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Dear Reader,

I remember that about three years ago for the May–June 2005 issue of
Akshay Urja I mentioned that ‘we all were surprised when the oil prices
crossed $60 per barrel’, recently and it seems that the days are not
very far when it would reach to $100 per barrel. Today the oil price has
crossed $120 per barrel that is, just double in less than three years.
The rising trend is so steep that it necessitates the use of alternative
energy sources in all areas – urban, rural, or industrial – for commer-
cial, domestic, transport agriculture, and other purposes. As the 1973
oil crises gave new impetus to the development of renewable energy,
the current soaring oil prices are compelling us to adopt renewable
energy in our daily life style.

Among the other renewable sources, solar energy based systems and
devices are on the forefront of resolving our day-to-day energy de-
mand. Solar water heating systems, solar cookers, solar home lighting,
solar generators, solar lanterns, solar air heaters, solar traffic lights,
solar road studs, solar blinkers, and so on are the most common de-
vices and systems that are commercially available in the market. Use
of solar passive techniques in buildings designs has started and few
such buildings are already visible in India. Many states have issued
orders on mandatory use of solar water heaters, construction of solar
efficient buildings, promotion of solar streetlights, solar holdings, and
so on. Few have even announced rebates in electricity tariff and prop-
erty tax.

In this context, the present issue of Akshay Urja focuses on Solar
Energy for Urban and Industrial Applications. Shri Ajit K Gupta,
Adviser, MNRE, has presented the current development of solar en-
ergy in his article, ‘Solar energy development in India’. The articles on
solar steam cooking by Shri Deepak Gadhia, solar cities in India by
Dr A K Singhal, solar township in Pune by Shri Satish Magar, and solar
hot air by Shri Palaniappan, present the applications of solar energy
commercially in India. The details on policies and programmes pre-
sented by Dr A K Singhal and Shri Dilip Nigam are very informative.

I am sure that you will find the material presented in this issue, in-
formative and useful as well. The Akshay Urja team gratefully acknowl-
edges the contribution of its writers. We are encouraged by the
overwhelming response and valuable suggestions from our readers.

With best wishes,
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I received your Bahut hi pyari si
newsletter Akshay Urja. While going
through the same I also read about
the essay competition for students
and immediately wrote a circular to
the teachers to motivate students
to write for the same. Your newslet-
ter is too beautiful/useful to praise
in words. I appreciate whole-
heartedly the sincere efforts made
by your team towards Akshay Urja.

Dr Ram Kumar
Principal, Kendriya Vidyalaya,

Baramulla, J&K

I happened to see a copy of Akshay
Urja at a friend’s place. I was quite
impressed by the contents and the
way it fulfils the much-felt need in
the field of renewable energy and
sustainable design. This being a
relatively new area, there is a need
to disseminate knowledge. Akshay
Urja fulfils the purpose and gives
updated information on develop-
ments in the field of renewable
energy.

R Pamnani
Chief Architect, Public Works

Department, Goa

Akshay Urja is doing great work in
terms of spreading awareness and
knowledge on renewable energy.
Keep up the good work.

Anjan Kalia
Senior Scientist (Energy), Depart-

ment of Agricultural Engineering, Ch.
Sarwan Kumar Krishi Vishwa

Vidyalaya, Himachal Pradesh

I came across a copy of Akshay Urja
and found that it contains very use-
ful information on renewable en-
ergy. We at E Square Verification (P)
Ltd, are acting as verifier for verifi-
cation of destruction and/or dis-
placement of GHG emissions on

Thank you very much for
your encouragement. The
editorial team of Akshay Urja
will make every effort to
make this newsletter highly
informative and useful to all
our readers. We welcome
your suggestions and valu-
able comments to make fur-
ther improvement in terms
of content and presentation.

Editor
Akshay Urja
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behalf of the Chicago Climate Ex-
change. We appreciate the all-out
efforts put by the ministry towards
the publication of this newsletter
and wish it all success in the years
to come.

S C Katyal
Director, E Square Verification (P)

Ltd, New Delhi

I was very happy to go through an
issue of Akshay Urja. The article on
Energy-efficient buildings (Sri
Aurobindo Ashram) was really inter-
esting. We congratulate the team
for bringing out such an informa-
tive newsletter.

B B Satpathy
Coordinator, Renewable Energy

Club, K A College of Engineering,
Orissa

We are power and energy consult-
ants focusing on the areas of wind
energy, biomass, and solar energy.
Since Akshay Urja is a newsletter
that carries valuable information on
renewable energy, we would like to
be included in the mailing list. The
non-conventional energy sector
certainly needs these kinds of ef-
forts to ensure that the potential of
this sector is exploited rightly and
to its fullest extent.

C M Jain
Power and Energy Consultants, New

Delhi

Akshay Urja is a very useful newslet-
ter for the scientists of our univer-
sity. It is a very good source of
information on renewable sources
of energy. I would like to receive
this publication for our library
regularly.

P C Kapila
Assistant Librarian, Nehru Library,

Chaudhary Charan Singh Haryana
Agricultural University

Letters to the editor

We are a renewable energy-based
company located at Kolkata, West
Bengal. We are engaged in the field
of manufacturing solar photo-
voltaic modules, solar water heat-
ing systems, and biomass gasifier
plants. As we are in the field of non-
conventional energy, Akshay Urja is
of a great help to the organization.
It would also help in the further ex-
pansion of the organization, as the
magazine is a good source of infor-
mation on renewable energy sys-
tems and devices as well. We would
like to receive this publication
regularly.

Amitabh Kumar Gupta
Managing Director, Synergy Renew-

able Energy Pvt. Ltd, Kolkata

The staff of Amrutvahini College of
Engineering, Pune, congratulates
the whole team of Akshay Urja for
bringing out such an informative
newsletter. It is a very good source
of information on all aspects of re-
newable energy. The quality of pho-
tographs is also very good. It will
definitely help students in the rural
areas to acquire more knowledge
on renewable energy as a whole.

Prof. A K Mishra
Principal, Amrutvahini College of

Engineering, Sangamner, Pune
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Minister for Climate Change and
Energy, Denmark on 9 April 2008
regarding various cooperation ini-
tiatives in the area of renewables
identified by the Indo-Denmark

Joint Committee on 7 April 2008.
The Danish minister highlighted
the initiatives taken in the area of
renewables and energy efficiency
in Denmark. He also highlighted
the preparations being made by
them for organizing the COP-15
meeting in December 2009 in Co-
penhagen.

The Indian co-chair of the Joint
Committee, Ms Gauri Singh, Joint
Secretary, MNRE along with his
counterpart co-chair Mr Hans
Jorgen Koch, Deputy State Secre-
tary, Denmark highlighted the co-
operation activities identified by
the Joint Working Group before
the two ministers. India and Den-
mark have agreed to work jointly
in the area of wind energy. This
would include consultancy on
policy tools on re-powering wind
farms, resource assessment and
feasibility study leading to a dem-
onstration project for off-shore
wind energy in India, policy tools

Shri Vilas Muttemwar, Minis-
ter for New and Renewable
Energy, led a delegation to

Denmark recently to take forward
bilateral cooperation in the area
of new and renew-
able energy. The
members of the del-
egation included Ms
Gauri Singh, Joint
Secretary, MNRE
and co-chair of
Indo-Denmark Joint
Working Group; Shri
K P Sukumaran, Ad-
viser (wind &
biomass); Shri
Anoop Kumar, P S to
the Minister; and
Shri Rajiv Arora, Di-
rector, MNRE. Minis-
ter (NRE) held
discussions with Ms
Connie Hedegaard,

Taking forward bilateral cooperation on
renewable energy

Shri Vilas Muttemwar, Minister for New and Renewable Energy with Ms Connie Hedegaard,
Danish minister for climate change

Indian delegation with Danish minister and officials
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HE President of India Smt. Pratibha Devisingh Patil had been on a maiden
state visit to three prominent nations of Latin America viz. Brazil, Mexico,

and Chile from 12 April 2008 till 25 April 2008. Shri Vilas Muttemwar, Hon’ble
Minister for New and Renewable Energy was the only accompanying minister
representing the union cabinet. Brazil has been on the forefront of develop-
ing renewable transport fuel, that is ethanol, as a viable alternative to petro-
leum since petroleum contributes towards a major portion of the carbon
emissions. The President of Brazil, during his visit to India in July 2007, had
shown a great interest in working with India for the development of biofuels.
India, Brazil, and Sri Lanka have entered into a tripartite agreement on the
development of renewable energy sources. The inclusion of the Hon’ble Min-
ister for New and Renewable Energy in the prestigious official delegation is a
strong indication of India’s interest in working together with various coun-
tries for the development of renewable energy technologies.

During her travel to Mexico and Guadalajara, the Hon’ble President will
also signed a memorandum of
understanding on bilateral coop-
eration with the Republic of
Mexico on renewable energy
technologies. Her concluding
visit to Santiago, Chile, enabled
identification of areas of coop-
eration in new and renewable
energy with Chile also. Overall,
this visit aimed at strengthening
cooperation with Latin American
countries thereby widening In-
dia’s initiatives towards interna-
tional cooperation in the field of
renewable energy.

for better grid integration,
wind prediction modelling,
and accreditation of C-WET
for testing and certification
services. In addition to the
aforesaid, the two sides
also agreed to cooperate in
the area of energy-efficient
buildings with possible re-
newable energy solutions
and also applicability of re-
newable energy in various
industrial processes and
utilization of agro and in-
dustrial residues for value-
added product.

The Minister (NRE) also
undertook a visit to a 275
MW waste-to-energy incin-
eration plant in Copenha-
gen and was quite
impressed with the waste
segregation methodology,
the policy on hierarchy of
waste management, and
the model of commercial
viability of such a plant.
The Danish side has agreed
for providing technical as-
sistance to India for estab-
lishing an MSW
demonstration plant in In-
dia also. Both sides appre-
ciated the renewable
energy initiatives in the
two countries. The delega-
tion also visited offshore
wind farms set up in the
sea near Copenhagen har-
bour by Vestas. This visit
was successful in kick start-
ing a pro-active coopera-
tion in new and renewable
energy technologies be-
tween the two countries.

Report by Shri Anoop Kumar
(IAS),  PS to the Hon’ble Minister

for New and Renewable Energy

Hon’ble President’s visit to Latin America

HE President of India Smt. Pratibha Devisingh Patil at a delegation level meeting with the
Governor of the State of Jalisco, Mr. Emilio Gonzalez Marquez at Governor’s palace in
Guadalajara, Mexico on April 19, 2008.

HE President of India Smt. Pratibha Devisingh Patil
shaking hands with the Governor of the State of the
Jalisco, Mr. Emilo Gonzalez Marquez after signing the
visitor’s book the at Governor's Palace, Guadalajara,
Mexico on April 19, 2008. The Minister for New and
Renewable Energy, Shri Vilas Muttemwar



 > RE NE WS <

6 MARCH–APRIL 2008 Volume 1 •  Issue 5

Make solar heaters a
must: KREDL chief

To reduce consumption of elec-
tricity in a big way, it is impera-

tive that solar heaters and CFLs
(compact fluorescent lamps) are
made mandatory in Karnataka, said
Dr B Shivalingaiah, MD (Managing
Director), KREDL (Karnataka Renew-
able Energy Development Ltd).
Speaking at a seminar on ‘Designs
for Life Symposium and Exhibition’
at M S Ramaiah Memorial Hospital
auditorium, the MD said Bangalore
and its surrounding areas con-
sumed 35% of the electricity gener-
ated in Karnataka. Usage of water
heaters and bulbs was the reason
for heavy consumption.

‘If usage of solar heaters is made
mandatory in the state, 800 to 1000
MW (megawatt) of power can be
saved daily during peak hours. Simi-
larly, by using CFLs 1000 MW of elec-
tricity can be saved daily,’ he said. It is
important to take all steps possible to
minimize the consumption of elec-
tricity. The 22.5 crore animal popula-
tion in India is one of the richest
resources we have. Cow dung can be
converted to methane and used for
generating electricity, he added.

DECCAN HERALD, 2 MARCH 2008

Small hydro, wind
power projects have
60,000 MW potential

In a written reply to Rajya Sabha,
Shri Vilas Muttemwar, Minister of

State for New and Renewable En-
ergy, has declared that the poten-
tial of small hydropower projects in
the country is estimated at 15,000
MW, while that of wind power at
45,000 MW. So far, small hydro
projects of 2,061 MW and wind

power projects of 7,940 MW (as on
31 January 2008) have been set up
in the country. In response to an-
other query, the minister said there
exists a potential of about 84,776
MW in the country for power gen-
eration from various renewable
sources such as wind, biomass,
small hydro, and solar. According to
the minister, grid-interactive power
generation capacity from renew-
able sources reached 11,273.62 MW
as on 21 December 2007.

THE PTI, 3 MARCH 2008

Suzlon invests
Rs 100 crore to
retrofit turbines

Wind turbine manufacturer SEL
(Suzlon Energy Ltd) has an-

nounced a retrofit programme to
resolve blade cracking issues dis-
covered during the operations of
some of its S88 turbines in the US.
The total cost of the retrofit pro-
gramme is estimated at Rs 100 crore
($25 million), for which a provision
will be made in the fourth quarter

of the fiscal. The retrofit programme
involves the structural strengthen-
ing of 1251 (417 sets) blades on S88
(2.1 MW) turbines, of which 930
blades are already installed, while
the remaining blades are in transit
or inventory.

BUSINESS LINE, 4 MARCH 2008

Renewable
energy sector
to benefit from
nanotechnology

Nanotechnology is expected to
provide exciting opportunities

in various spheres. The renewable en-
ergy segment is one of the applica-
tion areas. Solar energy can be made
available in a more viable manner by
means of nanotechnology, experts
say. The efficiency and viability of
renewable energy sources can be
improved by employing the tech-
nology, G M Pillai, Director-General
of WISE (World Institute of Sustain-
able Energy), says.

Solar energy and bio-energy will
be among the beneficiary seg-
ments, he says. Mr Pillai has ex-
plained the underlying principles in
a publication called Green Energy
brought out by WISE. Photovoltaic
cells developed in the 1960s had an
efficiency of only 6%. Conventional
photovoltaic devices use the photo-
electric effect. A silicon semi-conduc-
tor is used in the process. But
amorphous silicon cells face the
problem of photo instability that can
result in a loss of over 50% of the out-
put, he says. Nanotechnology helps
to fine-tune amorphous silicon’s
‘bandgap’ and crystalline structure,
thereby increasing its photostabil-
ity and resultant efficiency. Simi-
larly, methods of production of
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hydrogen using thermo chemical
techniques can be made more effi-
cient using nanocatalysts and
nanoscale membranes.

Bio-ethanol technologies, par-
ticularly those that produce hydro-
gen from bio-ethanol through a
steam reforming process, are also
made more efficient through the
use of nanocatalysts. Bio-diesel pro-
duction may be enhanced using
nanotechnology, he says. As things
stand, there is reason to believe
that some of the limitations per-
taining to renewable energy tech-
nologies can be overcome in the
not-too-distant future with the help
of nanotechnology. ‘If man, in his
search for progress, has tampered
with the environment, causing eco-
logical disasters, I am sure his inge-
nuity will also find ways to tackle
the problem, he says.

THE HINDU, 13 MARCH 2008

First integrated
renewable energy
farm to come up near
Pune  

Gurgaon-based R S India Group is
setting up the first integrated

renewable energy farm in the coun-
try at Patan, in Satara district near
Pune. The first phase of the Rs 700-
crore project, for which 1400 acres

has been acquired will have an in-
stalled capacity to generate 100
MW wind power, 5 MW of solar
power, and extract bio-diesel from
jatropha plantations on 225 hec-
tares. The second phase of the
project involves adding installed
capacity of another 200 MW of wind
energy and planting jatropha on
another 225 hectares. The project is
being set up with lease financial as-
sistance of Rs 4.87 billion by the
Power Finance Corporation. The
promoter, R S Group, is investing Rs
1 billion in it, and the Power Trading
Corporation has a 37% equity par-
ticipation in the new company
formed for the purpose, RSIWEL (R S
India Wind Energy) amounting to Rs
540 million. According to the com-
pany, the first of the wind turbines,
being put up by Denmark-based
Vestas RRB, would be in place by
the end of the month. The second
phase will be commissioned by De-
cember, while a third phase, which
would be financed through debt, is
also on the anvil taking the total in-
stalled capacity to 500 MW by the
end of 2009.

THE HINDU, 13 MARCH 2008

10,500 MW of wind
power to be generated
in Eleventh Plan
period  

A target has been set for produc-
tion of 10,500 MW of wind

power energy in the country during
the Eleventh Five-year Plan period.
Giving this information in Lok
Sabha in a reply to a question, the
Minister of State for New and Re-
newable Energy, Shri Vilas
Muttemwar said the strategy for
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Spromoting wind power projects
through private sector investment
is being continued in the Eleventh
Plan. He said fiscal incentives such
as concessional import duty on cer-
tain components, excise duty ex-
emption and 10 years’ tax holiday
on income generated from such
wind power projects will be given
to the private players. A wind power
capacity of 7,844 MW has been in-
stalled in the country as of 31 De-
cember 2007.  

THE PRESS TRUST OF INDIA LTD,

14 MARCH 2008

Solar lights for NPA

The Sardar Vallabhai Patel Na-
tional Police Academy will soon

provide an example to the many
city-based institutes and corporate
organizations characterized by
sprawling landscapes, when it uses
solar power to illuminate its cam-
pus. The academy already installed
90 solar streetlights along its five
kilometre boundary to make the
job easier for the CISF personnel on
the patrol. They were inaugurated
by the Vice Chairman and Managing
Director of NEDCAP who also facili-
tated the installation. Placed at a
distance of 50 metres from each
other, the Tata BP lamps will glow
automatically once the sunlight
fades out as they are fixed with sen-
sors to measure the natural light. At
its optimal level, the battery can
provide for two nights continuously
even if not charged in the day. With
a luminosity of 10 lumens per
square foot, the lamps can precisely
attend to the Academy’s security
requirement.

THE HINDU, 18 MARCH 2008
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Signet to invest
Rs 2000 crore to set
up photovoltaic
facility in Chennai

California-based photovoltaic
modules maker Signet Solar has

said that its Indian operations, ex-
pected to start production by 2009-
end, will be the company’s largest
global facility. The upcoming plant at
Sriperumbudur near Chennai can
manufacture 300 Mw worth of panels
when the expansions are completed.
The Chennai plant is being set up
with an investment of Rs 2000 crore
at the special economic zone outside
Chennai. The company’s first plant in
Germany may start production by
June this year and will have an initial
capacity of 60 Mw, which will be
hiked to 120 MW by 2010. The Indian
operations with manufacturing facili-
ties in different locations are ex-
pected to produce 300 MW of panels
in five years. The first phase of this
project will have a capacity of 60 MW.

BUSINESS STANDARD, 18 MARCH 2008

Power Finance, IREDA
sign pact

PFC (Power Finance Corporation
Ltd) and IREDA (Indian Renew-

able Energy Development Agency
Ltd) signed an MoU (memorandum of
understanding) for undertaking joint
financing of renewable energy, en-
ergy efficiency and conservation, and
medium and large hydro projects. The
pact was signed by Mr Shyam
Wadhera, Director-Projects, PFC; and
Mr Debashish Majumdar, Chairman
and Managing Director, IREDA.

‘PFC and IREDA shall cooperate to
leverage their respective strengths
and competencies built over the

years for facilitating financing of
these sectors for mutual benefit,’ a
PFC statement said. At present, the
installed capacity of electric power
from renewable energy sources in
the country is 10,209 MW.

BUSINESS LINE, 26 MARCH 2008

Promoting the use of
official language

The MNRE has constituted a
Hindi Advisory Committee for

progressive use of the official lan-
guage Hindi in the ministry. The
committee, reconstituted under the
chairmanship of the Minister for
New and Renewable Energy com-
prises members of parliament, rep-
resentatives of different
departments and institutions as its
members. Four meetings of the
committee have been organized so
far. The fourth meeting of the com-
mittee was held on 25th March 2008
at Dharamshala, Himachal Pradesh,
under the chairmanship of Secre-
tary, MNRE. The meeting was at-
tended by members of parliament,
representatives of renowned insti-
tutions engaged in propagating
Hindi and other senior members.

The discussions held in these
meetings, interalia, included points
regarding change in the name of
the ministry, use of Hindi in official
correspondence, purchase of Hindi
books, Prakrtik Urja Puraskar
Yojana, organizing meetings of Offi-
cial Language Implementation
Committee, motivating officers/
staff for progressive use of Hindi in
official work, organizing Hindi
workshops, and so on. The mem-
bers suggested that the name of
the ministry (in Hindi) should be
Naveen aur Akshay Urja Mantralaya
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S in view of its mandate. The mem-
bers appreciated the efforts of the
ministry towards implementation
of the Official Language Policy and
expressed its satisfaction.

MINISTRY OF NEW AND RENEWABLE ENERGY

India and EU to
strengthen coopera-
tion in renewable en-
ergy research

India and the EU (European Union)
have agreed to strengthen coop-

eration in the area of new and re-
newable energy on the basis of
common interest and mutual ben-
efit under the EU-India Science and
Technology Cooperation Agree-
ment.   Both sides attach high prior-
ity to sustainable development of
energy systems to jointly meet the
challenges of energy security and
climate change.  At a workshop
held at New Delhi, the two sides
identified strategic areas and topics
for research and technology devel-
opment cooperation in solar
photovoltaics, solar thermal power
generation, wind energy, biomass,
and waste-to-energy. Apart from
these areas, the Indian side also ex-
pressed interest for cooperation in
hydrogen, fuel cells, and biofuels.

The workshop was organized by
the Ministry of New and Renewable
Energy in association with the Di-
rectorate General Research of the
European Commission and the De-
partment of Science and Technol-
ogy.  It was attended by scientists
and experts from leading institu-
tions active in renewable energy re-
search and technology
development, apart from officials
from both sides.

MINISTRY OF NEW AND RENEWABLE ENERGY
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UK must develop
offshore wind and
marine

The transition to a low-carbon
economy will require a long-term

partnership between the UK govern-
ment and industry in three key areas.
The UK has significant potential to
develop its offshore wind and marine
(wave and tidal) renewable indus-
tries, says a report called Delivering
the low-carbon economy: business op-
portunities for UK manufacturers. The
report was published by the manu-
facturers’ association EEF and pre-
pared by the Deloitte advisory group.

Britain possesses ‘the best wind
energy resource in Europe’ and the
potential size of the offshore mar-
ket and specialist marine engineer-
ing capabilities ‘should make the UK
an attractive investment location,
especially for next-generation tur-
bines designed for offshore deploy-
ment,’ it explains. ‘However, UK
producers face significant chal-
lenges in breaking into well-estab-
lished global supply chains.’

‘Pressure to meet targets to ex-
pand the UK’s use of renewable en-
ergy and reduce carbon emissions
will create significant opportunities
for developing a range of sources of
low-carbon energy,’ and the most
promising sectors for Britain are off-
shore wind, marine renewables,
and clean coal technologies. ‘Most
of these technologies are currently
more expensive than conventional
forms of electricity generation and
will require financial support for the
immediate future.’

Nuclear power also has a key
role to play in low-carbon energy
supply but the technology is not
considered in the report because
the opportunities have been con-
sidered in detail elsewhere. The UK
must source 15% of its energy from
renewables by 2020 and reduce
CO2 emissions by 16% in response
to targets set by the European Com-
mission. This will create significant
challenges for industry in terms of
its competitiveness, but UK manu-
facturers are well placed to take ad-

vantage of the major commercial
opportunities, the report explains.

WWW.RENEWABLENERGY

FOCUS.COM, 2 MARCH 2008

GE powers Japan’s
largest wood gas
plant

Japan’s largest wood gas-to-
energy plant, powered by two of

GE Energy’s Jenbacher gas engines,
has successfully started operation
in the Yamagata Prefecture, gener-
ating 2 MW of electricity for local
power purposes.

The Yamagata’s Murayama site
runs completely on gasified wood
chips, without any backup fuel sup-
ply. The facility uses wood biomass
from nearby forests that include
trimmed cherry tree branches. By
2010, Japan is planning to increase
renewable energy production to
3% of the country’s overall energy
supply. Additionally, as part of its
renewable energy strategy, Japan is
planning to expand its use of

biomass fuel up to 330
MW by 2010.

‘This project repre-
sents the first order of
large-scale wood gas en-
gines for GE Energy in
Asia,’ said Prady Iyyanki,
CEO of GE’s Jenbacher
gas engine business. ‘We
look forward to working
with our customers in Ja-
pan as we apply our re-
spective specialty gas
engines and their gasifi-
cation technologies to
help the country meet its
commitments under
Kyoto.’

WWW.RENEWABLENERGYWORLD.COM,

14 MARCH 2008
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Iowa State University researchers
are developing an integrated sys-
tem of thermochemical and cata-

lytic technologies to efficiently pro-
duce ethanol from plant biomass.
‘Increasing supplies of renewable en-
ergy and using more energy efficient
technologies must continue to play
an indispensable role in reducing
greenhouse gas emissions and meet-
ing the rapidly growing demand for
energy,’ said Samuel Bodman, the US
secretary of energy. Victor Lin, a pro-
fessor of chemistry and director of
the Center for Catalysis, will lead the
Iowa State project. The project also
includes Robert C Brown, the Iowa
Farm Bureau Director of the
Bioeconomy Institute; George Kraus,
the director of the Institute for Physi-
cal Research and Technology; Marek
Pruski, a scientist for the Department
of Energy’s Ames Laboratory located
at Iowa State; and Justinus Satrio, a
project manager at the Center for
Sustainable Environmental Technolo-
gies.

They’re working to develop a
biomass-to-ethanol system that
would work like this: Plant biomass
such as corn stalks and switchgrass
would be broken down by fast py-
rolysis, a process that uses heat at 900
degrees Fahrenheit in the absence of
oxygen to convert biomass into a bio-
oil. The bio-oil would be gasified with
steam and/or oxygen at 1,100 to
1,500 degrees Fahrenheit to produce
a synthesis gas, a mixture of carbon
monoxide, hydrogen, carbon dioxide
and short-chain hydrocarbon gases.
The hydrogen and carbon monoxide
in the synthesis gas would be reacted
with a nanotechnology-based cata-
lyst to produce ethanol fuel.

Lin said researchers have looked
at catalysts to produce ethanol from

New system aims to efficiently convert biomass to ethanol

synthesis gas for years. But there
were some problems with the old
chemistry and research progress has
slowed since the early 1990s. The
chemistry didn’t produce the selec-
tive reactions necessary for efficient
production. There were also issues
with controlling those reactions. But
now, ‘With the emphasis on biomass
and biorenewables, I think there will
be a renaissance of this research and
technology,’ Lin said. His idea for a
new kind of catalyst is based on solid
nanospheres just 250 billionths of a
meter in diameter that have honey-
comb channels running through
them. Lin said those channels can be
loaded with a metallic catalyst and
other species that can promote
higher reactivity and product selec-
tivity. The new technology, because
of the nanoporous structure and the
unique spatial arrangement of the
catalytic components, solves some of
the selectivity and control problems
of the old chemistry.

Lin has already worked on the
synthesis gas-to-ethanol catalyst for
a year and has filed a patent applica-
tion. Satrio, of Iowa State’s Center for
Sustainable Environmental Technolo-
gies, called the research collabora-

tion ‘a very exciting project.
This is on the cutting edge of
this technology’. The centre’s
focus will be to develop a
system that efficiently and
economically produces clean
synthesis gas that’s ready to
be reacted with Lin’s catalyst.
Center researchers will use
the two thermochemical
technologies (fast pyrolysis
and gasification) with the
goal of developing a com-
plete conversion system that
makes economic sense for

the future. Transporting biomass to
fuel production plants isn’t easy or
cheap because of the bulk and quan-
tities involved. The Department of
Energy has estimated a biorefinery
would need at least 2,000 tons of
biomass per day. A year’s supply
would cover 100 acres with 25 feet of
biomass.

The Iowa State idea calls for
biomass to be transported to small,
local fast pyrolysis plants that would
convert the plant fibre into liquid bio-
oil, Satrio said. The bio-oil would be
much easier to transport to bigger,
regional facilities where it could be
efficiently gasified at high pressure
and catalytically converted into etha-
nol. The departments of agriculture
and energy said the 21 research
projects won grants because they
can advance President George Bush’s
Advanced Energy Initiative. The initia-
tive’s goals are to change the way the
country powers its cars, homes and
businesses by increasing energy effi-
ciency and diversifying energy
sources. Funding for the projects will
be provided through the depart-
ments’ Biomass Research and Devel-
opment Initiative.

WWW.SCIENCEDAILY.COM

Victor Lin, an Iowa State University professor of
chemistry and director of the Center for
Catalysis, is leading a project that’s developing a
system to convert plant biomass into ethanol.
Photo credit: Bob Elbert, Iowa State University

10 MARCH–APRIL 2008 Volume 1 •  Issue 5



MARCH–APRIL 2008 11Volume 1 •  Issue 5

O
ur country is wit-
nessing a boom in
the construction
sector and in real
estate development.

The construction sector contrib-
utes to 10% of India’s GDP (gross
domestic product) and is growing
at about 9%, as against the world
average of 5.5%.  This has led to a
rapid rise in energy demand in ur-
ban areas. Urban areas have
emerged as one of the biggest
sources of GHG (greenhouse gas)
emissions, with buildings alone
contributing to about 40% of the
total GHG emissions. As per latest
UN report one million people are
moving to urban areas each week.
It is estimated that about two-
thirds of the world population will
be living in cities by 2050. This re-
quires a tremendous shift in en-
ergy resources in urban areas.

Solar energy, in both the active
and passive forms, has significant
potential for replacing substantial
amounts of fossil fuels and elec-
tricity currently used in our towns
and cities, particularly in the hous-

ing and building sector. Energy-
efficient solar buildings, or green
buildings, can reduce energy de-
mand by as much as 40%. The de-
signs can be such that the
working and living environment
in buildings is quite comfortable
during different seasons without
too much dependence on con-
ventional energy.

We have a rich heritage in our
country of traditional buildings
that were designed to provide
year-round comfort through natu-
ral heating, cooling and ventila-
tion. In recent years, significant
advances have been made and
enormous progress achieved
worldwide in climate responsive
designs. In our country too, there
is a vast scope for development of
solar passive buildings, integrated
with active solar energy systems
and energy-efficient devices that
need to be promoted actively, es-
pecially in our urban areas. The in-
tegration need not necessary
mean ‘invisibility of solar collec-
tors’ as the solar energy element
now can be used in a manner

Ajit K Gupta , Adviser and Group Head, Urban, Industrial, and Commercial Applications of Renewable Energy

which enhances the aesthetic ap-
peal of the building. In most cases,
solar collectors have been used as
part of the building materials, es-
pecially the photovoltaic mod-
ules, which make the building
cost quite reasonable.

In several cities, builders and
developers are now integrating
solar water heating systems in
buildings and housing complexes
being built by them. These com-
plexes have eliminated the need
of electric geysers in homes and
have also reduced the electricity
consumption required for com-
fortable living.  One such com-
plex, namely, ‘the Magarpatta City’
near Pune has become quite
popular.

Solar water heating is today a
fully mature technology. About
180 million m2 (square metre) of
collector area is estimated to have
been installed worldwide at the
end of 2007. Of this, over
100 million m2 has been installed
in China.  About 10 to 12 million m2

collector area is being added
every year in China, with annual

SOLAR ENERGYSOLAR ENERGYSOLAR ENERGYSOLAR ENERGYSOLAR ENERGY
F O R  U R B A N  F O R  U R B A N  F O R  U R B A N  F O R  U R B A N  F O R  U R B A N  A R E A SA R E A SA R E A SA R E A SA R E A S
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production projected to reach 20
million m2 by 2010. Eighty-five per
cent of the market in China is for
evacuated tube collector based
systems with about 300 compa-
nies involved in manufacturing
such systems. The other active
markets are in Spain, Germany,
Greece, Turkey, Japan, Austria, and
USA.

In India, about 2.3 million m2

collector area has been installed
so far. Of this, about 1.2 million m2

has been added during the last
three years under an Accelerated
Programme initiated during 2005/
06. We have set a goal of adding 5
million m2 collector area during
the Eleventh Plan period up to
2012. To provide renewed thrust,
the Ministry has enhanced the
budget provision for the pro-
gramme significantly during the
Eleventh Plan.

Solar photovoltaic systems can
be integrated in building design
in an elegant and aesthetic man-
ner so that they not only provide
an energy source but also serve as
an element of building construc-
tion. They can be inte-
grated in the form of
sloped or flat roofs, cano-
pies, shades or facades. Ori-
entation and angle are very
important for BiPV (build-
ing integrated photo-
voltaic) design. BiPV
systems can have small
battery storage, but are by
and large grid connected
for import and export from
the grid, as necessary, with
accounting being carried
out on net-metering basis
or through an appropri-
ately fixed tariff by the

regulator.  Deployment of solar
streetlight, traffic signals, hoard-
ings, and power packs can help in
conserving electricity during peak
hours in cities and towns.

Installation of a solar system
for heating and a separate system
for electricity on the roof, or inte-
grated with the roof, can some-
times become difficult in terms of
limitation of space and high cost.
A few products have, therefore,
been developed which combine
both the solar thermal and solar
photovoltaic systems. These save
roof space, are cheaper and instal-
lation can be faster.

A solar housing complex has
come up at Kolkata, which com-
prises 25 independent houses, a
community hall, and a swimming
pool. Whereas the houses and the
community hall have been de-
signed on solar passive concepts,
they have been integrated with
solar water heaters and photo-
voltaic modules. The swimming
pool under construction will be
heated through solar energy. The
complex also has solar streetlights

and garden lights and all the elec-
trical appliances in the houses are
energy-efficient devices.

The Ministry has been promot-
ing solar passive architecture by
providing support for the prepa-
ration of project reports and, on a
limited scale, for construction of
demonstration solar buildings.
Support is also being provided for
training, documentation and
awareness creation activities. Sev-
eral publications including manu-
als, guidelines, and case studies
have been brought out. A set of
CDs containing a knowledge bank
and database on existing solar
buildings has been prepared.
More recently, a Handbook on En-
ergy Conscious Buildings has been
prepared.  The BIS (Bureau of In-
dian Standards) and BEE (Bureau
of Energy Efficiency) have also in-
corporated energy efficiency
measures in the National Building
Code and the Energy Conserva-
tion Building Code.

Keeping in view our climatic
conditions, a National Rating Sys-
tem, GRIHA, has been developed

Solar water heaters installed in a residential school at Bangalore
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indigenously which is suitable for
all types of buildings in different
climatic zones of the country. The
rating system was initially con-
ceived and developed by TERI
(The Energy and Resources Insti-
tute). It has been modified as a
National Rating System after in-
corporating various suggestions
by a group of architects and ex-
perts. It takes into account the
provisions of the National Build-
ing Code 2005, the Energy Conser-
vation Building Code 2007, and
other IS codes and local by-laws.
Through various qualitative and
quantitative assessment criteria,
GRIHA would be able to ‘rate’ a
building on the degree of its
‘greenness’. The rating would be
applied to different types of new
and existing buildings, whether
commercial, institutional, or resi-
dential.

The Ministry proposes to
incentivize the National Rating
System with a view to promote
large-scale design and construc-
tion of green buildings in the
country.  Energy-efficient solar
buildings has been identified as
an important focus area of the
Ministry and a target for construc-
tion of such buildings covering a
floor area of 5 million m2 has been
proposed in the Eleventh Plan.

To cope with the rising de-
mand of electricity in our towns
and cities especially during peak
hours, the Ministry has recently
launched a new scheme on ‘De-
velopment of solar cities’. The
scheme would encourage and as-
sist cities in assessing their
present energy consumption sta-
tus, setting clear targets for and
preparing action plans for gener-

ating energy
through renewable
energy sources
and in conserving
energy utilized in
conducting urban
services. Financial
support will be
made available to
the urban local
bodies for prepara-
tion of the Master
Plan, setting up of
a ‘Solar City Cell’
and various other
support measures.

The introduction of renewable
energy including active solar en-
ergy systems and passive architec-
ture is fairly complex given the
involvement of a large number of
stakeholders, such as municipal
bodies, utilities, architects, engi-
neers, builders, housing finance
agencies, equipment manufactur-
ers, and the users themselves.  An
appropriate policy framework and
focused approach is, therefore,
necessary. Financial incentives
and regulations, amendments in
building codes and municipal
laws may be necessary, together
with sustained awareness cam-
paigns, apart from efforts at
mainstreaming solar energy into
architectural practice and in the
construction industry

All states/UTs (union territo-
ries) were earlier requested to is-
sue suitable instructions to their
urban local bodies for modifying
the building by-laws to make the
use of solar water heating systems
mandatory in certain categories of
buildings. Eighteen states/UTs
have issued such orders. Twenty-
six municipal corporations/

municipalities have amended by-
laws in seven states. Governments
of Maharashtra and Andhra
Pradesh have issued GOs for in-
stallation of solar energy systems
in municipal areas, especially
streetlights and advertisement
hoardings. Himachal Pradesh,
Punjab, Haryana, and Rajasthan
have made it mandatory for all
new buildings in the government
and public sector to be con-
structed based on these concepts.
The Ministry of Urban Develop-
ment is again being requested to
issue suitable orders to all urban
local bodies to make amendment
in their municipal laws for manda-
tory installation of solar water
heating systems and solar street
lights/colony/park lights in all mu-
nicipal areas. Sanctioning of pro-
posals under the JNNURM to
municipal corporations could also
be linked with amendment of
building by-laws and other mu-
nicipal rules/laws both for solar
water heating systems and solar
street/colony/park lights in cities
and towns.

Building-integrated solar chimney in Sudha and
Atam Kumar’s residence in New Delhi for effective

ventilation at a residence. The inset shows a
closer view of the chimney top
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Introduction

A
bout 30% (285.35 mil-
lion people, 2001 cen
sus) of the Indian
population resides in
urban areas. In the

post-independence era, while
population of India has grown
three times, the urban population
has grown five times. Urban areas
are heavily dependant on fossil
fuels (often imported), for the
maintenance of essential public
services, for powering homes,
transport systems, infrastructure,
industry, and commerce. The fossil
fuels are increasingly becoming
more expensive due to scarcity of
fuel and increase in demand. In
addition to this, the environmen-
tal and social impacts of the con-
sumption of fossil fuels are
increasingly becoming a concern.
These impacts include air pollu-
tion, global warming, waste dis-

posal problems, land degradation,
and the depletion of natural re-
sources.

Urbanization and economic
development are leading to a
rapid rise in energy demand in ur-
ban areas. Urban areas have
emerged as one of the biggest
sources of GHG (greenhouse gas)
emissions, with buildings alone
contributing to about 40% of the
total GHG emissions. As per the

Dr A K Singhal , Director, Ministry of New and Renewable Energy, Government of India

Development of
Solar Cities in India

latest UN report, one million peo-
ple are moving to urban areas
each week. It is estimated that
about two-thirds of the world
population will be living in cities
in 2050. This requires a tremen-
dous shift in energy resources in
urban areas. In recognition of this,
various cities around the world are
setting targets and introducing
policies for promoting renewable
energy and reducing GHG emis-
sions. London has announced 20%
carbon emission reduction by
2010; New York and 200 other US
cities have set a similar target.
Tokyo has announced 20% share
of renewables in the total
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consumption by 2020 and the
Australian government has initi-
ated a Solar Cities programme.

Need for energy
measures in India
In India, several cities and towns
are experiencing 15% growth in
the peak electricity demand. The
local governments and the elec-
tricity utilities are finding difficult
to cope with this rapid rise in de-
mand and as a result most of the
cities/towns are facing severe elec-
tricity shortages. Thus, managing
energy demand has emerged as a
priority for the local governments
and municipal corporations. An ac-
tion plan, therefore, needs to be de-
veloped by city administrations and
municipal corporations, which
could lead to reduction in conven-
tional energy consumption in
their cities/towns by about 10% in
a specified period, besides reduc-
ing enormous amount of CO

2

emissions in the atmosphere by
way of using energy conservation
and renewable energy devices/
systems. For an indicative list of
energy conservation and renew-
able energy devices/systems that

can help in developing Solar Cit-
ies, see Box.

Suggested plans for
development of solar
cities
The city administrations and mu-
nicipal corporations may prepare
a Master Plan for their cities/towns
which would provide total and
projections by sector for energy
demand and supply for the next
10 years. Further, it should be able
to provide a complete baseline, by
sector, on the energy utilization
and GHG emissions in the city. Tar-
gets by year for energy conserva-
tion, renewable energy addition,
and GHG abatement along with
the action plan for implementa-
tion need to be clearly brought
out in the Master Plan. Potential
sources of funding from respec-
tive organizations (both public
and private) for providing finan-
cial support will be identified. Be-
fore finalization, the draft Master
Plan may be discussed in a
Stakeholders Consultation Work-
shop having representation from
elected representatives, local re-
search and academic institutions,
resident welfare associations, in-
dustries and corporate organiza-

tions, NGOs, SNAs, and so on.  The
Master Plan should have a mini-
mum target of reduction in their
energy consumption by 10% from
the existing level and consequent
reduction in CO

2 
emissions.

To implement the Master Plan,
a ‘Solar City Cell’ may be set up in
the City Council, which will in-
clude a senior administrator and
the city engineers. A ‘Solar City
Stakeholders Committee’ may also
be set up for advisory support in-
volving representation from
elected representatives in the mu-
nicipal bodies, local research and
academic institutions, resident
welfare associations, industries
and corporate organizations,
NGOs, SNAs, and other relevant
stakeholders. The committee may
take initiatives in organizing train-
ing programmes/workshops/
business meets/awareness camps,
and so on for various stakeholders
such as elected representatives of
the municipal bodies, municipal
officials, architects/engineers,
builders and developers,
financial institu-
tions, NGOs, tech-
nical institutions,
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The following is a list of renewable energy devices/

systems/projects and energy conservation meas-

ures that can help to bring about reduction in the

consumption of conventional energy.

P Renewable energy devices/systems/ projects

P Solar water heating systems

P Solar cookers (box and dish type)

P Scheffler cookers for indoor cooking

P Solar steam generating systems

P Solar drying/air heating systems

P Solar refrigeration and air conditioning plants

P Solar concentrators for process heat applica-

tions

P Solar lanterns

P Solar home lighting systems

P Solar generators

P Street light solar control systems

P Solar hoardings

P Solar street light/garden lights

P Solar traffic lights

P Solar blinkers

P§ Road studs

P Solar power packs

P Building integrated photovoltaic

P SPV power plants for decentralization applica-

tions

P Power projects based on municipal and urban

waste, and also on industrial waste through

combustion/bio-methanation technologies.

P Power projects based on methane available

from STPs (sewage treatment plants)

P Biomass gasification and co-generation

projects in industries

List of Renewable Energy Systems

P Biomass-gasifier-based crematoriums

P Projects on methane utilization for thermal and

electrical applications in industries

P Wind turbines for power generation

ENERGY CONSERVATION/MEASURES

P LEDs/CFLs instead of incandescent bulbs

P LED traffic lights

P Electronics chokes and fan regulators

P Sensors for automatic functioning of

streetlights

P Automatic speed regulating fans/motors

P Plugging of leakages in the water supply sys-

tem and use of efficient pumps and motors

P Energy-efficient electrical appliances such as

fans, refrigerators, air conditioners, coolers,

room heaters, and water pumps

P Use of insulating materials and low-energy/en-

ergy-efficient building materials for example,

fly ash bricks, hollow bricks, stabilized mud

blocks, and so on in building construction

SOLAR PASSIVE ARCHITECTURE IN

BUILDINGS/HOUSING COMPLEXES

The major components of solar passive architec-

ture are the orientation of a building, sun shades,

double-glazed windows, smart glazing window

overhangs, thermal storage wall/roof, roof paint-

ing, ventilation, evaporative cooling, day lighting,

wind towers, earth air tunneling, construction ma-

terials, and so on. Incorporation of specific compo-

nents will depend on what climatic zone the

building is being constructed in.
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manufactures and suppliers, and
RWAs, so as to sensitize them in
energy conservation and use of
renewable energy devices/sys-
tems. Publicity and awareness cam-
paign may also be organized
through print and electronic media.

Proposed measures
for city administra-
tions
Various measures which could be
taken by the city administrations/
municipal corporations to reduce
their conventional energy con-
sumption could be as follows.
P Conduct energy auditing of gov-

ernment/public sector buildings,
water pumping, and street
lightings in the city at regular in-
terval and take necessary steps
towards conservation of electric-
ity. Other establishments should
also be encouraged for the same.

P Reduce electricity consumption
in streetlight/garden lights,

traffic lights, blinkers, hoard-
ings, and so on by using energy
conservation and renewable
energy devices.

P Amend building by-laws for
making the use of solar water
heating systems mandatory in
certain category of buildings.

P Provide rebate in property tax
through municipal corporations/
municipalities, and in electricity
tariff though utilities/electricity
boards to the users of solar water
heaters especially in the domes-
tic sector.

P Issue GO as regards construction
of energy-efficient solar build-
ings at least in government/pub-
lic sectors in accordance with
ECBC:2006 and follow up its im-
plementation rigorously.

P Comply to MSW Rules 2000 no-
tified by the MoEF and set up
projects of suitable capacity for
generating energy from the
waste collected from the city/
town.

P Generate necessary funds from
the state government and other
funding organizations for achiev-
ing the objective of making the
city a ‘Solar City’.  Benefits of the
schemes of Government of India
may also be taken in meeting the
objectives.

Government efforts
The MNRE has developed a new
scheme on ‘Development of Solar
Cities’ with a view to encourage
and assist cities in assessing their
present energy consumption sta-
tus, setting clear targets for and
preparing action plans for gener-
ating energy through renewable
energy sources, and in conserving
energy utilized in conducting ur-
ban services. The major objectives
of the scheme are given below.
P Enable/empower urban local

governments to address energy
challenges at the city level

P To provide a framework and sup-
port the preparation of a Master
Plan that includes assessment of
the current energy situation, fu-
ture demand, and action plans

P Build capacity in the urban local
bodies and create awareness
among all sections of the civil
society

P Involve various stakeholders in
the planning process

P Oversee the implementation of
sustainable energy options
through public–private part-
nerships

An indicative target of 60 cities/
towns with at least one in each state
to a maximum of five cities in a state
has been set for the Eleventh Plan
period including 2007-08. The tar-
gets will be achieved by providing
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Solar housing complex in Kolkata
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support for preparation of a Master
Plan for their city; setting up of a
‘Solar City Cell’ in the council/ad-
ministration, organizing training
programmes/workshops/business
meets for various stakeholders such
as elected representatives of the
municipal bodies, municipal offi-
cials, architects/engineers, builders
and developers, financial institu-
tions, NGOs, technical institutions,
manufactures and suppliers, and
RWAs on creation of public informa-
tion and awareness. This support
will be up to Rs 50 lakh per city/
town. The cost towards actual in-
stallations of energy conservation
and renewable energy devices/
systems will be borne both by the
government in the public sector
and the people in the private sec-
tor with suitable incentives from
the state and central government.
Local bodies will be required to
arrange necessary funds from

various resources including the
schemes of the Ministry of Urban
Development—for example,
JNNURM as well as the Bureau of
Energy Efficiency. The major crite-
ria for selection of the cities for
Solar Cities are as below.
P City population (0.5 to 5 mil-

lion), regional setting, and
prominence in region

P Political and administrative
commitment towards adoption
of sustainable energies (resolu-
tion to be passed by the city
council/administration for im-
plementing all the activities
specified in the ‘Solar cities’ pro-
gramme).

P Potential for adoption of en-
ergy conservation and renew-
able energy in the city activities

P Regulatory measures taken on
adoption of energy conservation
measures and deployment of re-
newable energy technologies

P Initiatives already taken by city
council/administration/private
developers/industry/general
public in promoting energy
conservation and renewable
energy

P Urban local bodies’ previous ex-
perience in involving public
participation and working with
all stakeholders.

P Willingness to provide re-
sources and sustenance of ac-
tivities initiated under the
programme

Apart from financial support avail-
able from the ministry, annual
awards to identified Solar Cities
will be given away by the ministry
in the form of Shields/ Certificates
based on the information pro-
vided by the city council/adminis-
tration in regard to initiatives
taken on developing their city as a
Solar City.
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respiration and micro floras, insect
and mite attack, rodent attack,
and so on. An accelerated rate of
deterioration occurs within a cer-
tain temperature range and also
when the moisture content in the
product is at higher level. Hence,
it is important to develop post-
harvest technology for agricul-
tural products. The greatest
emphasis has to be given to the
dehydration of the food products.

The technology
PEN (Planters Energy Network)
uses flat-plate solar collectors
having a blackened solar heat ab-
sorber that has a 4 mm thick tem-
pered glass as transparent cover
and is well insulated on its lower
side with mineral wool insulation.
Air is forced into the space be-
tween the cover and the absorber,
where it is heated. PEN solar col-
lector is installed on existing
buildings. In early models factory

C Palaniappan
Planters Energy Network, Theni – 625 531

<E-mail pen01@sify.com>

roofs were converted into absorb-
ers, and in the later ones collectors
were constructed on the south-fac-
ing roofs of factories, keeping the
roof as a base for the collector.
Wherever the roof is not ideally ori-
ented, collectors are installed on
the ground. A centrifugal blower
with a suitable capacity then draws
hot air from the panel into an insu-
lated duct, from which it is distrib-
uted to the points of use.

Special features of the PEN col-
lector include solar collectors that
are designed to allow mainte-
nance staff to walk over them. For
higher efficiency and when dust is
a problem, use of selective special
sheets, as absorbers in a system
that heats air from below the ab-
sorber, are being used. In addi-
tion, a new arrangement of baffles
in the collector overflow parti-
tions increases its efficiency con-
siderably. As a result of this careful
design and development process,
the PEN collector has the follow-
ing innovative features and char-
acteristics.
P They can be easily fitted into

existing conventional fossil fuel
systems
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Introduction

N
early 1 754 000 kiloli-
tres of furnace oil or
its equivalent is be
ing used annually in
Indian industries for

drying and process heat by em-
ploying fossil fuels. It is possible to
save considerable quantity of this
fuel by using solar air heating sys-
tems. Moreover, the post-harvest
sector of Indian agriculture did not
receive the needed attention to
produce quality products. Though
India stands third next to the US
and China in the production of
many raw foods, it is still in the low-
est place in processing as well as
value addition to raw food leading
to a phenomenal wastages. Loss of
dry matter and degradation in the
quality of the agricultural product
occurs due to the fungal growth,
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P They perform consistently and
efficiently

P They have a long life of 15 to 20
years with periodical mainte-
nance

P They substantially reduce fossil
fuel consumption

P They are economically viable,
paying for their own installation
costs within three years
through reduced fuel consump-
tion and expenditure

P They ensure cleaner processing,
a healthier environment, and
more hygienic, better-quality
end products

PEN has installed nearly 8200
m2 solar collector for more than 40
projects covering drying of a wide
spectrum of products both in agro
industry and also in other process-
ing industries.

Applications to
industry
Production of process heat/hot air
using fossil fuels like electricity,
diesel, furnace oil, LPG, coal, fire-
wood, and other forms is a com-
mon production method in

almost all food processing and in-
dustrial application including ce-
ramic, leather, pharmaceutical,
and chemical industries. Apart
from the above industries, all
processing industries adopt either
drying or process heat as one of
the manufacturing steps.

PEN, initiated at Madurai
Kamaraj University in 1989, is ac-
tive in the promotion of solar hot
air generation units for food
processing and other industrial
application in order to reduce/re-
place the conventional fuel. PEN
has installed large-scale solar hot
air generation systems that are re-
liable and durable using the roofs

of agro processing houses, to re-
duce/replace conventional fossil
fuel. This article explains the expe-
riences gained by PEN in this sec-
tor with success stories.

Agro-processing
applications
Tea

Tea industry is energy intensive. A
large amount of thermal and elec-
trical energy is used to obtain final
black tea with a moisture content
of 2% to 3% from the green leaves
(75%). PEN has introduced roof-in-
tegrated collector (Figure 1) in 9
tea factories in Tamil Nadu, so that
their fuel consumption could be
reduced up to 25%–35% by using
solar heat. These installations also
reduce about 1500 tonnes of CO

2

emissions per year. All these units
received capital subsidies from
the ministry and many of them
also get soft loans from IREDA.

Spices

Spices factories use fossil fuel for
drying the spices to low moisture
content so as to obtain nice
grounded powder with good col-
our. PEN has installed solar drying
facilities (Figure 2) for spices for
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Figure 1 Golden hills tea estate, Coonoor

Figure 2 Sakthi Masala (P) Ltd,  Erode
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two leading spices powder manu-
facturing companies in the south
namely M/s Eastern Condiments
(P) Ltd, Theni (500 + 167 m2) and
M/s Sakthi Masala (P) Ltd, Erode
(1040 m2). M/s Eastern Condi-
ments (P) Ltd was quite satisfied
with the technology and it
adopted it in 1994 and again in
2002. There is also a tremendous
potential for adopting similar so-
lar drying units for drying other
spices like green and black pep-
per, small and large cardamom,
and cashew nuts.

Leather

Under the facilitation from UNIDO,
a 700 m2 area roof integrated solar
hot air system unit has been in-
stalled for a leading tannery to dry
leather in a special imported drier
(Figure 3) at Ranipet, Tamil Nadu.
This unit could save 368.8 tonnes
of firewood fuel in six months and
replace a 1.2 tonne steam boiler
during its operation. A similar
smaller unit of a collector area 50
m2 in a tannery at Vaniyambadi
has generated hot air of tempera-

ture above 100 0C so as to save
about 5 litres of diesel per hour in
an auto-spray drying unit.

Pulses

PEN has demonstrated the suc-
cessful usage of solar heating for
pulses to reduce diesel fuel con-
sumption. A 167 m2

 
area solar col-

lector installed in a dal factory
saves 60 litres of diesel per day.
Quality of the dal also improved
through solar drying. Two other
dal mills have opted for solar air
heating technology. These
projects replace the conventional
diesel or agricultural waste fuel
and have a payback period of less
than 2 years.

Fish

Fish is a highly perishable food
product and can be stored only by
refrigeration or drying. But the
problem affecting the quality of
the dried fish is the unhygienic
way in which it is prepared and
dried. The open beach drying re-
sults in insects laying eggs inside
the fish thus, rendering the prod-

uct non-consumable. In the first
project at Vishakapatnam, Andhra
Pradesh, PEN successfully demon-
strated a 500 kg capacity hygienic
processing of fish so as to obtain
better market price for the fish. A
similar but smaller unit of capacity
150 kg of fish per batch is success-
fully working near Poompukar
near Chidambaram in Tamil Nadu.
To cater to individual fisher
women and small groups, PEN
launched an 11.5 m2 area solar air
heating system which will run by
four number of DC fans, operated
by 4 × 10 watts SPV panel could
process about 70 kg of product
per batch. Nearly 50 units for fish
and herbal products (Figure 4) are
installed in the coastal belt of
Tamil Nadu and Andhra Pradesh.
Each unit produces about 6000 kg
of quality fish per annum creating
about 600 job days. Among many
options, solar drying of salted or
non-salted fish offers a tremen-
dous potential in creating multi-
ple job for women in coastal
region.

Fruits and
vegetables

Many of the hilly regions
of India suffer from lack of
infrastructure facilities for
processing its agro prod-
ucts like fruits and veg-
etables. This leads to a
huge wastage in vegeta-
ble fruits chain as well as
other fruit products and
this ultimately affects the
farmers’ income. Dehy-
dration or drying is very
critical for these prod-
ucts mainly to avoid
spoilage as well as to
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Figure 3 Leather drier with solar hot air ducts at M/S M A Khizar Hussain &
Sons, Ranipet
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bring remuneration prices for the
farmers. The absence of biomass
fuel and availability of abundant
sun’s energy that is, about 5400
Wh/m2 day on horizontal plain
makes it attractive to adopt solar
energy for drying in these regions.

PEN air heaters coupled with
PEN’s re-circulation drier could be
used to dry many fruits and veg-
etables. A 2 × 212 m2 area solar
collector was installed to produce
hot air for a vegetables dehydrat-
ing company near Coimbatore.
Another two units were installed
for drying organically grown fruits
like mango, pineapple, and ba-
nana for export near Batlagundu
in Tamil Nadu. PEN has installed
many large solar drying units in
the Ladakh and Kargil region. The
roof of the processing house has
55 to 90 m2 solar collector area
and the hot air is passed to the re-
circulation drier placed inside the
room. Nearly 8 such solar units
(Figure 5) are in operation at dif-
ferent parts of Ladakh and Kargil.
Many small driers of 70 kg capac-
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ity with SPV panel have also been
installed in Ladakh. The solar dried
apricot fruits fetch 100% higher
price in the market than the con-
ventional open dried.

Industrial applications
In Apollo Hospital Ranipet, electri-
cal heating is used for drying
washed wet cloth. A 55 m2 solar
heater provides hot air so as to re-
duce the electrical consumption
by 60%. A similar area collector

has been successfully used for
drying latex condoms in TTK-LIG
factory, Chennai reducing 40%–
50% electrical consumption. Two
new units (2 × 110 m2) to provide
hot air for 4 tumble driers are be-
ing installed in Pondicherry and
Virudhunagar, Tamil Nadu. To re-
duce furnace oil used for ceramic
drying at EID Parry factory in
Alwar, Rajasthan PEN has installed
a 230 m2 solar air heater and the
project has a payback of 3 years.
Sahayamatha Salt factory near
Tuticorin uses a 110 m2 solar air
heater for preheating air to a fluid-
ized bed drier so as to reduce the
furnace oil consumption in salt
making.

Economic analysis
For solar air heating system where
conventional fuel like electrical
coil, LDO, diesel, or gas are used;
analysis through a pay-back flow
chart taking into account the in-
vestment cost, interest for invest-
ment, parasitic cost (electrical and
maintenance), tax concessions,
Government subsidy and savings
in fuel show   a   payback period

Figure 4 11.5 m2 solar herbal drying installed at Irula Natural Herbal
Centre, Chengalparttu

Figure 5 Solar fruits and vegetables drying centre – M/s Sham Co-
operative Ltd, Nimoo (30 km from Leh)
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for a profit making company be-
tween 2 to 3 years with Govern-
ment subsidy and 3 years above
without the subsidy.  As the main
components are aluminum frame
and toughened glass, the ex-
pected life span of the system is
more than 15 years.  The parasitic
and maintenance costs are about
3%–5% of accrued annual savings.

Government support
for solar air heating
systems
To popularize solar air heating
technology, the Government of
India offers 80% depreciation
leading to savings of 29.3% of
project cost through tax saving.
For example, a company investing
Rs 10 lakh in solar heating project
could save Rs 2,93,000 as tax. 35%

subsidy on solar installation or
Rs 1750 per square metre of
collector is also available as capi-
tal subsidy from MNRE. Hence, a
company investing in solar air
heating system will spend only
about 50% of the project cost
and balance through subsidy and
tax savings.

Bottlenecks in
technology promotion
There is a general feeling that the
project is costly and the initial in-
vestment is on the higher side but
in reality it is not so. Moreover the
government may evolve unham-
pered process to sanction subsidy
to the beneficiaries directly
through banks without any inter-
mediaries as it may bring more
users to harness this technology.

Conclusion
The status, technology, and po-
tential study of fuel savings and
economic assessment of solar air
heating technology for
preheating the air for agro-
processing and selected indus-
tries indicates that using thermal
solar energy, it is possible to save
annually an average of 25%–60%
fossil fuel consumption. The pay-
back period for the system in-
stalled is less than two years due
to governmental concessions for
renewable energy application in
Indian industries. Therefore, there
appears to be a tremendous po-
tential for the growth of solar air
heating interventions to our in-
dustries due to the escalating cost
of fossil fuels. It also paves way for
cleaner energy development.
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Background

G
lobal warming and
climate change are
the two major con-
cerns before the
world today, due to

CO
2 

(carbon dioxide) emissions. If
only 3% Indians were to cook with
solar cookers, we would save 3.2
MT (million tonnes) of wood per
year and reduce CO

2 
emissions by

6.7 MT per year.
Gadhia Solar has been on the

forefront in identifying appropri-
ate technologies and indigenizing
them. The company introduced
Seifert Parabolic Solar Cookers for
domestic cooking and Scheffler
Parabolic Concentrators for com-
munity cooking. As a new need
arose, Gadhia Solar, with the help
of inventors, developed and im-
proved upon them. It is also work-
ing on newer applications of solar
concentrators not just for cooking
but also for industrial applications
such as desalination, waste water
evaporation, incineration, drying,
and food processing.

Scheffler concen-
trators/dishes are the
building blocks for so-
lar steam generation.
The unique feature of
Scheffler dish is that it
has stationary focus,
which is achieved by
changing the curva-
ture of the dish in dif-
ferent seasons with seasonal
adjustment bars at its back.

Initially, Scheffler dishes were
used for community cooking and
had a mechanical counter weight
driven tracking system, which
moves the dish East–West and fol-
lows the sun. Thus, irrespective of

Deepak Gadhia , Managing Director, Gadhia Solar Energy Systems Pvt. Ltd <www.gadhiasolarenergy.com>

Ten years of solar steam
systems for cooking in India

Figure 1 Schematics of Scheffler
community cooker

Figure 2 Community solar cooker
for 100 students

the position, the sunrays are fo-
cused at a fixed point.

For direct solar cooking sys-
tems, solar rays are reflected
through a small opening in the
north-facing wall of the kitchen
and further deflected and bun-
dled onto secondary reflector
placed below a blackened cook-
ing vessel placed in the kitchen.
This enables cooking within the
comforts of the kitchen. The tem-
perature at focus is about 400 ºC.
Therefore, practically all items can
be cooked. A single dish can cook
for 50 persons per mealtime.
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Evolution of solar
steam cooking system
It has been 10 years since the first
solar steam cooking system was de-
veloped by Gadhia Solar Energy
Systems Pvt. Ltd for the Brahma
Kumari’s in cooperation with Mr
Golo Pilz of Brahma Kumari’s, Mr
Wolfgang Scheffler, and HTT com-
pany of Germany. Brahma Kumari’s
needed a system to cook for 1200
persons for their Mt Abu Ashram.

The company’s initial idea was
to offer a series of Scheffler dishes
for direct cooking to be aligned in
rows in the conventional East–
West direction. This was not found
to be feasible since it would have
meant a large kitchen and many
cooking vessels. Thus, it was de-
cided to generate steam with so-
lar concentrators and supply it to
the kitchen. Fortunately, Brahma
Kumari’s were already cooking
with steam but it was generated
with diesel-fired boilers. There-
fore, it was proposed that they use
solar generated steam.

The technology for generating
steam with Scheffler dishes was pro-
vided by Ms HTT GmbH of Germany
where Deepak Gadhia had worked
before returning to India in 1985
.The funding agency GATE of GTZ,
Germany provided funds under its
prototype funding scheme. All
these factors together helped the
world’s first and largest solar steam
cooking system (in 1997) to be in-
stalled at Brahma Kumari’s helping
them save 70 litres of diesel per day.

Working of solar
steam cooking system
P Parabolic solar concentrators

are arranged in pairs of sleep-

ing and standing dishes in par-
allel modules, aligned in a per-
fect East–West direction.

P Receivers (heat exchangers
painted black) are placed in the
focus of each pair of dishes.

P Above the receiver is a header
pipe half-filled with water.

P Cool water enters the receiver
through the inner pipe coming
from the header.

P Solar rays falling onto the
dishes are reflected and con-
centrated onto the receivers.

P Due to the high temperatures
achieved (450–650 °C), the wa-
ter within the receiver is con-
verted into steam.

P Steam is stored in the upper
half (empty portion) of the
header pipe and if the steam is
not drawn the pressure keeps
on increasing.

P This steam is then drawn/sent to
the kitchen through insulated
pipelines to the steam cooking
vessels, for fast, hygienic cooking
in a clean environment.

P There are two types of steam
cooking vessels a) vessels
where steam is injected directly
into the food to cook items like

dal, vegetable, and rice; and b)
double-jacketed vessels where
steam circulates through the
outside jacket of the vessel
heating the food inside. It can
help boil milk, tea, soup, and so
on since injecting steam into
the food would dilute it.

P On cloudy days, during monsoon
and at night, conventional fuel
can be used in the boiler house
as a back-up system.

P Depending on the quantity of
food to be cooked the number
of pairs of dishes and number of
modules will vary.

P All the dishes are connected with
a metal wire rope and the wire
rope is connected to a winch,
which in turn has DC motor con-
nected to a timer mechanism
which keeps on moving the dish
aligning them to movement of
the sun. This type of tracking sys-
tem is called central tracking.

P To ensure that food is cooked
even when the sun is not there
(at night and on cloudy days in
monsoon) the solar steam gen-
erating system is connected
with a fuel-fired boiler that acts
as a back-up system.
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Figure 3 Schematics of solar steam cooking system
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Some prestigious
systems installed
Since the first system installed in
1997, solar steam generation sys-
tem has found more and more ac-
ceptance in India. At present there
are more than 23 solar steam gener-
ating systems installed by Gadhia
Solar and many more are in the
pipeline. These systems are of vari-
ous sizes and configuration and for
different target groups, depending
on the quantity of food to be
cooked and space availability on
the terrace or on the ground near
the kitchen. The size of the cooking
systems varies with the number of
people—from 250 persons to
15,000 persons per day, and for var-
ied user groups such as temples,
ashrams, mutts, industrial canteens,
schools, hostels, hospitals, and even
defence institutions. Some of the
many installations done by Gadhia
Solar are as follows.
P World’s largest solar steam cook-

ing system at TTD (Tirumala
Tirupati Devasthanam), which
cooks 30,000 meals per day. The

system was installed on 12 Octo-
ber 2002 and has been working
for more than five years. On an
average it saves 200 litres of die-
sel every day. TTD has recovered
its investment in approximately
four years. The system is ex-
pected to run for another 15
years, with only reflector plates
to be replaced every five years.

P World’s highest solar steam
cooking system for the Indian
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Army to cook for 500 jawans in
Leh Ladakh, at a height of more
than 3,000 metres above sea
level.

P Shri Saibaba Sansthan Temple
at Shirdi that cooks 7000 meals
per day. The system has been
working for the last seven years
and the performance is improv-
ing day by day. Now the Shirdi
Temple Sansthan is planning for
a system to prepare food for
20,000 people equivalent to
40,000 meals per day.

Gadhia Solar has learnt from its
experiences. It also offers and un-
dertakes not only AMC (Annual
Maintenance Contract) but also
the Operating and Maintenance
Contract where its team is placed
permanently at the clients’ site to
run the system. At present such
teams are located at Shirdi Baba
Temple site Temple and Tirupati
Balaji Temple for hassle free op-
eration and maintenance of their
systems.

Figure 4 World’s largest solar steam cooking system at Tirupati temple

Figure 5 World’s highest solar steam cooking system in Ladakh
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Getting clean
development
mechanism benefits
for solar projects by
selling carbon credits
Gadhia Solar has bundled its solar
steam cooking system projects and
registered the same with the
UNFCCC (United Nations Frame-
work Convention on Climate
Change) under the Gold Standard
project. Thus, its clients are now able
to sell the carbon credits arising due
to the saving of fuel by using solar
cookers.

Gadhia Solar has also found a
buyer for the carbon credits who
has agreed to buy the CERs (certi-
fied emission reductions) at Euro
11.50 per tonne of CO

2 
saved. Thus

it’s a win-win situation as the cli-
ent saves precious fuel cost and
gets paid for CO

2 
not emitted into

the atmosphere as well.

Newer applications of
solar steam systems
Besides cooking, Gadhia Solar has
developed and supplied solar
steam generating systems for
other applications such as the fol-
lowing.

ises a bright future for India, as
there is a perfect match between
the need of cooling and availabil-
ity of sun.

Gadhia Solar is at present test-
ing a thermic fluid System at Muni
Seva Ashram, where instead of
steam synthetic oil is being circu-
lated in the solar loop heating the
oil to about 250 °C. This will en-
able frying and also storage of en-
ergy to be able to cook not only
during day but also at night and
early morning. Thermic fluid sys-
tems are also widely used in tex-
tile and other process industry
and offer immense potential.

Now with MNRE support in
place for Rs 3500 per square metre
of concentrator area for commer-
cial institutions, availing an accel-
erated depreciation benefit of
80% in the very first year and of Rs
5000 per square metre of solar
concentrator area for NGOs and so
on, the use is bound to spread.

Gadhia Solar had through its
NGO Eco Center ICNEER, in coop-
eration with MNRE and GEDA
(Gujarat Energy Development
Agency) conducted a training pro-
gramme for dissemination of the
technology, in which 18 industries
participated.
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ing used for manufacturing of
Tutti fruit and concentrates.

Value addition and employment
generation in the food Industry
sector with solar concentrator of-
fers to be a vehicle and backbone
for changing the economy of our
country by creating wealth in rural
areas.
P Waste water evaporation and

desalination to get drinking wa-
ter from sea water as also
desalinated and contaminated
water.

P Air conditioning, where the so-
lar generated steam is used to
run a 100 TR vapour absorption
chiller. MNRE has sanctioned
the subsidy for the Muni Seva
Ashram, Goraj who has placed
the order for the
same with Gadhia
Solar. The plant is
under installation,
and once installed,
it will become the
world’s largest so-
lar air conditioning
system.

Like food processing,
solar air-conditioning
too holds and prom-

Figure 6 Solar steam cooking system at Shirdi

 Figure 7 Tapi foods solar steam generating system

P A system for
process heating
to Jaipur Sadi
Kendra where
the steam is be-
ing injected into
water for fasten-
ing of colours.

P A system for food
processing to
Tapi Food Indus-
tries, Surat where
the system is be-
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Satish Magar
Chairman and Managing Director,
Magarpatta Township Development & Construction Co. Ltd
Pune – 411 001

A solarsolarsolarsolarsolar township
for 70007000700070007000 families

in Pune

T
he Magarpatta City,
more popularly known
as ‘Oxygen Zone’ is lo-
cated in the city of Pune
in the Western part of

India. Each house of the city is
provided with a solar water
heater. Additionally, there is a
biogas power generation plant
that converts two tonnes of or-
ganic waste into 10.7 million kWh

of electricity everyday. Other ma-
jor activities such as rainwater har-
vesting, waste water recycling,
and solid waste management, are
also implemented in the show-
case city.

Magarpatta
It is a one-of-its-kind integrated
township developed by 120 fami-

A view of Magarpatta city

lies of farmers from Magarpatta
who came together to pool in
their ancestral land. Approved by
the Government of Maharashtra it
is spread over 430 acres of prime
land, which is planned on the core
idea of ‘Walk-to-Work, Walk-to-
School’ eliminating the stress of
travelling for both parents and
their children. The goal was to cre-
ate a city where the needs of a
family would be integrated into
one campus. It emphasizes on en-
vironment, education, healthcare
and fitness, and recreation as well.

A brief status on the renewable
energy technologies/devices inte-
grated in the complex is given
below.

Solar water heating
system
Magarpatta City has become
home to one of the largest resi-
dential solar water heating sys-
tems in the country. Currently,
about 3194 solar collectors have
been put in all the residential
neighbourhoods comprising
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about 3500 flats in Phase I & II of
Magarpatta City. The total capac-
ity of the installed system is
4,03,150 LPD (litres per day) and
the saving of carbon emission in
tonnes per year is 6047.25. The
electrical units saved per year are
68.94 lakh kWh.

Upon completion of
Magarpatta City, the total solar
collectors will be 7160. Approxi-
mately, 9 lakh litres of water per
day will be heated through these
collectors. The savings in electrical
units would be 1,45,48,000 units
per year which would mean sav-
ing 5.81 crore/year in the cost of
power. The savings in carbon
emission would be 13,483 tonnes
per year.

Solar passive
architecture
All the neighbourhood units are
based on courtyard planning.
These landscape courtyards are
suitable for tropical climate and
used as interactive space. Build-
ings are mostly aligned east–west
to facilitate minimal exposure to
the sun. Large projections of
open-to-sky terraces are provided
to all the buildings, which gives
protection to the buildings. Fly
ash bricks are used with cavity
walls giving very good thermal in-
sulation to the buildings. Air corri-
dors are provided below and
between the buildings which
keeps the air-circulation all
around them and create cool

breeze corridors. Hard surfaces
are kept minimum by using grass
pavers in parking areas and foot-
paths to reduce the heat radia-
tion. ‘Cybercity’, the IT Park has
double-skinned buildings with
glass façade which minimizes the
thermal transmission.

Solid waste
management
Eco-friendly practice of segregation
of over 400 tonnes of household
and commercial garbage, trash, and
waste per month is done at source
of which 280 tonnes of biodegrad-
able waste is used for vermi-culture
and bio-compost.

A two tonne capacity biogas
plant is installed in Magarpatta

Solar water heaters at each house of city

F E AF E AF E AF E AF E AT U R ET U R ET U R ET U R ET U R E      ARARARARART I C L ET I C L ET I C L ET I C L ET I C L E

S
O

L
A

R
 E

N
E

R
G

Y



30 MARCH–APRIL 2008 Volume 1 •  Issue 5

City wherein biodegradable waste
goes through a process and the
non-polluting biogas which is gen-
erated is used to generate power to
operate a major percentage of the
garden pumps. This saves excessive
power equivalent to 118 commer-
cial gas cylinders of 19 kilograms
capacity per month, which trans-
lates to a power generation of over
270 electrical units per day. The
nursery has vermi-culture and bio-
compost pits, which generate ma-
nure from garbage segregated at
source at Magarpatta City.

The manure composted here
provides for nourishing these sap-
lings and shrubs. Organic pesticides
like Verticillium and Trichoderma
are used extensively. Not only are
plants, saplings, and organic veg-
etables sold here, a unique facility
of a plant library is also offered
whereby just like a book/ video li-
brary one can enjoy the different
plants here at a nominal charge for
a limited period providing a refresh-
ing and dynamic feel to one’s dwell-
ing. The inorganic recyclable waste
collected (about 480 tonnes per
year) is sorted out and sold to the
vendors.

Sewage water
treatment
There is a comprehensive network
of sewage treatment plants with
capacity ranging from 0.25 MLD
(million litres per day) to 3 MLD.
Electrolysis, filtration, and electro-
lytic disinfections are the various
processes followed. Currently, wa-
ter is used for construction and
landscaping. Ultimately, the entire
treated water will be used for
landscaping and air-conditioning
for water-cooled chillers.

Water harvesting
Currently, 15 existing wells are
used and these are intercon-
nected. There is also an artificial
lake covering over 2 acres of land.
The entire paved area is laid out in
interlocking blocks except for
roads. The base of the interlocking
blocks is made with hard murum
to allow water to penetrate
through. Excess rainwater is col-
lected in storm water drainage
system along roadsides by pre-
ceding soak chambers and trench
drains. Storm water recharging
pits and bore wells of 150 mm di-
ameter up to 150 feet depth are
developed at over 30 metres. The
rechargeable pits contain filter
bed of sand, gravel, and brickbat.
Raw rainwater is filtered through
gravity filter leading to recharge
borewell pits. Pune’s largest mist
fountain enhances the
microclimatology here.

Extensive landscaping
The USP of Magarpatta City is its
extensive green cover. Landscap-
ing is done on the concept of
‘Rutuchakra’ where the flowers
bloom all round the year. There
are 24,700 trees, shrubs spread
over 3,00,000 square metres, and
1,85,000 square feet of well-mani-
cured lawns in the township. A six
metre Green Band has been cre-
ated all along the periphery. Trees
include many indigenous/native
species like Neem, Pipal, Bakul,
Palas, Pangara, and Pimparni. A
tree plantation drive is carried out
every year on World Environment
Day wherein all the residents and
Cybercity companies take part to
plant various saplings in a
planned manner. The Central Gar-
den in Magarpatta City named
‘Aditi Garden’ is of 25 acres. Be-
sides this, every residential neigh-
bourhood has its own
independent garden.

Biogas plant at Magarpatta city
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Introduction

A
 green building de-
pletes natural resources
to the minimum dur-
ing its construction
and operation. A

green building design aims to
minimize the demand on non-re-
newable resources; maximize the
utilization efficiency of the re-
sources, when in use; and maxi-
mize the reuse, recycling, and
utilization of renewable resources.
It maximizes the use of efficient
building materials and construc-
tion practices; optimizes the use of
on-site sources and sinks by bio-cli-
matic architectural practices; uses
minimum energy to power itself;
uses efficient equipment to meet its
lighting, air-conditioning, and other
needs; maximizes the use of renew-
able sources of energy; uses effi-
cient waste and water management
practices; and provides comfort-
able and hygienic indoor working
conditions. The following aspects
are integrated in a green building
design.
P Sustainable site planning
P Building envelope design
P Building system design HVAC

(heating ventilation and air
conditioning), lighting, electri-
cal, and water heating)

P Integration of renewable en-
ergy sources to generate en-
ergy onsite

P Water and waste management
P Selection of ecologically sus-

tainable materials (with high
recycled content, rapidly re-
newable resources with low
emission potential, and so on)

P Indoor environmental quality
(maintain indoor thermal and
visual comfort, and air quality)

GRIHA: the national
rating system
Keeping in view the Indian agro-
climatic conditions, particularly
the preponderance of non-AC
buildings, a national rating sys-
tem, GRIHA, has been developed.
This rating system is suitable for
all kinds of building in different
climatic zones of the country. The
system was initially conceived and
developed by TERI (The Energy
and Resource Institute) as TERI-
GRIHA. This was then modified to
GRIHA as the national rating sys-
tem after incorporating various
modifications suggested by a
group of architects and experts. It
takes into account the provisions
of the National Building Code
2005, the Energy Conservation
Building Code 2007 announced by
BEE, and other IS codes, local by-
laws, local standards, and laws.

GRIHA evaluates the environ-
mental performance of a building
over its entire life cycle. The stages
for evaluation that have been
identified are the pre-construc-
tion (intra and inter site issues),

Minni Mehrotra
Research Associate, The Energy and Resources Institute, New Delhi

building planning and construc-
tion (issues of resource conserva-
tion, and reduction in resource
demand, resource utilization effi-
ciency, resource recovery and re-
use, and provisions for occupant
health and well being). The third
stage is the building operation
and maintenance stage. Here, the
issues of building operation and
maintenance of building systems
and processes, monitoring and re-
cording of consumption and oc-
cupant health and well-being, and
also issues that affect global and
local environment are addressed.

Centre for Environ-
mental Science and
Engineering building
at IIT, Kanpur: GRIHA
case study
The CESE (Centre for Environmen-
tal Science and Engineering)
building at IIT, Kanpur has been
taken as an example to illustrate
how the building attempted vari-
ous GRIHA criteria to make it into
a green building.

Mainstreaming

 in India
green buildings
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Sustainable site planning

The objective of this exercise was
to maximize resource (land, water,
natural habitat, fauna, and en-
ergy) conservation and enhance
efficiency of systems and opera-
tion on site. Following are the
measures incorporated at the
CESE building, IIT, Kanpur.
P The contractor had demarcated

the area to be disturbed during
construction activity. He then
installed dust screen around
the disturbed area to prevent
air pollution and spillage to the
undisturbed site area.

P The topsoil was excavated,
stored, and preserved outside
the disturbed construction site.

P Erosion and sedimentation con-
trol was achieved by construct-
ing sedimentation tank, which
was used to for collecting, trap-
ping, and storing the sediment
produced by the construction
activities, and as a flow deten-
tion facility for reducing peak
run-off rates.

P All existing vegetation was
marked and areas designated
for preservation of natural veg-
etation were demarcated and
preserved by providing a bar-
rier/ fence.

P To increase the perviousness of
the site and to reduce heat is-
land effect caused due to hard
paving around the building, the
total paving around the build-
ing was restricted to 17%. More
than 50% of the paving is either
pervious or shaded by trees.

P Irrigation water demand has
been reduced more than 50% in
comparison to TERI-GRIHA
benchmark.

Health and well-being of
construction workers and
site neighbourhood

Health and well-being is an impor-
tant commitment of green build-
ing practice. The objective is to
protect health of construction
workers and site neighborhood
during construction on site.
P Safety measures, norms, and

guidelines as outlined by the
NBC (National Building Code)
2005 were followed and incorpo-
rated in the scope of work of the
contractor.

P Safe drinking water tank and
adequate number of decentral-
ized latrines and urinals for con-
struction workers are provided
on construction site.

P First aid box was provided on site
for construction workers. Sand
buckets were kept on site for fire
fighting in case of an accident.

P Dustbins were provided on site
to ensure minimum standards
of cleanliness.

Sedimentation tank on the site

Fencing around existing trees to
preserve them

Cement gunny bags stitched together
to form the dust screen at site

Top: Construction worker wearing
helmet and safety belt for safety
Bottom: First aid box kept on site for
workers
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Water conservation

There are two ways water could be
conserved post construction. One
is landscape water demand and
the second is building water de-
mand.
P Reduction in landscape water

demand by more than 50%.
P Minimum grass/lawn area,

maximum green area under na-
tive vegetation and native
trees.

P Low-flow plumbing fixtures are
used in the building. Reduction
in water consumption from
GRIHA’s benchmark in this
building is 62%.

P During construction waste of
water was prevented during
curing by using gunny bags. All
slabs were cured by ponding,
and bunding is done by cement
mortar.

P A common packaged treatment
plant will be installed to treat
waste water from different
buildings including the new
CESE building.

P Rainwater harvesting has been
designed to provide water to
the water body in rainy season
and excess water will be used
for recharging ground water.

P Treated waste water is being re-
used in the building for irriga-
tion. Annual water reuse in the
building is approximately 57%.

Conservation and efficient
utilization of resources:
energy

Maximum points weightage in
GRIHA is given for energy conser-
vation. The criteria and commit-
ment for energy conservation
could be divided into three parts.
a. Energy: end use

b. Energy: embodied and con-
struction

c. Energy: Renewable energy utili-
zation

Energy: end use

The objective and the aim here is to
reduce annual energy consumption
of the building. This has been
achieved in CESE building at IIT,
Kanpur through the following ways.
P Architectural design optimized as

per the climate of Kanpur, sun path
analysis, predominant wind direc-
tion, and existing vegetation.

P Optimized building envelope
to comply with the Energy Con-
servation Building Code, to re-
duce cooling load in the
air-conditioned spaces and to
achieve thermal comfort in the
non air-conditioned areas.

P Efficient window design by se-
lecting efficient glazing, exter-
nal shading to reduce solar heat
gain but at the same time
achieve glare free natural day-
light inside all the laboratory
spaces of the building.

P Roof shaded by bamboo trellis
and green cover to reduce exter-
nal solar heat gains from the roof.

P Common circulation areas are
natural day lit and naturally
ventilated through integration
of skylights and ventilators.

P Water-cooled chiller selected
that complies with the effi-
ciency recommended by the
Energy Conservation Building
code.

P Variable frequency drive in-
stalled in the AHUs (air han-
dling units).

P Low energy strategies such as
replacement of water cooler by
water body to cool the con-
denser water loop, integration
of thermal energy storage and
earth air tunnels enabled re-
duction in chiller capacity.

P Integration of energy-efficient
lighting design that complies
with the recommendations of
ECBC.

P Integration of daylight with ar-
tificial lighting.

P Optimized architectural design
and integration of energy effi-
cient fixtures has resulted into
reduction in annual energy
consumption by 41% from
GRIHA’s benchmark.

Corridor sections showing skylights and ventilators to naturally lit and
ventilate the space
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Energy: embodied and construction

GRIHA encourages replacement of
high energy intensive materials
with low energy intensive materi-
als, to utilize regionally available
materials, and materials which us-
ing low energy in their manufac-
turing process. Following are the
measures incorporated at the
CESE building.
P PPC (Portland Pozzolona Ce-

ment) with fly ash content is used
in plaster and masonry mortar.

P Reduction in construction time
and shuttering material was
made possible by adopting
modular design of laboratories.

P Shading of roof is done by bam-
boo trellis, which is a natural
material.

P Wood for doors is procured
from commercially managed
forests. Modular furniture made
from particle board is used for
interiors.

Energy: renewable energy utilization

Following are the measures incor-
porated at the CESE building to
integrate renewable sources of
energy with the building.
P Renewable energy from photo-

voltaic panels provides annual
energy requirement equivalent
to 30% of internal lighting con-
nected load.

P Hot water demand is met by
solar hot water system.

Use of bamboo trellis, natural
material to shade the roof

Integration of photovoltaic panel
on roof of the building

Integration of solar hot water
system on roof top of the building

Use renewable energy for a greener tomorrowUse renewable energy for a greener tomorrow
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pected to be launched soon for
the purpose of reducing their con-
ventional energy consumption by
say 10% in a specified period, be-
sides reducing enormous amount
of CO

2
 emission in the atmosphere

by way of using energy conserva-
tion and renewable energy de-
vices/systems. Brief information
on these schemes and the status
on technologies being promoted
in urban areas is given below.

Solar water heating
systems
Solar thermal installations world-
wide have reached 150 million

square metre of collector area. Ma-
jority of the installations are for do-
mestic water heaters. Over 60% of
this has been installed in China.
About 10 to 12 million square metre
collector area is being added every
year in China, with annual produc-
tion projected to reach 20 million
square metre by 2010. About 85%
of the market in China is for evacu-
ated tube collector-based systems
with about 1000 companies in-
volved in manufacturing such sys-
tems. The other active markets are
in Spain, Germany, Greece, Turkey,
Japan, Austria, and the US.

In India, the overall potential is
estimated to 140 million square
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S
olar radiation abun-
dantly available in India
could be utilized for
thermal as well as pho-
tovoltaic applications.

Among solar thermal applica-
tions, the most widely acceptable
technology is the solar water
heating technology. However,
solar steam generating and air
heating technologies and energy-
efficient solar buildings are also
attracting attention in urban and
industrial areas. As regards solar
photovoltaic applications, de-
vices/systems such as solar street
lights, traffic signals, road studs,
street light control systems,
hoardings, power packs, and
building integrated photovoltaics
could be useful in urban areas for
the purpose of demonstrating
their utility and reducing burden
on conventional electricity.
Akshay Urja Shops have also been
found to be playing an important
role in on-the-spot sale and re-
pair-cum-service of solar energy
and other renewable energy prod-
ucts. These devices and systems
are being promoted in the urban
areas through various schemes of
solar energy programme in the
country. A new scheme on ‘Devel-
opment of solar cities is also ex-

Dr A K Singhal and Dilip Nigam
Ministry of New and Renewable Energy, Government of India

Solar energy for urban and

industrial applications:

policies and programmes
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metre of collector area. Against
this 40 million is estimated as
techno-economic potential.
About 2.15 million square metre
of solar collector area is estimated
to have been installed in the
country over the past two and a
half decades. The achievement
made so far is, therefore, modest
compared to such a potential, and
also in relation to what has been
achieved in other countries, par-
ticularly   in China. However, as a
result of continuous efforts, a sig-
nificant infrastructure has
emerged in the country for the
manufacture and sale of solar wa-
ter heating systems. Technical
standards have been established
for flat plate solar collectors along
with appropriate test facilities.
ETC-based systems are also in pro-
motion, though the tubes used in
them are being imported at

present. Today, there are 60 BIS
approved manufacturers of solar
flat plate collectors and 35 MNRE
approved suppliers of ETC-based
systems in the country. The minis-
try has been promoting the instal-
lation of solar water heating
systems in homes, hotels, hospi-
tals, and in industrial and com-
mercial establishments through a
soft loan scheme being operated
through various banks/and finan-
cial institutions. A large number of
loans have been sanctioned by
these organizations utilizing the
interest subsidy provided by
MNRE. Solar geysers have become
popular in Bangalore, Pune, and
several other cities in Karnataka,
Maharashtra, Gujarat, Tamil Nadu,
and Andhra Pradesh.

To promote large-scale use of
solar water heating systems in the
country, an accelerated scheme

on development and deployment
of solar water heating systems is
under promotion. Under the
scheme, soft loans are being pro-
vided through various banks/FIs
at an effective interest rate of 2%
to domestic users, 3% to institu-
tions and 5% to commercial users.
The interest subsidy is being re-
leased on upfront basis with over-
all fund management entrusted to
IREDA. An incentive at the rate of
Rs 100 per square metre of collec-
tor area installed is available to
motivators who generate busi-
ness for the banks. Presently, 28
banks and financial institutions
are participating in the scheme
through their branch network in dif-
ferent parts of the country. The list
of participating banks is given in
Box 1. Alternatively, capital subsidy
equivalent to upfront interest sub-
sidy is also available to institutions
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Box 1

List of banks/ financing institutions participating in
solar water heating programme

Public sector banks
1. Canara Bank
2. Bank of Maharashtra
3. Union bank of India
4. Syndicate bank
5. Punjab and Sind bank
6. Punjab National Bank
7. Andhra Bank
8. Vijaya Bank
9. Dena Bank
10. Bank of India
11. Oriental Bank of Commerce

NBFCs
12. IREDA
13. Nagarjuna Credits and Capital Ltd
14. SREI Infrastructure Finance Ltd

15. Bhonsale Leasing Finance Co. Ltd
16. Madhya Pradesh Financial Corporation

Private banks
17. Ratnagar Bank Ltd
18. The United Western Bank Ltd

Co-operative banks
19. Nagpur Nagrik Sahkari Bank Ltd
20. Jalgaon Janata Sahkari Bank Ltd
21. Kalyan Janata Sahkari Bank Ltd
22. Solapur Janata Sahkari bank Ltd
23. Akola Janata Commercial Co-operative Bank
24. The Akola Urban Co-operative Bank Ltd
25. Parvara Sahkari Bank Ltd
26. Cosmos Co-operative Bank Ltd
27. Shikshak Sahkari Bank Ltd
28. Ichalkaranji Co-operative Bank Ltd
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and commercial establishments
that do not avail soft loans.
Profit-making commercial and
industrial establishments are
already entitled to 80% acceler-
ated depreciation.

Various support measures are
also being taken to expand the
business of solar water heating
systems. A model regulation/
building bylaw for installation of
solar-assisted water heating sys-
tems in new buildings was circu-
lated by the Ministry of Urban
Development to all states and un-
ion territories with a request for
onward circulation to all local
bodies for incorporation in their
building bylaws. Necessary orders
have been issued in 18 states. 20
municipal corporations/munici-
palities have so far amended their
building bylaws, or issued neces-
sary government organizations, in
seven states. Municipal corpora-
tions are being encouraged to
provide rebate in properly tax for
those dwellings/buildings where
solar water heating systems have
been installed. Four municipal
corporations that is, Thane,
Amarawati, Nagpur, and Durgapur
have announced 6-10% rebate in
the property tax for users of solar
water heaters. SERC (state elec-
tricity regulatory commissions)/
utilities are being encouraged to
provide rebates in electricity tariff
to such users. The utilities in
Rajasthan, West Bengal, Assam,
Haryana, Uttarakhand, and
Karnataka are already providing
such rebates up to Rs 150 per
month per domestic system. The
SERCs/utilities in Rajasthan, West
Bengal, Uttaranchal, Assam,
Haryana, and Karnataka are

already providing such rebates. A
brief status on the support meas-
ures taken by various state gov-
ernments is given at Table 1.

Efforts are also being made to
mainstream incorporation of solar
water heating systems in design
of new buildings and housing
complexes, as well as integration
of these systems in existing build-
ings through awareness cam-
paigns and guidebooks and
design aids for planners, archi-
tects, developers, builders, engi-
neers, and so on. Solar water
heating systems have been incor-
porated in the new National Build-
ing Code. Housing loan financing
institutions/companies are also
being persuaded to include the
cost of solar water heating sys-
tems in the loans provided for
new housing construction as one
of the conditions for granting
loans. Extensive publicity and

awareness campaigns are also be-
ing made through print media.

It has been estimated that a
domestic solar water heater of
100 LPD capacity can save up to
1500 units of electricity per year. It
can easily replace an electric gey-
ser of 2 kW capacity in a house-
hold. One million such systems
installed in homes can result in
peak saving of 1000 MW, assum-
ing that 50% of the electric gey-
sers, each of 2 kW capacity
replaced with solar water heaters
are in use during peak hours.

Solar air heating/
steam generating
systems

Solar air heating systems based on
FPCs (flat plate collectors) basi-
cally consist of flat plate collectors
installed on the south-facing ter-
race of the building or on the
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Solar steam system ( 240 sq. m.) at Gajaraj dry cleaners,
Ahamad Nagar (Maharastra)
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Table 1

Status on G.O.s issued by State Governments on mandatory use of solar
water heaters/solar buildings  & other supportive measures

 taken on use of solar energy devices/systems
By-laws  amended/
implementing GOs GO issued on
of State Govt. Notifications promotion of

Notifications issued on GO issued solar energy
GO issued on City/ MC/Mubni- issued on rebate in on energy devices ( SPV

Sl. mandatory use cipality/Develop- rebate in electricity efficient solar street lights & State
No. State of SWHS ment Authority property tax tariff buildings hoardings) subsidy

1. Andhra Pradesh 3 August 2004 Mangalagir — — — 3 August 2004
Chilakalurpet
16 Nos. of
Municipalities

2. Maharashtra 31 December Thane Thane (10% — — 1 September
2002 rebate for 2004

existing
houses)

Nagpur Nagpur
Bhivandi- Nizampur —
Kolhapur —
Pimpri Chinchwad —
Nashik —
Kalyan-Dombivali —
Pune —
Navi Mumbai —
Dhule —
— Amravati

(5% to a max.
of Rs. 5,000)

3. Madhya Pradesh Copy of order — — — — — —
not available

4. Punjab 10 May 2006 — — — 10 May 2006 — —

5. Tamilnadu September — — — — — —
2002

6. Rajasthan 8 November — — 15 paise per 8 Nov, 2007
2007 unit (Copy of

order not
available)

7. Haryana 29 July 2005 — — Rs. 100/200/ 29 July 2005 Rs 2500/
300 on 100/ sq. m. for
200/300 lpd govt.
systems  for employ-
3 years ees up to
(Copy of order 4 sq. m.
not available)

8. Uttar Pradesh 1 August 2004 Lucknow — — — Rs 4000/
Ghaziabad 100 lpd
Mathura- Vrindabvan up to 500
Barelley lpd
Saharanpur
Muradabad
Gorakhpur
Banda
Muzaffarnagar
Firozabad
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Table 1 (Contd...)

By-laws  amended/
implementing GOs GO issued on
of State Govt. Notifications promotion of

Notifications issued on GO issued solar energy
GO issued on City/ MC/Mubni- issued on rebate in on energy devices ( SPV

Sl. mandatory use cipality/Develop- rebate in electricity efficient solar street lights & State
No. State of SWHS ment Authority property tax tariff buildings hoardings) subsidy

9. Uttranchal August 2002 — — Rs. 75/sq.m. — — —
of coll. Area
installed

10. Chandigarh 12 December — — — — — —
2001

11. Dadar and Copy of order — — — — — —
Nagar Haveli not available

12. Karnataka Status not Bangalore — 50 paise per — — —
known unit (Copy of
(Copy of order, revised order
if any, not not available)
available)

13. Gujarat Status not Rajkot — —
known (Copy
of order, if any,
not available)

14. West Bengal Status not — Durgapur 40 paise per —
known (Copy (10% rebate unit to a
of order, if any, on annual max. of
not available) basis by DMC) Rs. 80 p.m.

15. Himachal 8 Sept. 1995 — — — Copy of order Rs 1500
Pradesh not available on 100 lpd

16. Chattisgarh 3 Dec. 2004 Korba — — — — —
& 13 Feb. 2005

17. Delhi 28 September — — — — — —
2006

18. Assam — — — Rs. 40 for —
DSWS p.m.
(Copy of order
not available)

19. Nagaland 10 August 2006 — — — 10 August 2006

20. Andaman and 5 December — — — — — —
Nicobar 2006

21. Mizoram 16 June 2006 — — — — — —
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ground level. The collectors are
connected to the air ducts and a
blower. The system is hooked up
with the conventional drying sys-
tem in such a way that when solar
radiation is available hot air is
drawn from this system. Other-
wise the existing conventional
system is used for heating the air.
They have been found to be very
useful especially in the agricul-
tural and food industries. These
industries generally require hot air
at low temperature (50–80 0C) as
process heat for drying of various
products such as tea leaves/coffee
beans and also for processing of
fruits, spices, cereals, mushroom,
papad, vegetables, fish, seafood,
and so on. Hot air is also required
in industries such as leather, tex-
tile, chemicals, rubber, paper, and
pharmaceuticals. FPC-based air
heating systems installed in in-
dustries using conventional fuel
for drying of various products can
save a significant amount of fuel
apart from improving the quality
of the end product and reducing
environmental pollution. Only
about 10,000 square metre of flat
collector area for solar drying has
been installed in about 50 indus-
tries so far in the country, mostly
in southern states, which is insig-
nificant in comparison to the large
potential.

Solar concentrating systems
comprising of parabolic dishes
commonly known as ‘Scheffler’
dishes basically consist of auto-
matically tracking parabolic
dishes which focus the sunlight on
to the receivers to generate steam
from the water circulating in
them. These systems, apart from
steam generation can also be
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used for heating oil/air for various
applications in industries and
commercial establishments where
heat requirement is above 80 0C.
They have been found to be useful
for generating steam to cook food
for thousands of people in com-
munity kitchens especially at reli-
gious places such as Shirdi, Mount
Abu, and Tirupati. The world’s larg-
est system is functioning at
Tirupati for cooking food for
15,000 people per day. About 30
solar steam-generating systems
have been installed so far in vari-
ous institutions and industries for
cooking/ sterilization/laundry/
process heat applications.

Financial support in the form
of 50% of the cost of system, sub-
ject to a maximum of Rs 5000 per
square metre of dish area for solar
concentrating systems, and Rs
2500 per square metre of collector
area for FPC-based solar air heat-
ing systems/ dryers is being pro-
vided by the ministry to
non-profit making institutions/or-
ganizations. Thirty-five pre cent of

the cost of system, subject to a
maximum of Rs 3500 per square
metre of dish area for solar con-
centrating systems, and Rs 1750
per square metre of collector area
for FPC-based solar air heating
systems/dryers is being provided
to commercial/industrial organi-
zations (profit making and claim-
ing depreciation).

A typical solar air heating sys-
tem of 100 square metre of flat
plate collector area costing about
Rs 5 lakh can save about 80,000 li-
tres of diesel in 20 years of its esti-
mated life. This means a saving of
about Rs 24 lakhs at the rate of Rs
30 per litre of diesel. On the other
hand, a typical concentrating sys-
tem with 100 square metre of para-
bolic dishes area costing about Rs
10 lakh can save about 1,10,000 li-
tres of diesel in its 15 years of esti-
mated life which means a saving of
about Rs 33 lakh.

Solar buildings
Solar buildings are constructed
based on the techniques of solar
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SEC guesthouse building designed and constructed based on solar
passive concepts.
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passive design with a view to pro-
vide comfortable living and work-
ing conditions, both in winter and
summer. Such energy-efficient
buildings with an additional cost
of 5% to 10% towards passive de-
sign features can save significant
amount of conventional energy
(30% to 40%) that is used for light-
ing, cooling, or heating.  The gov-
ernments of Himachal Pradesh,
Punjab, and Haryana have made it
mandatory to construct all its fu-
ture buildings using passive de-
sign features. There are several
architects who have experience in
designing energy-efficient build-
ings. For promotion of solar build-
ings, financial assistance of up to
50% for DPRs to a maximum of Rs
2 lakh and 10% for construction of
demonstration public buildings
limited to Rs 50 lakhs is being pro-
vided by the ministry.

Building Rating System has
been found to be quite effective
in raising awareness and popular-
izing energy-efficient and green
building design. Most of the inter-
nationally devised rating systems
have been tailored to suit the
building sector of the country
where they were developed.
Keeping in view our climatic con-
ditions, and in particular the con-
struction of non-AC buildings, a
National Rating System, GRIHA,
has been developed which is suit-
able for all types of buildings in
different climatic zones of the
country. An MoU has been signed
with TERI to operationalize the Na-
tional Rating Systems. The ministry
proposes to incentivize the system
by way of providing some financial
support or rebate in property tax/
stamp duty to the users.

ties. SPV devices/systems could,
however, also be deployed in urban
areas with the following objectives.
P Demonstrate effective alter-

nate solutions for community/
institutional low-power solar-
based systems in urban areas

P Create awareness about the
benefits of photovoltaic de-
vices/systems in urban areas

P Reduce the burden on conven-
tional electricity in cities/towns
and divert the energy saved to
small towns and villages that
face acute shortage of power.

The applications in urban areas in-
clude the following.
P Streetlights/garden lights for

out-lying areas, unlit roads, or
at selected locations to ensure
minimum lighting in case of any
exigency such as power cuts
and also to avoid any security
threat to the public. They can
also be used for lighting public
gardens and lawns.

P Streetlight solar control sys-
tems for automatic switching
off/on of the streetlights during
morning and evening.

P Illuminated hoardings to work
for 4 to 6 hours a day

P Traffic signal systems to avoid
frequent breakdowns in power
supply leading to failure of con-
ventional traffic lights and conse-
quent chaos in the flow of traffic.

P Road studs for uninterrupted
functioning from dusk-to-dawn

P Blinkers for installation at blind
intersections, ahead of road
humps, sharp bends/U-turns,
and pedestrian crossings.

P Building-integrated PV systems
for the purpose of peak load
saving in peak hours

Solar photovoltaic products and
devices

Solar photovoltaic
products and devices
SPV (solar photovoltaic) technol-
ogy enables the direct conversion
of solar radiation into electricity. A
variety of solar photovoltaic de-
vices/systems have been devel-
oped for different applications
including lighting, water pump-
ing, electrification of villages,
communications, broadcasting,
and railway signaling. The cost of
SPV systems is often high in rela-
tion to conventional energy based
systems. They have therefore, so
far been deployed mainly in rural
areas, particularly in remote vil-
lages, border areas, off-shore plat-
forms, and so on where reliable
power is required in modest quanti-
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P Solar power packs to replace
small generators based on
kerosene and petrol in shops,
clinics and banks for lights, fans,
and computers or other emer-
gency requirements.

The above systems are being
promoted on demonstration basis
in the urban areas through state
nodal agencies/municipal corpo-
rations/traffic police departments
by providing financial assistance
in the form of grants up to 50%
subject to certain benchmarks.
About 10,000 systems and devices
have been sanctioned for 93 cit-
ies/towns in 8 states so far. A few
state governments such as
Andhra Pradesh and Maharashtra
have also issued orders for promo-
tion of solar energy systems in
their states and municipal corpo-
rations. Other state governments
are being requested to issue simi-
lar orders.

Solar cities
To cope with the rising demand of
electricity in our towns and cities
especially during peak
 hours, the ministry
has recently
launched a
new scheme

on ‘Development of solar cities’.
The scheme would encourage and
assist cities in assessing their
present energy consumption sta-
tus, setting clear targets for and
preparing action plans for gener-
ating energy through renewable
energy sources and in conserving
energy utilized in conducting ur-
ban services. It will also help them
in reducing a minimum of 10% of
their projected energy demand in
five years, besides reducing enor-
mous amount of CO

2
 emission in

the atmosphere by way of using
energy conservation and renew-
able energy devices/ systems. The
scheme provides financial sup-
port to selected cities for prepara-
tion of the Master Plan, setting up
of a ‘Solar City Cell’ and various
other support measures. Support
for implementation of the Master
Plan by way of actual installation
of renewable energy devices/sys-
tems and initiating energy effi-
ciency measures will have to be
managed by the municipal bodies
from various sources including the
schemes of Ministry of Urban De-
velopment, MNRE, and Bureau of
Energy Efficiency. A target of 60 cit-

ies to be developed as Solar Cities,
one in each state with maximum
five in a state having population
between 5 to 50 lakh has been kept
during the Eleventh Plan period.

Akshay Urja Shops
A revised scheme on establish-
ment of Akshay Urja Shops (earlier
named as Aditya Solar Shops) is
under implementation under
which shops are being established
by NGOs, state nodal agencies,
manufacturers’ associations, and
entrepreneurs, one per district.
Loans up to Rs 10 lakh through
designated banks can be availed
for establishment of the shops
with an interest subsidy of 4%. In
addition, recurring grant and in-
centive linked with turnover up to
Rs 10,000 per month (subject to
certain conditions) during the first
two years of operation is also
available. The scheme is in opera-
tion through state nodal agencies
and IREDA. 104 Aditya Solar Shops
were established in 28 states un-
der the earlier scheme. Under the
revised scheme, 165 Akshay Urja
Shops have been sanctioned so

far in 15 states/
U Ts .
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At 21, she has a CV that quite lit-
erally, bytes. But IIT-Delhi com-
puter engineering student Priya
Gupta brushes it off with, ‘I just
put in my best in whatever I do.’

An all India Rank-2 in the
Joint Entrance Examination, she
has been awarded the IIT Merit
Award four times for being
among the top seven per cent in
IIT Delhi. In 2004, she became
the first girl student to represent
India at Germany’s International
Chemistry Olympiad (IChO) held
at Kiel, Germany, where she
bagged a gold medal. And for
someone who is ‘scared of inter-
views’, she managed to win the
Aditya Birla Scholarship for ex-
cellence in academics and lead-
ership.

Selected among the top 12
students across India for the Lu-
cent Global Science Scholars

A C H I E V E M E N TA C H I E V E M E N TA C H I E V E M E N TA C H I E V E M E N TA C H I E V E M E N T

P Second Highest CGPA of 9.62 among the class of
2008 at IIT Delhi.

P Awarded Pyarelal Murgai Award for highest CGPA at
the end of first year in CSE IIT Delhi.

P Awarded the IIT Merit Award 4 times for being
among top 7% in IIT Delhi.

P All India Rank - 2 in IIT-JEE 2004, taken by over
170,000 students.

P All India Rank - 1 in the Common Entrance Examina-
tion for the Delhi College of Engineering in 2004.

P All India Rank - 8 in All India Engineering Entrance
Examination 2004 conducted by CBSE, taken by
over 300,000 students.

P Awarded Aditya Birla Scholarship (2004-2008) by
the Aditya Birla Group for excellence in academics
and leadership. This scholarship is awarded to top
10 engineering freshmen from across the country.

P Selected among top 12 students across India for the
Lucent Global Science Scholars Programme 2005.

P Gold Medal in 36th International Chemistry Olym-
piad (IChO), Kiel, Germany, July 2004. First girl to
represent India at IChO.

A C H I E V E M E N T S
P Gold Medal in Indian National Chemistry and Phys-

ics Olympiads, July 2004. Awarded to top 25 stu-
dents all over India to select teams to represent
India at the International Chemistry and Physics Ol-
ympiads.

P Awarded Kishore Vaigyanik Protsahan Yojana
(KVPY) Fellowship, 2002, by Department of Science
and Technology, Government of India and adminis-
tered by IISc, Bangalore.

P Selected for pursuing a research project in Chemis-
try under the National Initiative in Undergraduate
Sciences (NIUS) program (2005) started by the
HBCSE, Tata Institute of Fundamental Research, In-
dia.

P National Talent Search Examination (NTSE) Scholar,
by National Council of Educational Research and
Training (NCERT), New Delhi in 2002.

P Ranked 4 in Regional Mathematics Olympiad, Delhi
Region in 2003.

P Ranked 2 in Junior Science Talent Search Examina-
tion 2001, conducted by Dept. of Science & Tech,
Govt. of India.

Young achieverYoung achiever

Programme in 2005, Priya’s lat-
est feather in the cap is the
Google India Women in Engi-
neering Award. She is currently
having a tough time choosing

between MIT, Berkeley and CMU
for higher studies. She is daugh-
ter of Mr Mohan Lal who is un-
der secretary in the ministry of
new and renewable energy.
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Scientist across the world have
been working on technolo-
gies that may change the very

concept and process of how we
generate and use energy. These
breakthrough technologies will have
a major impact on the business proc-
ess and economy. It is with this focus
that three leading NGOs in the en-
ergy sector – IRADe (Integrated Re-
search and Action for Development),
IEF (International Energy Foundation)
and WEC–IMC (World Energy Coun-
cil–Indian Member Committee) –
joined hands to organize the Energy
Technology Conclave in New Delhi
on 13 and 14 March 2008.

The conclave witnessed intense
debate and rich contribution by ex-
perts on issues, challenges, and op-
portunities for existing and
emerging energy technologies
while also addressing the issue of
climate change and environment-
friendly energy and ways and
means for technology funding and
collaborative R&D efforts.

Challenges and opportunities for existing and
emerging energy technologies

Generate commercially viable tehnologies for solar energy,
says Dr Kalam

Dr Kirit Parikh, member, Planning
Commission, inaugurated the con-
clave.  Former President of India, Dr A
P J Abdul Kalam spoke on ‘Three Di-
mensional Approach to Energy Inde-
pendence’. He suggested that energy
researchers should realign their re-
search and development contribu-
tion for generating commercially
viable technologies for solar energy,
wind energy and nuclear power
plants and production of biofuels,
sufficient to substitute at least 20% of

Dr Kalam also suggested that
the Energy Technology Conclave
should submit comprehensive rec-
ommendations for leading India to
become energy independent by the
year 2030 for discussion and ap-
proval by both Houses of the Parlia-
ment as the Energy Independence
Bill. He also suggested that inten-
sive advocacy be undertaken with
the parliamentarians for achieving
this goal.

Eminent energy experts, includ-
ing Shri Anil Razdan, Secretary
(Power), Government of India; Dr T
Ramasami, Ministry of Science and
Technology, Shri R Kchaturvedi,
Member(Power), Planning  Commis-
sion; Shri T Sankaralingam, CMD,
NTPC Ltd; Shri P S Bami, Ex-CMD,
NTPC/Chairman, IEE; and Dr Jyoti
Parikh, ED, IRADe, participated  in
the event, which witnessed a rich
mix of experts from the public and
private sector and academic shar-
ing the stage on this issue of energy
technology for growth.

Report by Mr J K Mehta, GM, NTPC

Session in progress

Former President of India, Dr A P J Abdul Kalam with Shri T
Sankaralingam, CMD, NTPC Ltd

fossil fuels. He empha-
sized the need to in-
tensify research on
carbon nanotube-
based solar cells for
higher efficiency. He
also called on auto-
mobile manufacturers
to work with oil com-
panies to develop en-
gines that could run
on 100% bio-diesel
and ethanol, using
molecular engineer-
ing methods.
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Book Review

RENEWABLE ENERGY ENGINEERING AND TECHNOLOGY:

A KNOWLEDGE COMPENDIUM

Edited by V V N Kishore

Every branch of engineering has its own genesis, growth, and stabilization.
For example, as late as the 1960s, chemical engineering was considered as
a new and somewhat risky branch with uncertain job markets, compared to

conventional branches such as civil, mechanical, and electrical engineering.
Soon, however, it established itself as a core branch of engineering. More re-
cently, because of the IT (information technology) revolution, several branches of
engineering have emerged, which were hitherto not considered as viable career
options. Renewable energy engineering is yet to establish itself as a viable
branch. However, it may happen sooner than later. The Nobel Peace Prize for the
IPCC (Intergovernmental Panel on Climate Change) is the ultimate recognition of
the fact that climate change is a result of rapid development and that there are
no viable solutions other than sustainable energy solutions. There will be a huge
interest in the study of philosophy, science, engineering, and technology of sus-
tainable energy in the coming years.

There is vast and rich literature available on renewable energy. Several books
on renewable energy, published both in India and abroad, are available, but most
of these are in the specialization category. Also, many of these books are not tar-
geted at practitioners. It is well known that renewable energy is a
multidisciplinary area, requiring knowledge of basic sciences such as physics,
chemistry, biology; applied sciences such as material science; and engineering
subjects such as mechanical, chemical, and electrical. Many existing books on
renewable energy cover only a few basics relevant to the topic.

The first edition of the book Renewable Energy Engineering and Technology: a
knowledge compendium covers major renewable energy resources and technolo-
gies for various applications. This book is the partial outcome of a dream project
that aimed at putting everything under the ‘Sun’ in one place. Conceived nearly
three years ago, this book was planned to cover various items, including core
subjects like solar thermal engineering, photovoltaics, wind energy, biomass en-
ergy, along with ancillary subjects like economic/financial analysis, rural energy,
techno-social interaction, energy planning, among others. The book is conceived
as a standard reference book for students, experts, and policy-makers. It has been
designed to meet specific needs of these diverse groups. While covering basics of
scientific and engineering principles of thermal engineering, heat and mass
transfer, fluid dynamics, and renewable energy resource assessments, the book
further deals with the basics of applied technologies and design practices for
following renewable energy resources.
P Solar (thermal and photovoltaic)
P Wind
P Bio-energy including liquid biofuels and municipal solid waste
P Other renewables such as tidal, wave, and geothermal

The book is designed to fulfil the much-awaited need for a handy, scientific,
and easy-to-understand comprehensive handbook for design professionals and
students of renewable energy engineering courses. Besides the sheer breadth of
the topics covered, what makes this well-researched book different from earlier
attempts is the fact that this is based on extensive practical experience of the
editor and the authors. Thus, a lot of emphasis has been placed on system sizing
and integration. Ample solved examples using data for India make this book a
relevant and an authentic reference.

Rs 2250

Pages 925

Size 7.25 × 9.5 inch

ISBN 81-7993-093-9

Key contents
Energy and development: concerns of the

current millennium P Renewable energy

utilization: desirability, feasibility, and the

niches P Review of basic scientific and

engineering principles P The solar energy

resource P Solar photovoltaic technology

P Solar thermal engineering P Elements

of passive solar architecture P Wind

energy resources P Introduction to wind

turbine technology P Small hydro:

resource and technology P Geothermal

energy, tidal energy, wave energy, and

ocean thermal energy P Bio-energy

resources P Thermochemical conversion

of biomass P Biochemical methods of

conversion P Liquid fuels from biomass:

fundamentals, process chemistry, and

technologies
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World-wide Information System
for Renewable Energy
http://wire0.ises.org/

WIRE (World-wide Information System
for Renewable Energy) is a service
provided by the International Solar
Energy Society. The purpose of this
service is to facilitate and accelerate
the flow of knowledge among renew-
able energy professionals worldwide.

Renewable Development
Initiative
http://www.ebrdrenewables.com/sites/
renew/default.aspx

The website tracks the latest develop-
ments in the region and serves as an
information resource to project
developers, policymakers, and re-
searchers. The website covers the
entire spectrum of renewable energy
sources including solid biomass,
biogas, biofuels, hydro, wind, solar,
ocean, and geothermal.

Windustry
http://www.windustry.com/

Windustry aims to create an under-
standing of wind energy opportuni-
ties for rural economic benefit by
providing technical support and
creating tools for analysis. The web
site includes a resource library, wind
project calculator, and other compre-
hensive information about the wind
power sector.

Centre of Alternative Technology
http://www.cat.org.uk/

CAT (Centre of Alternative Technol-
ogy) is an educational charity striving
to achieve the best cooperation
between the natural, technological,
and human worlds through regular
testing and displaying of strategies
and tools. CAT describes itself as
Europe’s foremost eco-centre. It has a
useful menu including information
about educational visits, a virtual tour
whilst online, publication lists, infor-
mation on aspects of renewable
energy which can be downloaded free,
courses at the centre (including courses
specifically for teachers, current news,
and member information).

Chambers A. 2004
Renewable energy in non-technical
language
Tulsa, Oklahama, USA: PennWell Corporation. 244 pp.

In this book, the author draws from her expertise
on energy matters to deliver an unparalleled guide
to renewable energy resources. Using a non-techni-
cal approach, she introduces sources of renewable
energy such as wind, solar, biomass, and hydro sup-
ported by several pictures, graphs, and charts
showing the usage of each energy type state-by-
state for the US (United States). The author also cov-
ers renewable energy usage around the globe.

Next, she details out each energy type, providing case studies, market con-
ditions, usage leaders, and more. A chapter on fuel cells has also been intro-
duced in the book. Besides, a comprehensive coverage of renewable
gasoline additives, alternatives, ethanol, and bio-diesel is also provided.

Mallon K (ed.). 2006
Renewable Energy Policy and Poli-
tics: a handbook for decision-making
London, UK: Earthscan. 268 pp

The book addresses the politics of renewable energy,
the key players required to drive energy reforms and
those likely to resist change. The interplay between
government, industry, and society is discussed and
explained with a balanced hand, offering a rare in-
sight into political campaigning on energy. Interna-
tional case studies are included, complemented by a
step-by-step breakdown of the elements required to

achieve legislation. The book is intended for policy-makers, energy consultants,
non-governmental organizations, students, and researchers working in the
fields of energy policy, climate change, and environmental policy

Hansen M O L. 2008
Aerodynamics of Wind Turbines
(second edition)
London: Earthscan. 181 pp.

This book is the established essential text for the
fundamental solutions to efficient wind turbine de-
sign. Now in its second edition, it has been entirely
updated and substantially extended to reflect ad-
vances in technology, research into rotor aerody-
namics, and the structural response of the wind
turbine structure. The topics covered include in-
creasing mass flow through the turbine, perform-
ance at low and high wind speeds, assessment of
the extreme conditions under which the turbine

will perform and the theory for calculating the lifetime of the turbine.

ISBN 978-1-84407-438-9

Price: $57

I n t e r n e t  r e s o u r c e s

ISBN 1-59370-005-9

$82.95

ISBN 978-1-84407-126-5

$75
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Forthcoming Events

National events

Renewable Energy India 2008 Expo
21–23 August 2008, New Delhi

Rajneesh Khattar
Exhibitions India Group
217-B, second floor,
Okhla Industrial Estate, Phase III
New Delhi – 110 020
Tel. 91 11 4279 5000 and 91 11 4279 5054
Mobile 9871726762

Green Energy Summit
16–19 October 2009, Bangalore

Saltmarch Media
Tel. +91 99015 08099
E-mail info@greenenergysummit.com

Renewable Energy Finance Forum 2008
20–21 November 2008, Mumbai, India

Euromoney Energy Events
Nestor House, Playhouse Yard
London, EC4V 5EX
Tel. +44 (0)20 7779 8945
Fax +44 (0)20 7779 8946

International events

Solar 2008
3–8 May 2008, San Diego, California

Town and Country Resort and Convention Centre
500 Hotel Circle North
San Diego, CA 92108
Tel. 619-291-7131

Wind Power 2008
1–4 June 2008, Houston, Texas

1001 Avenida de las Americas
Houston, TX  77010
Tel. (800) 427-4697 or (713) 853-8000
Web http://www.houstonconventionctr.com
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World Biofuels Forum 2008
10–11 June 2008, Prague

Tel. +44 (0) 20 7202 7511
Fax +44 (0) 20 7202 7600
E-mail biofuels@wtgevents.com

Energy Ocean 2008
24–26 June 2008, Texas, USA

Technology Systems Corporation
P O Box 1096, Palm City, FL 34991
Tel. 877 270 7102 or 772 221 7720
Fax 772 221 7715
E-mail info@energyocean.com

Fuel Cell Forum 2008
30 June–4 July 2008, Lucerne, Switzerland

Morgenacherstrasse 2F, Oberrohrdorf/Switzerland
Tel. 41 56 496 7292 • Fax 41 56 496 4412
E-mail forum@efcf.com

The 10th World Renewable Energy Congress
and Exhibition
21–24 July 2008, Glasgow, UK

Prof. Ali Sayigh, P O Box 362, Brighton BN2 1YH
Tel. 44 (0)1 273 625 643
E-mail asayigh@netcomuk.co.uk

23rd European Photovoltaic Solar Energy
Conference
1–4 September 2008, Valencia, Spain

WIP-Renewable Energies
Sylvensteinstr. 2, 81369 München, Germany
Tel. +49 89 720 12 735 • Fax +49 89 720 12 791
Web www.wip-munich.de
E-mail pv.conference@wip-munich.de

Fuel Cells Science and Technology 2008
8–9 October 2008, Oxfordshire, UK

Fuel Cells Science & Technology 2008
Conference Secretariat
Tel. +44 (0) 1865 843691 • Fax +44 (0) 1865 843 958
E-mail fuelcelladvances@elsevier.com
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Renewable Energy Statistics

Renewable Energy at a Glance in IndiaRenewable Energy at a Glance in India
Achievement as on

S.No. Source/system Estimated potential 31 March 2008

I Power from renewables

A Grid-interactive renewable power     (MW)        (MW)

1 Wind power 45 195 8757.00

2 Bio power (agro residues and plantations) 16 881 606.00

3 Bagasse cogeneration 5 000 800.00

4 Small hydro power (up to 25 MW) 15 000 2180.00

5 Energy recovery from waste (MW) 2 700 55.25

6 Solar photovoltaic power — 2.12

Sub total (A) 84 776 12 400.37

B Captive/combined heat and power/distributed renewable power        (MW)

7 Biomass/cogeneration (non-bagasse) — 95.00

8 Biomass gasifier — 100.11

9 Energy recovery from waste — 26.70

Sub total (B) — 221.81

Total (A+B) — 12 622.18

II Remote village electrification — 4 198 villages/hamlets

III Decentralized energy systems

10 Family-type biogas plants 120 lakh 39.94 lakh

11 Solar photovoltaic systems 50 MW/km2 120 MW
p

i. Solar street lighting system — 70 474 nos

ii. Home lighting system — 402 938 nos

iii. Solar lantern — 670 059 nos

iv. Solar power plants — 2.22 MW

v. Solar photovoltaic pumps 7148 nos

12 Solar thermal systems

i. Solar water heating systems 140 million m2 2.30 million m2

collector area collector area

ii. Solar cookers 6.20 lakh

13 Wind pumps 1284 nos

14 Aero generator/hybrid systems 675.27 kW

IV Awareness programmes

16 Energy parks — 504 nos

17 Akshay Urja shops — 269 nos

21 Renewable energy clubs — 521 nos

22 District Advisory Committees — 560 nos

MW – megawatt; kW – kilowatt; MW
p
 – megawatt peak; m2 – square metre; km2 – kilometre square
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