to
make the farmers and the society in
general aware about biogas and soil.
Ravinder K Sharma
Yamunanagar, Haryana

I read the December 2015 issue of
Akshay Urja, it was very informative
with articles, such as the Launch
of the International Solar Alliance,
innovative solar processing
technology, biogas for industrial
power in Punjab, etc. The interview
with Shri Tarun Kapoor is also very
informative, throwing light on India’s
preparations to tap solar and other
forms of renewable energy.
Nirbhay Sinha
New Delhi

With reference to the article on LED
lighting published in the December
2015 issue of Akshay Urja, I must
congratulate the editorial team of
Akshay Urja for publishing such useful
articles in your magazine. The article
on carbon neutral solar PV lights was
also a very enriching write-up. The
‘Face to Face’ column started by you
would also prove to be very useful
for the readers to know about the
Indian Government’s plans to boost
renewable energy in India.
Anand Mukhopadhyay
Kolkata, West Bengal

uohu vkSj uohdj.kh; mQtkZ ea=kky;] Hkkjr
ljdkj }kjk izdkf'kr if=kdk ^v{k; mQtkZ*
dkiQh Kkuo/Zd gSA vkils lknj vuqjks/ gS
fd pwafd eSa xzkeh.k ,oe~ lqnwj {ks=k esa jgrk gw¡]
o`Qi;k ;g if=kdk fu;fer :i ls fHktokus@
miyC/ djkus dk d"V djsa rkfd
uohudj.kh; mQtkZ osQ {ks=k dh uohure
tkudkfj;ka ge yksxksa dks izkIr gksrh jgsaA
vkuan eksgu jkW;
lklkjke] fcgkj
v{k; mQtkZ dk fnlEcj 2015 vad i<+us dk
lkSHkkX; izkIr gqvkA isfjl esa dkWi21 osQ nkSjku
Hkkjr ,oe~ izQkal }kjk varjjk"Vªh; lkSj xBca/u

dk 'kqHkkjaHk] fuf'pr rkSj ij ,d 'kqHk lekpkj
gSA Hkkjr esa lkSj mQtkZ dh mRo`Q"V laHkkO;rk gS]
bl ckr esa dksbZ nks jk; ugha gSA ,sls Kkuo/Zd
ys[k izdkf'kr djus osQ fy, gkfnZd /U;oknA
teukyky fla?ky
eFkqjk] mRrj izns'k
v{k; mQtkZ osQ fnlEcj 2015 vad esa ^^iatkc
esa vkS|ksfxd fo|qr osQ fy, ck;ksekl** ys[k
i<+dj cgqr vPNk yxkA vikjaifjd mQtkZ L=kksr
tSls ck;ksxSl vR;ar LoPn] n{k] fdiQk;rh rFkk
iznw"k.k eqDr mQtkZ L=kksr osQ fy, esa mi;ksx
fd;k tk ldrk gSA blls Hkfo"; esa vkSj
vf/d laHkkouk,a [kqysaxhA
euthr flag
p.Mhx<+
The December 2015 issue of Akshay
Urja is very informative. I liked reading
about the initiative in Tripura about the
solar powering of goverment health
establishments. It would be very
helpful to meet the growing energy
requirements of the urban and rural
health centres in Tripura and other
states in northeastern part of India. I
also liked reading the article 'Enriched
Biogas Slurry: A Potential Source
of Nutrients for Organic Farming'
published in October 2015 issue of
Akshay Urja.
Rakesh Ojha
New Delhi

Send or email your letters to:
Editor, Akshay Urja
MNRE, Block No. 14, CGO Complex,
Lodhi Road, New Delhi - 110 003
E-mail: akshayurja@nic.in

Dear Reader, Thank you very much for your suggestions and encouragement. The editorial
team of Akshay Urja will make every effort to make this magazine highly informative and
useful to all our readers. We welcome your suggestions and valuable comments to make
further improvements in the content and presentation.
Editor, Akshay Urja
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From the Editor’s Desk
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From the Editor’s Desk

Dear Readers,

by 2030 for the massive deployment of affordable
solar energy and to pave the way for future solar

India took a big stride in establishing itself as an emerging

generation, storage and good technologies for countries’

global powerhouse in solar energy when the Prime

individual needs.

Minister Shri Narendra Modi, and the French President

The National Centre for Photovoltaic Research and

Mr François Hollande, jointly laid the foundation stone

Education (NCPRE) was established at the Indian Institute

of the International Solar Alliance (ISA) Headquarters

of Technology Bombay (IITB) in October 2010, with

and inaugurated the interim Secretariat of the ISA in the

funding of `47.5 crore for five years from the Ministry

National Institute of Solar Energy (NISE), Gwalpahari,

of New and Renewable Energy (MNRE), Government of

Gurgaon in January this year. With this initiative, India

India. This was a few months after the formal launch of

has moved a step closer to fulfill its aim to slash carbon

the Jawaharlal Nehru National Solar Mission (JNNSM) in

emission intensity by 33–35 per cent from 2005 levels

January 2010, the mandate of NCPRE was to provide the

over the next 15 years and generate 40 per cent of its

research, education, and training backdrop required for

power from non fossil fuels by 2030. India has emerged

achieving the JNNSM targets. NCPRE has made significant

as one of the most vibrant markets for solar energy. In

progress since it was established in 2010, and has emerged

2015, investments of $5.6 billion (around `38,000 crore) to

as a major centre for PV education and research not only in

build solar energy generating capacity were announced,

India, but has also emerged as one of the leading centres

compared with $3.1 billion in 2014. The price of solar

in the world.

energy has also fallen sharply to `4.34 per unit at which

I am sure that all the articles and information in the

a contract was won by Finland-based Fortum Finnsurya

present issue will be a useful reading material and you will

Energy in January 2016. The ISA has been envisioned as

find it informative and interesting as well. Please do not

a specialized platform and will contribute towards the

forget to send us your views and suggestions.

common goal of increasing utilization and promotion

Happy reading

of solar energy and solar applications in its member
countries. The Paris declaration on the ISA states that
the countries share the collective ambition to undertake
innovative and concerted efforts for reducing the cost of
finance and cost of technology for immediate deployment
of competitive solar generation, financial instruments to

ARUN K TRIPATHI

mobilize more than $1,000 billion of investments needed

aktripathi@nic.in
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RENEWABLE ENERGY NEWS
Solar Mission gets R5,000 Crore Boost
The Cabinet Committee on
Economic Affairs (CCEA) has
approved scaling up of the budget
for implementing Grid Connected
Rooftop systems up to 2019–20
under the National Solar Mission
(NSM) from `600 crore to `5,000
crore. The move is aimed at
supporting installation of 4,200 MW
solar rooftop systems over the next
five years. A capital subsidy of 30
per cent will be provided for general
category states and union territories
(UTs) and 70 per cent for special
category states/UTs, such as the
northeastern states, Uttarakhand,
Himachal Pradesh, Jammu &
Kashmir and Lakshadweep, and
Andaman & Nicobar Islands.

There will be no subsidy for industrial
establishments in private sector since
they are eligible for other benefits,
such as accelerated depreciation,
custom duty concessions, excise
duty exemptions and tax holiday, the
Government of India has notified.
“This capacity of 4,200
MW will come up through the
residential, government, social
and institutional sector (hospitals,
educational institutions). Industrial
and commercial sector will be
encouraged for installations without
subsidy,” the government stated.
It added that the move “will create
the market, build confidence of the
consumers and enable the balance
capacity through market mode to

achieve the target of 40,000 MW by
2022”. The government has revised
NSM’s target from 20,000 MWp to
1,00,000 MWp by 2022. Out of this,
40,000 MWp is to come through
grid-connected rooftop systems.
Source: www.indianexpress.com

Blue Star to Develop Solar-Powered ACs Jointly with IIT-Madras
Leading air-conditioning firm Blue
Star has collaborated with IIT-Madras
for developing solar-powered airconditioners (ACs) and indigenizing
controls and other parts used in
inverter ACs. “We will jointly develop
several products. IIT-M has an
incubation centre. While we may end
up using their facilities, we will also
impart some training to them. In this
joint development tie-up, we are
focused on developing solar-powered
air-conditioners in the next two years.
Also, we will focus on improving
the existing product line-up in the
air purification business,” said Mr B
Thiagarajan from Blue Star. It will also
look at indigenization of components
for inverter ACs, a fast growing
category for the company in the room
AC segment. “We are optimistic about
outcome of our collaboration with
IIT-M,” he added.
Source: www.thehindu.com
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[ National ]

PM Narendra Modi Flags Off First Prototype Electric Bus for MPs
Prime Minister Shri Narendra Modi
flagged off first prototype pollutionfree electric bus for Members of the
Parliament. The bus powered by
battery has been manufactured in
the lines with Union Government’s
flagship ‘Make in India’ campaign.
The 15-seater eco-friendly bus is
coloured in green and blue. It has Go
Green message on it. It is powered
by lithium battery developed by the
Indian Space Research Organisation
(ISRO) and is very economical. The
bus is a collaborative effort between
the Union Transport Ministry and
Pune-based technology company
KPIT. It has been converted from
diesel to electric and will be used to
ferry Parliamentarians. The noiseless
bus can save carbon dioxide (CO2)
emissions up to 48,000 kg a year.

That is equal to planting 2,400 plants
annually and will also save diesel

SolarTown’s Residential Solar Rooftop System
to Generate R4 Lakh in Electricity Savings

SolarTown Energy Solutions Pvt. Ltd,
a pioneer in India’s solar industry
specializing in the sale, lease, and
installation of solar rooftop systems
for residential, commercial, and
industrial customers, has announced
the installation of a solar rooftop
system on a 2,400 square foot
multi-level residential property in
Hyderabad that is estimated to save
the homeowner about `4 lakh over
the 20-year lease period. The solar
system is part of a first-of-its-kind
residential lease programme in India
by SolarTown with zero up-front costs
and fixed monthly rates lower than
DISCOMs, shielding homeowners
against increasing electricity prices,
with a 17 per cent savings starting

on day one. The 6 kW rooftop
system offsets a major portion of the
customer’s energy consumption.
The solar rooftop system consists
of 24 solar modules and one 6 kW
inverter, capable of powering all loads
in the house including air conditioning
and water pumps. Though it utilizes
the entire roof of the residence, the
unique racking system used for the
installation elevates the solar panels,
creating a canopy that stands 10
metre above the roof, freeing valuable
roof space for other uses. "Until now,
residential solar was believed to be
economical only when coupled with
subsidies. With this lease model,
we are making solar an affordable
and practical option for residential
customers across India," said Vikram
Dileepan, CEO and co-founder of
SolarTown.
SolarTown’s new innovative
financial options make rooftop solar a
viable, affordable alternative to rising
and unpredictable electricity prices.
Source: http://solartown.in

worth 10 lakh a year.
Source: http://currentaffairs.gktoday.in

SKF India Sets Up 1-MW
Rooftop Solar Plant at Pune
Bearings and seals maker SKF India
has set up a 1-MW rooftop solar plant
at its Pune facility, taking the capacity
of such solar generated power across
its campuses in Pune and Bengaluru
to 2.1 MW. The initiative is part of
a solar mission announced by the
company that envisages 3.3 MW of
rooftop solar capacity and reduction
of carbon emissions of up to 4,000
tonnes by 2017.
The rooftop power project has
been commissioned by ReNew Power
that has invested in setting up 4,100
panels, and entered into a contract
with SKF to purchase the power
generated for a 25-year period. The
installation is expected to generate
1.5 GWh of power and cut CO2
emission from Pune by 1,200 tonnes
per annum. “Rooftop solar power is at
a tipping point and is going to become
mainstream as the cost will improve
and the landed cost of grid power will
become more expensive,” Ajay Goel,
President (solar), ReNew Power, said.
Source: www.thehindubusinessline.com
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Biogas to Switch on Streetlights in Chennai
The Corporation of Chennai will soon use biogas instead of TANGEDCO power to light up streetlights and support
the electric crematorium in Otteri. The credit would go to Bhabha Atomic Research Centre (BARC) which is providing
bi-phasic Nisarguna Biomethanation Technology that can convert the biodegradable waste to manure and energy
within 19 days, while conventional biogas plants
would take double the time. The Otteri plant being
built would use three tonnes of biodegradable
waste everyday. The biomethanation plant has two
chambers. In the first chamber, the wastes undergo
aerobic digestion and the bio-macromolecules would
be further processed in the anaerobic chamber and
converted to methane and other compounds. Officials
said five biogas plants, all capable of producing about
100 kg of organic manure and about 100 units of
electricity per tonne per day, are in various stages of
construction in Chennai and Tuticorin.
Source: www.newindianexpress.com

Investment in RE Jumps 22 Per Cent in 2015

Investments in clean or renewable
energy in India have touched $10.9
billion on solar surge against an
annual average of $8 billion in the last
three years, according to Bloomberg
New Energy Finance. Thanks mainly
to the Indian government’s ambitious
push to install 100 GW of solar
power capacity by 2022, investment
in the renewable energy sector has
surged 22 per cent to $10.9 bn in
2015, edging closer to the highest
ever investment of $13.1 bn achieved
in 2011. Investment in solar energy
reached $5.6 bn in 2015, up 80 per
cent from $3.1 bn in the previous
year, as per the Bloomberg New
Energy Finance Report. The country’s
installed solar capacity grew from
22 MW in 2011 to 2.5 GW in 2014.
The capacity addition in 2015 was
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more than double the level in 2013
and 2014 combined, at 2 GW. It
is estimated that 2016 will see an
increase of 140 per cent in solar
capacity addition, to around 5 GW.
The focus on grid-connected solar
capacity meant that money flowing
into the sector surpassed that of
wind sector for the first time. Wind
power has traditionally had a stronger
foothold in the country with the
availability of feed-in tariff enabling
private players to develop wind power
and manufacture related equipment.
Compared to a cumulative capacity
of under 4.5 GW of solar capacity,
wind power contributes nearly 24 GW
to the energy mix, thanks to
the steady growth over the past
few years.
Source: www.financialexpress.com

Suzlon Bags Nalco Order
for a Wind Power Project
Suzlon Group, a renewable energy
solution provider, has won another
order from Nalco for a 50.40 MW
capacity wind power project in India,
and a third order from Hindustan
Petroleum Corporation Ltd (HPCL).
The Nalco project consists of 24 units
of S97–90 million tubular towers with
rated capacity of 2.1 MW each and is
scheduled for completion in FY2017.
Nalco’s cumulative Suzlon-powered
wind portfolio will increase to 100.80
MW post the completion of this project.
The project is capable of providing
power to around 27,000 households
and reducing around 0.10 million
tonnes of carbon dioxide emissions
per annum. In the case of the HPCL
order, it will involve the installation of
24 wind turbines of S97–120 million
hybrid tower with rated capacity of
2.1 MW each and is scheduled for
completion by FY2017.
Source: www.thehindubusinessline.com

[ National ]

High Level SERAC Meeting Held at MNRE for Charting out a Roadmap of Solar R&D
for 100 GW Target

The Government of India plans to
install 100 GW of solar power capacity
by 2022 through the implementation
of the Jawaharlal Nehru National Solar
Mission (JNNSM). The mission has
a major R&D initiative in the area of
solar energy. In order to support the
R&D strategy, a high level Solar Energy
Research Advisory Council (SERAC)
meeting was held on November
24, 2015 at the Ministry of New and
Renewable Energy (MNRE) office,
CGO Complex, New Delhi comprising
eminent scientists, technical experts,
and representatives from academic
and research institutions and industry.
The SERAC meeting was held under
the Chairmanship of Dr Anil Kakodkar.
Eight other experts and scientists
attended the meeting. The Chairman
stressed on the need for going
ahead with competitive product
development for solar thermal
power plant as suggested during the
SERAC meeting at IIT Bombay. He
also briefed the members about the
solar thermal power plant capable
of 24X7 operation proposed by IIT

Bombay. It was also discussed that
as the National Institute of Solar
Energy (NISE) has been entrusted
to coordinate Government funded
R&D programme, it should also
remain seized with management of
IPR arising out of such public funded
R&D. The Solar Energy Corporation of
India (SECI) which is mandated with
implementation of JNNSM should be
linked with such R&D activities that
are closer to commercialization and
should benefit from IPR generated
out of public funded R&D. This would
help SECI to build its own technology
portfolio and build its capacity to
handle new technology. The MNRE
should develop adequate policy
structure and internal linkages for
this purpose.
Some other suggestions made by the
Committee were as follows:
 New thrust areas of solar energy
development may be identified
and made widely known to R&D
community.
 New innovative solar technology

demonstrations may also be
covered under a separate stream
for R&D funding on solar energy to
focus on field evaluations, scale up
and commercialization.
 R&D projects based on innovative
ideas from independent young
entrepreneurs may also be explored
in collaboration with NISE.
 Funding through soft loan may also
be considered for R&D in solar.
 In order to compete with global
quality standard, domestic
manufacturers may also be
promoted to install equipment for
enhancement of efficiency and
improving productivity. This may
be promoted through R&D support
and soft loan.
The Committee also suggested a
roadmap of Solar R&D for 100 GW
solar energy target by 2022.
 Encouraged by falling PV prices,
availability of high solar potential,
likelihood of reaching grid parity
soon and a rapid increase in solar
installation in recent months, a scale
up plan has been formulated to
achieve a target of 100 GW of solar
installed capacity by 2021–22.
 It is proposed to divide the target
under two categories—Distributed
Rooftop Solar Projects (40 GWe),
and Medium and Large Scale Solar
Projects (60 GWe).
In view of such a huge target and the
investment thereof, the quality and
domestic value addition aspect need
to be carefully addressed.
News Courtesy: Shri Anil Kumar, Scientist C, MNRE

Kolkata Airport turns Greener with 2 MW Solar Plant
The Netaji Subhas Chandra Bose International Airport became the first airport in the country to get a 2 MW rooftop
solar power plant. Apart from earning carbon credit for the airport, it would translate into a monetary benefit worth
`2.15 crore per year. Under the Jawaharlal Nehru National Solar Mission (JNNSM), the project was implemented for the
Airport Authority of India (AAI) by the Ministry of New and Renewable Energy (MNRE), Government of India. Encouraged
by the results of this maiden effort, the AAI is adding 15 MW through ground solar plants, which would accrue benefits
worth `40 crore. The airport currently spends `18 crore to meet electricity expenses a year. Commissioned by Vikram
Solar, a city-based leading solar energy solutions provider, the 2 MW power plant costs AAI `12 crore, which includes
annual maintenance for two years. This power plant was commissioned in 15 days at the old airport building.
Source: timesofindia.indiatimes.com
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UAE’s Desert Sand can be used to Store Solar Energy
Researchers working at Masdar
Institute have discovered that the
UAE’s desert sand can be used in
concentrated solar power facilities
to store solar energy, making it a

viable and cost-effective alternative
to the current materials being used.
Naming the project Sandstock, the
scientists carried out a number of
tests using X-ray devices to analyse

and study the chemical make-up of
the sand, with the results showing the
sand contained quartz and carbonate
materials, the right compositions
needed for thermal storage.
The research also revealed that the
sand could store solar energy up to
1,000°C, making it a more efficient
material as it can absorb energy at
such high temperatures. Dr Nicholas
Calvet said the findings would be a
major benefit for the UAE’s sustainable
energy solutions. “The availability of
this material in desert environments
such as the UAE allows for significant
cost reductions in novel concentrated
solar power plants, which we may
use both as thermal energy storage
material and solar absorber,” he said.
Source: http://gulfnews.com

US Army Buys 65 MW of Wind, Solar for Fort Hood
The US Army has signed a contract for
its biggest renewable-energy project
yet, picking Apex Clean Energy Inc.
to provide 65 MW of solar and wind
energy at Fort Hood in Texas.
The Defense Logistics Agency
signed a 30-year contract with
Charlottesville, Va. based Apex for
15 MW of solar and 50 MW of wind,
the company said in a statement.
The Army will pay closely held Apex
as much as $497.4 million over the
life of the deal, about $168 million
less than what it would pay for power

from the traditional electricity grid.
The solar plant will be built at Fort
Hood, located about 60 miles north
of Austin.
The wind farm will be built off-site
in Floyd County, Texas. The agency
expects 28 years of energy production
from the farms, starting next year.
The Army has as much as 600 MW of
contracted renewable-energy projects
in its portfolio. It also has 22 MW of
rooftop solar and another 40 under
development.
Source: www.renewableenergyworld.com

Renewable Projects in Africa, Caribbean Win $46 Million in Funding
Four renewable energy projects in developing countries have secured vital funding loans totalling $46 million. The
money comes from the International Renewable Energy Agency (IRENA) and the Abu Dhabi Fund for Development
(ADFD), and was announced on the eve of the launch of Abu Dhabi Sustainability Week. The loans will finance a wind
and solar project in Antigua and Barbuda, a solar scheme in Burkina Faso, solar and wind plants in Cabo Verde, and
a solar site in Senegal. Together the quartet of projects will result in nearly 12 MW of new renewable capacity. The
funding comes via the IRENA/ADFD Project Facility, which is now in its third cycle and so far has allocated $144 million
in financing.
IRENA Director-General Adnan Amin stressed the need for renewable energy financing. He said, “The agreements
reached at COP21 in Paris will only be met if we are able to mobilize significant financial resources. While renewable
energy resources are abundant in many developing countries, adequate finance can still be a barrier to deployment.
IRENA and ADFD’s pioneering partnership contributes to overcoming this challenge, by selecting innovative projects
for concessional funding.”
Source: www.renewableenergyworld.com
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2015 Record Year in Wind
Energy Generation for UK

Renewable Energy Record Achieved at London Array
London Array has set a new record for the
amount of clean electricity produced by an
offshore wind farm in a single calendar month.
December 2015 saw its 175 turbines generate
369,000 MWh of electricity—considerably
above target and well above the previous best of
317,000 MWh set last November. The capacity
factor for the month, which saw average wind
speeds of 11.9 m/s (27 mph), was 78.9 per cent. The two successive months
of production brought net overall output for the year to some 2,500,000
MWh, enough to meet the needs of more than 600,000 UK households.
Jonathan Duffy, General Manager of London Array, which is the world’s
largest operational offshore wind farm, said, “Both the monthly and annual
figures are excellent results for London Array and show the contribution we
are making to the country’s energy supply as well as the UK’s renewable
energy targets. Our performance is also good news for the environment
as it will have prevented the release of some 1,075,000 tonnes of carbon
dioxide in 2015, the main gas linked to climate change.”
Source: www.renewableenergyfocus.com

New statistics from grid operator
National Grid show that 2015 was a
record year for wind energy generation
in the UK. RenewableUK, a UK-based
trade association, said National Grid’s
statistics show that 11 per cent of
the UK’s electricity was generated by
onshore and offshore wind last year
(2015)—up from 9.5 per cent in 2014.
In December 2015, wind supplied 17
per cent of Britain’s electricity demand,
setting a new monthly record for the
country, the association said. The
previous monthly record of 14 per cent
was set in January 2015. In addition, a
new weekly record was set in December
2015, with wind providing 20 per cent of
the country’s needs in the last week of
the month—up from 19 per cent in the
second week of November. Wind also
broke the quarterly generation record in
the three-month period from October
to December 2015, with 13 per cent of
the country’s electricity demand met
by wind—beating the previous 12 per
cent high in the first quarter of 2015,
RenewableUK said.
Source: www.renewableenergyworld.com

Increase in Renewable Energy Use to Boost Global
GDP by $1.3 Trillion
A 36 per cent share of renewable energy in the global energy mix by 2030
would increase global gross domestic product (GDP) by nearly $1.3 trillion,
generating millions of jobs and helping countries like India dependent
on importing oil and gas, a new study says. Renewable Energy Benefits:
Measuring the Economics, released at Abu Dhabi during the International
Renewable Energy Agency’s (IRENA) sixth assembly session, provides the
first global estimate of the macroeconomic impacts of renewable energy
deployment. Specifically, the report highlights the benefits that would be
achieved under the scenario of doubling the global share of renewable
energy by 2030 from 2010 levels. Beyond finding that global GDP in 2030
would increase by up to $1.3 trillion—more than the combined economies
of Chile, South Africa, and Switzerland as of today—the report also analyses
country-specific impact. Japan would see the largest positive GDP impact
(2.3 per cent) but Australia, Brazil, Germany, Mexico, South Africa, and
South Korea would also see growth of more than one per cent each.
According to the report, improvements in human welfare would go well
beyond gains in GDP thanks to a range of social and environmental
benefits. The impact of renewable energy deployment on welfare is
estimated to be three to four times larger than its impact on GDP, with
global welfare increasing as much as 3.7 per cent. Employment in the
renewable energy sector would also increase from 9.2 million global jobs
today, to more than 24 million by 2030, the report said. A transition towards
greater shares of renewables in the global energy mix would also cause a
shift in trade patterns, as it would more than halve global imports of coal
and reduce oil and gas imports, benefiting large importers like Japan, India,
Korea, and the European Union.
Source: www.thehindu.com
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The 7th GRIHA
Summit was
organized from
February 16–20,
2016. The theme
of the conference
was ‘Cities of
the Future’
and it served
as a platform
for knowledge
sharing on
sustainability
solutions for built
environment
both at city and
building scale.
10

| Akshay Urja | February 2016

he 7th GRIHA Summit was organized from February 16–20, 2016 at
the India Habitat Centre, New Delhi. The theme of the conference was
‘Cities of the Future’ and it served as a platform for knowledge sharing on
sustainability solutions for built environment both at city and building scale.
Some of the key subjects covered in the conference were turning efficient building
facades, water distress in growing cities, waste into building blocks, social upliftment
and income equality, indoor environment quality, smart metering for buildings,
existing buildings, sustainable transport, and post disaster resettlement.
Inaugurating the Summit, Dr Ajay Mathur, Director General, TERI and President
GRIHA Council said, “Considering that two-thirds of infrastructure that will exist
in 2030 is yet to be built, it presents us with a huge opportunity to ensure that all
new buildings are ‘green’. Dr A K Tripathi, Advisor/Scientist-G, Ministry of New and
Renewable Energy (MNRE), Government of India, congratulated the GRIHA team for
creating a 100 per cent indigenous green building rating system. He said that out of
the 100,000 MW solar power goal of India, 40,000 MW will be in the form of rooftop
solar power, which translates fully into the building stock, which directly relates to
green buildings. He also highlighted that the cost of renewable energy at `4.50/unit
as compared to that of electricity from the grid at `5.25/ unit, removes any question
of its unviability.
Setting the theme of the GRIHA Summit 2016, Ms Mili Majumdar said that GRIHA has
evolved in the last seven years and has grown from 30 projects to 700, covering almost
28 million m2 of green footprint. Although there is still a long way to go, substantial
impact has been made thus far. This journey would not have been possible without the
support of government and private stakeholders. GRIHA is recognized and incentivized
by many urban local bodies and was recently acknowledged as a tool to achieve the
climate change goals in India’s Intended Nationally Determined Contributions (INDCs)
submitted to the United Nations Framework Convention on Climate Change (UNFCCC)
at the Conference of Parties 21 (COP21) held at Paris in December 2015.

The 7th GRIHA Summit 2016

The 4-day GRIHA Summit served as a platform for knowledge sharing in different
domains of green building industry. It facilitated multi-stakeholder partnerships
and networking among governments, academia, civil society organizations and
professionals from different disciplines, such as architecture, engineering, and
construction management. The conference theme was ‘Cities of the Future’ and the
sessions centred on enhanced efficiency of built environment both at city and building
scale. In addition to plenary sessions where several eminent speakers addressed the
audience, key sessions revolving around feasibility of smart cities in Indian context,
architectural design and technology for efficient buildings and hands on activity
workshop for students and media were also organized during The GRIHA Summit
2016. Talking about the ideology of cities of the future, Dr Bimal Patel, President &
Acting Director, CEPT University said that our capacity to predict the future is very
limited, and this uncertainty must be taken seriously and cities must not be subjected
to rigid policies. He also pointed out that there is no cost involved in formulating the
codes but there are huge costs involved in implementing them, which ultimately leads
to difficulty in enforcing them. He emphasized that our focus should be on problems
which must be solved immediately and maybe leave some problems to be solved by
the next generation.
The summit was concluded on Green Lifestyle where the panellists expressed
concerns about the growing disconnect between nature and our lifestyle and how
we are not able to protect the environment. Different levels of certification to projects
were awarded that have maintained the standard for sustainable habitat according to
GRIHA norms. A total of seven projects were felicitated, including three 5-star ratings,
two 4-star ratings, and two 3-star ratings. Projects with 5-star ratings were Manipal
University, Jaipur; Infosys Pocharam, SDB 4 & 5, Hyderabad; and Institute of Public
Enterprise, Shamirpet, Hyderabad. Chandigarh Airport and A J C Bose Road Residential
Project, ITC, Kolkata were recognized as 4-star rated projects. Ansal Esencia, Gurgaon
and Ganga Cypress, Pune were recognized as being 3-star rated. GRIHA Council also
awarded three SVAGRIHA rated projects. IIT Gandhinagar and IIT Ropar were felicitated
as GRIHA LD (Large Developments) rated projects.
The Council recognized projects from diverse fields of building and construction
for their exemplary work on promotion of sustainable habitats. These nomination
categories were health and safety, site management, passive design, energy, materials,
and water management. The projects included IIT Hyderabad and High Court, Goa.
Dr Ajay Mathur congratulated all the projects that received GRIHA rating and
exemplary awards. Mr Ashok Chawla, Chairman, TERI emphasized the linkage between
economic growth and environmental responsibility and said that one cannot exist
without the other. He highlighted the importance of green buildings in the Indian
context and its role in mitigating climate change. He also congratulated the GRIHA
Rating system for mainstreaming the green agenda in the country.

THE 4-DAY GRIHA
SUMMIT SERVED
AS A PLATFORM
FOR KNOWLEDGE
SHARING IN DIFFERENT
DOMAINS OF GREEN
BUILDING INDUSTRY.
IT FACILITATED
MULTI-STAKEHOLDER
PARTNERSHIPS AND
NETWORKING AMONG
GOVERNMENTS,
ACADEMIA,
CIVIL SOCIETY
ORGANIZATIONS
AND PROFESSIONALS
FROM DIFFERENT
DISCIPLINES, SUCH
AS ARCHITECTURE,
ENGINEERING, AND
CONSTRUCTION
MANAGEMENT.
.

Compiled by Akshay Urja Editorial Team, TERI Press, India Habitat Centre, Lodhi Road, New Delhi.
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INAUGURATION OF

INTERIM SECRETARIAT
AND FOUNDATION

STONE LAYING OF THE

INTERNATIONAL SOLAR ALLIANCE HEADQUARTERS

Although
headquartered in
India, ISA is a
global institution
meant for the
benefit of
mankind.
Shri Narendra Modi
Prime Minister of India
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ndia moved a step closer to positioning itself as an emerging global powerhouse
in solar energy when the Prime Minister of India Shri Narendra Modi, and the
President of France Mr François Hollande, jointly laid the foundation stone of
the International Solar Alliance (ISA) Headquarters and inaugurated the interim
Secretariat of the ISA in the National Institute of Solar Energy (NISE), Gwalpahari,
Gurgaon on January 25, 2016. The ISA will be the First International and InterGovernmental Organization of 121 countries to have Headquarters in India with the
United Nations as Strategic Partner.
The Government of India has dedicated five acre land in NISE campus for the ISA
Headquarters and has also contributed `175 crore for ISA corpus fund and also for
meeting expenditure for the initial five years. ISA is part of Prime Minister’s vision to
bring clean and affordable energy within the reach of all and create a sustainable
world. It will be a new beginning for accelerating development and deployment of
solar energy for achieving universal energy access and energy security of the present
and future generations. Speaking on the occasion, Prime Minister Shri Narendra Modi
stated that ISA will be India’s first international and inter-governmental organization
headquartered in India. ISA will be dedicated to promotion of solar energy for making
solar energy a valuable source of affordable and reliable green and clean energy in
121 member countries. He thanked the President of France for his continued help

Inauguration of Interim Secretariat and Foundation Stone Laying of the International Solar Alliance Headquarters

and support in shaping ISA. Unveiling the plaque, Modi said that although the ISA
will be headquartered in India, it will function as a global and independent institution
meant to benefit entire mankind. He stressed, “While ISA is headquartered in Gurgaon,
this will not be an institution of India alone. This will be a global institution and will
function independently.” “I have met with the leaders of many small island nations and
understood their concerns stemming from climate change. This alliance ensures the
world gets more energy and there is also a focus on innovation,” added Prime Minister
Modi at the inauguration. The Prime Minister stressed that India and France share
much in common about their goal to resolve the issue of global warming. Stressing
that developing countries had their developmental needs, the Prime Minister said that
this cannot be possible without the use of energy and hence the dilemma before the
world is how to protect the environment while meeting the developmental needs of
such nations. “Energy has become an integral part of a nation’s development journey.
For the past one year, the world has been deliberating on how to combat global
warming. This alliance ensures the world gets more energy and there is also a focus on
innovation,” Prime Minister Modi further said.
Appreciating India, the President of France, Mr François Hollande said that at the
Paris Conference, India showed that it was ready to fully commit to energy transition
and the fight against climate change. “The French Development Agency will allocate
€300 million to solar energy over the next five years. In addition, our companies,
research institutions, and diplomatic network will be mobilized to reach all the goals
set by the alliance. The Solar Alliance is a gift from India to fight against climate
change. France is proud to launch it with you. Thanks to India’s commitment, we were
able to secure an ambitious, fair, and dynamic agreement in Paris, which is binding for
all of humanity”, he said at the inauguration. He also said that India’s role will be just
as essential in implementing the Paris Agreement and the commitments which have
been made. Mr Hollande reaffirmed his commitment by saying that France wants to
build the post-Paris Agreement world with India and ISA paving the way for this and,
therefore, the Solar Alliance has full support from France. He announced that the

Shri Narendra Modi, speaking
at the event

THE GOVERNMENT OF
INDIA HAS DEDICATED
FIVE ACRE LAND IN NISE
CAMPUS FOR THE ISA
HEADQUARTERS AND
HAS ALSO CONTRIBUTED
R175 CRORE FOR ISA
CORPUS FUND AND
ALSO FOR MEETING
EXPENDITURE FOR THE
INITIAL FIVE YEARS.
ISA IS PART OF PRIME
MINISTER’S VISION
TO BRING CLEAN AND
AFFORDABLE ENERGY
WITHIN THE REACH
OF ALL AND CREATE A
SUSTAINABLE WORLD.
.
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APPRECIATING INDIA,
THE PRESIDENT OF
FRANCE, MR FRANÇOIS
HOLLANDE SAID THAT
AT PARIS CONFERENCE,
INDIA SHOWED THAT IT
WAS READY TO FULLY
COMMIT TO ENERGY
TRANSITION AND THE
FIGHT AGAINST CLIMATE
CHANGE. “THE FRENCH
DEVELOPMENT AGENCY
WILL ALLOCATE €300
MILLION TO SOLAR
ENERGY OVER THE
NEXT FIVE YEARS.
IN ADDITION, OUR
COMPANIES, RESEARCH
INSTITUTIONS, AND
DIPLOMATIC NETWORK
WILL BE MOBILIZED TO
REACH ALL THE GOALS
SET BY THE ALLIANCE.
THE SOLAR ALLIANCE
IS A GIFT FROM INDIA
TO FIGHT AGAINST
CLIMATE CHANGE.
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French Development Agency will allocate €300 million for developing solar energy
over the next five years in order to finance the initial projects. He stressed on
the fact that contributing to the success of the Alliance also means launching
Indo-French projects.
Welcoming the dignitaries , Shri Piyush Goyal, Minister of State (IC) for Power, Coal
& New and Renewable Energy informed that an Interim Administrative Cell (IAC)
has been made functional for facilitating transition of ISA from de facto to a de jure
entity. He also stated that in addition to contribution for creating ISA corpus fund, the
Government of India has offered training support for ISA member countries at NISE
and also support for demonstration projects for solar home lighting, solar pumps for
farmers, and for other solar applications. Shri Goyal further informed that the interim
ISA Secretariat has started functioning from the Surya Bhawan of NISE. He mentioned
that locating ISA in NISE campus is a great value addition and both the institutions will
immensely benefit from each other’s presence and establish vibrant linkages.
On this occasion, the Indian Renewable Energy Development Agency (IREDA) and the
Solar Energy Corporation of India (SECI) announced contribution of $1 million each to
the ISA corpus fund.
Earlier, a few days before the laying of the
foundation stone of the ISA Headquarters,
Shri Upendra Tripathy, Secretary, MNRE,
said, “The International Solar Alliance will
raise $1 trillion (about `67 lakh crore) from
multilateral institutions and private sources.
It is for the first time that an international
organization is being headquartered in India.”
He said the alliance will be an independent,
international body, not a set-up meant to
promote India’s interests. Shri Tripathy also
said, “The ISA will be an alliance of 121 solar
rich countries lying between the Tropic
of Cancer and Tropic of Capricorn. Many
countries expressed interest in becoming
members, but only those which lie between
the tropics or have islands there are being
admitted. Others will function as partner

Inauguration of Interim Secretariat and Foundation Stone Laying of the International Solar Alliance Headquarters

THE ISA WILL MAKE
JOINT EFFORTS
THROUGH INNOVATIVE
POLICIES, PROJECTS,
PROGRAMMES,
CAPACITY BUILDING
MEASURES,
AND FINANCIAL
INSTRUMENTS TO
ACHIEVE ITS GOAL OF
BRINGING “CLEAN,
AFFORDABLE, AND
RENEWABLE ENERGY
WITHIN THE REACH
OF ALL”. THE ISA HAS
countries as opposed to member countries. An international steering committee of
BEEN ENVISIONED AS A
the ISA held its first meeting in Abu Dhabi on January 18, 2016. Shri Tripathy said that
SPECIALIZED PLATFORM
he expected the alliance to be fully realized after the member countries formally seek
permission to join and sign the requisite documents. The ISA will make joint efforts
AND WILL CONTRIBUTE
through innovative policies, projects, programmes, capacity building measures, and
TOWARDS THE COMMON
financial instruments to achieve its goal of bringing “clean, affordable, and renewable
GOAL OF INCREASING
energy within the reach of all”. The ISA has been envisioned as a specialized platform
and will contribute towards the common goal of increasing utilization and promotion
UTILIZATION AND
of solar energy and solar applications in its member countries. The Paris declaration on PROMOTION OF SOLAR
the ISA states that the countries share the collective ambition to undertake innovative
ENERGY AND SOLAR
and concerted efforts for reducing the cost of finance and cost of technology for
APPLICATIONS IN ITS
immediate deployment of competitive solar generation, financial instruments to
mobilize more than $1,000 billion of investments needed by 2030 for the massive
MEMBER COUNTRIES.
deployment of affordable solar energy and to pave the way for future solar generation,
.
storage and good technologies for countries’ individual needs.
Prof. Kaptan Singh Solanki, Governor, Haryana; Shri Manohar Lal, Chief Minister,
Haryana; Ministers from the Government of France, and Government of UAE also
graced the occasion. Representatives from over
60 resident Diplomatic Missions in New Delhi;
large number of representatives from International
Organizations, Indian Industry & Businesses,
Media; and farmers from Haryana were present at
the event. Significantly, India has emerged as one
of the most vibrant markets for solar energy. In
2015, investments of $5.6 billion (around `38,000
crore) to build solar energy generating capacity
were announced, compared with $3.1 billion in
2014, according to a Bloomberg New Energy
Finance report. The price of solar energy has also
fallen sharply to `4.34 per unit at which a contract
was won by Finland-based Fortum Finnsurya
Energy in January 2016.
Compiled by Akshay Urja Editorial Team, TERI Press,
India Habitat Centre, Lodhi Road, New Delhi.
Photographs Source: Press Information Bureau
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The Solid State Biogas Plant:

A Boon for Water
Scarce Areas

Application of biogas technology is increasing everyday in the
rural areas of India, mainly for cooking purpose that ultimately
achieves multiple environmental advantages. A variety of
raw materials, plant designs, and field applications of biogas
technology are available. Among those all, solid state Deenbandhu
biogas plant based on cow dung is one of the cheapest design
without compromising on the biogas production efficiency. In this
article, Er Kapil K Samar, Dr Deepak Sharma, and Er G L Meena
describe economic feasibility of solid state biogas plant, which is
most suitable for water scarce and drought prone areas of
the country.
THE DEPARTMENT OF
RENEWABLE ENERGY
ENGINEERING,
CTAE, UDAIPUR,
HAS DEVELOPED A
MODIFIED DESIGN OF
DEENBANDHU BIOGAS
PLANT FOR OPERATION
WITH THE CATTLE
DUNG (HAVING TOTAL
SOLID CONTENT OF
15–19 PER CENT) UNDER
BDTC DURING THE
11TH FIVE YEAR PLAN.
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raditionally, biomass had been utilized through direct combustion. Cow dung
cake is one of the most important and widely used biomass for meeting daily
energy needs. It has been estimated that 2.5 billion people around the world
are not being able to access the modern fuels. They are highly dependent
on locally available wood and cow dung cakes. About ninety per cent of the rural
households in India use traditional biomass-wood and dung as a household fuel
annually. Burning of biomass or cow dung cakes through direct combustion creates
indoor air pollution that ultimately contributes to serious health problems, particularly
cancer and respiratory infections. Biogas represents renewable source of energy that
derives mainly from decomposition of organic wastes in the absence of oxygen. In
India, family type biogas plants have been mainly designed on cattle dung feedstock
though other biodegradable waste can be also used to feed it. The biogas technology
is being promoted by the Government of India since 1981–82 to the present time.
Livestock Census of 1981–82 reported the population of cattle in the country as 262
million. According to the MNRE, Government of India, an estimated potential of about
12 million household biogas plants based on animal waste has been estimated that
was worked out based on the cattle census of 1981–82. Under the National Biogas and
Manure Management Programme being implemented by the MNRE, about 48.60 lakh
biogas plants in the capacity of 1–10 m3 have been installed up to December 31, 2015.

The Solid State Biogas Plant: A Boon for Water Scarce Areas

In 2015, about 40,000 plants were installed against an annual
target of 111,000 biogas plants. Larger units have also been set
up in many villages, farms, and cattle houses. The estimated
biogas production from these plants is over 40 lakh m3 per
day, which saves 38 million liquefied petroleum gas (LPG)
cylinders annually. The installed biogas units produce
20 crore kg urea, equivalent to organic bio-manure fertilizer
also. Family size biogas plants are generally used for cooking,
lighting, and water pumping by operating biogas engine pump
set. Commercial size biogas plants are being set up for thermal
energy and electricity generation.

Types of Biogas Plants
The biogas is produced in a biogas plant and stored in a gas
holder. On the basis of digester design, type of feedstock
and gasholder, the MNRE has classified and approved various
models of household/family type biogas plants. Approved
designs and models of MNRE family size biogas plants are
shown in Figure 1. Due to requirement of water in bulk volume,
the technology has not penetrated into areas with water
scarcity, such as the desert zone of Rajasthan and Rann of
Kutch, Gujarat. Biogas plants may become non-functional due to operational reason
mainly as feeding is discontinued by the beneficiary during summer season due to
scarcity of water.
A major fraction of the available cattle dung is still either being converted to dung
cakes for use as fuel or thrown in pits for converting into farmyard manure (FYM). In
order to overcome these two major issues, the Department of Renewable Energy
Engineering, CTAE, Udaipur, has developed a modified design of Deenbandhu biogas
plant for operation with the cattle dung (having total solid content of 15–19 per cent)
under BDTC during the 11th Five Year Plan. After availing approval from the MNRE,
about 50 solid state Deenbandhu plants were installed and commissioned by the
centre under NBMMP. During their performance by the Biogas Development and
Training Centre, CTAE, Udaipur, it was observed that average methane content was
58.4 per cent for the solid state plant. Digested slurry discharged from biogas plant
becomes readily suitable for transportation to field for use as manure within a period
of about seven days compared to 45 days as in common plants. The digester volume
and gas storage volume of solid state biogas plant is same as given in IS 9478:1989 for
the respective design and capacity (Picture 1). The biogas plant installed in village and
block-Kherwara of District-Udaipur, Rajasthan, is shown in Picture 2. New, innovative,
and cost-effective models of biogas plants may be added to the above depending
upon the promising technology with sustainable field worthiness and adhering to the
basic design needs of the climatic conditions of the country by the MNRE.

Figure 1: Types of biogas plants

Picture 1: Solid state Deenbandhu
biogas plant at DREE, CTAE
(above) and; beneficiary using
solid state Deenbandhu biogas
plant (below)
Picture 2: A 2 m3 solid state
Deenbandhu biogas plant at
Kherwara, District Udaipur,
Rajasthan. Despite the beneficiary
having LPG connection, biogas
is used as predominant fuel for
cooking in the household
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CONSTRUCTION
OF SOLID STATE
DEENBANDHU
BIOGAS PLANTS IS A
SKILLED JOB. HENCE,
THE SCHEME HAS
A PROVISION OF
PROVIDING TRAINING
TO THE MASONS
AND TRAINERS FOR
CONSTRUCTION
AND MAINTENANCE
OF BIOGAS PLANTS.

At present, biogas technology is not being adopted by the majority of the households
from the rural areas due to their inability to meet the condition as well as lack of
knowledge regarding returns of their investment. For the cattle dung, waste or for
any biodegradable waste, processing of the wastes through anaerobic digestion in a
biogas plant is the best option for numerous benefits. Hence, this study is undertaken
to evaluate the economics of solid state family sized Deenbandhu biogas plants for
the states of Rajasthan, Gujarat, and other drought prone areas, such as Vidarbha in
Maharashtra. Outcomes of this study will help the cattle owners of drought regions
of Gujarat, Maharashtra, and Rajasthan for adopting a more suitable and sustainable
design of Deenbandhu biogas plant.

Cost of Installation
The cost of installation varies according to the model and size of the plant. The
estimated cost (including cost of material and cost of manpower) for the most popular
solid state Deenbandhu model is calculated in Table 1 (for Rajasthan). The cost of
material is accounted as per Udaipur city market. Table 2 presents the same data for
Gujarat. The cost of a biogas plant increases by about 30 per cent in hilly areas and by
50–60 per cent in the northeastern region of the country. The present rate of subsidy
amount being given by the MNRE for all states and union territories is given in Table 3.

Table 1: Civil construction cost for solid state type Deenbandhu biogas plant (Rajasthan)*
Cost of Construction Material
Material

Unit

2 m3

1 m3

3 m3

4 m3

6 m3

Cost per
unit (`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Brick

Nos.

5.5/ nos.

700

3,850

1,000

5,500

1,300

7,150

1,600

8,800

2,200

12,100

Cement

Bag

290/bag

9

2,610

15

4,350

17

4,930

23

6,670

29

8,410

Concrete

Cubic metre

750/m

3

1

750

1.27

953

1.55

1,163

1.98

1,485

2.54

1,905

Sand

Cubic metre

600/m3

1

600

2

1,200

3

1,800

3.5

2,100

4

2,400

GI pipe

Set

200/set

1

200

1

200

1

200

1

200

1

200

AC pipe

Metre

105/metre

2

210

2

210

2.3

240

2.6

275

2.6

275

Paint

kg

250/kg

1

250

2

500

3

750

4

1,000

4

1,000

8,470

12,913

16,233

20,530

Mason Cost
1 m3

2 m3

3 m3

4 m3

6 m3

Working days

7

9

12

15

18

Rate of mason

500

500

500

500

500

Cost of mason

3,500

4,500

6,000

7,500

9,000

Labours @`300

2

2

2

2

2

Cost of labour

4,200

5,400

7,200

9,000

10,800

Total

7,700

9,900

13,200

16,500

19,800

1m

2m

3m

4m

6 m3

3

3

3

3

Construction
material
Mason cost

8,740

12,913

16,233

20,530

26,290

7,700

9,900

13,200

16,500

19,800

Total cost

16,440

22,813

29,433

37,030

46,090

Round-off cost

16,500

23,000

29,500

37,100

46,100

Subsidy (D)

5,500

9,000

9,000

9,000

9,000

Net Cost of
Installation
(C-D)

11,000

14,000

20,500

28,100

37,100

*As per BSR/PWD rates (2013) for Udaipur region as on January 23, 2016

18

| Akshay Urja | February 2016

Production and storage of biogas

26,290

The Solid State Biogas Plant: A Boon for Water Scarce Areas

Table 2: Civil construction cost for solid state type Deenbandhu biogas plant (Gujarat)*
Cost of Construction Material
Material

Unit

Cost per
unit (`)

1 m3

2 m3

3 m3

4 m3

6 m3

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Qnty.

Price
(`)

Brick

Nos.

5/Nos.

700

3,850

1,000

5,500

1,300

7,150

1,600

8,800

2,200

12,100

Cement

Bag

300/bag

9

2,610

15

4,350

17

4930

23

6,670

29

8,410

Concrete

Cubic metre

350/m3

1

350

1.27

445

1.55

543

1.98

693

2.54

889

Sand

Cubic metre

350/m3

1

350

2

700

3

1,050

3.5

1,225

4

1,400

GI pipe

Set

200/set

1

200

1

200

1

200

1

200

1

200

AC pipe

Metre

105/metre

2

210

2

210

2.3

240

2.6

275

2.6

275

Paint

kg

250/kg

1

250

2

500

3

750

4

1,000

4

1,000

7,820

11,905

14,863

18,863

24,274

Mason Cost
1 m3

2 m3

3 m3

4 m3

6 m3

Working days

7

9

12

15

18

Rate of mason

500

500

500

500

500

Cost of mason

3,500

4,500

6,000

7,500

9,000

Labours @`300

2

2

2

2

2

Cost of labour

4,200

5,400

7,200

9,000

10,800

Total

7,700

9,900

13,200

16,500

19,800

1 m3

2 m3

3 m3

4 m3

6 m3

7,820

11,905

14,863

18,863

24,274

Construction
material
Mason cost

7,700

9,900

13,200

16,500

19,800

Total cost

15,520

21,805

28,063

35,363

44,074

Round-off cost

15,500

21,800

28,100

35,400

44,100

Subsidy (D)

5,500

9,000

9,000

9,000

9,000

Net Cost of
Installation
(C-D)

10,000

12,800

19,100

26,400

35,100

*As per GAIC rates for Gujarat region as on October 30, 2015

Cow dung cakes used as biomass for meeting daily
energy needs

Table 3: Central financial assistance under the National Biogas and Manure Management Programme, with effect from
May 8, 2014 for the remaining period of the 12th Five-Year Plan
Sl.
No.

Particulars of Central Financial Assistance (CFA) & States/Regions
and Categories

Family Type Biogas Plants under NBMMP (1–6 m3
capacity per day)

A.

Central Subsidy Rates Applicable (In `)

1 m3

2–6 m3

1.

NE region states, Sikkim, including SC and ST categories of NE states

15,000

17,000

2.

Plain areas of Assam

10,000

11,000

3.

Jammu & Kashmir, Himachal Pradesh, Uttarakhand, Nilgiri of Tamil
Nadu, Sadar Kurseong and Kalimpong subdivisions of Darjeeling,
Sunderbans (West Bengal), and Andaman & Nicobar Islands

7,000

11,000

4.

SCs/STs of other than northeastern states including Sikkim and other
hilly states/regions as given in Sl.No.3 above

7,000

11,000

5.

All others

5,500

9,000

B.

Turnkey job fee including warranty for five years and quality control
(in ` per plant).

`1,500/- per plant for fixed dome Deenbandhu type
and floating gasholder KVIC type brick masonry
models. Turnkey job fee also provided for biogas plants
with prefabricated material. No fee is provided for
completely prefabricated/manufactured plants such as
bag type plants with rubberized material or plants made
of HDPE/PVC/fabric materials.

C.

Additional CFA for toilet linked biogas Plants (in ` per plant).

`1,200/-
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DUE TO REQUIREMENT
OF WATER IN BULK
VOLUME, THE
TECHNOLOGY HAS
NOT PENETRATED INTO
AREAS WITH WATER
SCARCITY, SUCH AS
THE DESERT ZONE OF
RAJASTHAN AND RANN
OF KUTCH, GUJARAT.
BIOGAS PLANTS
MAY BECOME NONFUNCTIONAL DUE TO
OPERATIONAL REASON
MAINLY AS FEEDING IS
DISCONTINUED BY THE
BENEFICIARY DURING
SUMMER SEASON DUE
TO SCARCITY OF WATER.

Returns on Investment
(i)	For 2 m3 biogas plant, daily 50 kg of cattle dung and 50 kg of water is required.
Cattle dung required throughout the year
= 365 days × 50 kg = 18,250 kg
Water required throughout the year
= 365 days × 50 kg = 18,250 kg
Total quantity			
= 36,500 kg
(ii) If a 2 m3 biogas plant is used continuously for a month, it can save 26 kg of LPG
that is equivalent to 2 cylinders.
Monthly saved cost of 2 LPG cylinders
= 2 No. × `420
= `840
(Assume cost of one cylinder is `420)
Yearly saving
= `840 × 12
= `10,080
(iii) Approximately 25 per cent of fed slurry is converted into biogas and remaining 75
per cent portion will be back from outlet as digested slurry. This digested slurry is
dried up to 25 per cent w.b. moisture content. A total of 10.8 tonne dried digested
manure can be utilized as organic enriched bio-manure/biofertilizer.
(iv) Total investment
Constructional cost			
= `23,000
If cattle dung is bought at a cost of `1 per kg,
Yearly expenditure incurred for purchasing of 18.25 tonnes of dung = `18,250
Total                     (23,000+18,250) = `41,250
(v) Returns
First year returns
Subsidy			
= `9,000
LPG saving			
= `10,080
If digested slurry is sold out at a cost of `3 per kg
Yearly income from 10.8 tonnes slurry			
= `32,400
Total                 (9,000+10,080+32,400) = `51,480
(vi) Difference of plant investment and refund of first year is `9,230.
(vii) Net outgo from beneficiaries account `32,250, i.e., (`41,250 – `9,000)
(viii) Recovery of beneficiary’s investment in 3.2 years, if he is operating the biogas
plant by purchasing the cattle dung at `1.00/kg. If he has his own feeding material,
i.e., cattle dung, the cost of the biogas plant will be recovered within 1.60 years.
On the basis of above calculation, it can be evaluated that there is almost no income
and no loss in the first year of installation. After the first year, income from the biogas
plant is mentioned in Table 4.
Table 4: Income from the biogas plant after the first year
Year

Expenditure (`)

Returns (`)

Benefits (`)

First year

41,250

51,480

10,230

Second year

18,250

42,480

24,230

Third year

18,250

42,480

24,230

Fourth year

18,250

42,480

24,230

Fifth year

18,250

42,480

24,230

Total

115,250

221,400

106,150

It can be concluded that a 2 m3 biogas plant can save `24,000 approximately every
year and biogas plant can last long up to 25 years.

Training

Village women carrying biomass
after collecting

20

| Akshay Urja | February 2016

Construction of solid state Deenbandhu biogas plants is a skilled job. Hence, there
is provision of providing training to the masons and trainers for construction and
maintenance of biogas plants. A total of eight Biogas Development and Training
centres (BDTCs) have been set up in different R&D institutes/universities/IITs to tackle
training needs and also provides opportunity for employment to rural people.

The Solid State Biogas Plant: A Boon for Water Scarce Areas

Installation Supervision and Post Installation Five Years
Free Warranty and Servicing Facility
The government pays a turnkey job fee of `1,500 per biogas plant constructed on
turnkey basis with a five-year warranty for trouble-free functioning of the plant.
Financial support is provided for repair and revival of old and non-functional biogas
plants which are at least five years old and which are not in use at present for want of
structural repairs, excluding replacement of gas pipelines, gas cock, burner, etc.
The 50 per cent expenditure of the repair of the old plant would be borne by the
concerned beneficiary. The standard specifications of the solid state Deenbandhu
biogas plants as approved by the MNRE are given in Figure 2 and Table 5.
Table 5: Dimensions of 1–6 m3 solid state Deenbandhu biogas plant for HRT of 75 days
Nomenclature Dimensions (cm)
1 m3

2 m3

3 m3

4 m3

6 m3

A

105

127.5

145

159

180

B

42

51

58

63.6

72

C

7.5

7.5

7.5

10

10

D

210

255

290

318

360

E

7

24.5

35

42

57

F

18

17.5

20

24

29

G

0

7.5

10

15

20

H

29.5

47.0

57.5

64.5

77

I

50.7

59.7

66.7

74.8

83.2

J

40

57

70

81

96

K

70

81

90

100

111

L

22.7

23.2

24.7

28.7

29.7

M

100

100

100

100

120

N

94

165

232.5

289

362

P

7.5

7.5

7.5

10

10

R1

105

127.5

145

159

180

R2

169.5

201.5

228

242

287

S

181.4

212.9

237.4

263.5

292.9

T

7.5

7.5

7.5

11.5

11.5

T1

25

30

35

40

45

Figure 2: Solid state Deenbandhu biogas plant

Conclusion
In the Indian agricultural sector, biogas production is a very fast growing market
and finds increased interest in many parts of the world. Out of the various types of
biogas plants, solid state Deenbandhu biogas plant can be installed at low cost. For
Deenbandhu model, as the capacity of the biogas plant increases, cost of installation,
annual operational cost, and annual income increases in a proportionally mean
manner while the payback period will be improved. Payback period of 1 m3 sized plant
is double than the 2 m3 plants because of difference in subsidy amount. As per the
economic standards, the economics of the solid-state Deenbandhu biogas plants
sounds good and fit design of the Deenbandhu model to be replicated for the water
scarcity and drought prone areas of the country. All the BDTCs under the National
Biogas and Manure Management Programme (NBMMP) of the MNRE are ready to
impart the required training for this type of biogas plants.
Er Kapil K Samar and Dr Deepak Sharma, Biogas Development and Training Centre, College of Technology
and Engineering, MPUAT, Udaipur, Rajasthan, India. Email: kapilsamar18@gmail.com; and Er G L Meena,
Director (Biogas), MNRE, New Delhi, India. Email: gl.meena@nic.in
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Effective Deployment of

Multilateral
Low-Cost Debt
in India’s Rooftop Solar Market
India intends to
increase its solar
power generation
manifold from its
present status.
Rooftop solar
is essential for
India to reach
its INDCs. In this
context, Adwit
Kashyap and
Shirish S Garud
highlight the
importance of
and the need
for effectively
managing
the inflow of
international lowcost debt in the
rooftop solar
power sector.
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ndia’s grid-connected rooftop solar power market is witnessing a surge in activity.
The Cabinet Committee on Economic Affairs, chaired by Prime Minister Shri
Narendra Modi recently approved the budget, allocating `5,000 crore as subsidy
support to select consumer segments till 2019–20. Also, the Ministry of New and
Renewable Energy (MNRE) is negotiating gigawatt-scale capacity allocation to various
Government of India (GoI) ministries, departments, and agencies and is investing
in large-scale capacity-building and training activities to sensitize different market
stakeholders. In addition, rooftop solar power is reported to have achieved grid parity
for commercial and industrial consumers in a number of states. These indicate that
the country’s grid-connected rooftop solar power sector is at the threshold of rapid
market expansion and capacity deployment. However, this growth is contingent on
suitable and timely intervention concerning a number of diverse issues: one of which
concerns the availability and accessibility of low-cost debt finance.
Some of the efforts taken by the government in this regard are briefly discussed in
Table 1. Support from multilateral organizations is the other potential market driver for
low-cost debt finance in the market. Several multilateral organizations, such as The
World Bank, Germany’s KfW Development Bank, Asian Development Bank, and the
BRICS development bank, have given attention to the sector. The cumulative lowcost debt support for India’s rooftop solar power market is upward of $2 billion, which
is roughly equivalent to `13,000 crore. At a 70 per cent average debt component in
project cost, this amounts to debt availability for nearly 3 GW of capacity deployment.

Rooftop Solar Market Segments
The rooftop solar market in India can be broadly divided according to consumer
segments, with each consumer segment exhibiting some distinctive characteristics
relating to business models, financial viability, policy incentives, market drivers, etc.
These consumer segments are:
 Residential
 Commercial and Industrial
 Institutional which includes schools, colleges, universities, hospitals managed by
not-for-profit trusts, NGOs, etc.
 Government including government ministries, public sector units (PSUs),
departments, etc.
Table 2 illustrates some characteristics of each consumer segment. Given the financial

Effective Deployment of Multilateral Low-Cost Debt in India’s Rooftop Solar Market

Table 1: Government efforts towards increasing debt availability in rooftop solar power sector
Government
Intervention

Brief Information

Discussion

Inclusion of
renewable energy
in priority sector
lending (PSL)
category for
banking sector

The Reserve Bank of India’s (RBI’s) norms prescribe that
40% of the Adjusted Net Bank Credit (ANBC) of banks is
to be lent for specified PSL activities. The outstanding
amount under PSL of the banking sector as on March 31,
2015 stood at `23,785 billion (Source: RBI Annual Report
2015). In a notification on April 23, 2015, RBI included
renewable energy in the PSL category. According to the
PSL break-up, as shown in Figure 1, rooftop solar power is
eligible for up to 4.5% of the ANBC, which is about `1,070
billion, or `107,000 crore. This is a huge opportunity
for influx of project debt for the market. Banks can be
incentivized to channel the remaining PSL funds into
the rooftop solar market if the existing risks and investor
concerns can be adequately addressed through deep
engagement with banks and quick action on the part of
relevant stakeholders

For rooftop solar projects to become a preferred
PSL alternative for banks, a number of market
issues need to be addressed. Practical challenges,
such as unfamiliarity of bank personnel with
rooftop solar technology and project attributes,
need for quality assurance, and inspection
infrastructure, etc., can be addressed in the near
term with the government’s support. Some of
these issues are already being addressed.
Clearing these barriers would be a major step
towards making rooftop solar projects an
attractive PSL opportunity for banks. Other issues
such as power off-taker risk, policy stability,
state participation, etc., may take more time to
resolve; however, action on these issues is also
being taken

Low-cost lending
through the Indian
Renewable Energy
Development
Agency (IREDA)

IREDA has extensive experience in lending to renewable
energy projects, and also holds the internal capabilities
to assess such projects. Procuring investments from
various domestic and international sources for its lending
operations along with trained personnel, IREDA holds the
potential to provide the initial impetus to the rooftop solar
market

Since IREDA doesn't engage in retail banking
operations and has a relatively small personnel
base compared to commercial banks, it is
difficult for it supply small-size loans (less than
1 MW project size). In IREDA’s new low-cost
loan scheme launched in July 2015, this is
being addressed to some extent by accepting
aggregator projects also, i.e., aggregated smaller
projects that have a cumulative size of more than 1 MW.

Bundling of
rooftop solar
installation in
home loan/home
improvement loan
products of banks

To facilitate availability of low-cost loans for rooftop solar
projects, GoI has also engaged public sector banks to
provide loans under ‘Home Loan’ or ‘Home Improvement
Loan’ categories, with interest rates between 9.85% and
10.75%. As on September 29, 2015, 11 public sector banks
had initiated such lending operations.

Whereas a number of banks have released
internal guidelines in this regard, a substantial
amount of work needs to be done before this
becomes sustainably operational

Figure 1: Break-up and targets under PSL by banks

viability and motivation for cost savings, the commercial and industrial segment is
expected to drive demand and deployment. This will be supported by Government
departments and PSUs with whom MNRE is currently engaged for allocating capacity
targets for rooftop solar deployment.

Debt Requirement in Each Market Segment
Until now, the capacity installed has not made significant use of debt, owing to very
low availability of debt in the market, low-cost or otherwise. While some projects
have been able to secure project debt from various sources, a majority of the projects
have been installed by early adopters with equity investments alone on the part of the

THE GOI’S INITIATIVE TO
PROMOTE INCLUSION
OF ROOFTOP SOLAR
PROJECT IN HOME LOAN/
HOME IMPROVEMENT
LOAN PRODUCTS
OF BANKS WAS AN
EFFORT TO MEET THE
REQUIREMENT OF THIS
NATURE OF PROJECT
DEBT. IN CONTRAST, THE
SMALL PROPORTION
OF AGGREGATORBASED RESIDENTIAL
RESCO PROJECTS WILL
REQUIRE PROJECT DEBT
OF A DIFFERENT KIND,
LIKELY OF A PROJECT
FINANCE NATURE.
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Table 2: Brief discussion on market segments in the rooftop solar power sector
Segment
Characteristics

Residential

Commercial and
Industrial

Institutional

Government

Typical system
size (kW)

0–10

20–500

50–500

100–1,000+

Market
potential

~90 GW

~12 GW (market potential of commercial and industrial
and institutional segments in urban areas alone)

>7.2 GW*

Policy
incentives

→ Capital subsidy
→ Low-cost debt (e.g.,
home loans/home
improvement loans)

→ Accelerated
depreciation
→ Tax holiday

→ Accelerated
depreciation
→ Tax holiday
→ Low-cost debt (IREDA)

→ Accelerated depreciation
→ Tax holiday
→ Low-cost debt (IREDA)

Predominant
business model
(CAPEX → roof
owner bears
the capital cost
and employs an
EPC company
to install the
system;
RESCO → roof
owner agrees
to installation
of system on
the roof and
signs a PPA with
system owner
for electricity
generated)

CAPEX
Owing to small system
size, residential
installations have
been through CAPEX
mode. In RESCO
mode, operation and
maintenance expenses
of widely distributed
small projects and
low grid power tariffs
reduce the financial
viability

CAPEX and RESCO
Both CAPEX and RESCO
projects are seen in this
consumer segment. The
accelerated depreciation
incentive is a significant
market driver for CAPEX
projects. RESCO projects
are driven by savings in
electricity costs and a norisk value proposition to
the consumer

RESCO
Institutional
establishments are
generally governed by
trusts and funds with a
non-profit agenda. Also,
the roofs in their premises
are generally not utilized.
Here, RESCO projects
offer the opportunity for
cost savings in electricity
bills without the need
of any investments
or operational
responsibilities on the
part of the institutional
establishment itself

CAPEX and RESCO
While not many such
installations have taken place
in the market, it is expected
that the capacity addition will
be through a mix of CAPEX
and RESCO. PSUs may opt for
either of the two; the CAPEX
route offers the benefit of
lower project cost through
accelerated depreciation,
while the RESCO route
offers electricity cost savings
without need of investments
by the PSU. Other
government departments,
offices, etc., may likely opt
only for the RESCO model

Financial
viability and
grid parity

Grid parity reached
only in very few places,
e.g., Mumbai, where
grid tariffs are very
high. Small system size
also increases cost of
energy due to lack of
economy of scale.
RESCO projects can
be financially viable if
done on aggregated
basis

Grid parity reached
in a number of states,
including Maharashtra,
Delhi, etc. Given higher
grid tariffs for commercial
and industrial consumers
in the country and lower
cost of energy due to
economy of scale in
medium- to-large-size
projects, rooftop solar
power is most viable for
this consumer segment

Institutional
establishments generally
pay grid tariffs that are
either equal or close to
those for commercial and
industrial establishments,
so rooftop solar
power purchase from
RESCO is typically
viable for institutional
establishments in a
number of states

PSUs and other government
infrastructure such as office
buildings, etc., generally pay
commercial or industrial
tariffs, so rooftop solar
power is viable for these
government bodies. Other
government infrastructure,
such as residential areas, will
have lower grid tariffs, so grid
parity may not have been
reached

*TERI Research

system owner. However, as the market matures, project debt will have increasingly
prominent role to play in project development. Residential projects, which are
expected to continue mostly through CAPEX business model (supported by GoI’s
capital subsidy incentive), will require project debt in the form of consumer loans,
characterized by small ticket size, large volume, and need of loan accessibility at bank
branch level. The GoI’s initiative to promote inclusion of rooftop solar project in home
loan/home improvement loan products of banks was an effort to meet requirement
of this nature of project debt. In contrast, the small proportion of aggregator-based
residential RESCO projects will require project debt of a different kind, likely of a
project finance nature. Considering an estimate of the total capacity of residential
installations up to 2022 of around 20–25 GW, the total size of debt finance required
for this segment up to 2022 would be upward of `80,000 crore, which is roughly
equivalent to $13 billion. However, in the current state of affairs (viz. cost of rooftop
solar power and want of grid parity), it is expected that the residential segment will see
rapid deployment only after a few years from now. On the other hand, the commercial
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and industrial segment is expected to see speedy deployment at this time; however,
this will be highly contingent on the availability of low-cost debt, of which there is
presently not much in the market. The segment will likely continue to see both CAPEX
and RESCO installations. The estimated total capacity of commercial and industrial
installations up to 2022 is around 10–15 GW; the total size of debt finance required
for this segment would be upward of `40,000 crore, which is roughly equivalent to
$6.5 billion. This requirement would be mostly for debt characterized by mediumto-large ticket size loans through project finance or business loan route, as opposed
to consumer finance. The institutional segment, which is expected to continue
largely through RESCO mode, may be expected to add around 4–5 GW up to 2022.
This capacity will have a total debt requirement of around `16,000 crore, which is
equivalent to $2.6 billion. Growth in this segment is expected to rely significantly on
GoI’s capital subsidy incentive.
Lastly, the Government segment, which comprises PSUs and government ministries
and departments, is being aggressively pushed by GoI for rapid capacity deployment
and has a market size of more than 7 GW. The major part of this capacity is expected
to be deployed on RESCO model. The total debt requirement for this segment at 7 GW
capacity estimate will be around `28,000 crore, which is equivalent to $4.5 billion.

WHILE CONSIDERING
THE MOST EFFECTIVE
METHOD TO USE LOWCOST MULTILATERAL
DEBT FINANCE, IT IS
IMPORTANT TO FIRST BE
CLEAR WHAT OUTCOME
ONE DESIRES OUT OF
IT. ONE OBJECTIVE
COULD BE TO RAMP
UP DEPLOYMENT
QUICKLY AND
CONSEQUENTLY HAVE
A MORE MATURE AND
EXPERIENCED MARKET.

In all, the market has a requirement for three kinds of debt:
 Consumer loans → for CAPEX projects in residential segment;
 Project finance → for both CAPEX and RESCO projects; and
 Business loans → for RESCO businesses, encompassing all consumer segments in
the market, particularly in the Government and commercial and industrial segments.

Effectively Deploying Multilateral Funds
While considering the most effective method to use low-cost multilateral debt
finance, it is important to first be clear what outcome one desires out of it. One
objective could be to ramp up deployment quickly and consequently have a more
mature and experienced market. For this, capacity addition in the Government
and commercial and industrial segments would need to be supported. Another
objective could be to increase the pace of growth in residential segment as it has
the largest total market potential of all the consumer segments. At present, the
rooftop solar power market is in a blossoming but nascent stage, with only a fewhundred megawatts capacity installed and a number of issues such as relatively
slow pace of growth, lack of participation of distribution utilities, issues in quality
infrastructure, etc. In comparison, the large-scale solar power market crossed the
4 GW mark in 2015, and is in a significantly better position comparatively. Rapid
capacity addition in the rooftop solar power market at the present time is critical to
the future growth of the entire sector, as it is closely linked to market experience,
stability of the supply chain, technology awareness, and mainstreaming, and most
importantly the experience of lenders with rooftop solar projects. This is more
feasible in the government and commercial and industrial segments as compared to
the residential segment due to larger system sizes and greater financial viability. The
implementation of the last-mile lending mechanism for the kind of debt primarily
required for these segments, that is, project finance and business finance, is also likely
to be easier than that for consumer loans. This makes a compelling argument for using
the multilateral funds to fuel growth in the Government and commercial and industrial
segments. It is to be noted that this holds true if the multilateral finance is made
available in the market at the earliest possible moment. Delays in this matter would
progressively decrease the effectiveness of these funds.
Mr Adwit Kashyap, Research Associate, RETA, TERI, New Delhi. Email: Adwit.Kashyap@teri.res.in and
Mr Shirish S Garud, Director-EETD, RETA, TERI, New Delhi. Email: shirishg@teri.res.in

A view of solar rooftop panels

Another view of solar rooftop panels

Another view of solar rooftop panels
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Happy Home Package
for Clean Cooking and Lighting
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Pictures 1 and 2: Solar lantern

ENSURING ACCESS TO
CLEAN AND AFFORDABLE
ENERGY FOR DOMESTIC
LIGHTING AND COOKING
HAS BEEN A KEY FOCUS
FOR THE MINISTRY OF
NEW AND RENEWABLE
ENERGY (MNRE). AS
PART OF THIS MANDATE,
MNRE HAS INTRODUCED
SEVERAL PROGRAMMES
AND INTERVENTIONS
TO ACHIEVE UNIVERSAL
ACCESS TO CLEAN AND
AFFORDABLE ENERGY.
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ndia faces a challenge to ensure availability of reliable and modern forms of energy
for all its citizens. Almost 85 per cent of rural households depend on solid fuel
for their cooking needs and only 55 per cent of all rural households have access
to electricity. However, even after these problems, most rural households face
issues with quality and consistency of energy supply. In addition, there are issues of
health and drudgery due to continuous use of biomass cookstoves, which need to be
addressed. Ensuring access to clean and affordable energy for domestic lighting and
cooking has been a key focus for the Ministry of New and Renewable Energy (MNRE).
As part of this mandate, MNRE has introduced several programmes and interventions
to achieve universal access to clean and affordable energy. In continuation of this
effort, MNRE seeks cooperation from corporates and public sector enterprises to
contribute to this goal. Energy for lighting and cooking is one of the most critical
needs of every household. In India, there are more than 166 households who are
dependent on biomass fuel, such as fuelwood, crop-residue, and dung-cakes. Most
of these households use inefficient traditional cookstoves, which cause alarmingly
high level indoor air pollution (IAP). As per the World Health Organization estimates,
IAP causes more than 488,000 premature deaths every year in India. The inefficient
biomass cookstoves are also a cause of forest degradation and drudgery for women
who spend substantial time collecting and processing fuel. For lighting needs, a
significant number of rural households are still using kerosene lamps in the absence
of reliable and affordable access to electricity. Only 43.5 per cent of rural households
use electricity. Even in villages which are electrified, energy service is inadequate,
unreliable, and of poor quality. Household energy requirements can be easily met
by environment-friendly, affordable, and healthy options, such as solar energy based
lights and improved biomass cookstoves.

Some Foremost Solutions
 Solar energy lanterns: Light-emitting diode (LED) based portable lamps, which
are powered by rechargeable (by small solar panel) battery are ideal multipurpose
solutions for rural households (Pictures 1 and 2). These lights can be used for inhouse lighting as well as portable outdoor lights. These lights also recharge mobile
phones.
 Solar home systems: The solar home systems (SHS) are an affordable solution for
multi-energy needs of rural households. These systems can power multiple LED
lights, mobile recharging, and other small home appliances through a battery that
can be recharged using solar photovoltaic panels.
 Improved biomass cookstoves: These cookstoves are more efficient, consume
less biomass fuel and cause significantly less indoor air pollution through better
combustion of biomass fuel (Pictures 3 and 4).
 Improved biomass cookstoves with Thermoelectric Generating (TEG) modules:
Improved biomass cookstoves that are fitted with TEG produce electricity from the
heat generated during the cooking. This electricity can power LED lights and mobile
charging. This makes an ideal solution for lighting and cooking energy needs for
small households.

Happy Home Package for Clean Cooking and Lighting

The Intervention
A combination of the above mentioned solutions in the form of products, a happy
home package (Table 1), can provide access to lighting and cooking energy for rural
households who are struggling with inefficient, unhealthy, and costly alternatives.
These packages are meant to provide clean cooking energy, mobile charging, and
minimum two lights.
Table 1: Comparative analysis of the three packages under the happy home package
Package 1

Package 2

Package 3

Cooking Solution

Improved biomass
cookstove

Improved biomass
cookstove (with TEG)

Improved biomass
cookstove

Lighting Solution

Solar Home System
with at least two LEDs

Two solar lanterns

Three solar lanterns

Service and Training
(minimum 2 years)

Servicing and training would include spare parts, training of
households and user guides in local languages.

Table 2: Specifications: Solar energy powered lighting solutions
Solar Lantern

Solar Home System

Description

Multifunctional lantern with mobile charging

SHS with mobile charging facility

Panel Size

1.5–3 W

12 W and above depending on
appliances to operate

Battery

1,500–2,100 mAH (lithium iron phosphate 1.5 AH and above (lithium iron
type)
phosphate type)

Brightness

100 lumens

100 lumens or more

Warranty

2 years

2 years on entire system

EVEN IN VILLAGES
WHICH ARE
ELECTRIFIED, ENERGY
SERVICE IS INADEQUATE,
UNRELIABLE, AND
OF POOR QUALITY.
HOUSEHOLD ENERGY
REQUIREMENTS
CAN BE EASILY MET
BY ENVIRONMENTFRIENDLY, AFFORDABLE,
AND HEALTHY OPTIONS,
SUCH AS SOLAR ENERGY
BASED LIGHTS AND
IMPROVED BIOMASS
COOKSTOVES.

Table 3: Specifications: Improved biomass cooking solutions
Improved Biomass
Cookstoves

Improved Biomass
Cookstoves with TEG

Description

Improved biomass
cookstoves as per BIS 13152

Forced draft improved
biomass cookstoves with
thermoelectric generator
modules as per BIS 13152

Thermal Efficiency

Not less than 35 per cent
(Natural Draft) / Not less than
35 per cent (Forced Draft)

Not less than 35 per cent

Carbon Monoxide Emissions

≤ 5g/MJd

≤ 5g/MJd

Total Particulate Matters Emissions

≤350g/MJd (Natural Draft)
≤ 150g/MJd(Forced Draft)

≤ 150g/MJd

Material Specifications

As per BIS 13152

As per BIS 13152

Warranty

Two years warranty on entire
system

Two years warranty on
entire system

Certifications

All improved biomass cookstoves must be certified by
MNRE approved test centres

Picture 3: Natural draft cookstove

The recommended minimum specifications of all products are provided in Tables 2
and 3. Corporates and public sector enterprises can sponsor these packages as part of
their corporate social responsibility programmes. These packages can be implemented
through rural distribution companies/civil society organizations, who can provide
after-sales service and user-training for adoption of these products. The MNRE will
facilitate inputs for technical assistance, training, awareness generation, and outreach
after selection of the companies by the PSUs.
Dr (Mrs) Parveen Dhamija, Advisor/Scientist G, MNRE, Lodhi Road, New Delhi, India. Email: pdhamija@nic.in

Picture 4: Forced draft cookstove
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National Centre
Research and Ed
Leading the Research and Education Programme
to Strengthen India’s Solar Mission
The National Centre for Photovoltaic Research and Education
(NCPRE) was established at the Indian Institute of Technology
Bombay (IITB) in October 2010, with funding of R47.5 crore for
five years from the Ministry of New and Renewable Energy
(MNRE), Government of India. In this article, the research team
from NCPRE discuss the summary of achievements during the
last five years, i.e.,2010–15.

C

oming as it did a few
months after the formal
launch of the Jawaharlal
Nehru National Solar
Mission (JNNSM) in January 2010, the
mandate of The National Centre for
Photovoltaic Research and Education
(NCPRE) was to provide the research,
education, and training backdrop
required for achieving the JNNSM
targets. Given the highly crossdisciplinary nature of photovoltaics
(PV), it was felt that NCPRE should
be a broad-based centre, leveraging
IITB’s excellent track record of
collaboration between departments
and goal-oriented group activity.
A team of faculty members from
several departments got together,
and, together with students, have
been working on several major
aspects of photovoltaics—solar cells,
materials, power electronics, storage,
deployment, module reliability,
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modelling, and simulation. At present,
30 faculty members from eight
departments participate in NCPRE,
together with 120 post-graduate
students and research assistants, ably
supported by several administrative
and technical staff members. NCPRE
has progressed well since its inception
in 2010. This article provides an
overview of the activities and
achievements of NCPRE over the last
five years.

Creation of Facilities
Through the funding received from
MNRE, as well as inputs from IITB,
several new laboratories and facilities
specific to photovoltaics have been
created. Equipment worth about
`23 crore has been purchased,
deployed, and used. The facilities
and laboratories have been widely
used not only by NCPRE faculty and
students, but also by other faculty and

students from within and outside IIT
(26 other institutions), as well as 14 PV
industries. The funding from MNRE
has thus created a major ‘resource
centre’ in terms of facilities which
are available for use by researchers
from NCPRE as well as outside.
Pictures 1 (a) to (d) show some of the
laboratories created by NCPRE.

Education and Training
Education has been an important
part of the activities of NCPRE,
as the success of JNNSM would
require trained manpower. NCPRE
has contributed to education and
training in a variety of ways: offering
PV courses at IITB for UG and PG
students; enhancing the number of
MTech and PhD students in PV at IITB;
running the ‘Teach a 1,000 Teachers’
programme to train teachers from
other colleges; developing a lowcost PV lab kit and distributing 200 of

National Centre for Photovoltaic Research and Education (NCPRE)

for Photovoltaic
ucation (NCPRE)
(a)

(b)

(c)

(d)

Pictures 1 (a) to (d): (a) NCPRE Silicon Clean Room; (b) Solar Cell Simulator in NCPRE Characterization Lab; (c) ALD set-up in NCPRE
Devices and Interfaces Lab; (d) Module Simulator in NCPRE Module Lab-I

them; developing a low-cost students’
fab-lab, suitable for replication at
other universities; running many
short-term courses for industry
personnel, teachers as well as for
master trainers for technicians. A lab
manual titled, Solar Photovoltaics:
A Lab Training Manual and a
technician training manual titled,
Solar Photovoltaic Technology and
Systems: A Manual for Technicians,
Trainers, and Engineers have also
been published. Some details are
given in Table 1, and the low-cost lab
kit is shown in Picture 2.

Silicon Solar Cells
The mainstream solar cell technology
continues to be silicon, and therefore
NCPRE’s involvement in this area was
deemed to be important, especially
as it would allow interaction with
the industry in India. The target was
to achieve 18 per cent efficiency
over a 100 cm2 area. Work on this at
NCPRE started in August 2013 with
the commissioning of the ‘NCPRE
Clean Room’ and installation of
equipment. All unit processes were
developed for fabrication of solar

cells on industry-size silicon wafers
of size 5” X 5” (Figure 1a) and 6” X 6”.
The cell architecture developed is the
screen-printed contact, aluminium
back surface field structure, which is
widely used by the industry. A stack
of low temperature thermal oxide and
PECVD SiNX:H is used for the front
surface passivation. The best cell
efficiency achieved so far is
17.84 per cent on 155 cm2 p-type
mono-crystalline silicon wafers
(Figure 1b). The evolution of the
cell efficiency is shown in Figure
1 (c). During the two years of the
development of the cell process, the
silicon cell research team at NCPRE,
which includes a large number of
students, has gained significant
expertise in various unit processes,
process integration, characterization
techniques, and loss analysis methods.
The team of NCPRE members has also
developed wafer level characterization
set-ups for electroluminescence (EL)
and photoluminescence (PL). The
cells fabricated at NCPRE have been
extensively characterized using EL, PL,
I-V, QE, spectrophotometry, contact
resistance scan, lifetime, etc., and for
developing models for 2D simulations.

Using the cell baseline process as
a platform, the team is currently
engaged with several industries
for: silver paste development;
demonstration of double print contact
process; and analysis and design of
front contact grid.
Several novel processes are being
developed by PhD students working in
the project. Examples include: Nickel
(Ni)/Copper (Cu) front metallization
has been done by electroless plating
of Ni and electroplating of Copper; a
PERC cell process with SiNX:H backsurface passivation, laser fired Al back
contacts and Ni/Cu front contacts has
been demonstrated with an efficiency
of 15.5 per cent; dielectric-metaldielectric plasmonic structures have
been developed for reducing front
surface reflections (an improvement
in JSC of 1.2 mA/cm2 is demonstrated);
a low temperature 350°C plasma
oxidation process has been developed,
and the layer integrated in our cell
process and compared with thermal
oxide; a spray coating process for
Al2O3 is being developed and a surface
recombination velocity of
28 cm/s demonstrated on p-type
silicon surface.
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Table 1: Highlights of education activities of NCPRE
Course

Numbers

PV Courses (UG + PG) at IITB

7 (2 have been converted to web-based video courses, 5 are under process)

MTech projects at IITB

81 completed, about 50 in progress

PhD students at IITB

21 completed, about 60 in progress

BTech students who took courses in PV at IITB

159

‘Teach a 1,000 Teachers’

1 course in December 2011—946 participants from about 400 colleges

Short-term courses conducted

32 courses, total number trained: 2,776

Courses for Master Trainers for Technicians

3 Courses, total number trained: 121

Low-Cost UG/PG solar PV lab kits

Lab kit cost is `50,000; 200 kits distributed (165 through a separate grant from MNRE)

Books/lab manuals

2 in English, and 1 each in Hindi, Marathi, Gujarati, and Tamil

Low-cost students’ Fab Lab

Consisting of nine equipments, such as diffusion furnace, evaporator, lithography,
etc. Total cost is approximately `22 lakh

Picture 2: (L to R) Components of the low-cost lab kit and the accompanying lab manual

New Materials
and Devices
One of the major activities taken up
at NCPRE under ‘New Materials and
Devices’ was the development of
>5 per cent semiconductor-sensitized

solar cells, where the dye of a dyesensitized solar cell (DSSC) is replaced
by a thin semiconductor layer, usually
on a mesostructured scaffold. As
a part of the NCPRE activity, the
team of NCPRE members has
developed and set up an atomic layer

deposition (ALD) system (Picture 1c)
for depositing various extremely thin
absorber (ETA) layers on mesoporous
layers. The system was successfully
employed to deposit conformal thin
films of various semiconducting
absorber layers on porous oxide

Figures 1 (a) to (d): (a) Image of a 5” X 5” solar cell; (b) I-V characteristics of a 17.84 per cent efficiency cell; (c) The evolutionary path to
the current 17.84 per cent efficiency
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structures and blocking interfacial
layer at TCO/porous-TiO2 interface in
ETA configuration. A detailed study
on preventing the recombination
losses by surface passivation using
ultra-thin ALD grown metal oxides
at the absorber/transporter interface
has been performed. Amorphous
Sb2S3 as an absorber material yielded
a cell with an open circuit voltage
of 380–400 mV and a short circuit
current of approximately 1.5 mA/cm2.
Initial studies on annealed crystalline
Sb2S3 based ETA cells have resulted in
a Voc of 500 mV and a Jsc of approx.
9.5 mA/cm2 with an overall efficiency
of approx. 2 per cent. Subsequently,
in an effort to minimize the back
recombination in the sensitized
mesoporous structures, the team
also employed organic-inorganic
lead halides (perovskites) as sensitizing
material in the meso-structured
scaffold based on titania. With
optimization of the device structure,
approx. 8.9 per cent efficient
devices were obtained, as shown in
Figure 2. The devices were fabricated
in a complete solid state configuration
with spiro-OMeTAD as hole
transport layer.
As is now known, the perovskite
MAPbI3-xClx (methyl ammonium lead
iodide-chloride mixture) is ambipolar
in nature with large diffusion lengths

and a high absorption coefficient.
This allows the removal of mesoporous
scaffold layer, resulting in a simple
planar bulk heterojunction device.
Thermal co-evaporation or vapourassisted vacuum deposition was
employed by the team to deposit the
perovskite absorber layer, and planar
cells with efficiencies as high as
14 per cent have been obtained, as
shown in Figure 3.
In addition to the work on SSSC
and perovskites, NCPRE members
have also worked on OPV,
conventional DSSCs and QD
based devices. In OPV devices, a
comparative study was conducted
on polymer solar cells (PSC)
fabricated with defect-free poly
(3-hexylthiophene) (DF-P3HT)
and Region-Regular (RR) P3HT.
A maximum efficiency of 3 per cent
and 4.1 per cent were achieved for
RR and DF P3HT devices, respectively
with a fill factor of 68 per cent in the
DF-P3HT case, which is one of the
highest reported values. Transient
photocurrent and photovoltage
measurements were done on these
devices to estimate the decay time
constant (τ), charge carrier density
(n), and bimolecular recombination
coefficient (k). In DSSCs, work on
TiO2 nanorod-based devices has
been carried out. Work has also been

conducted on QD-based wavelength
shifting for PV devices, and QD-based
all-Si tandem cells.

Power Electronics
and PV Systems
Besides the work on solar cells
(both silicon and other materials),
NCPRE has done a great deal of
research activity on power evacuation
strategies through power electronics
interfaces and PV microgrids, as well
as on storage aspects related to PV
systems. The motivating theme of the
power electronics activity has been
to devise strategies and circuits which
are robust, reliable, and efficient, and
therefore, which can be deployed in
the rural sector of India. Accordingly,
the following systems have been
developed: (i) Development of a
reliable and efficient stand-alone
500 VA solar PV system for rural
household applications (Picture 3a).
While developing these schemes the
main consideration was to reduce
the number of intermediate power
conversion stages, which led to the
increase in efficiency and also the
reliability of the system due to the
reduction in component count.
Four different topologies have been
developed. Operating full load
efficiencies of the topologies are

Figure 2: Structure of a semiconductor (perovskite)-sensitized solar cell, and its I-V plot yielding η = 8.9 per cent
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Figure 3: Structure of a planar perovskite solar cell, and its I-V characteristic yielding η = ~ 14 per cent

approx. 90 per cent; (ii) Development
of solar PV pumping systems. In the
agricultural sector, induction motor
driven irrigation pumps are the main
work horse, so a power electronics
interface along with a PV module to
feed the already deployed induction
motors would optimize resources. A
drive has been developed wherein the
front-end converter is an interleaved
DC to DC converter to reduce the
size of the magnetic elements. It
is known, however, that Brushless
DC (BLDC) motor-based pumps are
more efficient than conventional
induction motors. Hence, for new
installations, a low-cost tubular
BLDC motor (using ferrite magnets
instead of rare earth magnets), shown
in Picture 3b, has been designed
and fabricated having an estimated
efficiency of approx. 90 per cent;
(iii) A reliable 5 kVA transformer-less
rooftop grid connected system has
been developed (Picture 3c), using a

multilevel inverter topology so that the
size of the magnetic filtering devices is
reduced considerably. The switching
devices of the converters are SiC
devices and the part load efficiency
of the overall system is found to be
94 per cent.
In addition to work on power
electronics, NCPRE has also worked
on solar PV microgrids in the
following areas: novel techniques
for analysis of sources in microgrids;
novel inertia design methods for
islanded AC microgrids with static
and rotating energy sources; new
strategies for energy management in
microgrids; and new techniques for
transient response improvement in
microgrids during islanding.
In the area of storage, NCPRE has
concentrated on the development
of Li-ion battery storage suitable
for PV applications. The activities
include: development of low-cost
(LiMn2O4) and high energy density

(LiMn1.5Ni0.5O4) cathode systems
for Li-ion batteries; development
of high-performance and high tap
density LiFePO4 cathode; novel anode
systems for Li-ion and Na-ion battery
systems. This work has resulted in
several patents, and we now have
the technology to make industry
grade Lithium-ion battery with 0.75
Ah pouch cell. We have started
making such battery cells and have
been testing them in solar lantern
applications.

Characterization,
Modelling, and
Module Reliability
Characterization plays an important
part in PV, from the characterization
of new materials to cells to modules.
NCPRE has set up excellent
characterization facilities for all
these measurements, which are
widely used. In addition, techniques

Pictures 3 (a) to (d): (a) 500 VA stand-alone inverter; (b) BLDC motor; (c) Grid-connected 5 kVA system for rooftop
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Pictures 4 (a) to (d): (a) In-house PL system; (b) Portable Daylight PL system; (c) Module EL image taken in dark by conventional EL
technique; and (d) Module EL image taken in field by daylight EL technique

like electroluminescence (EL) and
photoluminescence (PL) have been
developed in-house (Picture 4a),
and new variants developed. A new
portable EL image processing system
and technique (Picture 4b) has been
developed which allows module
images to be taken in the field in
daylight conditions (normally modules
would have to be taken to a dark room
lab). EL images taken in a dark room
and in the field in daylight are shown
in Pictures 4 (c) and (d), indicating
excellent match.
Characterization of module
reliability and degradation in India
has been taken up in a major way
by NCPRE (together with NISE). The
NCPRE team conducted two ‘AllIndia PV Module Surveys’ in 2013
and 2014, where modules at various
sites covering all climatic zones and
different technologies were taken up.
The 2013 as well as 2014 data have
generated many interesting results.
One of the concerns arising from this
field data is the higher than expected
degradation rate (% reduction in Pmax
per year) in the hot climates of India.
In addition to the All-India surveys,
continuous monitoring of PV modules
of different technologies has been
going on for the last three years on
the NCPRE rooftop to assess relative
performance and degradation.

Deployment and Policy
NCPRE has been involved in several
deployment-related activities and
surveys. At the request of KSEB, the
NCPRE team undertook a survey of
rooftop PV potential in semi-rural
Chendamangalam panchayat in
Kerala, performing an exhaustive
survey of all buildings and electricity

usage patterns in the panchayat,
covering 6,500 structures including
residences, shops, institutions, and
public buildings. The survey found
that there is a potential of 11 MW of
rooftop PV which can supply annually
about 12 million units of electricity as
against the panchayat’s requirement
of 6.8 million units. A unique study in
Thiruvananthapuram to utilize rooftop
PV for shifting the peak load was
carried out by NCPRE, and launched
by KSEB as the ‘SunShift’ programme.
NCPRE also helped design the
hardware system for this programme.
A survey of rooftop potential in
Mumbai city has been undertaken,
by evolving a comprehensive
methodology which combines GISbased imaging, together with some
site visits to calibrate the GIS data,
and estimation of shadowing effects
from nearby structures. This work was
done by NCPRE jointly with Centre
for Urban Science and Engineering
(C-USE, IITB), Bridge to India (BTI),
Observer Research Foundation (ORF)
and IEEE Bombay Section, and has
yielded a preliminary rooftop PV
potential of about 1.5 GW for Mumbai.

Industry Affiliate
Programme and
Outreach
At the initiation of NCPRE, it was
decided that in order for its work to
be relevant to the solar PV industry in
India, it should engage strongly with
industry. Accordingly, an ‘Industry
Affiliate Programme’ was launched in
2011, which currently has 18 industry/
NGO members.
In order to ensure good outreach
and dissemination of information,
NCPRE launched its website www.

ncpre.iitb.ac.in in 2011. NCPRE
has also participated in exhibitions
including Intersolar India (4 times) and
Solarcon (2 times), where its booths
have attracted a lot of attention.

NCPRE as a PV Resource
Centre
Through the work carried out during
the last five years in various aspects of
photovoltaics, NCPRE has emerged as
a major ‘PV Resource Centre’ for India.
NCPRE has a critical mass of faculty,
students, and research staff, coming
from different backgrounds. The
critical mass and diversity of expertise
together ensure that any problem
in PV can be adequately addressed.
Arising out of the establishment of
NCPRE, the PV group at IIT Bombay
has got engaged in a number of
other PV-related activities in India
and internationally. These include: a
major involvement in the Solar Energy
Research Institute for India and the US
(SERIIUS); the launching of the SOUL
programme for a unique methodology
for the distribution of 1 million solar
lamps for school children; and the
launch of a start-up company in IITB’s
technology incubator.
In conclusion, NCPRE has made
significant progress since it was
established in 2010, and has emerged
as a major centre for PV education
and research in India, and one of the
leading centres in the world. The
funding and continued support in
many other ways from MNRE, its
expert committees, and the NCPRE
Advisory Committee are gratefully
acknowledged in achieving this
status.
For more information, you may contact the
NCPRE Research Team, Email: ncpre@iitb.ac.in
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‘Daddy Home’ Supporting
Swachh Bharat Mission
by Producing Biogas from
Garbage and Cattle Dung
In the present day, when Swachh Bharat Mission has gained considerable
foothold in the country, there is one institution, located in Andhra Pradesh,
which is furthering the message and generating greater awareness about
proper recycling of the waste generated in its premises. In this context, this
case study describes and analyses its concerted efforts towards the Swachh
Bharat mission through the installation and working of the biogas plant.

M

r Raja Reddy, fondly known to the children as ‘Daddy’, is the founder of the
Raja Foundation. The Foundation was established in 2001 when 40 acres
of land was donated by the government. Within this land, Mr Raja Reddy
built a sprawling campus with a three-storey building, known as Daddy
Home (Picture 1), which now houses around 150 needy people, including children
(Picture 2), and is situated at Mylavaram, Kadapa District, Andhra Pradesh.

Beneficiaries at Daddy Home

Picture 1: Daddy Home, Andhra
Pradesh

Currently, Daddy Home houses about 150 beneficiaries, which includes HIV-infected
children and adults, elderly people, rape victims, people with special needs, pregnant
women, and other beneficiaries, including workers. Most arrive with psychological and
health issues and, so, they need a home where they can be loved and cared for; Daddy
Home is the place where they find comfort.
All the rooms at Daddy Home are built in a square model within one building. Daddy
Home is an integrated ‘home’ for all the people to live together like one large family,
eating, playing, and sharing the problems of life together keeping faith in the Almighty.

The Renewable Energy Initiative at Daddy Home

Picture 2: Children at Daddy
Home
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Of particular interest is the conception and implementation of the idea of the biogas
plant at the Foundation to solve the humungous problem of solid waste management.
Mr Raja Reddy, the management, and the teachers at Daddy Home narrowed to a
biogas plant because it is the most efficient and sustainable way to handle organic
waste and cattle dung. The main purpose of the plant is to handle organic waste,
being generated at Daddy Home, through the anaerobic digestion process and use
the resultant biogas for cooking applications. Daddy Home also has around 60 cows.
More than one tonne of cattle dung, 10–20 kg of fodder waste, about 100 kg of food/
kitchen waste, and cow urine, as per requirement, are collected from here, in addition
to the daily production of milk.

‘Daddy Home’ Supporting Swachh Bharat Mission

A technical agency, M/s NextEra Energy Resources (NEERU), Hyderabad, was
contacted in order to visit the field of an existing biogas plant and clarify the doubts
related to the biomethanation process. They provide turnkey/EPC contract services
for developing biogas and biofuel-based renewable energy technologies for electrical,
thermal, and fuel applications in India. After ascertaining that the waste generated at the
Daddy Home premises is sufficient for a biogas plant, the installation of a 100 m3/day
biogas plant (Picture 3) was recommended.

Objectives of the Plant
The objectives of the biogas plant are as follows:
 To avoid burning of firewood/liquefied petroleum gas (LPG) for cooking meals and
thereby, lessening the carbon emissions

Picture 3: The biogas plant at
Daddy Home

OF PARTICULAR
INTEREST IS THE
 Environmentally sustainable management of kitchen waste and cattle dung
CONCEPTION AND
 Educate the future generations on the importance of green and clean technologies.
IMPLEMENTATION
OF THE IDEA OF
Biodegradable waste generated at Daddy Home is being utilized to produce
biogas through the anaerobic digestion process. The biogas generated is replacing
BIOGAS PLANT AT THE
conventional LPG. The main benefits of this project are decreased use of fossil fuels,
FOUNDATION TO SOLVE
efficient and sustainable management of solid waste, and most importantly, spreading
THE HUMUNGOUS
knowledge to the future generations.
PROBLEM OF SOLID
Installation and Commissioning of the Plant
WASTE MANAGEMENT.
This flouting dome type (KVIC model) biogas plant was installed and commissioned
MR RAJA REDDY, THE
under the technical guidance of Mr Venkata Narayana Reddy, Project Director of
MANAGEMENT, AND THE
NEERU in August 2012. The design consists of a deep well-shaped underground
TEACHERS AT DADDY
digester connected with inlet and outlet pipes at its bottom, and separated by a
partition wall dividing the three-fourths of the total height into two parts. A mild steel
HOME NARROWED
gas storage drum is inverted over the slurry, which goes up and down around a guide
TO A BIOGAS PLANT
pipe with the accumulation and withdrawal of gas. The capacity of the biogas plant is
BECAUSE IT IS THE
100 m3 per day, input slurry is made from 2,000 kg of cow dung, and food waste with
equal quantity of water is fed through the inlet chamber to the digester of the biogas
MOST EFFICIENT AND
plant. The biogas produced is being used for cooking purposes at Daddy Home and the SUSTAINABLE WAY
effluent produced is used for fertilizing the soil.
TO HANDLE ORGANIC
At present, they are using six burners, which use 5 m3 of gas used per hour.
WASTE AND CATTLE
The biogas yields a good clean blue flame. Operating pressure required for the gas
is 100 mm of water column, which is provided by the weight of the holder.
DUNG. THE MAIN
The plant which commenced its initial operation on August 26, 2012, is running
PURPOSE OF THE
successfully and the first maintenance operation was conducted after a gap of two
PLANT IS TO HANDLE
years, due to accumulation of silt/mud in the digester, entering with input slurry,
leading to reduction in the retention time of the digester. The problem was resolved
ORGANIC WASTE, BEING
by emptying the digester completely. Such reduction in retention time of the input
GENERATED IN DADDY
slurry can cause release of partially digested effluent slurry.
HOME, THROUGH
THE ANAEROBIC
Bio-manure Production
DIGESTION PROCESS
Manure drying pits have been adequate in number to maintain the drying cycle of
the effluent slurry from the digester in order to maintain the regular production and
AND USE THE RESULTANT
storage, packing, and supply. Production of additional manure by processing garden
BIOGAS FOR COOKING
waste of the Daddy Home through vermin culture is regularly carried out. Interestingly,
APPLICATIONS.
the nutrition value of the biogas plant discharge/slurry, from outlet chamber, is fed to
 To create a clean atmosphere at the Daddy Home campus

 Conversion of organic waste into and its use as a cooking gas for home

the adjoining garden through a trench.
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Reasons for Success
The two main reasons behind the sustained success of the biogas plant, after more
than three and a half years of operation, are as follows:
 The sincere efforts of the management, staff, and students of Daddy Home towards
initiation of the programme with own management of cows as the input material
(Picture 4). The students, particularly, are self-motivated, under the guidance of
management and teachers, and are applying for the Swachh Bharat–Swachh
Vidyalaya programme. They separate the waste materials, such as degradable and
non-degradable ones.
 Proper implementation of biogas technology is being disseminated by M/s NextEra
Energy Resources, Hyderabad.
The wisdom and foresight of the Daddy Home management, which wants to teach
its children about the dangers of environmental pollution and the wrath of climate
change is highly appreciated. This project would go a long way in not only reducing
the greenhouse gas emissions, but also educating students about the available ‘energy
from waste’ technology.

Impact of the Biogas Plant
The impact of the biogas plant on Daddy Home and the community at large can be
analysed as given below.

Energy Production
Picture 4: The biogas plant and
cattle at the Daddy Home

The biogas generated is used to cook (Picture 5) for the 150 inhabitants of Daddy
Home. This has replaced the more expensive, highly unreliable, and widely used LPG
gas. It saves about two LPG cylinders (14 kg) every month.

Environmental Benefits
Using sustainably produced biogas (food/kitchen waste) will greatly reduce the net
flow of CO2 emissions in the atmosphere and also plays a great role in reducing the
CO2 level in the atmosphere, thereby, contributing greatly to the reduction of global
warming. The capacity of the plant is 100 m3/day which means that about 230 tonnes
of CO2 equivalent are saved per year. Even with a modest utilization of 50 per cent
capacity, the project can save about 114 tonnes of CO2 equivalent per year.

Replicability
Picture 5: Biogas being used in
kitchens

Energy, transportation, and, communication are vital to the operation of any
organization. These institutions generate a large amount of waste that is suited for
biogas production. The utilization of this organic waste, along with cow dung, can help
generate energy and heat which can lead to reduced usage of electricity, firewood,
and LPG. Biogas is simple, reliable, safe, and easy to operate and a very useful
source of institutional energy. This makes this technology suitable for replication and
upscaling to other institutions.

Conclusion
Many institutions in India provide food for the students/employees/workers on an
everyday basis and use gas (LPG) or firewood for cooking the same. The institutions
also have a large quantity of food/kitchen waste which is eminently suited for biogas
production. The utilization of this organic waste can help generate energy and
heat which can lead to reduced usage of firewood/LPG, thus ensuring efficient and
optimum waste management.
For more information, you may contact cpreindia@gmail.com, http://www.cpre.in
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Solar PV Powered
Cold Storage System
for
Improving Storage Quality
and Reducing Wastage of
Horticultural Produce

I

ndia is the second largest producer of horticultural commodities in the world
wherein 88.977 million metric tonnes of fruits and 162.887 million metric tonnes of
vegetables were produced during the year 2013–14 (Indian Horticultural database
2014). A large variety of fruits are grown in India, of which mainly banana (33.4%),
mango (20.7%), citrus (12.5%), papaya (6.3%), guava (4.1%), grape (2.9%), apple (2.8%),
sapota (2.0%), pomegranate (1.5%), litchi (0.7%), etc., are the major ones. Apart from
these, fruits like papaya, pomegranate, sapota, jackfruit, and ber, in tropical and sub
tropical groups and peach, pear, almond, walnut, apricot, and strawberry, in the
temperate group are also grown in a sizeable area. A significant portion of perishable
produce, such as fruits and vegetables goes waste due to post-harvest losses and
poor and inadequate infrastructure for perishable products. The per capita availability
of fruits and vegetables is quite low because of post-harvest losses which account
for 20–30 per cent of the total production. Besides, a sizeable quantity of produce
also deteriorates by the time it reaches the consumer. This is mainly because of the
perishable nature of the produce which requires a cold chain arrangement to maintain
the quality and extend the shelf-life, if it is not meant for consumption immediately
after harvest. Most of the horticultural produce requires a cooling temperature
between 0°C and 15°C for safe storage and transient purposes. In the absence of cold
storage and related cold chain facilities, the farmers are forced to sell their produce

INDIA IS THE SECOND
LARGEST PRODUCER
OF HORTICULTURAL
COMMODITIES IN THE
WORLD WHEREIN
88.977 MILLION METRIC
TONNES OF FRUITS
AND 162.887 MILLION
METRIC TONNES OF
VEGETABLES WERE
PRODUCED DURING THE
YEAR 2013–14 (INDIAN
HORTICULTURAL
DATABASE 2014).
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SOLAR POWER IS
THE ONE OF BEST
SOLUTIONS FOR
OPERATING SMALL COLD
STORAGE SYSTEM IN
RURAL AREAS. RUNNING
COST OF THE COLD
STORAGE SYSTEM CAN
ALSO BE REDUCED WITH
SOLAR POWER SOURCE.
SOLAR ENERGY-BASED
REFRIGERATION SYSTEM
IS QUITE RELEVANT TO
INDIA BECAUSE IT IS
BLESSED WITH A GOOD
AMOUNT OF SOLAR
ENERGY IN MOST PARTS
OF THE COUNTRY,
THROUGHOUT
THE YEAR.

Picture 1: A view of solar PV
panels installed

immediately after harvest which results in glut situations and low price realization. Cold
chain infrastructure for fruits and vegetables can substantially improve storage quality
and reduce wastage. Robust farm-to-retail cold chain solution is required to sustain
the growing domestic and export demand. Thus, apart from the large cold storage
chambers for long-term storage, cooling system are also required for on-farm or in
production catchment for horticultural crops, so that the produce gets cooled in the
cold storage room during short-term storage and at the same time, it can be loaded in
the transportation vehicle in cool conditions to reduce wastage during transportation.
Energy expenses account for about 28–30 per cent of total expenses in cold storage
in India. Hence, electrical energy is a major running cost to maintain the cold storage
facility. Moreover, grid power supply in the rural areas is very poor with respect to its
quantity and quality. Solar power is the one of best solutions for operating small cold
storage system in rural areas. Running cost of the cold storage system can also be
reduced with solar power source. Solar energy-based refrigeration system is quite
relevant to India because it is blessed with a good amount of solar energy in most
parts of the country, throughout the year. The mean annual solar radiation is 4.6–6.6
kWh/m2/day in different parts of India.

Solar PV Powered Cold Storage System
A cold storage facility for storage of fresh horticultural produce (6–8 tonnes), powered
by solar photovoltaic with battery backup has been developed at CIAE, Bhopal. The
puff insulated walk-in type cold storage chamber (L×B×H, m: 5×4.4×3) was constructed
and fitted with a vapour compression refrigeration system (2.5 TR capacity) and a
humidifier. Temperature and relative humidity (RH) controllers were fitted in the cold
storage chamber to maintain desired room temperature (5–25°C) and relative humidity
(65–95 per cent) for storage of horticultural produce. For operation of the cold storage
unit, solar photovoltaic (PV) power plant (about 20 kWp SPV panel capacity) and
minimum battery backup (240V, 400–450 AH) are required (Picture 1). The battery
backup is provided to store solar power generated during the day and supply power
during night and cloudy weather. The tubular lead acid solar batteries are used for
storage of power off-sun shine operation. Energy output from the solar panel plant
would be 70–110 kWh/day which is sufficient to operate the cold storage unit. The
power conditioning unit/inverter of the solar power plant converts the DC power
produced from the solar panel into three phase AC electricity for operating the cold
storage unit and other utilities.

Shelf Life Study of Horticultural Crops in the Solar
Powered Cold Storage
The shelf life of the freshly matured unripe mango (Dashari varieties) was studied in
the month of June by storing the mangoes in the cold storage chamber at 12±1°C
temperature and 90±2% relative humidity (Picture 2). Based on the different physicochemical parameters, it was found that Dashari mangoes could be safely stored
up to 15 days as compared to 4 days at ambient storage. The total soluble solid
(TSS) of Dashari mango increased from initial values of 8.8 to 13.0 during the cold
storage period. Loss in weight of Dashari mangoes was 3.1 per cent in cold storage
as compared to 14.5 per cent in case of storage at ambient condition. Firmness of
the mangoes decreased from 31.6 kgf to 9.7 kgf. Similarly, the shelf life of the tomato
and capsicum increased upto 15 days and 21 days, respectively, in the cold storage as
compared to 4–5 days at ambient storage.

Advantages of Solar PV Powered Cold Storage System
Picture 2: Mangoes being
loaded in the cold storage
chamber
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The electrical energy required for operating cold storage system (6–8 tonne capacity)
is 35–60 kWh/day in different seasons. In solar powered system, the required energy

Solar PV Powered Cold Storage System

Table 1: Cost-economics of the solar PV powered cold storage system
Parameters

Details

Assumptions
Cost of the system

`2,000,000

Interest on fixed cost, % per annum

12

Working life, year

15

Junk value as @10% of the cost

`20,000

Material to be handled per year (assuming 1 week storage at full
capacity of 6 tonne), tonne/year

282

Cost-economics of the system
I. Annual fixed cost
Depreciation

`120,000

Interest on fixed capital

`132,000

Sub-total fixed cost, `/year

`252,000

Solar powered cold storage
system

II. Annual variable/running cost

THE ECONOMICS OF
THE SOLAR POWERED
20,000
Labour charge, `/year (100 man days/year @ `200/man day)
SYSTEM AND SAVING
Sub-total variable cost, `/year
`75,000
THE GRID ELECTRICITY
Total operating cost (I +II), `/year
`327,000
Operating cost for material storage per kg per week including profit @
1.90
WAS WORKED OUT.
`0.75/kg (considering yearly 282 tonne storage, `/kg
(1.16+0.75)
THE COST OF THE
Break-even point, tonne/year
153
SOLAR POWERED COLD
Pay-back period, years
9.4
STORAGE SYSTEM (6–8
for cold storage will be met from solar PV power plant with battery bank and it can
TONNE CAPACITY) WITH
be grid independent. Therefore, cost towards grid electrical energy will be saved for
operating the system. The solar powered cold storage unit can also be installed in rural 20 KWP SOLAR POWER
and remote areas where there is either no grid supply or erratic power supply.
PLANT AND BATTERY
BACKUP (240 V, 450
Maintenance of the System
AH) WILL BE ABOUT R20
The maintenance required for operating the system was quite less. However, the solar
LAKH (WITH 15 PER CENT
panel needs to be cleaned weekly to derive maximum power. Similarly, the battery
water level should be checked fortnightly and the water level should be topped up to
FINANCIAL ASSISTANCE
maintain optimum battery performance. The expected life of the tubular solar batteries
ON SPV PANEL FROM
is 6–7 years for reputed make, such as Exide and Luminous, etc. The old battery may
THE MINISTRY OF
be replaced with new one after 6–7 years.
NEW AND RENEWABLE
Cost-Economics of Solar PV Powered Cold Storage System ENERGY). EXPECTED
The economics of the solar powered system and saving the grid electricity was worked
WORKING LIFE OF THE
out. The cost of the solar powered cold storage system (6–8 tonne capacity) with
WHOLE SYSTEM WAS
20 kWp solar power plant and battery backup (240V, 450 AH) will be about `20 lakh
(with 15 per cent financial assistance on SPV panel from the Ministry of New and
TAKEN AS 15 YEARS
Renewable Energy). Expected working life of the whole system was taken as 15 years
ON THE SAFER SIDE.
Annual maintenance cost for battery and other system, `/year

55,000

on the safer side. Replacement of the battery bank after seven years will cost about
`3.5 lakh (taken as `0.50 lakh/year). The solar power would save about 16,500 kWh
grid electricity per year, worth `115,000/year as running cost of the cold storage. The
interest rate on fixed capital is taken as 12 per cent per year. The cost-economics
of the solar powered system has been given in Table 1. Operating cost of the stored
product in the cold storage was found to be about `2.00/kg/week. The payback period
of the cold storage system was found to be 10 years.
Dr P L Singh, Dr P C Jena, Dr S K Giri, Mr Baba Saheb Gholap, and Mr Omkar Singh Kushwah, Central Institute
of Agricultural Engineering, Bhopal, Madhya Pradesh, India. E-mail: panna.singh@icar.gov.in
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DELP
PROMOTING
ENERGY
EFFICIENCY IN
THE COUNTRY

Through Distribution
of LED Bulbs
The Domestic Efficient Lighting
Programme (DELP), introduced in
January 2015, has not only helped
households across the country save
energy and reduce emissions, but also
heightened awareness on efficiency.
Saurabh Kumar, MD, Energy Efficiency
Services Limited (EESL), a public
sector entity under the Ministry of
Power, which undertook this massive
campaign, in conversation with
Sapna Gopal for Akshay Urja. He speaks
on DELP, the ways in which it has
helped, and what lies ahead…
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In what way has the Domestic Efficient
Lighting Programme (DELP) helped Delhi?
What about the other cities and towns
in India?
The Domestic Efficient Lighting Programme (DELP) in
Delhi began on June 1, 2015, and since then, more than
50 lakh light-emitting diode (LED) bulbs have been
distributed. So far, over 12 lakh households in Delhi have
made their homes energy efficient by adopting LED
bulbs under the programme. With this, Delhi has made
an estimated daily energy savings of 17 lakh kWh and an
estimated reduction of peak load of 159 MW. The estimated
reduction in the bills of consumers per day has reached
`70 lakh. Most importantly, this achievement has helped to
reduce greenhouse gas emissions of 1,460 tonnes of CO2.
As of now, the DELP scheme is ongoing in nine states—
Himachal Pradesh, Uttarakhand, Delhi, Rajasthan, Uttar
Pradesh, Maharashtra, Karnataka, Andhra Pradesh, and
Jharkhand. The response we have received across these
states is phenomenal. We have already distributed over
5 crore bulbs in the country and this has helped in
immense savings. Over 1.88 crore kWh is saved per day
which transforms into a cost savings of `7.30 crore on a
daily basis. These LED bulbs have helped the distribution
companies (DISCOMs) avoid peak demand of 1,665 MW
per day and aided in carbon reduction of 15,390 tonnes
of CO2 per day. Also, for distribution of energy efficient LED
bulbs under this scheme, we have partnered with several
organizations. For instance, through our tie-up with the
Railways, we are distributing LED bulbs across Punjab,
Madhya Pradesh, Kerala, Tamil Nadu, Telangana, Odisha,
Chhattisgarh, West Bengal, and AHECL in Assam. Soon,
we will initiate the DELP scheme in West Bengal, Kerala,
Chhatisgarh, Bihar, Odisha, Haryana, Madhya Pradesh, and
Dadra & Nagar Haveli.

Minister of State (IC) for Power, Coal, and
New & Renewable Energy, Shri Piyush
Goyal projected a target of distributing
6 crore LED bulbs through the DELP
scheme. Has this been achieved?

Recently, the Ministry of New and
Renewable Energy (MNRE) stopped
subsidy on CFL-based solar lighting
system to encourage the use of the
LED version. Was this helpful?
The decision to stop the subsidy on compact fluorescent
lamp (CFL)-based solar lighting, taken by the MNRE, is
very encouraging for the LED industry and will only help it
grow. Since the DELP scheme is a voluntary programme,
people are expected to avail it according to their choice.
We are happy that consumers are realizing its significance
and changing their lifestyle by switching to LED bulbs.
Also, we are hopeful that once people realize the extent to
which their electricity bill reduces, they will come in good
numbers and avail the benefits. In fact, this is the case in
most states where the scheme is on.

Will a global alliance to promote
energy efficiency help in meeting
India’s energy needs?
A global alliance to promote energy efficiency could be
a significant opportunity in meeting energy needs while
reducing carbon emissions. Energy efficiency is critical
to meeting our climate change goals while enabling us
to meet our growing energy needs. The objective behind
energy efficiency is to be able to do more with what we
have. It cannot be ignored as it touches every economic
sector with significant potential to contribute to energy
savings and thereby a reduction in carbon emissions. If
there is an aggregation of demand with energy efficiency
measures implemented at scale, we would be able to cash
in on a significant opportunity.
A concerted effort from all countries is required to
undertake innovative programmes, policies, projects,
and capacity building measures. This will help reduce
the cost of finance and cost of technology, apart from
paving the way for future energy generation, storage and
good technologies adapted by all countries. I am hopeful
that the creation of an International Steering Committee,
declared by the UNFCCC, will help us to understand each
other’s needs and provide necessary guidance, direction

The Energy Efficiency Services Limited (EESL) has
already crossed the 5 crore mark of distributing LED
bulbs and this is with the ongoing nine states, which
are Himachal Pradesh, Delhi, Uttar Pradesh, Rajasthan,
Maharashtra, Jharkhand, Uttarakhand, Karnataka, and
Andhra Pradesh. With DELP being initiated in more states
in the next couple of months, we are confident of
achieving the target of 15 crore LED bulbs by March 2016.
Currently, we are distributing 4 lakh LED bulbs daily.
With more states joining in, we will touch 7–8 lakh
LED bulbs every day.
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and advice to meet our energy needs. Initiatives like
the International Solar Alliance, which was launched by
Prime Minister Shri Narendra Modi on the sidelines of the
195-nation United Nations climate summit, will definitely
help to fulfill the demand supply gap. It is estimated that
the alliance from both developed and developing countries
is likely to mobilize $1 trillion by 2030, which is to be
invested in the generation of clean solar energy.

well. Now, the need of the hour is to replicate the LED
model to other appliances which will help us achieve
a higher scale and I am glad to say that EESL is already
moving towards that. The two programmes that we are
actively working on after DELP is the Fan programme
where we are planning to distribute 4.04 crore fans in the
next five years and Agricultural Demand Side Management
(AgDSM), under which we are planning to distribute 2 crore
pumpsets in the coming years.

Has the country achieved scale in
implementing energy efficiency
initiatives?

Could you explain the Super-Efficient
Equipment Programme?

Before the initiation of LED bulbs under DELP scheme, the
penetration of LEDs was less than 1 per cent. However,
after the tremendous success of the scheme, it has now
gone up by 15–18 per cent. The LED programme under
DELP is the largest in the world and this is evident through
the daily consumption of our LED bulbs which is now
350,000 to 400,000. The Government of India too has
created a conducive regulatory institutional framework for
fostering energy efficiency initiatives.
On the policy front, the Energy Conservation Act
(EC Act) was enacted in 2001 with the goal of reducing
energy intensity. The Bureau of Energy Efficiency (BEE)
was set up as a statutory body on March 1, 2002, at the
central level to facilitate the implementation of the EC
Act which has helped energy efficiency initiatives. Under
the regulatory perspective, EESL was set up as the market
aggregator. This model, which is fundamental to National
LED programmes, holds promise for other appliances as

Designed by BEE, the Super-Efficient Equipment
Programme (SEEP) is aimed at accelerating market
transformation for super-efficient appliances by providing
financial stimulus innovatively. For the 12th Plan, BEE has
proposed SEEP for ceiling fans, since these appliances
have an average life of over 15 years. So, they are being
deployed in the economy in huge volumes (of the tune of
30–35 million annually). The SEEP for ceiling fans aims to
leapfrog to an efficiency level which will be about
50 per cent more efficient than the market average. This
will be done by providing a time-bound incentive to fan
manufacturers to make super-efficient fans which would
be sold at a discounted price. The aim is to support the
introduction and deployment of super-efficient 35 W
ceiling fans, as against the current average ceiling fan sold
in Indian market with about 70 W rating. Market-based
investments in appliances alone have energy savings
potential of 34 billion kWh in India. Therefore,
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this transformational programme will induce technological
innovation aimed at reducing energy consumption in the
appliance market. This would be achieved by unlocking the
potential of the private sector alongside leveraging private
sector finance.

Which are the other initiatives in the
country to promote energy efficiency?
There are many initiatives which are being promoted by the
Ministry of Power. They are as follows:
 Standards and Labelling: The Bureau initiated the
‘Standards and Labelling’ programme for equipment
and appliances in 2006 to provide the consumer an
informed choice about energy saving and thereby the
cost saving potential of the marketed product. The
scheme is invoked for 19 equipment/appliances, i.e.,
room air-conditioners, fluorescent tubelights, frost-free
refrigerators, distribution transformers, induction motors,
direct cool refrigerator, electric storage type geyser,
ceiling fans, colour TVs, agricultural pumpsets, LPG
stoves, washing machine, laptops, ballast, floor standing
ACs, office automation products, diesel generating sets
and diesel operating pumpsets, of which the first four
products have been notified under mandatory labelling
from January 7, 2010. The other appliances are under
voluntary labelling phase. Energy efficiency labelling
programmes under BEE are intended to reduce the
energy consumption of an appliance without diminishing
the services it provides to consumers.
 National Mission for Enhanced Energy Efficiency
(NMEEE): One of the eight missions under the National
Action Plan on Climate Change (NAPCC), it aims to
strengthen the market for energy efficiency by creating
a conducive regulatory and policy regime and has
envisaged fostering innovative and sustainable business
models for the energy efficiency sector. The Mission
seeks to upscale efforts to unlock the market for energy
efficiency, which is estimated to be around `74,000
crore and help achieve a total avoided capacity addition
of 19,598 MW, fuel savings of around 23 million tonnes
per year and greenhouse gas emissions reduction of
98.55 million tonnes per year at its implementation
stage.
 Street Lighting National Project (SNLP): The basic
objective of SLNP is to mitigate climate change by
implementing energy efficient LED-based street
lighting and reduce energy consumption. This will
help DISCOMs to manage peak demand, provide a
sustainable service model that obviates the need for
upfront capital investment as well as additional revenue
expenditure to pay for procurement of LED lights and
enhance municipal services at no upfront capital cost
of municipalities. The programme design for SNLP is

that EESL replaces conventional streetlights with LEDs
at its own costs (without any need for municipalities
to invest) and the consequent reduction in energy and
maintenance cost of the municipality is used to repay
EESL over a period of time. The contract that EESL
enters into with municipalities are typically of seven
years wherein it not only guarantees a minimum energy
saving (typically 50 per cent), but also provides free
replacements and maintenance of lights at no additional
cost to the municipality. The service model enables
municipalities to go in for state-of-the-art street lights
with no upfront capital cost and repayments to EESL are
within the present level of expenditure.
 Efficient Buildings Scheme: New buildings can reduce
up to 50 per cent by incorporating appropriate design
interventions in the building envelope, heating,
ventilation, air conditioning, lighting, electronics, and
office equipment. Through energy efficient measures,
energy consumption in a building can be reduced whilst
maintaining and improving the level of comforts. This
programme enables government, public, and private
stakeholders to overcome technical barriers to promote
energy efficiency in commercial buildings in India.
The programme design for an efficient building model
is that the conservation potential of new and existing
buildings are identified and ways to reduce a building’s
heating and cooling demands are found. It works on
the ‘energy efficient lighting’ approach, reduces energy
consumption of office equipment, appliances, and
the electronic systems. EESL thus retrieves its initial
investment cost on the basis of shared savings. EESL has
implemented this scheme in Maharashtra, Rajasthan,
Kolkata, and New Delhi.
 Agricultural Demand Side Management: The aim of
the AgDSM programme is to reduce peak demand and
reduce the total energy consumption in the agricultural
sector. Under the AgDSM proposition, replacement of
inefficient agricultural pumpsets is done with BEE star
rated energy efficient pumpsets to reduce the energy
consumption. It has been found that the simple payback
period in these projects is 2–3 years and total duration of
the project is 4–5 years.
EESL, which has taken up the initiative of accelerating
the implementation of AgDSM scheme, has completed
the first AgDSM project for 590 pump sets in Byadgi and
Nippani circles in Karnataka. It has also replaced 1,337
pumpsets at Mandya district in Karnataka. Presently, we
are implementing an AgDSM project for 2,496 pump
sets at Rajanagaram Mandal in East Godavari District,
Andhra Pradesh.
Ms Sapna Gopal is an independent journalist and writes on renewable
energy. Email:sapnagopalmd@gmail.com
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Three Days Training Programme

Grid-Connected Rooftop
Solar PV Systems
for Channel Partners, Project Developers,
Manufacturers, and New Entrepreneurs

ERI organized a three-day training programme
(second in the series) on ‘Grid-connected
Rooftop Solar PV Systems’ for channel partners,
project developers, manufacturers, and
new entrepreneurs from January 11–13, 2016 at TERI
RETREAT, Gual Pahari, Gurgaon. The training programme
was designed in such a way that it would enable the
target groups to understand the technical, financial,
and regulatory aspects of rooftop solar PV systems,
including quality standards, project management, gridinterconnection, metering arrangements, and remote
monitoring mechanism.
Various practitioners and renowned industry experts
from The Energy and Resources Institute (TERI), The
Ministry of New and Renewable Energy (MNRE), the
Department of Renewable Energy of Haryana (HAREDA),
the Solar Energy Corporation of India (SECI), the Indian
Renewable Energy Development Agency (IREDA), Tata
Power DDL, Reliance Capital, SBI Capital, and SunSource
shared their views and experiences on implementing solar
rooftop PV systems.
A total of 68 participants from various channel partners
empanelled under MNRE, new entrepreneurs and project
developers attended the training programme. Overall,
the programme was a huge success and was highly
appreciated by the participants as well as the speakers.
During the programme, various discussion points and
issues were raised by the participants, such as the following:
 Major issues during the implementation of ‘net-metering’
scheme by the concerned DISCOMs, and clarity required
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in the regulations, as it is varies from state-to-state;
 Customers refusing to assign jobs to the new
entrepreneurs, as they may not be eligible to bring the
government subsidy;
 Relaxation in the minimum qualifying criteria, especially in the
government tenders for grid-connected Solar PV projects;
 Banks to treat the solar PV system/power plants as
collateral mortgage item;
 Issues such as subsidy disbursement, tender
specifications, etc., at many state nodal agencies (SNAs);
 Subsidy to be limited to residential sector, may be
through lower interest rate and other incentives, such as
tax savings, etc.;
 Subsidy disbursement could be routed through banks,
DISCOMs as they have major presence all across India;
 Awards and incentives (on the basis of quality
installations, category of systems, etc.) for the new
entrepreneurs and channel partners by the MNRE;
 List of trained manpower including ‘Surya Mitras’ to be
uploaded into the SPIN system under MNRE, and training
materials to be published in local languages;
 Issues such as limited access to the queries to respective
channel partners/new entrepreneurs for their registered
state (and on the basis of their presence/network) under
SPIN system, which could be revised further.
Also, the MNRE requested channel partners and new
entrepreneurs to indicate their year-wise target at SPIN
system, which could be treated as one of the criteria for
best performing awards.

RE Event

ONE-DAY TRAINING PROGRAMME ON

GRID-CONNECTED ROOFTOP

SOLAR PV SYSTEMS

T

for Banks and Financial Institutions

he Energy and Resources Institute (TERI) under its
Management Development Programmes (MDPs)
organized a one-day training programme (second
in the series) on 'Grid-connected Rooftop Solar
PV Systems' for Banks and Financial Institutions/Investment
Firms on January 22, 2016 at TERI, India Habitat Centre,
New Delhi. The training programme was designed in a way
to enable the target groups (exclusively for the public and
private sector banks and financial institutions/investment
farms) to understand technical, financial, and regulatory
aspects, including standards and quality control, technoeconomic assessment, risk assessment and evaluation of
loan applications, and RBI’s notification of priority sector
lending-targets and classifications for rooftop solar PV
systems.
Practitioners and renowned industry experts from
TERI, the Ministry of New and Renewable Energy (MNRE),
EE&REM Centre of Government of NCT of Delhi, National
Informatics Centre (NIC), Indian Renewable Energy
Development Agency (IREDA), Reliance Capital, and
SunSource Energy presented their views and shared
experiences on implementing and financing aspects of
rooftop PV systems. Twenty-seven officials from various

public and private banks and financial institutions, such
as State Bank of India, Central Bank of India, Syndicate
Bank, NABARD, Yes Bank, GIZ, ICICI Lombard, etc.,
attended this training programme. The event was
concluded with a valedictory session and distribution
of certificates to the participants.
During the programme, the participants highlighted
some issues and put forward some suggestions including:
(i) Policy uncertainties at the national-level; (ii) MNRE may
publish the list of third-party inspectors as empanelled
under GCRT programme; (iii) To include hybrid solar PV
system with battery storage while considering proper
safety norms (for grid-connectivity as per CEA norms)
under GCRT scheme, as it is not clear in the net-metering
regulations as published by the various Indian states;
and (iv) MNRE shall conduct/organize such training
programmes at the regional-level pan India, may be 2–3
days extensive programmes covering policy, regulatory,
and technical aspects of grid-connected rooftop solar
PV power plants. Overall, the programme was a success
and was highly appreciated by the participants and the
speakers.
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RE Product

An Indigenous
Water Purifier
Design

E

to Provide Safe Drinking
Water to Rural Masses

ven in the 21st century,
millions of people in the
developing countries suffer
from water-borne diseases.
Most commonly, rural people face a
huge problem due to unavailability
of safe drinking water. To fulfill the
need of rural people, an easy tech
water purifier has been fabricated and
tested. A new design of combined
solar pasteurizer cum water filter has
been designed and tested. The author
describes the details of the prototype
in this article. The newly designed
purifier consists of a unique design
of solar pasteurizer combined with a
simple filtration unit. The state-of-theart technology provides disinfected
and clean drinking water at low cost.

Description of
Technology
The solar pasteurizer unit of improved
water purifier is a newly developed
solar pasteurizer, which consists of
a square-shaped GI tray, the open
side of which is welded at the mid
position of a larger size square-shaped
GI sheet (Figure 1). The larger sheet
is attached on a wooden plate of the
same surface area. The outer sides
of both GI sheet and inversely fitted
tray are painted with dull black paint
to absorb solar radiation. The top and
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sides of inversely fitted tray is worked
as upper body of absorber cum
storage tank and the bottom sheet
is worked as absorber plate at the
bottom end of the storage tank. Large
surface area of bottom plate of the
collector increases the total radiation
absorbing area of the collector and
thus boosts up the rate of energy
collection. The whole collector
system is covered by two layers of
ultraviolet (UV)-resistant transparent
polythene sheets keeping a gap in
between. The collector system is to be
placed facing south at an angle equal
to the latitude of the place
(+15° during winter) and the latitude
angle (–15° during summer). To boost
up the energy collection further, a
north facing adjustable reflector made
of aluminium foil is provided with the
collector system.
The filtration system consists of
two metallic containers placed one
at the top of the other with a ceramic
candle filter fitted at the upper
container bottom (Figure 2). Lower
container stores the filtered water.
To cool the hot water collected from
solar pasteurizer, evaporative cooling
system is implemented. In the system,
both top and bottom containers
are layered by jute, and water from
overhead small water container
keeps jute pads wet by a drip system

through perforated PVC pipes. The
whole purifier unit can be placed in
a suitable support made of bamboo
sticks. A funnel with wire mesh screen
is connected with inlet pipe of the
pasteurizer. A stop cock is fitted at
the outlet connection. Vent holes are
provided with collector tank and filter
container. A mercury thermometer
is fitted at the outlet of pasteurizer.
Picture 1 shows the combined solar
pasteurizer and filtering unit.

Specifications
Solar collector cum
storage tank
 Material: 20 gauge galvanized iron
sheet
 Dimensions: Length—30 cm,
Width—30 cm, Depth—10 cm

Bottom absorber plate
 Material: 20 gauge galvanized iron
sheet
 Dimensions: Length—60 cm,
Width—60 cm

Wooden back of bottom
absorber plate
 Thickness: 12 mm
 Dimensions: Length—60 cm,
Width—60 cm

An Indigenous Water Purifier Design

Filtration Unit
 Capacity of top and bottom
containers: 9 litres each
 Filtering element: Ceramic filter

Merits of the Design

Figure 1: Diagram of the indigenously designed solar pasteurizer

 Uniquely designed pasteurizer
captures more radiant energy
compared to conventional built-in
collector cum storage type solar
water heater due to extended
absorbing area of the bottom plate
of the collector.
 Combined solar pasteurizer and
filter unit supplies pure drinking
water by eliminating both
microbiological contaminants and
other impurities.
 To cool the hot water collected
from solar pasteurizer, simple
evaporative cooling system is
implemented with filter unit.
 The whole system is a low-costand user-friendly design.

Performance
Characteristics
Figure 2: Water purifier unit—combined solar pasteurizer and filtering unit

 Latitude of Jalpaiguri District, West
Bengal, India: 26.5°
 Average intensity of solar radiation
in Jalpaiguri District, West Bengal,
India: 4.8 kW per sq. m
 Minimum intensity of solar radiation:
1.9 kW per sq. m
 Maximum intensity of solar
radiation: 6.6 kW per sq. m
 Maximum water temperature
attained during winter: 60°C
 Maximum water temperature
attained during summer: 70°C
 Capacity of filtration throughout the
day during winter: 9 litres
 Capacity of filtration throughout
the day during summer: 9 litres +
9 litres = 18 litres (water filling and
collecting is possible two times).

Picture 1: Combined solar pasteurizer and filtering unit

Mr Sankha Subhra Datta is a Senior Section
Engineer (Mechanical) in the Diesel Locomotive
Shed, NF Railway, Siliguri Junction, West Bengal,
India. E-mail: subhradatta611@gmail.com
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Children's Corner

Make an
Anemometer
Measure How Fast
the Wind Blows

H

ello children! An anemometer is a device that
tells you how fast the wind is blowing. It is a
device used for measuring wind speed, and is
a common weather station instrument. The
term is derived from the Greek word anemos, which
means wind, and is used to describe any wind speed
measuring instrument used in meteorology. The first
known description of an anemometer was given by Leon
Battista Alberti in 1450. You can prepare a homemade anemometer to learn and explore more about a
tremendous source of renewable energy called wind.

What do you need?
 Scissors
 4 small paper cups (like drinking cups)
 A marking pen (any colour)
 2 strips of stiff, corrugated cardboard—the same length
 Ruler, Stapler, and Push pin
 Sharpened pencil with eraser on the end
 Modelling clay
 A watch that shows seconds

What to do?

1
2
3
4
48

 ut off the rolled edges of the paper cups to make
C
them lighter.
Colour the outside of one cup with the marking pen.
 ross the cardboard strips so they make a plus (+) sign.
C
Staple them together.
 ake the ruler and pencil and draw lines from the
T
outside corners of where the cardboard strips come
together to the opposite corners. Where the pencil
lines cross will be the exact middle of the cross.
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5
6

 taple the cups to the ends of the cardboard strips;
S
make sure all the cups face the same direction.

7

 lace the modelling clay on a surface outside, such
P
as a porch railing, wooden fence rail, a wall or a rock.
Stick the sharpened end of the pencil into the clay so
it stands up straight.

 ush the pin through the center of the cardboard
P
(where the pencil lines cross) and attach the
cardboard cross with the cups on it to the eraser point
of the pencil. Blow on the cups to make sure the
cardboard spins around freely on the pin.

What you will discover?
Measuring Wind Speed
This anemometer cannot tell the wind speed in miles per
hour, but it can give you an idea of how fast the wind is blowing.
Using your watch, count the number of times the
coloured cup spins around in one minute. You are
measuring the wind speed in revolutions (turns) per minute.
Weather forecasters’ anemometers convert the revolutions
per minute into miles per hour (or kilometres per hour).
Keep a record of the wind speeds you are measuring for
the next few days.
Measure the wind speed at different times of the day. Is
it the same in the morning; afternoon; and evening? Move
your anemometer to another location. Is it windier in other
places? Do trees or buildings block the wind? You would
hopefully find answers to these questions.
Wind speed is important for wind energy. Wind turbines—
change the movement of the wind into electricity—need a
constant, average wind speed of about 14 miles per hour
before the wind turbines can generate electricity. That’s
why wind farms, where there are a lot of wind turbines
grouped together, are located in windy spots.
Source: http://energyquest.ca.gov/projects/anemometer.html

Children's Corner

WIND!
(This poem has been written in the spirit of arousing
interest in wind energy,especially in the young generation.)
Joy like,
close the fist and gone,
breath is live,
but breathless moments, subtle.
Wind of change,
always sides courageous,
sweeps around in space and time,
blows hot and cold,
and circuits around to rule of Lord.
Beyond and before,
unseen but real,
gentle but forceful,
an element matter essential.
Pure in character,
transparent in conduct,
swishing in sound,
swiftness in mode,
and ever changing in direction.
Momentary in nature,
invaluable gift of God,
From birth till end,
from inhale to exhale,
from struggle of first to last breath.
Wind is everywhere,
explore, harness, convert, utilize...
but respect its fury,
from time immemorial,
moved travellers across,
in ocean in rivers,
and sky around the globe.
Vital in force,
to feel and sense,
and furious in poles,
calm in doldrums,
and moderate midst.
Trees respect to bow,
grass loves to bend,
deserts shift to show,
dust turns to blow,
and ocean waves,
when wind goes.
Abundant and perennial,
offshore and onshore,
mighty and great,
but gentle in trait,
to know a little,
wind is wind.
Dr Siraj Ahmed, Professor and Former Head, Department of Mechanical
Engineering, Maulana Azad National Institute of Technology, Bhopal,
Madhya Pradesh, India. Email: siraj.ahmed@yahoo.com

It has become a
real nightmare to drive your car on
Delhi's roads with so many vehicles competing
for space with each other, leading to traffic jams
and congested roads. The pollution levels have also
risen to alarming proportions due to release of
exhaust gases from the vehicles. I hope
we can think of a possible
solution very soon...

The odd-even scheme
based on odd or even dates is a
wonderful initiative. Thanks to this scheme,
we can now drive our vehicles conveniently. Also,
nice to see enthusiastic cyclists on the roads promoting
a green mode of transportation. Now, we hope
to breathe in fresh air in Delhi while
negotiating lesser traffic jams...
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Web/Book Alert

www.cesa.org

Biofuelwatch | www.biofuelwatch.org.uk
Biofuelwatch provides information, advocacy, and campaigning in relation to the climate, environment, human
rights, and public health impacts of large-scale industrial bioenergy.
Biofuelwatch’s aims are as follows:
 Advancing the education of the public about the environmental, climate, social and public health impacts of
different types of large-scale bioenergy as well as bio-based products; and
 Promoting sustainable energy policies and investments which prioritize energy conservation and efficiency as
well as forms of renewable energy which result in greenhouse gas reduction, protect ecosystems, soil, water
and public health and which protect human rights, including the right to food and water.

Alternative Energy and Shale Gas Encyclopedia
Editors: Jay H Lehr and Jack Keeley | Wiley | 880 pages
This book is a comprehensive depository of all information relating to the scientific and
technological aspects of shale gas and alternative energy. It is conveniently arranged by energy
type including shale gas, wind, geothermal, solar, and hydropower.
The book emphasizes practical applications of existing technologies, from design and
maintenance, to operating and troubleshooting of energy systems and equipment. It features
concise yet complete entries, making it easy for users to find the required information quickly,
without the need to search through long articles. The book is a perfect first-stop reference for
any scientist, engineer, or student looking for practical and applied energy information.

Sensors for Safety and Process
Control in Hydrogen Technologies

Heating with Renewable Energy

Thomas Hübert, Lois Boon-Brett, William J
Buttner | CRC Press | 387 pages

The book explains how to merge
renewable heat sources, such
as solar thermal collectors,
heat pumps, and woodfired boilers, with the latest
hydronics hardware and low
temperature distribution systems
to assemble efficient, reliable,
and economically sustainable
systems.
Heating with Renewable
Energy provides detailed discussions for each type of
renewable energy heat source. It includes the analytical
tools needed for proper design, and gives many examples
of how they are used. The book combines hardware and
design concepts into several complete system designs for
each type of renewable energy heat source. The book is
easy to understand and packed with full colour illustrations
that provide detailed piping and control schematics and
'how to' information that needs to be used on every
renewable energy system. Using this one-of-a-kind book,
the reader would be able to diversify his/her expertise over
a wide range of heat sources.

The use of hydrogen generated from renewable
energy sources is expected to become an essential
component of a low-carbon,
environmentally friendly energy
supply, spurring the worldwide
development of hydrogen
technologies. Sensors for
Safety and Process Control in
Hydrogen Technologies provides
practical, expert-driven
information on modern sensors
for hydrogen and other gases
as well as physical parameters
essential for safety and process control in hydrogen
technologies. It illustrates how sensing technologies
can ensure the safe and efficient implementation of
the emerging global hydrogen market.
Suitable for both technical and non-technical
personnel, the book provides a balance between
detailed descriptions and simple explanations.
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John Siegenthaler | Cengage Learning | 850 pages

Forthcoming Events

April 7–8, 2016 | Nagercoil, Tamil Nadu, India
International Conference on Energy Efficient Technologies
for Sustainability 2016
Website: http://iceets16.com/site/index.php/home

April 8–10, 2016 | Gurgaon, India
Solar Expo Gurgaon

National

Website: www.eventbrite.com

April 26–28, 2016 | Mumbai, India
Renewtech India 2016
Website: http://www.india-tech.com

April 26–27, 2016 | New Delhi, India
India’s Renewable Energy Congress (InREC)
Website: http://www.inreccongress.com

May 11–13, 2016 | New Delhi, India
2nd Smart Cities India 2016 Expo
Website: http://www.smartcitiesindia.com

May 18–20, 2016 | New Delhi, India
Renewable Energy World India
Website: http://www.power-genindia.com

April 4–5, 2016 | New York, USA
The Future of Energy Summit–Global
Website: http://10times.com/bnef-summit

April 4–6, 2016 | Al Bidea, Kuwait

International

6th Middle East and North Africa Renewable Energy Conference
(MENAREC-6) and Exhibition
Website: http://www.globaleventslist.elsevier.com

April 5, 2016 | Sofia, Bulgaria
Energy Efficiency and Renewable Energy, Exhibition and Forum
Website: http://viaexpo.com

April 6–8, 2016 | Liverpool, UK
Photovoltaic Science Application and Technology Conference & Exhibition
Website: http://10times.com/pvsat-liverpool

April 6–8, 2016 | Daegu, South Korea
13th Green Energy Expo Korea: Conference & Exhibition
Website: www.energyexpo.co.kr/eng

May 3–5, 2016 | Milan, Italy
17th SolarExpo: Conference and Exhibition
Website: www.solarexpo.com
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RE Statistics

Source: MNRE

RENEWABLE ENERGY AT A GLANCE: INDIA
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ROOFTOP OF 60 CITIES WILL NO LONGER BE JUST ROOF TOPS

POWER GENERATING STATIONS
Solar Energy Corporation of India Ltd, a Govt of India Company under
the aegis of MNRE is mandated with the implementation of the Government
of India’s flagship Jawaharlal Nehru National Solar Mission (JNNSM).
Handling Major Schemes

Consultancy services

 Solar Feasibility studies

 Implementation of the scheme
for setting up 750 MW of Solar
PV projects with VGF under
JNNSM Phase II Batch I

SECI also provides turnkey
solutions and complete Project
Management Consultancy
Services for roof top as well as
Large Scale Solar Power Projects
across the country, with a special
focus on Public Sector Entities.

 Shading Analysis

 Large Scale Grid connected
rooftop Scheme covering
over 60 cities (4 phases)

 Energy Yield estimation
 Techno-commercial analysis
 DPR/PFR preparation
 Bid-process Management
 Concept-to- commissioning
Services

SOLAR ENERGY CORPORATION OF INDIA LTD
1st Floor, D-3, A Wing, Religare Building, District Centre, Saket, New Delhi-110017
Tel: 011-71989200. Email: corporate@seci.gov.in

SOME VALUED CLIENTS

GENERATE YOUR

OWN
POWER
IN S T
A L L S O L A R P OW E

COST
EFFECTIVE

YO
N
O
TS
N
A
L
RP

ENVIRONMENT
FRIENDLY

ATTRACTIVE
INCENTIVES

P.
O
T
Install Grid Connected Rooftop
F
O
O
Solar Systems on your roof in residential,
R
commercial, industrial and institutional buildings
UR
and make your roof your own power house. Meet your
electricity requirement and the excess electricity can be
fed to the local grid.

40,000 MW GRID CONNECTED SOLAR
ROOFTOP SYSTEMS TARGETED BY 2022
HOW TO INSTALL SOLAR ROOFTOP SYSTEMS?

Visit MNRE website www.mnre.gov.in, calculate your requirement at "Solar Rooftop
Calculator" and fill-up "Installation Interest Form" or scan QR code on your mobile to reach
the link at Solar Rooftop Calculator:

INCENTIVES

• Upto 30% Government subsidy for selected categories
• Accelerated depreciation benefits for industrial and commercial buildings
• Custom Duty Concessions and Excise Duty Exemptions; and 10 years tax holiday
• Avail bank loan as a part of home loan/home improvement loan
• System Aggregators can avail loan from IREDA at concessional interest rate (9.9% to 10.75%)
• Avail loans under Priority Sector Lending upto R10 lakhs for individuals

BENEFITS

• Reduce your electricity bill and save money
• Sell your own green power and earn money

• Payback period: 5-6 years
• Make mother Earth a better place to live

CONTACT

• Solar Energy Corporation of India (website www.seci.gov.in, Phone Number: 011-71989200, Email: corporate@seci.gov.in) • Empaneled Channel Partners/New Entrepreneurs (list available at MNRE website www.mnre.gov.in )
• State Nodal Agencies for respective States (http://www.mnre.gov.in/related-links/ ) • Indian Renewable Energy Development Agency (www.ireda.gov.in, Phone Number: 011-26717428 , Email: abhilakh@ireda.gov.in )

MINISTRY OF NEW AND RENEWABLE ENERGY

Government of India | website : www.mnre.gov.in | Solar Energy Helpline No. 1800 233 4477
Powering The Renewable Energy Revolution | Making The Sun Brighter | Join Us.

