




Chief Patron
Vilas Muttemwar
Minister for New and Renewable Energy,
New Delhi

Patron

V Subramanian
Secretary, MNRE, New Delhi

Editor

Arun K Tripathi
MNRE, New Delhi

Editorial Board
N P Singh, Chairman
K P Sukumaran
Bibek Bandopadhyay
Praveen Saxena
B Bhargava
D K Khare
Parveen Dhamija
B S Negi
P C Pant
D Majumdar
B V Rao

Production team
Madhu Singh Sirohi, Ambika Shankar, R Ajith Kumar,
Archana Singh, and T Radhakrishnan, TERI, New Delhi;
N Ghatak, MNRE, New Delhi

Editorial office
Arun K Tripathi, Editor
Akshay Urja
Ministry of New and Renewable Energy
Block No. 14, CGO Complex, Lodhi Road
New Delhi – 110 003
Tel. +91 11 2436 3035, 2436 0707
Fax +91 11 2436 3035, 2436 2288
E-mail akshayurja@nic.in
Web www.mnre.gov.in

Produced by
TERI Press
TERI, Darbari Seth Block, IHC Complex
Lodhi Road, New Delhi – 110 003
Tel. +91 11 2468 2100, 4150 4900
Fax +91 11 2468 2144, 2468 2145
E-mail madhus@teri.res.in
Web www.teriin.org

Printed at
Brijbasi Art Press Ltd
E46/11, Okhla Industrial Area, Phase II
New Delhi – 110 020, India

Publisher and Printer
Ministry of New and Renewable Energy,
New Delhi

Disclaimer
The views expressed by authors including those of
the editor in this newsletter are not necessarily the
views of the MNRE.

Dear Reader,

The energy derived from resources that are regenerative, non-deplet-
ing, environmentally benign, and non-fossil is known as renewable
energy. Although mankind has been deriving energy from renewable
resources since ages, with the advancement in lifestyle and the in-
creasing demand of energy, the pattern of end-use applications has
changed. Accordingly, a number of renewable energy devices and
systems have been developed and are commercially available in the
market.

Over the last two and half decades, the Government of India along
with state governments has been promoting renewable energy for
use by the common man, industry, community, and commercial es-
tablishments through many fiscal and financial incentives. Many
states have taken praiseworthy steps to promote renewable energy in
their rural and urban areas. However, Chhattisgarh state has been a
pioneer in exploiting renewable energy resources for meeting the
energy requirements of rural and urban areas. Over 800 remote vil-
lages have been provided light through solar energy. The efforts
made by CREDA (Chhattisgarh Renewable Energy Development
Agency), a nodal agency of the Chhattisgarh government in promot-
ing renewable energy have shown fruitful results. Today with installa-
tion of 269 MW small hydro projects, 11 MW rice husk power plant,
2,24,408 biogas plants, and 3 lakh litres per day solar water heating
systems and plantation of about 3 crore jatropha plants, Chhattisgarh
is stepping forward to utilize renewable energy in different realms of
daily life and has set examples for others to follow. The efforts of
Shri S K Shukla, Director, CREDA who has been constantly working for
promotion of renewable energy in the state are appreciable.

The present issue of Akshay Urja focuses on renewable energy devel-
opment in Chhattisgarh and highlights the achievements and role of
CREDA and the Chhattisgarh Biofuel Development Authority in the
development of renewable energy.  The policy initiatives taken by the
Chhattisgarh government are also covered and would be informative
for the readers.

The entire team of Akshay Urja has worked hard to improve the design
and contents to make the newsletter more attractive and informative
to the readers. We are overwhelmed by the tremendous response
from our readers, which is a great source of inspiration. I am sure that
the present issue will be useful to our readers.

I look forward to your continuous support.
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I am happy to note that the MNRE
brings out an important newsletter like
Akshay Urja for the benefit of
stakeholders in the renewable energy
field and the general readers alike. It is
very informative and well planned. The
articles published in the May–June
2007 issue were particularly interesting
in nature.

Dr A K Paliwal
Additional Director, Higher Education,

Gwalior Chambal Division

Golden Arch International is a Noida-
based consulting company. Consider-
ing the importance of renewable
energy in mitigating climate change,
our company is advising various corpo-
rate organizations on the positives of
renewable energy as also its impor-
tance in sustainable development. In
addition, we are also currently test
marketing solar energy based lighting
solutions. The contents of Akshay Urja
are very informative in this regard. We
wish the newsletter all the very best.

Mandeep Singh
Executive (Business Development),

Golden Arch International Ltd, Noida

Akal College of Engineering and Tech-
nology is a duly approved institute by
the state government and AICTE, New
Delhi. It is affiliated to the Himachal
Pradesh University, Shimla. In our col-
lege, a lot of work has been done in the
area of solar water heating and solar
cooking. A solar PV based 200 kW
power generation plant is also under
process. We receive Akshay Urja regu-
larly. It is a newsletter that makes the
very concept of renewable energy an
interesting read while making sure that
the information on systems and de-
vices is rightly disseminated among
readers.

Dr S R Prabhakar
Principal, Akal College of Engineering

and Technology, Baru Sahib, Himachal
Pradesh

We are connected with solar cookers, wa-
ter pumping, windmills, and solar lighting
systems since the last 25 years. I regularly

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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go through every issue of ‘Akshay Urja’
newsletter. It is very helpful to be in touch
with news about renewable energy
sources. The contents in all issues are use-
ful and cover diverse topics. I congratulate
to whole team for this effort that benefits
many stakeholders in this field.

Hasmukh Devmurari
Director, Rural Engineering School,

Bhavnagar, Gujarat

We are a renewable energy-based com-
pany located at Kolkata, West Bengal.
We are engaged in the field of manu-
facturing solar photovoltaic modules,
solar water heating systems, and
biomass gasifier plants. As we are in
the field of non-conventional energy,
Akshay Urja is of a great help to the or-
ganization. It would also help in the
further expansion of the organization,
as the magazine is a good source of in-
formation on renewable energy sys-
tems and devices as well. We would like
to receive this publication regularly.

Amitabh Kumar Gupta
Managing Director, Synergy Renewable

Energy Pvt. Ltd, Kolkata

VITS (Vindhya Institute of Technology and
Science) is a private engineering college
recognized by DTE, Bhopal, approved by
the AICTE, New Delhi, and affiliated to
RGPV, Bhopal. The college was estab-
lished in 2002. We want to set up a library,
infrastructure, and renewable energy club
for non-conventional energy systems in
the college. We came across some issues
of Akshay Urja and found it to be a very
useful source of information on all as-
pects related to renewable energy. It pro-
vides valuable information on the
developments in the field of renewable
energy and thus, would prove beneficial
in our endeavours.

Keep up the good work.

Prof. R C Srivastav
Principal, VITS

I have worked in the area of renewable
energy for over 37 years. At present I
am a consultant for renewable energy
systems and technology. This newslet-
ter by the MNRE is an excellent effort
and deserves compliments. As a scien-

Letters to the editor
tist I would like to commend the qual-
ity of articles as well as the valuable in-
formation that one can gather from
this newsletter.

Dr Om P Nangia
Senior Member, IEEE (USA)

   E-mail om.p.nangia@gmail.com

I was very happy to go through an issue
of Akshay Urja. The information pro-
vided in the newsletter is very useful to
all working in the field of renewable
energy including R&D (research and
development) personnel and entrepre-
neurs. The quality of photographs is
excellent, the matter is informative,
and the news updated. I am presently
actively involved in biomass energy
generation, and its R&D aspects. I con-
gratulate the team on its efforts.

S Murali
Scientist, Regional Research

Laboratory (CSIR), Bhopal

We had the opportunity of going
through a copy of Akshay Urja. We
heartily congratulate the ministry for
publishing Akshay Urja. We shall be
highly obliged if you could let us know
about the projects on renewable en-
ergy generation, which may be com-
mercially viable in the districts of South
Bengal, especially in Burdwan, Bankura,
and Purulia.

G R Khaitan
Chief Adviser, Raniganj Chamber of

Commerce
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Biomass use for
power on the rise

The government is encouraging
promotion of biomass based

off-grid small power projects for
meeting unmet demand of electric-
ity in electrified and un-electrified
villages in the country under vari-
ous programmes like VESP (Village
Energy Security Programme), RVEP
(Remote Village Electrification Pro-
gramme), and Biomass Gasifier
programme. The Minister of State
for New and Renewable Sources
Shri Vilas Muttemwar, said that un-
der the RVEP, support had been
provided for electrification of 4037
villages and hamlets using biomass
gasifier systems in the country, in-
cluding 10 villages and hamlets in
Orissa.

Biomass-based systems and de-
vices are encouraged for meeting
inter-alia electricity needs under
VESP, he said adding that 78 test
projects had been taken up under
VESP for implementation in 11
states, including 12 test projects in
Orissa.

The RVEP aims to provide basic
facilities of lighting and electricity
in those remote, unelectrified cen-
sus villages and remote

unelectrified hamlets of electrified
census villages, where grid connec-
tivity is either not feasible or not
cost effective, through various re-
newable energy sources, including
biomass.

So far, 608 small hydro power
projects, of up to 25 MW station ca-
pacity, with an aggregate capacity
of 2015 MW have been set up in the
country. The annual estimated gen-
eration from these projects is 4028
million units per year.

A target of adding 1400 MW
from small hydropower has been
planned during the Eleventh Five-
year Plan. 

3 DECEMBER 2007, THE TRIBUNE

On the look-out for
renewable fuel

The DCE (Delhi College of Engi-
neering) is collaborating with

Japan’s Yanmar Company Ltd –
billed as the world’s leading diesel
engine manufacturing company –
to work on a two-year bio-diesel re-
search project. The project was in-
augurated by Minister and Deputy
Chief of Mission at the Embassy of
Japan, Ryoichi Horie. The broad ob-
jective of the research project will

be to evaluate the long-term suit-
ability of jatropha bio-diesel in a
diesel engine to address the issues
of material commutability, fuel oxi-
dation, and effect on the fuel injec-
tion system.

‘Under this project, a Yanmar
diesel engine will be run on neat
bio-diesel produced at the college
for 10 000 hours without a break.
This will be one of the most exhaus-
tive studies carried out all over the
world on bio-diesel, claimed the
principal investigator of the project,
Naveen Kumar. ‘The demand for
diesel in India is about four to five
times higher than petrol unlike in
developed countries where the
consumption of diesel and petrol is
almost similar. In this context, bio-
diesel in the past four years has be-
come a very promising renewable
fuel in India which is seen as a new
hope to reduce the burden of pe-
troleum import bill and also protect
the environment,’ Dr Kumar added.

Earlier, Mr Horie underscored
the significance of new sources of
energy that can help in rural em-
powerment and also address so-
cially relevant issues like
employment generation and envi-
ronmental degradation. ‘The re-
newable energy industry is a
sunrise industry and it will prove to
be a viable service industry,’ he said.

6 DECEMBER 2007, THE HINDU

Geothermal energy on
Bhilwara’s radar

Bhilwara Energy is on a power
drive. It’s firming up plans to set

up 200 MW geothermal power
plants in the country at an invest-
ment of about Rs 2500 crore in the
next 4–5 years, even as it enters
Nepal’s hydropower sector in col-
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laboration with a local player. The
company is also looking at raising
$300 million through equity dilu-
tion, including $100 million via pri-
vate placement, to fund its
upcoming projects.

Bhilwara Energy, which is the
holding company for all power
projects of the LNJ Bhilwara group,
has tied up with Iceland-based in-
vestment bank Glitnir for the
geothermal project, which would
be an equity partner. ‘We are in the
process of identifying sites where we
can put up geothermal plants. Once
the sites are identified, we would de-
cide on the equity stake of each part-
ner,’ said LNJ Bhilwara group
chairman Ravi Jhunjhunwala.

Ladakh, Chhattisgarh, Arunachal
Pradesh, Himachal Pradesh, and the
Andamans are considered potential
areas where investments could be
made. ‘A high load factor of 80%–
85% in geothermal compensates
the higher initial capital expendi-
ture compared to hydropower. Plus,
there is hardly any operational cost

in running geothermal plants,’
Mr Jhunjhun-wala explained.

12 DECEMBER 2007, THE ECONOMIC TIMES

Jawaharlal Nehru
Birth Centenary Award
to Dr S K Chopra

The Indian Science Congress
Association honours eminent peo-

ple for their significant and lifetime
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Scontribution to the de-
velopment of science
and technology in the
country. Dr S K Chopra,
former Principal Adviser
and Special Secretary,
MNRE (Ministry of New
and Renewable Energy),
Government of India,
was presented the
Jawaharlal Nehru Birth
Centenary Award at the
95th Indian Science
Congress held at
Visakhapatnam during
3–7 January 2008. The
award was presented to
him by Dr Manmohan
Singh, Prime Minister of
India.

Dr Chopra has
worked in the energy sector for
over three and a half decades. He is
an MSc and PhD in Energy Engi-
neering from the Stanford Univer-
sity, California, USA. Earlier, he
worked as a professional staff mem-
ber in the Department of Energy in
the World Bank, Washington DC;
Advisor in the National Planning
Commission; and Senior Adviser in
the MNRE. He was a Jawaharlal
Nehru fellow and has published a
widely acclaimed book called En-

ergy policy for India:
towards sustainable
energy security for all in
India. He is associated
with a number of
academic and research
institutions concerned
with the energy sector.

Hon’ble Prime Minister of
India, Dr Manmohan
Singh presenting the
Jawaharlal Nehru Birth
Centenary Award to
Dr S K Chopra
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Push for megawatt-
capacity solar power
generation

The MNRE (Ministry of New and
Renewable Energy) is all set to

promote the setting up of mega-
watt-capacity grid-connected solar
power generation in the country.
The MNRE Secretary, Mr V
Subramanian, said that this is being
done to demonstrate technical per-
formance of megawatt-size grid-in-
teractive solar power generation,
and reduce cost of solar compo-
nents and solar power generation.
He said solar thermal power plants
have been installed globally in
megawatt-capacity range but no
such plant has been installed in the
country till now. He said that cur-
rently the country gets solar energy

equivalent to over 5000 trillion kWh
per year and the daily average solar
energy incident over different parts
of India is about 4–7 kWh per
square metre, depending on the lo-
cation. He said while the largest so-
lar photovoltaic plant in India is of
200 kWp capacity currently, the ex-
perience with grid-connected PV
plants was limited mostly to 25 kWp
capacity plants with battery
backup, and these plants are under-
pinned by MNRE subsidy.

Generation-based fillip
Mr Subramanian said owing to the
high initial capital cost of solar
power plants and the cost of elec-
tricity from such plants (Rs 15 per
kWh in grid without battery as op-
posed to Rs 1.75–3.50 in small hy-
dro), the ministry has decided to
provide a generation-based fillip.

This would consist of
a maximum of Rs 12
per kWh for electric-
ity generated from
solar PV, and Rs 10
per kWh for electric-
ity generated
through solar ther-
mal power plants
and fed to the grid
from a grid-interac-
tive solar power
plant of one MWp
and above capacity.

He said this sub-
vention would be
provided to project
developers at a fixed
rate for a span of 10
years and the MNRE
incentive would be
worked out taking
into account the tar-
iff provided by the
utility to the solar
power producer. He

further said that the utilities are ex-
pected to purchase solar power at
the rate usually provided by them
for medium-term power purchase
or the highest rate fixed by the
State Electricity Regulatory Com-
mission for purchase of power from
any other renewable energy source.

Demo programme
Mr Subramanian made it clear that
the demonstration programme
would be confined to an aggregate
installed capacity of 50 MWp of so-
lar power during the Eleventh Plan
period. Each state may be allowed
to install up to 10-MWp aggregate
capacity under the programme.

Additional investment
He anticipates additional invest-
ment of about Rs 1000 crore, mostly
from the private sector, to flow
through this initiative. The grid-in-
teractive power plants would be set
up on a BOO (build, own, and oper-
ate) basis. The demonstration does
not allow direct participation of
capital investors or individuals. On
an average about 2 million kWh
(units) electricity is generated from
a megawatt peak-capacity solar
power plant, and with the recent
norm of providing at least one kWh
(unit) electricity per day to a rural
household, capacity addition of
one-MWp grid solar power plant
would help meet electricity needs
of about 5000 families, he added.
Being eco-friendly (one kW capacity
would preclude one metric tonne of
carbon dioxide emission annually)
with minimum recurring costs for
operation and maintenance only,
Mr Subramanian said these plants
would generate 25–40 direct jobs
and another 400 indirect jobs.

14 DECEMBER 2007

THE HINDU BUSINESS LINE
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total energy consumption, of which
petrol and diesel consumption to-
gether add to about 65 MT per year.
A good part of this demand can be
met through renewable sources,
said Lali. He said the centre would
focus on biofuel to meet the needs
of transport industry. The centre
will also integrate technological
components developed elsewhere
in the country under various re-
search schemes. The technical pro-
gramme will also see collaboration
with industrial and academic part-
ners, including MAHYCO Research
Centre (India); School of Chemical
Engineering-Purdue University
(USA); Department of Chemical and
Biomolecular Engineering-Centre
for Resilience, Ohio State University
(USA); and Bhabha Atomic Research
Centre (India).

2 JANUARY 2008, THE INDIAN EXPRESS

Moser Baer’s new bet
on solar energy

Encouraged by the rising de-
mand for non-conventional en-

ergy, Moser Baer PhotoVoltaic Ltd, a

unit of CD, DVD, and other optical
media maker Moser Baer India Ltd,
is looking at revenues of Rs 6000
crore in 2009 from its thin-film solar
photovoltaic panel factory at Noida,
which will start operating from
April 2008. The Noida unit will be
the world’s second largest such unit
after Phoenix, US-based First Solar
Inc.’s. Photovoltaic cells convert the
sun’s rays into electricity.

The push for Moser into this
manufacturing stems from the
company’s expectation that the
cost of energy generated from such
sources will increasingly become
competitive as compared to elec-
tricity generated from some of the
more expensive conventional
sources, such as diesel, as crude
prices top $100 or Rs 3950 a barrel.

MBPV today has technology,
partly developed in association
with start-up firms it has invested
in, that generates electricity at less
than Rs15 a kilowatt-hour, or unit,
which it expects will drop to under
Rs5 each unit in three to four years,
said Ratul Puri, executive director of
Moser Baer. The cost of generating
so-called peaking power to meet
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biosciences centre to
come up in Mumbai

To find ways of reducing India’s
growing dependence on petro-

leum fuels and cut down emission
of GHGs (greenhouse gases), the
country’s first Centre of Energy
Biosciences will come up at the
UICT (University Institute of Chemi-
cal Technology). The primary objec-
tive of the centre will be to develop
renewable sources of energy with
specific focus on creating a bio-
science and bioengineering plat-
form for developing viable
technologies for bioalcohols, bio-
diesel, biohydrogen, and other
biofuels, said Professor Arvind Lali,
who is coordinating the technical
programme of the centre.

The initial work on the centre
has started and proper infrastruc-
ture will come up soon, Lali added.
Headed by UICT Director J B Joshi,
the centre, sanctioned by the DBT
(Department of Biotechnology) of
Ministry of Science and Technology,
will be established at a cost of Rs 24
crore. According to Lali, the country
produces about 200 MT (million
tonnes) of waste biomass every
year that is unfit for human and ani-
mal consumption. This waste, along
with specially developed high-yield
energy crops, could together pro-
duce enough alcohol to meet the
country’s demand for liquid fuel, he
said. ‘Today there’s no known tech-
nology that can be used to make
the required alcohol from waste
biomass. Hence, the centre will con-
centrate on creating feasible tech-
nologies to produce alcohol in an
ecologically and economically sus-
tainable manner,’ said Lali.

‘Liquid petroleum fuel demand
is more than 25% of the country’s
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small spikes in electricity demand
through diesel or furnace oil is at
around Rs 10 to Rs 12 a unit. Puri is
betting that synergies between
making optical discs and photo-
voltaic panels and efforts to drive
down high prices of solar cells will
push up sales volumes sharply. ‘The
market has extreme price elasticity.
With every 10% fall in pricing, de-
mand increases by 3x to 6x (three to
six times),’ he said.

Moser Baer had made a similar
bet in 2000 when it set up a factory
with the capacity to make 40 mil-
lion compact discs a year (global
demand the previous year was 60
million); today, it has a 17% share in
the $23-billion-a-year market for
discs. The Noida unit will make
equipment capable of generating
60 MW of power just behind First
Solar’s 250 MW capacity today that
is being ramped up to 1 GW. ‘We
plan to ramp up this 60 MW at the
thin film fab in Noida to 200 MW
worth solar energy by the end of
2009. That should get us revenues
of $1.5 billion,’ said Puri. Moser Baer
ended last year with revenues of
more than Rs 2000 crore.

MBPV is also preparing for a
push into electricity generation
through photovoltaic technology.
In November last year, it signed an
agreement with the Rajasthan gov-
ernment to set up a 5 MW solar
power project, which will be the

largest grid-connected solar farm in
India, costing about Rs 100 crore.

Between the first quarter of cal-
endar 2006 and the middle of 2007,
MBPV announced tie-ups with four
firms. One of these, California’s
Solfocus, for instance, develops a
high concentration photovoltaic
product, which uses a large lens to
focus the sun’s rays better on a
small surface. MBPV bought the
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Courtesy: Moser Baer

manufacturing rights and exclusive
distribution rights to make and sell
the product in India and neighbour-
ing countries. MBPV also has a mi-
nority stake in the California-based
nanostructures technology firm
Stion Corp., an innovator of
nanotechnology-based photo-
voltaic products which it will begin
making by 2009–2010.

4 JANUARY 2008, MINT

International Workshop on Bio-hydrogen
Production Technology

Bio-hydrogen – renew-
able hydrogen produced
using biological systems –
is now being considered
as the most ideal route of
producing hydrogen. Bio-
hydrogen production has
several advantages when
compared to photo-
electrochemical or thermo-
chemical processes due
to the low energy requirement and investment cost. The Department
of Biotechnology, IIT Kharagpur organized the International Work-
shop on Biohydrogen Production Technology (IWBT 2008) during 7–9
February 2008. This workshop brought together various workgroups
within India and also gave them an opportunity to interact with the
international scientific community. The Fermentation Technology Lab
at the Department of Biotechnology, IIT (Indian Institute of Technology)
Kharagpur, has been engaged in research on biological hydrogen pro-
duction for more than a decade under the guidance of Prof. Debabrata
Das. Its achievements during this period have been remarkable in terms
of strains isolation/manipulation, bioprocess development, reactor de-
sign, and pilot-scale studies.

The workshop was inaugurated by Prof. K L Chopra. Prof. O N
Srivastava delivered the keynote address on Hydrogen Research in
India. There were 32 foreign delegates in the workshop, and more
than 90 distinguished scientists, investors, and hydrogen enthusiasts
from all over the world. A panel discussion was also organized that
aimed at assessing the present status of bio-hydrogen production
processes. Establishments interested in hydrogen applications also
took this opportunity to introduce their future plans on hydrogen
energy and cooperate with many scientists and their counterparts in
business.

Prof. K L Chopra inaugurating the workshop
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SRight policy and big
scale can help solar
energy industry
prosper

The sun is a giver of life. Our an-
cient rishis composed hymns in

praise of the sun god. Sunlight was
used by early Greeks, native Ameri-
cans, and Chinese to heat their
buildings. They did so by orienting
them towards the sun. Solar energy
drives the climate and weather and
supports virtually all life on the
earth. Heat and light from the sun,
along with solar-based resources
such as wind and wave power, hy-
droelectricity and biomass, account
for over 99.9% of the available flow
of renewable energy. Nearly 3850
ZJ (zetta-joules) of solar energy is
available every year. At any given
point of time, the earth’s upper at-
mosphere receives 174 petawatts of
incoming solar radiation (insola-
tion). About 6% of the insolation is
reflected and 16% is absorbed
when it enters the atmosphere.

Solar power is used to refer to the
conversion of sunlight into electricity.
This can be done either through the
photovoltaic effect or by heating a
transfer fluid to produce steam to run
a generator. India has favourable
natural conditions for large-scale har-
nessing and deployment of solar en-
ergy. Despite these favourable
conditions, out of the total energy
consumption of nearly 120 GW per
annum, only a small fraction is gener-
ated through solar energy. In our
country, so far the solar energy
equipment has been focused to-
wards rural, unelectrified areas as off-
grid applications. Large-scale solar
farms coupled with a promising feed-
in tariff initially would be a right
combination to kickstart the growth

of the commercial solar energy
industry.

Renewable energy is the best
option to manage energy security
concerns in the country. The current
cost of PV energy may be relatively
higher than the average cost of grid
energy, given the high cost of input
materials. However, with increasing
prices of conventional energy, fossil
fuel supply constraints, and de-
creasing cost of solar energy, we are
about to reach an inflection point
where the solar energy costs will be
in the realms of grid energy prices.
It may happen sooner than later,
given the current rate of progress.
With increasing scale and size and
reduction in input material costs in
next few years, the cost of solar en-
ergy should come down by about
25% by 2010. At those price points,
it would become an ideal source of
peaking power requirements of the
grid and increasingly the base load
requirements of the grid.

Globally, the growth in PV installa-
tions has been catalysed by favour-
able policies of countries like
Germany and Japan, which have of-
fered very attractive feed-in tariff
rates for PV installations. Like those
nations, India also needs to put in
laws like feed-in tariff and favourable
solar power-purchase-agreements.

10 JANUARY 2008, THE FINANCIAL EXPRESS

Lucknow University
announces MSc
programme in
renewable energy

The University of Lucknow, keep
ing in mind the role of renew-

able energy in national develop-
ment, has started an innovative
course: MSc Renewable Energy
from the academic session 2007–
2008 with the following objectives.
P To provide training of post-

graduate level in the field of re-
newable energy to graduate
students.

P To provide training of post-
graduate level in the field of re-
newable energy to the
sponsored engineers/technicians
from the Government of India,
state governments, public and
private sector organizations in-
volved in the manufacturing and
promotion of renewable energy
systems and the candidates
sponsored by NGOs.

P To supplement the efforts of the
Government of India and state
government for generating
qualified manpower for populari-
zation of renewable energy sys-
tems to match up the energy
demand and supply.

P To provide training of post-
graduate level in the field of
renewable energy so that the
students after successfully com-
pleting the programme may take
research work in development of
renewable energy systems which
are technologically and economi-
cally viable.

P To contribute in the field of energy
and renewable energy which has
national, regional, and global im-
portance especially in the state of
Uttar Pradesh where there is no
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university offering post-graduate
training in energy/energy man-
agement/energy technology/en-
ergy studies/renewable energy.

The programme is intended to
provide extensive theoretical and
practical training in Energy and En-
vironment; Combustion Technol-
ogy, Heat Power and Electricity;
Solar Thermal Energy Conversion;
Solar Photovoltaic Energy Conver-
sion; Numerical Methods and Com-
putational Techniques; Wind Energy
and Small Hydropower Conversion;
Bio-energy and Conversion Systems;
Energy Management; Waste to En-
ergy Conversion and other Renew-
able Energy Systems; Energy Storage
Systems and New Energy Systems;
Solar Passive Architecture; Energy
Economics and Planning; Renewable
Energy Integration and Decentralized
Generation Systems; and Energy
Modeling and Project Management.

One of the following papers may
be chosen as an Energy Elective pa-
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Use my energy for
a sustainable and
green tomorrow

per during Semester IV of the pro-
gramme—Energy Auditing and Con-
servation, Demand Side Management
of Energy, Energy Measurements and
Control Instrumentation, Electricity
Supply in India: Regulations and Re-
forms, and Power Plant Engineering.

Field visits/industrial training and
project work including seminar and
viva have also been included in the
programme. The MSc (Renewable En-
ergy) programme of the University of
Lucknow is designed in such a way so
as to provide qualified scientific and
technical manpower in the field of
renewable energy. The Ministry of
New and Renewable Energy, Govern-
ment of India including its regional
offices, various state energy develop-
ment agencies, United Nations’ pro-
grammes involved in renewable
energy development and training ac-
tivities, public and private sector or-
ganizations involved in R&D,
manufacturing, demonstration, and
popularization of renewable energy
systems, Indian Renewable Energy

Development Agency, and other
public and private sector funding
agencies, government departments
concerned with the rural develop-
ment, NGOs, and many others may be
prospective employers where the stu-
dents after successfully completing
the programme may find placements.

The eligibility requirement for this
two-year (four-semester) programme
is BE/B Tech or BSc with Physics as
one of the subjects. The admission to
the programme is done based upon
the competitive examination con-
ducted by the University. There are 30
seats for the course out of which 5 are
reserved for the sponsored candi-
dates. The University hopes that the
M Sc Renewable Energy programme
will go a long way in supplementing
the efforts of the Ministry of New and
Renewable Energy for widespread
popularization of renewable energy
systems.

FOR FURTHER DETAILS, CONTACT

DR USHA BAJPAI, COORDINATOR,

MSc PROGRAMME, UNIVERSIT Y OF LUCKNOW
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SUK plans for major

expansion of offshore
wind

Harnessing the vast potential of
the UK’s island status has en-

tered a new phase as UK Energy
Secretary John Hutton announced
proposals to open up its seas to at
least 20 GW of offshore wind en-
ergy by 2020. He also announced
that he will chair a panel of experts
to advise him on renewable energy,
underscoring the UK government’s
determination to play its part in
meeting the EU target of 20% re-
newable energy by 2020. Speaking
to the European energy industry in
Berlin, Hutton launched a Strategic
Environmental Assessment of the
seas surrounding the UK, paving
the way for a possible third round of
wind energy development and
beyond.

‘The draft plan I’m setting out
today could allow companies to de-

velop up to 25 GW of offshore wind
by 2020, in addition to the 8 GW al-
ready planned.’ ‘This potential major
expansion will be subject to the
outcome of a Strategic Environmen-
tal Assessment. But if we could
manage to achieve this, by 2020
enough electricity could be gener-
ated off our shores to power the
equivalent of all of the UK’s homes.
This could be a major contribution
towards meeting the EU’s target of
20% of energy from renewable
sources by 2020.’

The first round of offshore wind
farms, in 2001, comprised a number
of small demonstration projects.
The second round, in 2003, resulted
in the award of options for leases
for larger scale projects in three
designated areas: the Thames Estu-
ary, the Greater Wash, and the
North West. Based on current plans
under the first and second leasing
rounds, about 8 GW of capacity
could be operational by around
2014. This includes the 1 GW Lon-

don Array, which is the largest
planned offshore wind farm in
the world.

The proposal for a possible
third round, and further regu-
lar rounds, of offshore wind
development now an-
nounced would open up the
vast bulk of the UK’s continen-
tal shelf to large-scale devel-
opment. It would allow for up
to a further 25 GW of offshore
capacity on top of the
planned 8 GW. In total, this
could generate enough
power for up to 25 million
homes by 2020. Mr Hutton an-
nounced that he will chair an
enhanced Renewable Advisory
Board with a bigger remit to
advise the government on the
EU 2020 renewable energy

target, and a wider pool of exper-
tise to help deal with the issues and
opportunities across renewable
energy.

18 DECEMBER 2007, REFOCUS WEEKLY

Investment in
renewables $3.4
billion in 2007

Greentech Media, Inc. has re-
leased data on VC (venture

capital) investment in renewable
energy. The data shows that invest-
ment reached $3.4 billion in 2007.
Investment in solar was more than
$1.05 billion in more than 70 financ-
ing rounds. Investment in battery
technology came to $433.9 million
and the energy efficiency/smart
grid sector received $419.1 million
in investments.

According to Greentech, venture
firms also continue to invest in
biofuels such as cellulosic ethanol
and bio-diesel, with more than
$750 million directed towards these
new feedstock and technologies.
Notable alternative energy VC fund-
ing rounds in 2007 included
HelioVolt’s $101 million for thin film
photovoltaics, Great Point’s $100
million for coal gasification, Amyris’
$70 million for synthetic biology
and biofuels, and A123’s $70 million
for innovative battery technology.

‘VC investment in renewable en-
ergy in 2007 was up 50% over the
previous year with more than 220
funding rounds across the entire
spectrum of renewable energy -
from solar to batteries to energy effi-
ciency,’ said Eric Wesoff, senior analyst
at Greentech Media. ‘Investors are
looking for 2008–2010 to be the
years of renewable energy exits.’

23 DECEMBER 2007

WWW.RENEWABLEENERGYACCESS.COM
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E Fuel cell that uses

bacteria to generate
electricity

Researchers at the Biodesign
Institute are using the tiniest

organisms on the planet – bacteria
– as a viable option to make elec-
tricity. In a new study featured in
the journal Biotechnology and Bio-
engineering, lead author Andrew
Kato Marcus and colleagues Cesar
Torres and Bruce Rittmann have
gained critical insights that may
lead to commercialization of a
promising MFC (microbial fuel cell)
technology. ‘We can use any kind of
waste, such as sewage or pig ma-
nure, and the microbial fuel cell will
generate electrical energy,’ said
Marcus, a Civil and Environmental
Engineering graduate student and
a member of the institute’s Center
for Environmental Biotechnology.
Unlike conventional fuel cells that
rely on hydrogen gas as a fuel source,
the microbial fuel cell can handle a
variety of water-based organic fuels.

‘There is a lot of biomass out
there that we look at simply as en-
ergy stored in the wrong place,’ said
Bruce Rittmann, director of the
center. ‘We can take this waste,
keeping it in its normal liquid form,
but allowing the bacteria to convert
the energy value to our society’s
most useful form, electricity. They
get food while we get electricity.’

Waste not
Bacteria have such a rich diversity
that researchers can find a bacte-
rium that can handle almost any
waste compound in their daily diet.
By linking bacterial metabolism di-
rectly with electricity production,
the MFC eliminates the extra steps
necessary in other fuel cell tech-
nologies. ‘We like to work with bac-

teria, because bacteria provide a
cheap source of electricity,’ said
Marcus. There are many types of
MFC reactors and research teams
throughout the world. However, all
reactors share the same operating
principles. All MFCs have a pair of
battery-like terminals: an anode
and cathode electrode. The elec-
trodes are connected by an external
circuit and an electrolyte solution
to help conduct electricity. The dif-
ference in voltage between the an-
ode and cathode, along with the
electron flow in the circuit, gener-
ate electrical power.

In the first step of the MFC, an
anode respiring bacterium breaks
down the organic waste to carbon
dioxide and transfers the electrons
released to the anode. Next, the
electrons travel from the anode,
through an external circuit to gen-
erate electrical energy. Finally, the
electrons complete the circuit by
traveling to the cathode, where
they are taken up by oxygen and
hydrogen ions to form water.

What is the matrix?
‘We knew that the MFC process is
relatively stable, but one of the big-
gest questions is: How do the bac-
teria get the electrons to the
anode?’ said Marcus. The bacteria
depend on the anode for life. The
bacteria at the anode breathe the
anode, much like people breathe
air, by transferring electrons to the
anode. Because bacteria use the
anode in their metabolism, they
strategically position themselves
on the anode surface to form a bac-
terial community called a biofilm.

Bacteria in the biofilm produce a
matrix of material so that they stick
to the anode. The biofilm matrix is
rich with material that can poten-
tially transport electrons. The sticky
biofilm matrix is made up of a com-
plex of extracellular proteins, sug-
ars, and bacterial cells. The matrix
also has been shown to contain tiny
conductive nanowires that may
help facilitate electron conduction.
‘Our numerical model develops and
supports the idea that the bacterial
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electronics, conductors are most
commonly made of materials like
copper that make it easier for a cur-
rent to flow through. ‘In a conduc-
tive matrix, the movement of
electrons is driven by the change in
the electrical potential.’ Like a wa-
terfall, the resulting voltage drop in
the electrical potential pushes the
flow of electrons.

The treatment of the biofilm
matrix as a conductor allowed the
team to describe the transport of
electrons driven by the gradient in
the electrical potential. The rela-
tionship between the biofilm matrix
and the anode could now be de-
scribed by a standard equation for
an electrical circuit, Ohm’s law.
Within the MFC is a complex ecosys-
tem where bacteria are living within
a self-generated matrix that con-
ducts the electrons. ‘The whole
biofilm is acting like the anode it-
self, a living electrode,’ said Marcus.
‘This is why we call it the “biofilm
anode”.’

Life at the jolt
The concept of the ‘biofilm anode’
allowed the team to describe the
transport of electrons from bacteria
to the electrode and the electrical
potential gradient. The importance
of electrical potential is well known
in a traditional fuel cell, but its rel-
evance to bacterial metabolism has
been less clear. The next important
concept the team had to develop
was to understand the response of
bacteria to the electrical potential
within the biofilm matrix.

Bacteria will grow as long as
there is an abundant supply of nu-
trients. Jacques Monod, one of the
founding fathers of molecular biol-
ogy, developed an equation to de-
scribe this relationship. While the

team recognized the importance of
the Monod equation for bacteria
bathed in a rich nutrient broth, the
challenge was to apply the Monod
equation to the anode, a solid.

Previous studies have shown
that the rate of bacterial metabo-
lism at the anode increases when
the electrical potential of the anode
increases. The researchers could
now think of the electrical potential
as fulfilling the same role as a bac-
terial nutrient broth. The team rec-
ognized that the electrical potential
is equivalent to the concentration
of electrons; and the electrons are
precisely what the bacteria transfer
to the anode. Equipped with this
key insight, the team developed a
new model, the Nernst–Monod
equation, to describe the rate of
bacterial metabolism in response to
the ‘concentration of electrons or
the electrical potential.

Promise meeting potential
In their model, the team identified
three crucial variables to control-
ling an MFC: the amount of waste
material (fuel), the accumulation of
biomass on the anode, and the
electrical potential in the biofilm

anode. The third factor is a totally
novel concept in MFC research.
‘Modeling the potential in the
biofilm anode, we now have a han-
dle on how the MFC is working and
why. We can predict how much volt-
age we get and how to maximize
the power output by tweaking the
various factors,’ said Marcus. For ex-
ample, the team has shown that the
biofilm produces more current
when the biofilm thickness is at a
happy medium, not too thick or
thin.

‘If the biofilm is too thick,’ said
Marcus, ‘the electrons have to travel
too far to get to the anode. On the
other hand, if the biofilm is too thin,
it has too few bacteria to extract the
electrons rapidly from the fuel.’ To
harvest the benefits of MFCs, the
research team is using its innova-
tive model to optimize perform-
ance and power output. The
project, which has been funded by
NASA and industrial partners
OpenCEL and NZLegacy, lays out
the framework for MFC research
and development to pursue com-
mercialization of the technology.

2 JANUARY 2008,

WWW.SCIENCEDAILY.COM
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Uttarakhand announces revised policy for
power generation from renewables

The Government of Uttarakhand vide its G.O. No. 263/I(2)/2008-04(8)-96/
2001 dated 29 January 2008 has announced a revised policy for power
generation of electricity through renewable energy sources with private
sector and community participation. The objective of the policy is to cre-
ate conducive environment for private sector/community participation in
power projects based on renewable energy sources. The state proposes
to harness various renewable energy resources such as small hydro,
biomass including cogeneration, solar, and wind with active involvement
of private/public sector/community. The policy envisages purchase of
power by Uttarakhand Power Corporation Ltd at a pre-fixed price, allow-
ing wheeling of electricity through state grid and banking of power. To
facilitate such projects, the state government would provide requisite
clearance in a time-bound manner through a single-window mechanism.

JANUARY–FEBRUARY 2008 13Volume 1 •  Issue 4
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C
REDA (Chhattisgarh
State Renewable De-
velopment Agency)
was established on 25
May 2001. The main

aim behind its formation was to
promote non-conventional and
alternative energy sources. CREDA
has been constituted under the
Department of Energy, Govern-
ment of Chhattisgarh for imple-
mentation of various schemes
pertaining to renewable energy
sources and energy conservation,
registered under Society Act 1973.

C R E D A
towards a renewable
energy future

The controlling body of CREDA is
the governing body with the
Energy Minister, Chhattisgarh
State, as the chairman. Most of the
schemes like the National Pro-
gramme on Biogas Development,
solar thermal, solar photovoltaic,
village electrification, and
biomass gasifier sponsored by the
MNRE, Government of India are
implemented by CREDA, being
the nodal agency in the State.

The Government of Chhattisgarh
has notified CREDA as the desig-
nated agency to coordinate, regu-

late, and enforce the provisions of
the Energy Conservation Act 2001
and implement schemes under the
said Act within the state. This is a
significant step forward for CREDA,
which now, as the state nodal
agency, has the additional responsi-
bility of promoting and developing
energy efficiency, besides facilitat-
ing renewable energy develop-
ment within Chhattisgarh.

In last six years, since its estab-
lishment, CREDA has done exten-
sive work in the field of renewable
energy focusing on rural areas and
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stand-alone devices. CREDA
has implemented projects in the
field of generation of power from
renewable and environment-
friendly sources. Generation of
power from renewable sources is
currently a major focus in India. Re-
alizing this, CREDA has positioned
itself as an organization with
enough financial and human capa-
bilities having a professional or-
ganizational structure. CREDA have
also undertaken extensive human
resource development activities,
which has created a modern work-
ing environment for our staff.

Objectives
P Renewable energy sources to

be exploited in a big way
P Supplement power availability

by generation through non-
conventional energy sources

P Private sector participation in re-
newable-energy-based power
generation to be encouraged

P Assist the Government of India
and Government of Chhattisgarh
in renewable energy programme
implementation

P Information dissemination and
public awareness through
training programmes, publica-
tion, exhibition, seminar, and
conference

P Pursue power projects based
on renewable energy for pri-
vate sector by creating suitable
policy environment

P Formulate and implement a
broad-based energy
conservation programme and a
programme for future energy use

P Support large-scale distribution
and marketing of stand-alone re-
newable energy devices

Organizational set up
CREDA is headed by a chief execu-
tive officer. It has 2 directors, 10
executive engineers, 18 assistant
engineers, 18 junior engineers,
19 mechanics, and 93 supporting
staff to its strength.

CREDA has five regional offices
at Raipur, Bilaspur, Jagdalpur,
Ambikapur, and Rajnandgaon
headed by executive engineers. It
also has 11 district offices at Durg,
Rajnandgaon, Dhamtari, Koria,
Janjgir-Champa, Korba, Kanker,
Dantewada, Raigarh, Jashpur, and
Mahasamund headed by Assistant
Engineers.

Brief overview of
programmes
National biogas and manure
management programme

CREDA has been implementing
the National Project on Biogas
Development for the promotion
of family type biogas plants and
the Community and Institutional
Biogas Plants programme under
the financial assistance of the
state/MNRE. Large-sized plants of
various capacities are also being
installed to meet the cooking fuel
needs of the households in the vil-
lages, temples, and so on. Over
22 000 family size biogas plants
have been installed by CREDA
during the last six years (Table 1).

Hydropower projects
Chhattisgarh has a hydropower
potential of the order of 3000 MW
but only a small fraction (320 MW)
has been exploited so far through
large and small hydropower

projects. The small hydropower
projects are proposed to be devel-
oped as ‘run-of-the-river’ schemes
generally near the confluence
with main streams/rivers in re-
mote areas, which are by and
large approachable through a net-
work of roads in the state. CREDA
sponsored a comprehensive study
to the Alternate Hydro Energy
Centre, IIT Roorkee, to identify
small hydro sources and estimate
the small hydropower potential in
the state of Chhattisgarh. In the
present study, a total of 180 sites
have been identified for viable
power generation under different
categories. The total estimated
potential of all the sites is about
340 MW. The sites identified have
a capacity ranging from 1 kW to 24
kW and are located in various
parts of the state.

Under small hydropower de-
velopment and as per the policy
of Chhattisgarh government, 41
projects have been registered
with CREDA. Out of these, 27
projects of a total capacity of
228.3 MW have been sanctioned
and agreement executed for im-
plementation. Ten projects of a
total capacity of 49.99 MW have
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Table 1 Status of domestic
biogas plants in Chhattisgarh

Achievement
Year (number of plants)

2001/02 3000

2002/03 4641

2003/04 3243

2004/05 3420

2005/06 3881

2006/07 4238

Total 22423
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been sanctioned but an agree-
ment has to be made and two
projects of a total capacity of 18
MW are awaiting sanction.

Solar photovoltaic
programme
About 44% of the total area of
Chhattisgarh is covered with for-
ests. In 1992, the very first SPV (so-
lar photovoltaic) power plant was
installed in the state in Village
Lamni, District Bilaspur. The plant
has been running successfully
since then. More than 632 villages
have been electrified by SPV since
the formation of CREDA. All these
villages are remote and tribal, and
some are even naxal affected. The
electrification is done through
two routes. In big villages, central-
ized SPV power plants are in-
stalled and power is transmitted
from these to individual houses.

Several street lights are also in-
stalled to illuminate streets, and
so on. In the small villages, electri-
fication is done with the help of
SPV home lighting and street
lighting systems.

All these villages have village-
level committees to take care of
primary O&M (operation and
maintenance). For O&M of the sys-
tems, cluster technicians are ap-
pointed to monitor and maintain,
and the technical staff of CREDA
also monitors the systems regu-
larly. Every beneficiary contrib-
utes in the form of connection
tariff to support the O&M. Every
beneficiary family is paying Rs 5
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Solar communication system

Table 2 Estimated potential of small hydro power in Chhattisgarh

Scheme Site Capacity (kW)

DAM TOE 24 19615

Canal fall 14 6775

Run-of-the-river 41 311290

Remote village electrification schemes 101 3100
through small hydropower

Total 180 340780

per month to the village energy
committee for maintenance of the
system. A local person has been
trained to operate the same. He is
paid Rs 400–600 per month for
this job. One mechanic for looking
after systems of 5–6 villages has
also been appointed by the en-
ergy committees.

Electrification of primary
health centres

Various instruments like incuba-
tors, refrigerators, X-ray, and ECG
require electricity. Forty-two pri-
mary health centres in Chhattisgarh
have been electrified so far by
CREDA through SPV.

Solar streetlight in a remote village in Chhattisgarh
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SPV street lighting

At Raipur, SPV street lights have
been installed in places like
Vidhan Sabha, Gandhi Udyan,
Jawahar Udyan, Raj Bhawan, CM
house, Speaker house, and
Chhattisgarh Officer’s Club for
demonstration. Similarly, SPV
street lights have been installed in
the energy park developed by
CREDA.

Community SPV systems

Through SPV electrification, it is
possible to help communities in
carrying out their daily activities
at night as well. Over 152 tribal
hostels have been electrified by
CREDA.

SPV electrification for forest
rest houses and tourism
centres

Forest rest houses in remote areas
like wildlife sanctuaries at Bar-
Navapara, Udanti, and Tourenga
have been illuminated through SPV
systems. Bar-Navapara Tourism cot-
tages have also been electrified
through SPV systems. Kailash Gufa
in District Surguja and Bhoremdeo
in District Kabirdham are some of
the tourist places electrified
through solar systems.

Application of SPV for
telecommunication

WLL (Wireless in Local Loop) is re-
quired for telecommunication in
limited sphere. Normally, WLL is
used in areas where other systems
of telecommunication cannot be
provided. In unelectrified areas
where WLL is to be provided, the
need for electricity can be met
through SPV systems. The WLL at
Village Sarora Dadar, District

villages. These pumps not only
provide drinking water but also
help in the irrigation of fields. The
first SPV pump was installed in Vil-
lage Jabarra, District Dhamtari,
which has about 73 households.
With the subsidy from MNRE as
also financial support from the
state government, many such
pumps were installed with the
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Kabirdham is running with the help
of an SPV system. The cost of such
electrification as compared to the
conventional means is quite less.

Solar water pump
The main objective of the SPV
water pumping scheme was to
facilitate power for pumping
water particularly in unelectrified

RENEWABLE ENERGY AT A GLANCE IN CHHATTISGARH
(as on 31 January 2008)

Programme Achievement Incoming Project

Solar photovoltaic (village 1345.5 kW 5500 kW
electrification)

Solar home light systems 5854 nos 15 000 nos

Solar community lights 190 nos 500 nos

Solar water heating system 300 000 LPD 200 000 LPD
(litres per day)

Solar lantern 3643 nos 5000 nos

Solar street light systems 2015 nos 5000 nos

Solar generator 61 nos 500 nos

Solar dusk to dawn switches 341 nos 500 nos

Electrification through photovoltaic   

(A) Village 386 nos 150 nos

(B) Majra Tola/hamlets 71 nos 50 nos

SPV pump installed 78 nos 100 nos

Biomass gasifier 14 nos 50 nos

Improved crematoria 18 nos 100 nos

Solar cooker (box type) 285 nos 500 nos

Solar cooker (dish type) 157 nos 200 nos

Energy education parks 6 nos 11 nos

Family type biogas 22 448 nos 12 000 nos

Community/institutional biogas 18 nos 15 nos

Windmill 1 nos ——

Wind monitoring station 7 nos 3 nos

Wind Solar Hybrid System 1 (1.6kW) ——

Battery operated vehicle 13 nos 50 nos
(three wheeler)

Small hydro power plants 269 MW 500 MW

Rice husk power plant 11 (100 MW) 37 (455 MW)

Jatropha plantation 3 crore 3 crore

Energy audit 9 nos 30 nos
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help pf forest develop-
ment committees in the
villages. A total of 78
SPV water pumping sys-
tems have been in-
stalled so far by CREDA.
Most of them are of
1800-watt PV array ca-
pacity and are owned by
the forest committees.
All the pumps are work-
ing satisfactorily. For the
year 2007–08, CREDA
has set a target of in-
stalling 100 SPV pumps.

Solar water heating
system

The soft loans and other
incentives provided by
the MNRE, as also em-
phasis on quality stand-
ards has helped a great
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extending several benefits/incen-
tives to encourage investment in
renewable energy sources. CREDA,
the nodal agency is empowered to
consider and approve the projects
coming in the state for generation
of power using renewable energy
sources. Chhattisgarh is one of the
main rice producing states in India.
Processing of paddy in modern rice
mills produces approximately 25%
rice husk.
P Annual production of paddy: 50

lakh tonne
P Total rice produced: 37.5 lakh

tonne
P Rice husk produced: 12.5 lakh

tonne
P Total straw produced: 112.5

lakh tonne
P Waste required for power gen-

eration per MW/day: 36 tonne

Table 3 Solar water heating
systems installed in Chhattisgarh
(by year)

Achievement
Year (in m2 of collector area)

2002/03 36600

2003/04 42000

2004/05 49975

2005/06 113100

2006/07 200475

Biomass based rice husk

P Waste required for power genera-
tion per year/MW: 10 800 tonne

If 50% of the total waste is
available for power generation
then the potential for power gen-
eration in the state is about 575
MW. More than 98 MW power is
now being generated from
biomass in Chhattisgarh, which is
the largest in India.

For any further details readers
may contact CREDA at the
following address:
D2-D3, Shriram Nagar
Near Railway Crossing
Vidhan Sabha Road, Raipur (CG)
Tel. 0771-2284635, 2284339
Fax 0771-4268389
Web www.credacg.com

Article courtesy: CREDA

deal in the manufacture, installa-
tion, financing, and servicing of
solar water heating systems. The
low payback period for urban
households is an added attrac-
tion. So far, CREDA has installed
water heating systems of capacity
4.42 lakh litres per day.

Biomass power

In Chhattisgarh, the government
announced its energy policy by



O
ne may have seen
many kinds of parks
in different parts of
the country. How-
ever, the Indira En-

ergy Education Park at Raipur in
the newly created state of
Chhattisgarh is a park with a dif-
ference. Located approximately 7
km from Raipur cit, on the airport
road, it is a park with the theme of
generation and usage of various
forms of renewable
energy sources—
surrounded by a
beautiful garden
having abundant
greenery, flowers, at-
tractive musical
fountain, and a
unique waterfall. It is
time all of us realize
the urgent need to
use renewable en-
ergy sources to the
maximum in our
day-to-day life, as
conventional forms

of energy are not going to last for
very long. The energy education
park at Raipur has been set up to
create awareness and educate
people in general, and children in
particular, about the various forms
of renewable energy. This is done
through indoor and outdoor ex-
hibits, working models, interac-
tive games, and quizzes. For
toddlers there are solar-operated
toy cars. The entry fee has been

kept very nominal so that maxi-
mum number of people can visit
the park.

Renewable energy
sources in the park

Solar energy

Solar energy manifested in the
form of heat and light can be used
in a number of ways for many pur-
poses. Two principle means are

the thermal route us-
ing heat for cooling,
drying, heating, and
water purification;
and the solar photo-
voltaic route con-
verting light into
electricity, which can
be used for a variety
of purposes such as
lighting, pumping,
communication, and
refrigeration. Visitors
can see various ap-
plications of solar en-
ergy. The garden and
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His Excellency Dr A P J Abdul Kalam,
visits the energy park at Raipur
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buildings in the energy edu-
cation park are illuminated
through the SPV system.

Bioenergy
There are three ways of using
bioenergy sources. They can
be directly burnt to produce
heat, changed to gaseous
fuel such as methane, or
changed into a liquid fuel,
called biofuel. The
Chhattisgarh energy educa-
tion park has one biogas
plant of capacity 10 m3. A
gasifier power plant of 10-
kW capacity is also installed
that produces producer gas
for thermal use as also for power
generation. The biomass gasifier
consumes woody biomass, which
must be regenerated to maintain
the ecological balance. Special
type of fast growing trees, called
energy plants, which are used for
their energy content, can also be
seen in the park.

Wind power

Sun is the primary source of wind
energy. Sunlight warms the sea,
land, and mountains at different

rates, which creates differences in
temperature, and warm air tends
to rise and creates low-pressure
air. Cold air tends to sink and
forms high-pressure air. As warm
air rises, cold air flows in and re-
places it. This air in motion is
called wind. Visitors can see aero-
generator generating power at
the energy education park. There
is a also a micro hydel power plant
in the park harnessing power gen-
erated from water flowing under
pressure.

Ocean energy

Energy is stored in nature in tides,
waves, thermal, and salinity gradi-
ents of the world’s oceans. Al-
though the total energy flux of
each of these renewable energy
sources is large, only a small frac-
tion of this is likely to be exploited
in the foreseeable future. A work-
ing model showing how energy is
generated from oceans and
geothermal as also a solar pond
can be seen in the energy park.
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Visitors enjoying solar boat ride
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Special attractions
in the park

Solar boat

An artificial lake has been
created in the park. Visitors
can enjoy a ride in the solar/
paddle boats in the lake. The
motor of these boats is
driven by batteries charged
with solar modules that are
mounted on the roof of the
boat. Youngsters can enjoy
rides in the small paddle
boats.

Solar car

There also are solar cars for
children up to the age of 10.
The roofs of these cars are
made of solar cells that power the
motor through batteries. Children
can drive these cars and thus
know about pollution-free battery
operated vehicles.

Solar hut

A beautiful solar hut with ethnic
painting by local artists has been
constructed in the park. Solar huts
can be hired for a family get to-
gether or a picnic. The following
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facilities are provided in the
solar hut.
P Air conditioner
P Solar refrigerator
P Solar lighting system
P Solar-powered computer system
P Solar-powered television
P Solar-powered fan and cooler

The electricity required to run
all the above systems is generated
through a solar PV power plant.

Other unique exhibits

Conversion of energy

There are different techniques of
converting one form of energy to
another. The energy conversion
exhibits at the park show different
processes of conversion such as
the following.
P Light to electricity
P Electrical to mechanical
P Chemical to electrical

Cascading waterfall in the Park
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P Mechanical to electrical
P Chemical to sound

Energy past, present, and
future

Permanent exhibits describing the
chronological evolution of energy
and its use can be seen at the
park. A complete history has been
provided, from the usage of mus-
cle power to the use of renewable
sources of energy.

Energy storage

Energy is the capacity to do work.
But to use it whenever it’s re-
quired, energy needs to be stored.

This creates certain problems. For ex-
ample, electricity can be generated
from various sources but it must be
stored and released for distribution
during the time it’s needed. This in-
volves many operational problems.
However, there are several ways to
store energy either on a small or large
scale. The stored energy is demon-
strated as follows in the energy park.
P Kinetic energy stored in a rotat-

ing object
P Electrical energy stored in ca-

pacitors
P Potential energy stored in water
P Electrical energy stored in a

battery

E
N

E
R

G
Y

 
P

A
R

K

P Potential energy stored in a spring
P Energy stored in a magnetic field
P Energy stored in compressed air
P Kinetic energy stored in a mov-

ing object

Various renewable energy
equipment and devices can be
purchased from the Aditya Solar
Shop at the park. Approximately
20 lakh visitors from Chhattisgarh
as also other states have already
visited this energy park. Many for-
eign delegates have also been
here and appreciated the con-
cept. The specialty of this park is
that it is the only self-sustaining en-
ergy education park of Chhattisgarh.
It doesn’t get any government aid
for its maintenance. To meet the ex-
penses of maintenance, renovation,
and so on, CREDA takes entry fee
and also charges for some enter-
tainment activities (boating, view-
ing the musical fountain, and so on).
A handsome revenue is also gener-
ated through booking of solar hut
and the open lawn which is also used
for organizing various ceremonies.

Courtesy: CREDA

Musical fountain in the park

Aditya Solar Shop in the park



JANUARY–FEBRUARY 2008 23Volume 1 •  Issue 4

n the scenario of ever increas-
ing petroleum prices in the
international market, the Plan-
ning Commission, Govern-
ment of India launched ‘Na-

tional Mission on Biodiesel’ with a
view to find cheap and renewable
liquid-fuel-based on vegetable
oils. The report of the ‘National
Mission on Biodiesel’ was submit-
ted in the year 2003 identifying
jatropha as the proper oilseed for
extracting required vegetable oil
to convert it into bio-diesel as a

replacement for petro-diesel.  It
may be mentioned here that
jatropha oil, being non-edible in
nature and coming from forests
spread over large areas, found
very few takers till this mission
was launched.  As per the National
Mission report, the following ob-
jectives were to be achieved.
P Utilizing barren government

land besides farmers’ fallow
land

P Generating additional employ-
ment for the rural masses

P Increasing green cover for over-
all environmental improvement

P Augmenting farmers’ income
from their fallow land through
sale of seeds

P Producing bio-diesel to achieve
energy security goals

P Using bio-diesel for running DG
sets in far-flung rural areas for
power generation

Biofuel potential in
Chhattisgarh
In line with National Mission on
Biodiesel, the Chhattisgarh state
government has taken up an ex-
haustive programme for planting
jatropha on 10 lakh hectares fal-
low and degraded forest land
available in the state, by the year
2012.  This includes land belong-
ing to farmers also, which is lying
unutilized for want of proper soil
strata.  The Government of
Chhattisgarh set up a specific
agency called the CBDA
(Chhattisgarh Biofuel Development
Authority) on 26 January 2005 for
promotion of the biofuel pro-
gramme in the state. The aims and
objectives of CBDA are as follows.
i) Promote R&D facility for under-

taking need-based research
and develop appropriate tech-
nology and extension pack-
ages to attain the targeted
output

ii) Increase rural income and en-
sure women empowerment

iii) Generate rural employment
iv) Promote renewable energy by

harnessing biofuel energy
v) Growing TBOs (tree-borne

oilseeds) and extracting
biofuel through identification
of areas conducive for TBOs
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development in
Chhattisgarh

Jatropha Plantation, Bilaspur

I
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vi) Reduce the import bill of oil
for the country/state

vii) Promote availability of or-
ganic manure

viii) Reduce toxic emission during
combustion of biofuel, which
is practically free of sulphur-
ous compounds

ix) Reduce greenhouse gas emis-
sions through substitution of
fossil fuels with plant oils
based fuels.

About 44% of the geographical
area of Chhattisgarh is under for-

est cover, which produces numer-
ous types of TBOs (tree-borne
oilseeds) such as jatropha, karanj,
mahua, and kusum in abundant
quantities. This provides ample
opportunities for promotion of
biofuel programme in
Chhattisgarh. Substantial fallow
land is also available for undertak-
ing fresh plantation of TBOs. It is
estimated that by undertaking
plantation of jatropha/karanj on
10 lakh hectares of fallow land in
the state, the following produc-
tion (at an average 6 tonne seed/
hectare) will accrue.

Jatropha seed = 60 lakh tonne
Biodiesel = 20 lakh tonne
Deoiled cake = 40 lakh tonne
(bio-manure)
Glycerol = 3 lakh tonne
Biogas = 21 000 lakh

 cubic metres
Electricity = 400 MW

Thus, there is huge potential in
Chhattisgarh for biofuel projects
through private investment.

Policy initiatives by
the Chhattisgarh
government
The Government of Chhattisgarh
is targeting degraded forestland,
government fallow land, and bar-
ren/unused land belonging to
farmers for plantation of TBOs, so
that the set objectives are met
within the time frame. Various
policy initiatives taken by the state
government are given below.

Supply of jatropha saplings
to farmers

The government has taken initia-
tives for raising jatropha saplings
on nurseries/farms belonging to
the forest department, agriculture
department, forest development
corporation, CREDA, and agricul-
ture universities. It also distributes
these saplings for plantation on
unused/barren land belonging to
farmers of the state. Up to 500
jatropha saplings are distributed
free and thereafter Rs 0.50 per
plant is charged from the farmers.
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Villages collecting Jatropha seeds, district Kawardha
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One farmer can take up to maxi-
mum of 5000 jatropha saplings for
planting on his barren land.

Land allotment policy for
investors

To accelerate TBO plantation as
well as bio-diesel production, the
Government of Chhattisgarh has
come out with an innovative
policy for allotting land to govern-
ment organizations. The salient
points of this policy are as follows.
a) Government wasteland will be

leased to a government organi-
zation for TBO cultivation and
setting up of bio-diesel
processing unit.

b) Lessee may get the TBO cultiva-
tion and bio-diesel-based
processing unit managed by a
company in which the lessee
government organization has
at least 26% shareholder.

c) Government wasteland will be
allotted initially for 20 years and
may extend for a further period
of 10 years.

d) Yearly lease rent per hectare
shall be as under.
1st year – Rs 500
2nd to 5th year – Rs 625
6th and 7th year – Rs 900
8th year onward – Rs 1400

e) Security deposit at Rs 5000 per
hectare would have to be paid
which will be refunded without
interest after completion of the
project.

f ) If the lessee contravenes any
Provision, Act, or Rules inforce
or the conditions of the lease,
the lease would be cancelled.
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Chhattisgarh State Minor Forest
Produce Federation, Raipur has
been made the State Procurement
Agency, which is procuring the
jatropha/karanj seeds through its
913 primary forest cooperative so-
cieties spread all over the state.

Progress achieved
so far
The CBDA has promoted jatropha
plantation on unutilized land of
the farmers by providing jatropha
saplings free of cost or on nominal
supply price and simultaneously
inviting private investment for
jatropha plantation on government

Biodiesel plant installed at Energy Park, Raipur, 3000 LPD

Support price for purchase
of TBOs

To ensure that farmers going in for
planting jatropha on their fallow
land get proper price for their
TBOs produce, the Government of
Chhattisgarh has declared sup-
port price for procurement of the
same.  The support prices fixed for
various seeds /oil are as under.

Jatropha seed = Rs 650 per
quintal

Karanj seed = Rs 550 per
quintal

Jatropha/ = Rs 18 per litre
karanj oil



26 JANUARY–FEBRUARY 2008 Volume 1 •  Issue 4

and also on government fal-
low lands during the last
three years

iv) Arranged 195 farmer’s
trainings for jatropha cultiva-
tion

v) Got more than 800 stage
shows arranged in rural areas
for sensitizing farmers about
the benefits of biofuel pro-
gramme

vi) Set up bio-diesel plant of 3 kl/
day capacity at Raipur

vii) Declared government sup-
port price for karanj/jatropha
seeds and their oil

viii) Besides these, the chief minis-
ter’s official vehicle is also
running on pure bio-diesel

Action plan for the
current year (2007–
2008)
During the current year, the action
plan for biofuel development is as
follows.
i) Jatropha plantation

a) 17.3 crore jatropha saplings
have been planted/distrib-
uted during the year

b) Pilot demonstration planta-
tion on 300-acre fallow land
in each district

c) Encouraging private inves-
tors for contract farming

ii) 351 stage shows organized in
rural areas for sensitizing farm-
ers

iii) Exemplary plantation to be
suitably awarded

iv) Scheme finalized for setting
up bio-diesel-based power
generators for rural electrifica-
tion in a cluster of 50 remote
villages

v) Government policy to allot
government revenue fallow
land to joint venture pro-
moted by a government or-
ganization to whom
government fallow land has
been allotted, to undertake
jatropha/karanj plantation and
also to setup bio-diesel plant

vi) State-of-the-art laboratory for
exercising quality control on
jatropha/karanj oils and bio-
diesel, setup with a total out-
lay of Rs 1.5 crore

land besides setting up bio-diesel
processing units, in a big way.

The various achievements
made so far are summed up as
under.
i) Identified government waste/

fallow land for jatropha plan-
tation

ii) Formation of task force in
each district under the chair-
manship of the district collec-
tor

iii) Raised 40 crore jatropha sap-
lings in nurseries of different
departments and got them
planted on about 160 000
hectares of barren/fallow
land belonging to farmers
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Projected socio-
economic benefits to
the state
Once the targeted area of 1 mil-
lion hectare is brought under
jatropha plantation by the year
2012, the state will accrue the fol-
lowing benefits.
i) On an average, 1 hectare of

jatropha plantation yields 2 kl
bio-diesel, approximately 20
lakh tonnes of bio-diesel will
be produced, valued at Rs 5000
crore every year (at the current
rate of Rs 25 per litre). The
present annual consumption of
diesel in Chhattisgarh state is
about 8 lakh kl.

ii) For undertaking jatropha plan-
tation on 10 lakh hectares of
fallow land, manual labour to
the tune of almost 3000 lakh
mandays would be required for
digging the pits, planting the
saplings, intercultural opera-
tions, and other agricultural
operations for the first 2 years.
This alone will translate into al-
most Rs 1800 crore as the la-
bour wages for rural masses (as
per current labour rate).
Manual labour involved in
post-harvest operations be-
sides processing oil for making
bio-diesel, would be over and
above this.

iii) The proposed large-scale
jatropha plantation will sub-
stantially reduce greenhouse
gases in the atmosphere by ab-
sorbing CO

2
 from atmosphere.

This will also provide opportu-
nity to the state for trading CO

2

internationally, to the coun-
tries having much higher pollu-
tion level, in the light of Kyoto
Protocol.

On an average 1 hectare of
jatropha plantation absorbs 10
tonnes of CO

2
 from the atmos-

phere and as such 1 million
hectares shall result in absorp-
tion of 10 million tonnes of CO

2

from atmosphere. Even on the
basis of prevailing trading rate
of about $10 per tonne of CO

2
,

the state will be in a position to
trade CO

2
 to the extent of more

than Rs 450 crore internation-
ally every year.

iv) By processing jatropha crop of
1 million hectare, apart from
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getting 20 lakh tonnes of bio-
diesel, 40 lakh tonnes of pre-
mium quality bio-manure
would be received for use in
agriculture sector. This bio-ma-
nure (possessing 6% N) besides
providing much needed major
and micro nutrients to the soils
will also help in preserving soil
humus, so much necessary to
preserve soil quality which is
getting imbalanced due to per-
sistent use of chemical fertiliz-
ers. Even by taking a nominal
cost of Rs 2 per kg for this bio-
manure, the value of bio-ma-
nure so produced will be in the
range of Rs 800 crore annually.

v) Other benefits accruing out of
the biofuel programme shall
be overall environmental im-
provement, improved soil fer-
tility of barren land, achieving
energy security goals locally,
and saving appreciable cost
being incurred on transporta-
tion of fossil fuel at present.
Besides this, it will also help in
generating additional employ-
ment at the village level
through large-scale plantation
as also installation of oil expel-
ler/transesterification units.
Thus, the Chhattisgarh govern-
ment is making all efforts to
harness the available re-
sources.

Article courtesy: Chhattisgarh
Biofuel Development Authority,

Raipur
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Plant with fruits, Pendra Road,
Bilaspur
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Introduction

obody doubts that
the availability of
electricity is today
inherent to the qual-
ity of life and to mod-

ern civilization because of the
facility to transport electricity and
transform it efficiently into other
forms of useful energy. Whereas in
developed countries practically
everybody has electricity in their
home, by far this is not the case in
developing countries, where
about 2 billion people, mostly liv-
ing in rural areas, still don’t have
access to electricity. Rural electri-
fication in developing countries is
therefore, necessary for sustain-
able development as also to re-
duce migration from the
countryside to the towns. Conven-
tional rural electrification through
connection to an electrical na-

Shailendra Shukla , Director, CREDA

tional grid is however very expen-
sive. For example, further exten-
sion of the electric grid in
Chhattisgarh today costs on an
average more than Rs 50 000 per
connection point. This cost will in-
crease significantly within the
next years, because the popula-
tion that still has to be connected

N
to the grid is living in more and
more remote and isolated regions.

As an alternative, locally gener-
ated electricity has to be consid-
ered. As mini hydro, or other local
energy resources are available
only at few places, local genera-
tion of electricity with diesel gen-
erators, together with local grids,

for sustainable rural electrification:
the Chhattisgarh experience
for sustainable rural electrification:
the Chhattisgarh experience
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was for a long time considered as
the best alternative for rural elec-
trification in remote areas of de-
veloping countries. However,
experience has shown that this is
not a sustainable solution and,
therefore, in the long run, is even
more expensive than the connec-
tion to the national grid. In the
face of this situation and, in view
of the development of a more
mature solar photovoltaic technol-
ogy as also increasing awareness on
the importance of ecological con-
siderations, photovoltaics have
been considered as an alternative
for basic rural electrification in
many developing countries since
the 1970s.

Several governments and inter-
national organizations, like GEF/
UNDP or World Bank, have executed
photovoltaic rural electrification
projects in developing countries. As
a result, solar photovoltaics repre-
sent, for many rural areas in devel-
oping countries, the only real
possibility of sustainable electrifica-
tion, and improved livelihoods. De-
spite this awareness, only few
successful projects have been re-
ported. The high investment cost of
PV is normally considered as the
main barrier, together with related
problems like financing.

Solar photovoltaic
based rural electrifica-
tion in Chhattisgarh

As in many developing countries,
solar PV is particularly suited for ru-
ral electrification in Chhattisgarh.
About 37% of the 26 million peo-
ple in Chhattisgarh still don’t have
electricity as most of them live in
rural areas. In the next 10 to 20

years, they will be without elec-
tricity in their houses, because of
the very high costs of connection
to the national grid. On the other
side, in most parts of the state ex-
ists a high availability of solar en-
ergy—the solar radiation is high
and rather uniform during the
year, with monthly means of 5–6
kWh/m2/day. In Chhattisgarh till
today only modest efforts were
made with PV rural electrification.
The first PV rural electrification
project in Chhattisgarh was real-
ized in 1992–1993 in village
Lamani of Bilaspur District. A so-
cial and economical study showed
that the rural population ac-
cepted this new technology easily
(there was no cultural rejection)
and that the monthly charges on
user are lesser than the expendi-
ture these people incur on can-
dles and kerosene for lighting, dry
batteries for radios and, eventu-
ally, car batteries for b/w TVs
(these batteries have to be re-
charged in the nearest village
where electricity is available).

Despite these good results, the
project discontinued, because the
Madhya Pradesh Urja Vikas Nigam,
the then nodal agency, could not
follow up the programme in the
required manner. Also, at that
time the focus of state govern-
ment was not much on these
types of schemes. The next PV ru-
ral electrification project started
in 2002–2003, when Chhattisgarh
was constituted as a new state. In-
stallation of more than 1000 solar
power plants and more than 25
000 solar home lighting systems
was completed within five years.
The government maintains the
ownership of the solar power
plants (a special state owned
agency, named CREDA, founded
for this reason). Each village has a
VEC (village energy committee)
and each family had to pay a mini-
mal charge of Rs 20–25 monthly
towards maintenance costs (in-
cluding eventual battery replace-
ment). The idea was that these
amounts should depend on a pre-
vious social evaluation of the

A 4 kW solar photovoltaic power plant at village Navapara in Chhattisgarh
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community, but should be the
same in a particular community.

Each user signed a contract
with the VEC, in which it is estab-
lished that the connection will be
taken away if the user is three
months late in his monthly pay-
ments. Only a short training for
maintenance was given to the us-
ers during the installation of the
solar systems, and practically all
post-installation services are pro-
vided by CREDA or its service pro-
viders. CREDA conducts vigorous
training programmes for opera-
tors and technicians. There are op-
erators in each solar electrified
village and one technician is there
in each cluster of such villages
(10–15). Information from differ-
ent sources indicates that almost
all these systems work regularly
and that users pay the monthly
maintenance costs.

The biomass-based
power plant at Korba
In order to contribute to the
elaboration and evaluation of a

sustainable rural electrification
scheme, the NTPC (National Ther-
mal Power Corporation) proposed
to execute a gasifier-based decen-
tralized power plant pilot project.

After a preliminary survey, it was
decided to develop the project in
the rural tribal community of Korba
district. About 75 families, with agri-
culture as livelihood, were covered
with this project. The system con-
sisted of a 20 kWp gasifier, a 48 V,
400 A storage battery, a battery
charge controller, and 3 x 11 W fluo-
rescent tubes in each house with
one plug point. The best bid of a
NGO, TERI resulted in a cost of about
Rs 20 lakh (all components indig-
enous). The essential characteristics
of the project were as follows.
P Strong involvement of the users

in the project, particularly in
their training for simple mainte-
nance operations

P Severe quality control of all the
components of the gasifier sys-
tem and its installation

P Five years of post-sale service
P The beneficiaries (end users)

had to buy their light fixtures,

paying most part of the costs,
but with facilities

P The costs of maintenance are
assumed by the community

Based on these achievements,
in 2006, NTPC went a step further.
Today, three more villages of the
same locality have gasifier power
plants of 10 kW each. The VEC cre-
ated a revolving fund with the
monthly charges. Today, all these
four gasifier power plants are op-
erating well.

Barnavapara sanctu-
ary area
In an opinion poll made in
Barnavapara sanctuary area,
where most of the villages are
electrified through solar systems,
about the requirements to im-
prove the tourist services, solar
electrification was named in the
first place, ahead of other needs
to improve the local infrastructure
(sanitary installations of lodges,
transportation, and so on).

Solar tourist cottages
In this context, the ‘tourist cot-
tages’ project may also be named.
Bar is a small village at the centre
of forest sanctuary where rural
ecological ‘solar lodge’ (tourist
cottages) was build seven years
ago. This is the first example in
Chhattisgarh of an ‘all solar’ hotel,
with solar cookers, solar water
pumping system, and a 7 kWp
photovoltaic system for illumina-
tion, fans, power point and water
pumping, and refrigeration.
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The way ahead
In order to evaluate the possibili-
ties of rural electrification with
photovoltaic systems, as also to
identify the characteristics that a
massive PV programme has to
have and what kind of barriers ex-
ist, CREDA conducted a survey on
‘Management and administration
of projects of photovoltaic rural
electrification projects’. In this
study, different experiences of
photovoltaic rural electrification
in different areas of the state had
been observed and the objectives
of rural electrification had been
discussed, as well as the essential
attributes that a rural electrifica-
tion programme should have.

As discussed at this workshop,
as well as from the continuous ex-
periences with rural PV electrifica-
tion projects in Peru, and other
Latin American countries, one can
get the following conclusions.
a) A solar home system of 50 Wp

can produce 5–6 kWh of elec-
tricity per month and today
costs Rs 250 per watt in
Chhattisgarh, including the
costs of installation, training of
the users, and post-sale service.
This is less than the average
cost of connecting a rural house
to the national grid. As different
studies have shown, this
amount of energy is sufficient
to satisfy the needs of illumina-
tion and telecommunications
(radio, TV) of a rural family and
may be compared with 10–15
kWh per month consumed by
rural families in Chhattisgarh
that have been connected to
the public grid. Additionally, an
SHLS or SPP can be enlarged

later on, according to the ne-
cessities and economical possi-
bilities of its user.

b) There exists today a mature
photovoltaic technology, that
permits to satisfy the basic
needs of electricity of the rural
population, needs that are
mainly for illumination and tel-
ecommunication (telephone,
TV, radio). However, one has to
select very carefully the com-
ponents of the SHLS and SPP,
specially the battery, charge con-
troller and lamps, because many
of these parts available in the
market are still of low quality. For
this purpose the BIS or MNRE
standard for solar systems may
be very useful, especially be-
cause it permits to evaluate a
SHLS or SPP in the field, requiring
only simple instruments.

c) The possibilities, characteristics,
and limitations of the photo-
voltaic technology are still not
well-known in Chhattisgarh, in-
cluding among professionals

working in electrification. This is a
major barrier to a massive dis-
semination of photovoltaic rural
electrification.

d) The photovoltaic technology is
easily accepted by the rural
population and, if known,
would be considered useful by
people.

e) The costs for illumination with
candles and kerosene lamps
and batteries for radio and TV
are to date for a big part of the
rural population similar or
higher than the costs (put on an
annual bases) of a SHLS/SPP,
that satisfies these needs well.

f ) The beneficiary has to be moti-
vated to acquire his SHLS/SPP.
Thus, he has to previously know
the SHLS/SPP, its benefits, and
its limitations.

g) The experience of Chhattisgarh
(as well as of other places) has
demonstrated that for basic ru-
ral electrification it is best to in-
stall in each house individually
and independently its own
SHLS if the number of house

5 kWp solar photovoltaic plant at Nahagida
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holds are 25 or if the houses are
located in a scattered manner,
instead of installing a central-
ized photovoltaic system in a
community.

h) Except in few cases, the major-
ity of the rural population of
Chhattisgarh doesn’t have the
economical capacity to pay
cash for an SHLS, but needs a
credit scheme. In this relation it
may be remembered that the
traditional rural electrification
through grid extension in
Chhattisgarh is completely paid
by the government.

i) It is basically possible to elec-
trify remote rural regions with
SHLS/SPP within a free market
economy where the user has to
pay for the service he gets, but
where the government sup-
ports the financing of the SHLS/
SPP and pays the communal
photovoltaic systems, like in
schools or health posts. Based
on the exposed arguments, we

consider that the Chhattisgarh
project has demonstrated a real
possibility to get a sustainable
basic rural electrification with
SHLS/SPP systems. We think
that there are two essential in-
gredients for the success of this
project: on one side, that the
beneficiaries of the SHLS/SPP
are finally their owners, moti-
vating them to maintain ad-
equately their systems and, on
the other hand, that a severe
quality control of the equip-
ment and of the installation as
well as a post installation assist-
ance had been included (train-
ing, monitoring, replacement of
defect equipment, and so on.)

There are other schemes of
management and organization for
rural photovoltaic electrification
projects, but all these other
schemes have still to prove their
sustainability. It would be conven-
ient if public institutions and au-

thorities working in social
projects would visit
Chhattisgarh and get a di-
rect impression of this
project and check with
the local population the
arguments exposed in this
article in favour of a rural
electrification with SHLS/
SPP. We consider it would
be convenient to follow
the model of
Chhattisgarh, to improve
it and reproduce it in
other regions. In particu-
lar, it would be necessary
to study the amount and
the form of the necessary
subsidize if one wants to
reach practically the

whole rural population. We sug-
gest that the government follows
this scheme, assuming initially at
least the costs of management and
administration of the projects and
the training of promoters and ben-
eficiaries.

In this way one could reach
within few years a real and sus-
tainable electrification of exten-
sive rural regions of Chhattisgarh,
with a limited cost to the govern-
ment and in the frame of an eco-
logical sane development of rural
regions of the country. Solar sys-
tems are the best, and mostly the
only alternative for the electrifica-
tion of many remote rural areas,
but there has to be governmental
involvement, particularly to get
the necessary financing and even-
tual subsidy, and special care has
to be given to different aspects,
like the involvement of the users,
a good post installation service
and good quality of all the com-
ponents of the solar system.

Kailash Gufa illuminated with solar power
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T
he spread of various re-
newable energy tech-
nologies has been
aided by a variety of
policy and support

measures by the Government of
India. Some major policy initia-
tives taken to encourage private/
FDI (foreign direct investment) to
tap energy from renewable en-
ergy sources include provision of
fiscal and financial incentives un-
der a wide range of programmes
being implemented by the MNRE
and simplification of procedures
for private investment, including
FDI, in renewable energy projects.
The policy is clearly directed to-
wards a greater thrust on the
overall development and promo-
tion of renewable energy tech-
nologies and applications. The
recent policy measures provide
excellent opportunities for in-
creased investment in this
sector, technology up-gradation,
induction of new technologies,
market development, and export
promotion.

State government’s
policy for renewable
energy
For encouraging investment by
the private and public sector com-
panies in power generation
through renewable energy, a set
of guidelines has been issued by
the MNRE. As a result, a number of
states have announced policy pack-
ages including wheeling, banking,
third party sale, and buy-back. In
addition to this, some states are
providing concession/exemption in
state sales tax and Octroi etc. This
article provides a brief overview of

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

Policy initiatives for
promotion of renewable
energy in Chhattisgarh

the policy initiatives taken by
CREDA to promote renewable en-
ergy in Chhattisgarh.

Policy directives on
incentives to units
generating power
from non-conven-
tional energy sources
in Chhattisgarh
[vide notification no. 38, dated 8
April 2002 of the energy depart-
ment]
P Every unit, organization, or pri-

vate agency desirous of install-
ing power generating unit
based on non-conventional re-
sources (like mini/micro, hydel

projects, wind energy,
bioenergy, and solar energy) in
Chhattisgarh shall be eligible
for incentives.

P These parties may set up units
either themselves or as a joint
venture with CREDA

P There will be no restrictions on
generation capacity. The par-
ties may use the power gener-
ated themselves at the point of
generation or at any other
place or sell it to a third party
after obtaining permission from
the CSEB (Chhattisgarh State
Electricity Board). CSEB may also
purchase the power generated
by these units as per circum-
stances and its requirement.
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P Wheeling through CSEB’s trans-
mission/distribution system will
be allowed on payment of
wheeling charges to CSEB at
rates fixed by them from time to
time. The state government will
not compensate CSEB towards
line losses and so on for the
power wheeled. The wheeling
charges will be irrespective of
the distance to which the
power is wheeled.

P If power generated through
non-conventional energy
sources is purchased by CSEB
then the rate of purchase will
be Rs 2.25 per unit. For sale of
power to a third party, the rates
will have to be settled mutually
between the generating party
and the third party, which
would purchase the power.

P Electricity generated from non-
conventional energy sources
sold to third party or consumed
by the party itself will be ex-
empted from payment of elec-
tricity duty for five years if
capacity of power plant is be-
low 10 MW. Period of this ex-
emption will be three years if
capacity of the power plant is
10 MW or above.

P Meters and equipments re-
quired for the sale of power will
be installed by the party, and its

cost and at the points decided
by CSEB. These meters and
components will have to be
duly approved and tested by
CSEB.

P The transmission/distribution
lines and transformers required
for transmitting power from a
non-conventional energy gen-
erating unit to the nearest grid
sub-station of CSEB and also
equipments required for syn-
chronizing, protection, and so
on will be installed by the party
themselves as per specifica-
tions of CSEB, or these can be
installed by CSEB at the cost of
the party. These lines/
equipments will be maintained
by CSEB, but the party will be
required to pay operation and
maintenance charges as fixed
by CSEB, from time to time.

P If the power producer takes re-
active power from CSEB, they
will be required to pay reactive
power charges to CSEB.

P If power producer requires start
up power for operation and
maintenance of the power
plant, he will have to pay dou-
ble the charges of CSEB for 33
kV-two part tariff.

P Government land, if available,
will be leased out to the party,
keeping in view their minimum

requirement, by In-
dustries Depart-
ment, Government
of Chhattisgarh, as
per their norms. In
case of non-avail-
ability of govern-
ment land, private
land will be ac-
quired by the gov-
ernment and made

available to the party at acquisi-
tion cost. No service charges
will be payable for use of the
land. Permission will not be re-
quired for diversion of the land.
Party will have to submit infor-
mation regarding use of land to
the concerned district collector.

P New power generating units
based on non-conventional en-
ergy sources will be treated like
new industry and they will be
entitled to all the concessions
given to new industrial units.

P Parties desirous of setting up
non conventional power gener-
ating system will be required to
give their application to CEO
(Chief Executive Officer), CREDA
with a copy to Secretary, CSEB
for permission. After approval
by CEO, CREDA, the generating
unit and also the user unit will
be required to enter into agree-
ments with CSEB.

Policy directives on
allotments of sites
and incentives to
small hydel projects
up to 10 MW
P Investment in small hydel

power plants SHPs (small
hydel power plants) will be
generally installed by private
investors. But, wherever neces-
sary, the nodal agency that is,
CREDA can also install SHPs
with its own funds or through
joint venture company formed
by CREDA. CSEB can also install
SHPs as and when necessary.

P Identification of sites For any
project, the nodal agency
would get the pre-feasibility re-
ports prepared and then offer
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site to the developer. Projects
can also be identified by
developer(s) on their own, pro-
vided they are not in conflict
with the planned/alloted
project of the government and
irrigation/drinking water plan
of the state government, and
may approach the nodal
agency for allotment. The nodal
agency would get the permis-
sion/NOCs required from other
department.

P Application and processing
fee A non-refundable appli-
cation fee of Rs 5 per kW sub-
ject to a minimum of Rs 10 000
will be charged from each ap-
plicant entrepreneur enter-
prise. Applicant should submit
two sets of pre-feasibility re-
port based on scientifically col-
lected and factual data
obtained from
recognized sources along with
a processing fee of Rs 25 per kW
subject to a minimum of Rs 25
000 to be paid while applying
for the project. Processing fee
would be returned if the site is
not alloted to the applicant.

P Eligibility conditions and ba-
sis of allotment Criteria for
the award of sites by the nodal
agency would be as follows.
• Applicant should be a citizen

of India. In case the applicant
is a company, the company
must be registered in India.

• Applicant/company should
have previous experience and
should be technically sound
and economically viable unit.

• If the applicant/company shall
be providing benefits of the
plant to unelectrified villages
and the scheme envisages

wheeling for this purpose,
preference shall be given to
such applicant/company.

• In case of multiple response
for a given site invited by
CREDA, the award of site shall
be done according to merit
list prepared on the basis of
criteria given above.

• In case of multiple response to
sites selected by the appli-
cants themselves, the allot-
ment shall be on ‘first come
first served’ basis.

P Wheeling of electricity The
entrepreneur can wheel elec-
tricity produced at the power
plant to his unit or that of a
third party or sister concern us-
ing the grid of the CSEB. Wheel-
ing charge shall be fixed as per
policy of CSEB. In case the pur-
chaser unit is outside the state
wheeling charges shall be de-
cided by the SEBs of two states.

P Sale of excess power to
CSEB CSEB shall mandatorily

buy the excess power after ac-
tual captive consumption by
the Entrepreneur or sale to
third party/sister unit. The CSEB
will buy this excess power @ Rs
2.25 per unit. The government
may revise this rate from time
to time.

P Expenditure on grid inter-
face/transmission line The
expenditure required for evacu-
ation of power like grid inter-
facing equipment and
transmission line shall be borne
by the entrepreneur if the
transmission line is up to a dis-
tance of 2 km. For distances ex-
ceeding 2 km, the expenditure
on laying of transmission lines
shall be shared equally by the
entrepreneur and CSEB. How-
ever, cost sharing by CSEB will
be limited up to a maximum
distance of 5 km. Laying of the
transmission line shall be done
by CSEB.

Biomass-based power plant
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P Water royalty Water royalty
will be payable to the Water Re-
sources Department, Govern-
ment of Chhattisgarh at rates
prescribed by that department
from time to time.

P Electricity duty No electricity
duty shall be payable for five
years from the date of commis-
sioning the SHP installed as the
NCE policy of the state an-
nounced vide its circular No. 38
dated 8 April 2002.

P Allotment of land Award of
land shall be done by the dis-
trict/division/state level com-
mittee/board constituted
under the C G Industrial Invest-
ment Promotion Act 2002.

P Time limit for project execu-
tion
• The entrepreneur shall ex-

ecute the project within the
maximum period of 3 years
from the date of approval of
the DPR (detailed project re-
port) submitted by him.

• Time limits for various stages
of the project shall be set by
CREDA at the time of ap-
proval of the DPR.

Policy for promotion
of power generation
from wind
P CREDA will be the nodal agency

for wind power development in
the state under the Department
of Energy. CREDA shall carry out
wind monitoring for identifying
the wind power potential in the
state. Participation of the private
sector shall also be encouraged.
Any renowned wind-energy con-
sulting firm or manufacturer of
wind energy generators – en-
listed with the MNRE and inter-
ested in wind energy
prospecting may be permitted to
conduct wind monitoring. No
two prospectors shall be allowed
to conduct studies within a dis-
tance of 50 km from each other.
The allotted firm shall carry out
the monitoring for at least 24
consecutive months and shall
have its data verified by the insti-
tution recommended by the
MNRE for the purpose. After re-
ceiving the verification and certi-
fication for the ‘monitored data’,
the site will be declared as an
‘eligible site’.

• CREDA may cancel the allot-
ment of site in case of non-ex-
ecution of the project within
time limits bet for various
stages of the project or due to
the failure to make the plant
operational within a period of
3 years from the approval of
the DPR. CREDA may increase
the time limit(s) in case the
delay is due to unavoidable
circumstance.

P Transfer of allotment The al-
lottee cannot transfer the site
awarded to him. In case the al-
lottee is a company, the actual
portion of the promoter equity
shall remain non transferable.
After commissioning of the
project the system can be trans-
ferred only with the prior per-
mission of the nodal agency.

P I n t e r - d e p a r t m e n t a l
coordination Inter- depar t-
mental coordination shall be
done by the district/divisional/
state-level committee/board
constituted under the
Chhattisgarh Industrial Invest-
ment Promotion Act 2002.

P The policy directives shall be in
force for a period of 5 years.
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P The wind energy developer
will be selected on the basis
of an open tender for the in-
stallation of wind energy
generators at ‘eligible site’
identified by CREDA. Such
developer will be given the
land-use right for the instal-
lation of generator within a
radius of 25 km from the ‘eli-
gible site’. If any private de-
veloper identifies an
‘eligible site’, then first right
for installation of the gen-
erator will be given to that
developer with land within
10 km radius of the ‘eligible
site’.

P Grid interfacing and mainte-
nance will be undertaken by
the developer as per the speci-
fications of the CSEB at their
own expenses. However, should
the developer so desire, the
CSEB could undertake these
works, on payment of charges
to be decided by it.

P The state government or its
nominated agency shall have
the first right to purchase the
electrical energy generated by
the wind energy generator at
the rate decided by the CSERC.
In the case of non-purchase of
the power by the state govern-
ment or its nominated agency,
the developer will be at liberty
to sell the power to a third
party.

P CSEB will undertake to transmit
on its grid the power generated
by the eligible developer and
make it available to him for cap-
tive use or to the third party
nominated by him (developer),
at the charges determined by
the CSERC, irrespective of the

distance from the generating
station.

P The land-use permission for the
land owned by the government
will be given to the developer
for 30 years or period of
project—whichever is earlier.
The government land required
for such a project shall be allot-
ted to the selected developer in
accordance with the require-
ment conveyed by the energy
department to the revenue de-
partment.

P If private land is required for the
implementation of power
projects then the option for its
use will be one of the following.
a) Acquisition of land will be

carried out as per the ideal
rehabilitation policy under
land acquisition act of the
state government.

b) If the landowner selects the
option of giving the right to
use his land for the project
to the developer then the
developer shall have to pay
an annual rent of Rs 5000 per

acre to the landowner. This
rent will be increased at the
rate of 15% every three
years. This arrangement will
be in force for 30 years. The
time limit for land-use right
can be further increased
with the approval from the
state government subject to
the developer following all
terms and conditions of the
MoU.

P Necessary approvals for the
project from all departments
will be accorded as per the pro-
visions of the Chhattisgarh In-
dustrial Investment Promotion
Act.

P Wind energy generating com-
panies shall also be eligible for
all the incentives for new indus-
tries, declared in the industrial
policy of the Department of In-
dustries of the Government of
Chhattisgarh. Such firms will
have to abide by the duties laid
down in the industrial policy
and in all the prevalent policies
of the government.
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ower, a crucial factor for
development, is inac-
cessible to many living
in the remote ramparts
of Chhattisgarh, where

the major economic activity is ag-
riculture and collecting forest pro-
duce. The supply of power
particularly to such remote areas
is of great significance for acceler-
ating growth.

At present according to an offi-
cial estimate of the state electric-
ity board, about 16 000 villages in

ACHANAKMAR SANCTUARY

the lives that light changed

... according to an
official estimate of the
state electricity board,
about 16 000 villages
in the state were
unelectrified at the
time of formation of
the new state. Out of
these 16 000, about
1250 are indeed re-
mote and geographi-
cally isolated. The
state electricity board
has already declared
these villages ‘inacces-
sible to grid power’...

P
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the state were unelectrified at the
time of formation of the new
state. Out of these 16 000, about
1250 are indeed remote and geo-
graphically isolated. The state
electricity board has already de-
clared these villages ‘inaccessible
to grid power’. The responsibility
of providing electricity is being
shouldered by CREDA, an agency
constituted under the Ministry of
Energy, Government of
Chhattisgarh. CREDA took initia-
tive in producing power locally
through imaginative and viable
schemes.

Achanakmar Sanctuary is
known for beautiful forest and
wildlife. The life of people living in
these remote areas on the fringes
of the reserved forest is far from
being ‘beautiful’. There was hardly
any infrastructure facility essential
for a decent living, no power, and
constant battle with the environ-
ment. This undermined not only
their productivity but also their
symbiosis with nature. It is indeed
difficult, if not impossible to ex-
tend high-voltage transmission
lines through the grid to these ar-
eas. In fact, most of these tiny
fragments are separated from the
other part of District Bilaspur by
dense forest and ghats.

Achanakmar Sanctuary, how-
ever, is unique. This is now a “solar”
sanctuary as there are about 18
villages using solar electricity on
regular basis. What is more fasci-
nating is that the sanctuary peo-
ple receive grid-quality solar
power through a local mini grid,
despite living in an off-grid area.

It was way back in 1992 when
the people of village Lamni of
Achanakmar Sanctuary opted for

providing them grid-quality facil-
ity from SPV system.  It was a time
when this technology was in its
infancy. A power plant of 6 kW, in-
stalled in 1992 in village Lamni, is
still working successfully. Village
Lamni has become a benchmark
in the country telling the success
story of SPV technology with neg-
ligible maintenance cost. The bat-
teries, which were installed in
1992 have recently been replaced
and have proven their longevity.
The performance of this power
plant thus inspired other villagers
of Achanakmar Sanctuary who ap-

proached the local authority and
CREDA for providing them with
grid-quality electricity as well.
Thousands of people in this area
lived in total darkness. One could
easily observe the dim light of
kerosene lanterns during night
hours. The initiative from the for-
est department here, motivated
CREDA to initiate the solar village
electrification programme at
Achanakmar.  The scheme was
then prepared and finally ap-
proved by the MNRE, Government
of India and the state govern-
ment.
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A boy standing in front of solar street light
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Within a record time of just
four months, all these plants were
commissioned.  The power plant
of one of the 18 villages, Bahmni
was then inaugurated by the
Hon’ble Chief Minister,
Chhattisgarh, Mr Ajit Jogi. Power
plants of other villages were sub-
sequently dedicated to the public
in the month of May 2003. Al-
though initially the number of vil-
lages covered under SPV village
electrification programme was
very small, the way this pro-
gramme was implemented, was
appreciated by Hon’ble Chief Min-
ister and the media. Within a short
span of time, this programme be-
came popular and turned out to
be a massive village electrification
programme.  Solar power is used
in these villages for more than just
providing light to domestic con-
sumers who can draw single or
double point connection. The sys-
tem also has provision for com-
mercial connections, which can

provide power up to as many con-
nections as required.  The tariff
would be flat @ Rs 50 per connec-
tion per month. Thus, there is a
community supply of electricity to
run a television, drinking water
pump, and streetlight. There is no
charge for these community uses.
Presently, number of households
covered with solar electricity is 28
362 in 632 villages. This amounts
to about 98% of households,
which is much more than national
average.

CREDA has a target to provide
electricity to 100% of the house-
holds of solar electrified villages.
It is observed that in most of such
villages, few houses are located
very far from the distribution area.
They are requested to come
within the distribution area or al-
ternatively solar home lighting
systems can be installed in these
houses. CREDA is planning to sup-
ply power 24 hours, which shall be
possible through hybrid systems.

Despite the limitation in village
electrification through SPV plant
and the local mini grid, this pro-
gramme is fast catching the inter-
est of people in these isolated
far-flung areas as a viable, reliable,
and acceptable alternative to liv-
ing without power.

It is no surprise that a notice-
able improvement and significant
impact on health, education, en-
tertainment, trade, and commerce
has been felt in the sanctuary area
as a result of supply of grid-qual-
ity power, from the solar power
plants. The survey carried out by
CREDA found that the inhabitants
collecting forest produce have
benefited from the solar power
supply, since a significant part of
their work like arrangement of
tendu leaf, packing of forest pro-
duce for supply, and more can be
undertaken at night which was
otherwise not possible. The sup-
ply of power has also helped the
commercial establishments to
continue their activities at night
for a longer period and to provide
more services to the people. Most
of the women have reported that
an average use of power has
helped save cooking time at night
by 1.5 hours, which they can now
use for other household activities.
The schoolchildren claimed that
supply of power has significantly
helped them in their studies. In
fact, a night tutorial home was
observed in a village. It was also
reported that snakebite cases
have also reduced in these vil-
lages.

Burning of kerosene oil for
light and fuel has a number of ad-
verse affects, both short and long
term, on human health. Most of

The community lighting system in Chhatisgarh
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the people reported that their
family members suffered from eye
or vision problems, which have
now reduced due to the use of
electric power. A more interesting
observation is that a significant
proportion of the households are
aware of the environmental reper-
cussions of using kerosene lan-
terns. They know that solar energy
is safe and free from such prob-
lems. Most of the people ex-
pressed their willingness to
continue the use of solar power
even after conventional power is
made available to them at a lower
cost, because they are aware of
the frequent failure of grid power
in the adjoining areas. At present
the solar electricity tariff is placed
at a little lower than the viable
cost of running such unit.  How-
ever people who are not con-
nected to local power grid now
irrespective of their income level,
are demanding power even at Rs
50 per connection per month.
Their monthly expenditure for
kerosene is about Rs 75–100 and
kerosene is not readily available in
the village. Villagers of few vil-
lages travel up to 10 km for pur-
chase of kerosene.

Use of power generated
through off-grid sources like solar
photovoltaic, have already been
recognized as feasible alternatives
from the technological point of
view. What is now needed is to as-
sess specifically the economic and
social viability of its use. As far as
economic viability is concerned,
one has to look at the cost struc-
ture of the production of solar en-
ergy and compare it with those of
the major conventional power
sources, by taking into account,

both the direct and indirect cost
incurred at different status of pro-
duction and distribution. The cost
of energy in the fossil-fuel-based
centralized power stations con-
sists of the generation, transmis-
sion, and distribution cost,
whereas in the decentralized
power generating systems, en-
ergy cost incurred is primarily the
generation cost. Thus, solar power
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can provide an indeed viable al-
ternative not only economically but
also environmentally. Achanakmar
has paved the way for the most reli-
able energy of the future in the re-
motest corners of our country.
Village Lamni is best example en-
joying benefits of solar electricity
since the last 11 years, having faced
electricity problems before light
changed lives there.

Happy people of village Lamni
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With a membership of about
13,000 members, the 560

DACs (District Advisory Commit-
tees) on renewable energy are
helping in creating awareness on
various renewable energy systems
and devices in their respective dis-
tricts. DAC meetings are held on a
quarterly basis, and the recom-
mendations of the committee are
appropriately considered by SNAs
and forwarded to the MNRE. Al-
though the information related to
renewable energy systems and
devices, policies, programmes,
and schemes of the MNRE are sent
to the various DAC members all
over the country, it was felt that
the orientation-cum-training pro-
grammes may be organized in
various states to apprise the DAC
members of latest developments,

District advisory committees in action

systems, and devices as also their
availability, costs, and so on.

So far, a series of orientation
programmes have been organized
in eight states namely
Maharashtra, Uttar Pradesh,
Orissa, Rajasthan, Uttarakhand,
Madhya Pradesh, Andhra Pradesh,
and Assam and the programmes
in Haryana and Kerala are slated
for March 2008. Recently, the ori-
entation programmes were or-
ganized in Uttar Pradesh, Orissa,
Uttarakhand, Madhya Pradesh,
Andhra Pradesh, and Assam in
which a large number of DAC
members participated actively.

The demonstration of various
renewable energy systems and
devices through an exhibition was
a part of each orientation-cum-
training programme. Manufactur-
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ers from the respective states ex-
hibited their products and ex-
plained the benefits to the DAC
members. This provided first hand
information about the products to
the DAC members. Site visits to
renewable energy projects in and
around were also organized.

Orientation programme
in Madhya Pradesh
An orientation-cum-training pro-
gramme for the DAC members of
Madhya Pradesh was organized
on 4 February 2008 at Bhopal by
the MPUVN (Madhya Pradesh Urja
Vikas Nigam). Shri Raghavji, Fi-
nance Minister of Madhya Pradesh
government was the Chief Guest
and Dr Gauri Shankar Shejwar,
Minister for Energy was the Guest

Dr N P Singh, Adviser, MNRE releasing the four booklets on renewable energy brought out by UREDA
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of Honour. Shri Dilip Singh
Shekhawat, President, MPUVN
was the Special Guest. About 300
DAC members took part in the
one-day session and the visit to
nearby projects. A directory of
DAC members of Madhya Pradesh
state was brought out on this oc-
casion. An exhibition of various
renewable energy systems and
devises was also organized.

Orientation programme
in Uttrakhand
An orientation-cum-training pro-
gramme for the DAC members of
Uttarakhand was organized on 4
February 2008 at Dehradun by
UREDA (Uttaranchal Renewable
Energy Development Agency).
The programme was inaugurated
by Dr N P Singh, Advisor, MNRE. Dr
M C Joshi, Deputy Secretary, Fi-
nance; and Shri C Bhaskar, Deputy
Secretary, Energy, Uttaranchal
government were also present in
the function. About 70 DAC mem-

bers from Uttarakhand along with
officers and staff members of
UREDA participated in the pro-
gramme. Four booklets brought out
by UREDA on various aspects of re-
newable energy were released dur-
ing the occasion. The DAC members
also gave valuable suggestions for
dissemination of information re-
newable energy in the state.

Orientation programme
in Andhra Pradesh
An orientation-cum-training pro-
gramme and exhibition was organ-
ized in Hyderabad for the DAC
members all districts of Andhra
Pradesh on 28 December 2007.
About 250 DAC members from all
23 districts as also the officials of
NEDCAP actively participated in the
programme. Dr N P Singh, Adviser,
MNRE addressed the DAC members.
Shri L Panigrahi, Managing Director,
NEDCAP and Dr A K Tripathi, Direc-
tor, MNRE interacted with the par-
ticipants and informed them about
the various schemes on renewable
energy being implemented in
Andhra Pradesh. An exhibition by
various manufacturers was also or-
ganized which benefited the mem-
bers, as it provided them current
information on renewable energy
systems and devices.

These orientation programmes
were appreciated by the DAC
members who said that such pro-
grammes should be organized
every year.DAC members of Uttarakhand being appraised of various RE systems and devices

DAC Uttarakhand members at the orientation programme
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The 2008 edition of the DSDS
(Delhi Sustainable Develop-
ment Summit) assumed unu-

sual importance because it dealt
with the theme of ‘Sustainable De-
velopment and Climate Change’.
The summit saw a good focus on re-
newable energy. Several discus-
sions and special events were held
parallel to the main event that
talked about various aspects of re-
newable energy. Some of them are
highlighted below.

Financial Risk
Management in
Renewable Energy
and Energy Efficiency
Projects
The special event by the REEEP (Re-
newable Energy and Energy Effi-
ciency Partnership) – South Asia
Secretariat was inaugurated amidst
good participation from people
across all sectors involved in renew-
able energy & energy efficiency. The
introductory session revolved
around introducing REEEP and it’s
activities to the participants and
the efforts of the British Govern-
ment in promoting renewable en-
ergy in UK and across the world. The
next session saw presentations by

Delhi Sustainable Development Summit 2008

various organizations provided
valuable information on latest sta-
tistics pertaining to the renewable
energy sector along with case stud-
ies and learnings from implementa-
tion of projects across the world.
During this session, an important
point raised by most speakers was
that there is a lack of adequate fi-
nancing mechanisms and insurance
schemes to make renewable energy
and energy efficiency projects at-
tractive to industries as well as to
the financing agencies and insur-
ance companies.

There was general consensus
that there is a need to give a new
impetus to the large potential for
renewable energy and energy effi-
ciency projects in the country by
not just evaluating the potential,
but by also making it feasible and

attractive to in-
vestors by effec-
tively mitigating
financial risks in
these projects. It
was suggested
that a pilot to
showcase a suc-
cessful venture
between indus-
tries, financing
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institutions, insurance agencies and
investors would be an immediate
way to ameliorate market percep-
tions about such projects.

Indo-Norwegian
dialogue on renew-
able energy and CDM
This event was focused on discuss-
ing joint opportunities in the fields
of CDM (Clean Development
Mechanism) and renewable energy
between India and Norway. The use
of renewable energy is one of the
most important measures that can
be used to mitigate the effects of
global climate change. It is not just
the promotion of clean coal tech-
nologies, but also research and im-
plementation of these technologies
that are essential to reach the tar-
get of cutting down emissions by
50%–85% by the year 2050.

The event saw global leaders in
the fields of solar energy, hydel
power generation, and oil and natu-
ral gas introduce the latest clean
technologies used by them. They
encouraged small-scale entrepre-
neurs to adopt these technologies
and stressed on the economic vi-
ability of these measures. The adop-
tion of such clean technology will,
in the long run, ensure the sustain-
able use of natural resources, and
even ensure positive economic
growth.

Apart from these sessions there
was also a main session on ‘Technol-
ogy and enabling policies: options
in the energy sector’. The session fo-
cused on discussions over the re-
newable technologies in countries
and the policies enabling them.

Mr V Subramanian, Secretary, MNRE,
chairing a session at DSDS 2008

REEEP event in progress
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Book Review

The Solar Entrepreneur’s Handbook
lives up to its title—it is indeed a
handbook and it is for the entrepre-
neur. At a time when news books
about renewable energy deal not so
much with the nuts and bolts of the
technology as with what renewable
energy can do to mitigate climate
change and how it can contribute to a
country’s energy security, here is a
book that says ‘At 10 p.m., it is not im-
portant how many solar modules you
have on your roof; if the battery is not
sized to meet your requirements, you
could have a flat battery and there-
fore no power for your lights and TV.’
The book then goes on to explain that
although the battery that lies at the
heart of the solar system looks like an
ordinary car battery, it is different on
the inside: ‘the battery plates are gen-
erally thicker that those of a car bat-
tery and the concentration or density of acid is different’.

The handbook is written by practitioners for practition-
ers: 16 of the 17 chapters are written by those who at one
time or the other earned their living either from selling, in-
stalling, and maintaining small-scale solar energy systems
or training others to do the same. And this field experience
– hard-earned not only in Europe and Australia but in Asia
and Africa – shines through all their writing. In recom-
mending that customers clean the face of the solar mod-
ule with a damp cloth every six months (more frequently if
very dusty), the authors add that the task is best done
early in the morning before the module, the frame, the
roof (if metal) become too hot. In the section on tools and
equipment, the authors list not only such obvious items as
screwdrivers and spanners but also the less obvious: ‘A lad-
der could also be a necessary item. This is required when
mounting modules on roofs where there is no easy way to
gain access to the roof without a ladder.’

However, technical competence
alone does not guarantee success in
a business. Indeed, entrepreneurs
can buy such competence in the
marketplace: to succeed in business,
they need a business plan, capital,
people-skills or soft skills, and the
drive to expand the business. The So-
lar Entrepreneur’s Handbook takes its
readers through all the steps be-
tween establishing a solar home sys-
tems business to after-sale service
and growing the business (see the ti-
tles of chapters 6 to 16). As Prof.
Chaman Lal Gupta puts it in his Fore-
word, the book, ‘written by seasoned
entrepreneurs . . . contains not only a
straightforward, hands-on sizing and
equipment selection procedure but
also valuable tips for social market-
ing.’

Throughout the book are pro-
vided helpful checklists, sample pages from logbooks, a
detailed troubleshooting flow chart, worked-out exam-
ples, case studies, tables, and figures. The last chapter, ti-
tled ‘Further learning’, includes a short bibliography,
websites, training programmes, and relevant industry as-
sociations.

The dozens of minutiae that are part of any technical
trade are offset by the first chapter, which offers a concise
overview of developments in solar energy technology in
India, up to date enough to mention LED-based solar pho-
tovoltaic lighting systems and the forthcoming revised
edition of the Handbook of Solar Radiation that takes into
account the data collected between 1986 and 2000.

The preface claims that the book ‘brings together all
the skills required to run a successful solar business in ei-
ther a rural area or in a city’—a claim that will be hard to
contest.

Reviewed by Yateendra Joshi, WISE

The Solar Entrepreneur’s Handbook

Stapleton G, Gunaratne L,
Konings P J M, Bandyopadhyay B. 2007

World Institute of Sustainable
Energy, India and Global Sustainable

Energy Solutions, Australia. 259 pp.
ISBN: 81-902925-1-X

Price: Rs 675

CO N T E N T S
P Solar energy technology development in India P How solar energy can provide service in rural areas  P Basic design principles
for solar home systems and the relationship with the customer P System wiring, planning an installation and installation of the
system P System maintenance, fault-finding, and troubleshooting guide P Providing small solar home systems: start of a busi-
ness  P What do I need to establish a business? P Developing a business plan P Building relationships with suppliers  P Where
and how do I raise finance? P Day-to-day operations of a business P Marketing of solar home systems P Sales skills and selling
solar home systems P Simple negotiating skills P After-the-sale customer service: keeping the customer happy P Growing your
business P Further learning
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Database of State Incentives for
Renewable Energy 
http://www.dsireusa.org/
DSIRE (Database of State Incentives for
Renewable Energy) is a comprehensive
source of information on state, local,
utility, and selected federal incentives
that promote renewable energy. The
searchable database covers information
like tax incentives for solar electric and
other renewables, vehicles running on
alternative fuels, and energy conserva-
tion. The database is a graphical
presentation of data, tables, and other
information.

China Renewable Energy Infor-
mation Network
http://www.newenergy.org.cn/english/
index.asp
This network in the field of new and
renewable energy covers information
on solar, wind, biomass, geothermal,
ocean, hydrogen, and small hydro
renewable energy resources. The site is
a collection of news, technology,
publications, documents, and glossary
of terms. It also hosts a bulletin board
on the field.

American Council for Renewable
Energy
http://www.acore.org/

Founded in November 2001, ACORE
(American Council On Renewable Energy)
works to bring all forms of renewable
energy into the mainstream of America’s
economy and lifestyle. The website hosts
news, reports, directories, events, and
network information for wider informa-
tion dissemination to its members.

 Renewable Energy Association
http://www.r-p-a.org.uk/home.fcm

REA (Renewable Energy Association) was
established in 2001 to represent renew-
able energy producers and promote the
use of sustainable energy in the UK. REA’s
main objective is to secure the best
legislative and regulatory framework for
expanding renewable energy production
in the UK. The REA site provides renew-
able energy information, policy, news,
events, government schemes, awards
notifications, and publications.

Boyle G (ed.). 2007
Renewable electricity and the grid:
the challenge of variability
London: Earthscan. 219 pp.

Can renewable energy provide reliable power? Will it
need extensive back up? This book examines the sig-
nificance of the issue of variability of renewable elec-
tricity supplies, and presents technical and
operational solutions to the problem of reconciling
the differing patterns of supply and demand. Its chap-
ters are authored by leading experts in the field, who
aim to explain and quantify the impacts of variability
in renewable energy, and in doing so, dispel many of

the myths and misunderstandings surrounding the topic.

Kishore V V N (ed.). 2007
Renewable Energy Engineering and
Technology: a knowledge handbook
New Delhi: TERI, 900 pp.

The first edition of the book Renewable Energy Engi-
neering and Technology: a knowledge compendium cov-
ers major renewable energy resources and
technologies for various applications. This book is the
partial outcome of a dream project that aimed at
putting everything under the ‘Sun’ in one place. The
book is designed to fulfil the much-awaited need for a
handy, scientific, and easy-to-understand comprehen-
sive 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 dif-
ferent 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.

Kurokawa K, Komoto K, van der Vleuten P,
Faiman D. 2007
Energy from the desert
London, UK: Earthscan, 200 pp.

This new volume Energy from the desert examines and
evaluates the potential of very large-scale photo-
voltaic power generation systems. The authors present
practical case studies of both virtual and real projects
based on selected regions including the Mediterra-
nean, the Middle East, the Gobi desert, and Western
Australia. The socio-economic dynamics of these re-
gions were also evaluated and the authors argued that
VLS-PV systems in desert areas will be readily available
in near future. This book develops interesting key con-

cepts on the issue and provides firm practical recommendations to achieve
long-term targets for policy-makers and investors.

ISBN 81-7993-093-9

Price: Rs 2250.00

ISBN 978-1-84407-363-4

Price: £63
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Forthcoming Events

National events

Power Gen – India and Central Asia 2008
3–5 April 2008, Gurgaon, India

Inter Ads Ltd
859, Phase V, Udyog Vihar
Gurgaon - 122 016, India
Tel. +91 124 438 1160/438 1163/438 1162
Fax +91 124 438 1164
E-mail sundeep@interadsindia.com

   avnish-seth@interadsindia.com

Climate change India 2008
22–23 April 2008, Pune

World Institute of Sustainable Energy
‘Surya Suman’, 49 Hindustan Estates
Road No. 2, Kalyani Nagar
Pune – 411 006
Tel. 91 20 2661 3832/55
Fax 91 20 2661 1438
E-mail climatechange@wisein.org
Web www.climatechange08.wisein.org

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

International events

Water Resources and Renewable Energy
Development in Asia
10-11 March 2008, Danang, Central Vietnam

Aqua~Media International, Westmead House
123 Westmead Road, Sutton
Surrey SM1 4JH, UK
Fax +44 20 8643 8200
E-mail mf@hydropower-dams.com
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European Wind Energy Conference and Exhibi-
tion 2008
31 March–3 April 2008

European Wind Energy Association
Tel. +32 2 546 1980 • E-mail info@ewec.info
Web http://www.ewec2008.com/

Asia Wind Energy Technology Equipment
Exhibition
31 March–2 April 2008

Maria
Newgrace International Exhibition Planning Co. Ltd
China Renewable Energy Branch of the Institute
of PV, Room 402, No. 27 Lane 588 south Lianhua
Road, Shanghai, China 201100
Tel. 86 21 6152 5256 • Fax 86 21 3408 5282
E-mail nuogaisi2004@126.com or nuogaisi@hotmail.com
Web http://www.cnwee.com

2008 Asia Solar Energy PV Exhibition & Forum
5–7 March 2008, China

Shanghai Pudong International Exhibition Corp.
Shanghai Aiexpo Exhibition Service Co. Ltd
Headquarters No. 135 Dongfang Road Shanghai,
China, P O Box 200120
Tel. 021 6592 9965 and 6592 8513
Fax 021 6528 2319
E-mail info@aiexpo.com.cn

New Zealand Wind Energy Conference
8-9 April 2008, New Zealand

New Zealand Wind Energy Association Level 7
Prime Property Tower, 86-90 Lambton Quay
Wellington, New Zealand

Second China International Wind Energy
Exhibition and Conference 2008
25–27 April 2008, Shanghai, China

Shanghai New International Expo Centre
E-mail cwee2007@yahoo.com.cn or
info@cwee.com.cn

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



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 December 2007

I Power from renewables

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

1 Solar photovoltaic power — 2.12

2 Wind power 45 195 7844.52

3 Small hydro power (up to 25 MW) 15 000 2045.61

4 Bio power (agro residues and plantations) 16 881 605.80

5 Bagasse cogeneration 5 000 719.83

6 Energy recovery from waste (MW) 2 700 55.25

Sub total (A) 84 776 11 273.13

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

7 Biomass/cogeneration (non-bagasse) — 95.00

8 Biomass gasifier — 86.53

9 Energy recovery from waste — 23.70

Sub total (B) — 205.23

Total (A+B) — 11 478.36

II Remote village electrification — 4 198 villages/hamlets

III Decentralized energy systems

10 Family-type biogas plants 120 lakh 39.40 lakh

11 Solar photovoltaic programme 20 MW/km2 110 MW
p

i. Solar street lighting system — 69 549 nos

ii. Home lighting system — 363 399 nos

iii. Solar lantern — 585 001 nos

iv. Solar power plants — 2.18 MW

12 Solar thermal programme

i. Solar water heating systems 140 million m2 2.15 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

15 Solar photovoltaic pumps 7068 nos

IV Other programmes

16 Energy parks — 504 nos

17 Akshay Urja shops — 269 nos

19 Battery operated vehicles — 270 nos

20 Research, design, and development — 600 projects

21 Renewable energy clubs — 521 nos

22 District Advisory Committees — 560 nos

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