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India has had a rich experience of using solar 

systems in a multitude of applications through 

various system designs and configurations. 

Our experience curve, particularly in the 

decentralized sector, has been very robust. We 

have continuously improved upon the system 

designs, overall efficiencies, field performances, 

and the economics of these systems. However, 

when it comes to the quality of installations in 

the field, particularly in the off-grid rural domestic 

sector, we seem to have reversed this trend. The functional life of the 

installed systems seems to be on a decline. Also, the warranties on the PV 

modules are coming down to 10 years, from a routine 20 years warranty 

that manufacturers used to give till a few years back. While this adversely 

impacts the life cycle cost of solar energy systems and, hence, should 

worry the planners and programme implementers, the impact on the 

user—one who has purchased the system—is even more worrisome. Field 

observations indicate a sense of apathy and negligence on the part of 

some of the solar system manufacturers, integrators, and installers towards 

basic quality assurance aspects while implementing such projects.  This is 

reflected not only in delays in planning and management while executing 

projects, but also in the processes and procedures adopted for installation. 

 The above experience points at the critical need to introduce and 

enforce quality measures in the implementation process of off-grid solar 

projects, following a standard code of installation practices. While these 

issues are not insurmountable, if not addressed adequately and timely, they 

will bring a bad name to renewable energy technologies per se. Such issues 

need to be addressed immediately and in a collaborative manner soliciting 

cooperation from the key NGOs, programme managers, practitioners, 

researchers, and academia at every step of the process. The creation of 

adequate technical and managerial human capacity at all levels is a critical 

need of the hour, which JNNSM will have to address.  

From the editor’s desk...



We at Rudraksh Energy, Jaipur, read The 
Solar Quarterly magazine on a regularly 
basis. This magazine enriches our 
knowledge on solar energy. We would 
like to give the following feedback on  
the magazine. 
•	 We	read	this	magazine	to	acquire	more	

knowledge about the technology as 
well as people working in the field of  
solar energy.

•	 We	share	the	magazine	with	colleagues	
and read thoroughly.

•	 We	 especially	 like	 the	 sections	 titled	
‘Technical corner’ and ‘Current 
research and development’.

We will be happy if the magazine could 
update us about the various projects 
coming up in the country. 

All the best for the future issues of  
the magazine!

D S Agarwal, Consultant, 
Rudraksh Energy 

Jaipur

I read The Solar Quarterly on a regular 
basis. I am not only impressed by the 
content, but also by the presentation. I 
must say that the editorial and the design 
team are doing a very good job. I also 
congratulate The Energy and Resources 
Institute for disseminating knowledge 
on solar energy.

Keep up the good work. 
Neha Singh

Delhi

I have been subscribing The Solar 
Quarterly magazine for almost a year. 
Thanks to the magazine, I have gained 
immense knowledge on solar energy.  
In the July 2010 issue of the magazine, 
I specially liked the article titled 
‘Illuminating darkness: the second solar 
lanterns survey in India’. I appreciate 

the effort that has been put by the 
researchers in conducting the survey. 
I hope that the magazine will come 
out with many more such surveys in  
the future.

All the best for the future issue of  
the magazine.

 Gargi Kaur
Punjab

I am a regular reader of The Solar Quarterly 
magazine. I was very impressed by the 
article based on the survey conducted, 
which got published in the July 2010 
issue of the magazine. The article was 
thorough and gave  very good insight 
into the solar lantern market in India. 
The article was very informative and 
interesting. I also liked the design and the 
layout of the article. 

I would highly appreciate if the editorial 
and the research team in TERI decides to 
conduct more such surveys and publish 
them for the benefit of the general 
readers, researchers, academicians, 
entrepreneurs, and others. 

Thank you for sharing so much 
information on solar energy. All the best 
for the future issues of the magazine.

Rajat Dubey
Bihar

I read The Solar Quarterly magazine on 
a regular basis. In the July 2010 issue 
of the magazine, the articles titled 
‘Illuminating darkness: the second solar 
lanterns survey in India’ and ‘Chandigarh: 
the solar city’ were very interesting 
and informative. I would request the 
team to publish more articles on the 
lines of ‘Chandigarh: the solar city’.

           Amit Kumar
Punjab

etter to editorL

Thank you very much for your 
encouragement. The editorial team 
of  The Solar Quarterly will make 
every effort to make this magazine 
highly informative and useful to 
all our readers. We welcome your 
suggestions and valuable comments 
to make further improvement in 
terms of content and presentation.

Editor
The Solar Quarterly
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Solar shock to bar jumbo 
intruders
The authorities at  Ekamra 
Kanan, the botanical garden 
in Orissa, are planning to put 
up a new ‘double-protection’ 
solar-power fencing around 
the park to keep elephants at 
bay. The new boundary wall 
will run along the road, which 
is meant for motor vehicles 
between the wall and the 
trench. The solar cells would 
help generate 7000–9000 
Volts (V) in summer and 
3000 Volts of power in the 
rainy season. According to 
sources, even if the animals 
come in contact with the 
wires, they would get an 
electric shock only for a little 
while. Therefore, there is no 
question of animal casualty 
or injury due to electrocution. 
“With two layers of wire 
fencing, elephants might 
not dare to move further 
to enter the park,” said the 
officials, adding that the new 
fencing would cost about 
Rs 0.7 million–Rs 0.8 million.  
The existing solar-power 

ewsn
boundary around the park 
has become weak. The park 
authorities, however, recharge 
the battery of the fencing 
near the trench abutting the 
park. “The existing fencing 
has become weak with its 
battery running low and 
wires rusting. Moreover, the 
animals can sense as to where 
they can come in contact 
with the fencing. Therefore, 
they enter the park through 
the broken boundary wall 
from the Saliasahi end, where 
there is a lot of vegetation for 
them to feed on,” said Uday 
Chandra Basak, a scientist at 
the Regional Plant Resource 
Centre (RPRC). The park is part 
of the RPRC.

Source: The Telegraph (Kolkata)

Three-quarters of new PV 
systems worldwide were 
installed in the EU in 2009
In 2009, newly installed 
photovoltaic (PV) cells 
worldwide produced a 
peak amount of electricity 
estimated at 7.4 GW, out of 

which 5.8 GW was located in 
Europe. This shows the EU’s 
dominance, where more than 
three-quarters of the world’s 
new solar systems were 
installed. By the end of 2009, 
Europe’s cumulative installed 
PV electricity generation 
capacity (existing and newly 
installed) was 16 GW, which 
is about 70% of the world’s 
total PV electricity generation 
capacity (22 GW). These are 
just some of the findings of 
the ninth annual Photovoltaics 
Status Report, published by 
the European Commission’s 
Joint Research Centre (JRC). 
The study, carried out by the 
JRC’s Institute for Energy (IE), 
summarizes and evaluates 
the results of a survey of 
more than 300 companies 
worldwide. It looks at the PV 
market and industry across the 
world with special attention 
to the EU, India, Japan, China, 
Taiwan, and the US, providing 
a final outlook on the topic.  
It also provides an overview of 
current activities in research, 
manufacturing, and market 
implementation in this sector. 
It is estimated that 1 GW of  
PV electricity generation 
capacity provides enough 
electricity for about 250 000 
European households during 
one year. In the EU in 2009, 27.5 
GW of new power capacity 
was constructed. About 21%  
(5.8 GW, up from 5.1 GW in 
2008) of this was PV based.  
In 2009, most of the EU’s 
growth occurred in Germany 
(3.8 GW, reaching a cumulative 
value of 9.8 GW), where in the 
fourth quarter, some 2.3 GW 
were connected to the grid. In 
fact, Germany ranks first in the 
world for cumulative installed 
capacity (9.8 GW), followed by 
Spain (3.5 GW). This has been 
possible due to the renewable 
energy legislation in these 
countries. Second in the PV 

growth ranking was Italy  
with 0.73 GW (cumulative 
1.2 GW); followed by Japan, 
0.48 GW (2.6 GW); the US, 
0.46 GW (1.65 GW); the 
Czech Republic, 0.41 GW  
(0.46 GW); and Belgium, 0.3 GW  
(0.36 GW). However, the PV 
market is still incipient. In 
the EU, only 0.4% of the total 
electricity supplied came 
from PV in 2009. In the rest of 
the world, it was a mere 0.1%.

Source: SpaceDaily,AFP

Private firms investing 
heavily in solar power
Sunborne Energy, a utility 
scale solar power producer 
working towards providing 
low-cost utility solar energy, 
has signed a memorandum 
of understanding with the 
Gujarat  government to build 
a 15 MW solar PV project in 
Gujarat. It is also coming up 
with two 50 MW solar power 
projects in Andhra Pradesh 
and Rajasthan and hopes to 
have them included under 
the National Solar Mission, 
so that they can avail the 
incentives being offered. The 
company will invest Rs 2000 
crore in the Andhra Pradesh 
project. Aseem Sharma, 
Chief Executive Officer of 
Sunborne Energy pointed 
out, “We hope to become a 
major solar power developer 
in India. By 2017, we hope 
to develop 1 GW of power 
and also have 200 MW of 
solar plants by 2014. We also 
hope to make solar power 
grid compatible very soon, in 
order to be able to develop 
solar power at a competitive 
price.” Sunborne Energy 
is backed by the General 
Catalyst Partners, a prominent 
US-based private equity fund 
with assets in excess of $1.7 
billion. Dr Manuel Romero 
Alvarex, technology advisor 

Courtesy: DOE/NREL
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to Sunborne Energy, has been 
actively involved in promoting 
solar energy in Spain. “Spain 
launched its first commercial 
solar power platform three 
years ago. The key issue then 
was reliability, but presently 
they are constructing  
60 plants at a cost of €60 billion.” 
Remero Alvarex, ex-director 
of the Solar Energy Research 
and Development at Centre 
for Energy, Environment and 
Technology (CIEMAT) Spain, 
expects production costs of 
solar energy to come down by 
60% in the next three years. 
He also expects the cost of  
PV to fall by another 40%, 
thereby allowing solar to 
achieve grid parity.

Source: Asian Age

Thermal technology enters 
solar silicon market
Thermal Technology LLC 
has recently signed a long-
term agreement to supply 
over 100 high temperature 
furnaces to a domestic solar 
silicon producer. These newly 
designed furnaces are capable 
of producing solar-grade 
silicon at a cost lower than 
the competitive processes. 
“With a worldwide shortage 

of solar-grade silicon, the 
development of our lower 
cost production method 
could not have come at a 
better time,” says Matt Mede, 
president and CEO of Thermal 
Technology. “We identified 
the solar silicon market as a 
perfect fit for our capabilities 
in mid-2007. Launching a 
12-month development 
effort and working closely 
with our customer, we were 
able to rapidly perform the 

necessary laboratory and pilot 
scale trials to demonstrate 
the technology and proceed 
with system manufacturing.” 
The long-term agreement 
provides for over 100 solar 
silicon furnace systems to be 
delivered in the coming years 
satisfying market needs, while 
potentially driving down the 
cost of solar energy worldwide. 
Thermal Technology designs 
and manufactures high 
temperature vacuum furnaces 
for laboratory and production 
use as well as crystal 
growing systems. Thermal 
Technology’s manufacturing 
and corporate offices are 
located in Santa Rosa, 
California, with sales offices 
in Illinois, New Hampshire, 
Germany, and China.

Source:  World of solar 
thermal.com

Solar cable net concept in 
Abu Dhabi
Architects Matthew Johnson 
and Jason Logan have 
designed a unique project 
for the Land Art Generator 

Competition to be held near 
Abu Dhabi. The exceptional 
design envisions a minimally 
invasive eco-friendly cable 
net structure that highlights 
the beauty of the Arabian 
Desert without inflicting any 
harm on the local ecology. 
Dubbed as the Prism Cloud, 
the arrangement gives 
importance to atmospheric 
elements that might 
otherwise go unnoticed. 
Made from steel and attached 
to concrete piers, the intricate 
network suspended above 
the desert, helps preserve 
the fragile ecology and 
allows it to shift and evolve. 
The structure is fitted with 
alternating glass prisms and 
photovoltaic panels. The glass 
prism splits the light into 
spectral colours, creating a 
pool of multi-coloured light 
for visitors to wander. PV cells 
are pyramidal structures that 
absorb solar energy on their 
south sides, and act as wind-
scoops on their north sides 
thereby, creating a cool shady 
space. The structure appears 
like a mirage with its reflective 
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upper surface shimmering, 
seeming to bend the light in 
the heat of the day.

Source:  SolarFeeds.com

Is Chicago getting a  
solar tower?
The architects at Zoka Zola, 
a studio for architecture 
and urban design, based in 
Chicago, US have proposed 
a sustainable solar-powered 
tower for Chicago, which 
incorporates an active 
solar array mounted on 
the building’s façade. The 
spherical tower utilizes its 
large surface area effecting 
good use by mounting circular 
solar units that are attached 
with sun-tracking arms. These 
can boost energy production 
by as much as 40%. The 
spherical panels are mounted 
in a way so as to maintain 
views for the interior, at the 
same time reduce heat gain.  
This minimizes dependence 
on a cooling plant. Moreover, 
the occupants can also 
override the panels to 
manipulate natural lighting 
conditions. Further, in 
addition to the solar array, 
mini-wind generators can 
also be incorporated into the 
tracking arms to generate 
more renewable energy. 

Source: Solar feeds.com

SunPower to research large-
scale energy storage
SunPower Corporation, the 
solar panel manufacturer, 
is planning to undertake 

research in the area of large-
scale storage technologies, 
a key requirement for the 
widespread use of renewable 
energy. SunPower, with the 
help of a grant of about 
$1.8 million from California 
through the state’s solar 
initiative programme, will 
partner with three storage 
companies to develop a pilot 
programme for commercial 
customers, the company said. 
Inventing less costly ways 
to store energy has been a 
stumbling block towards 
widespread use of solar 
power. The US is shifting 
production of electricity 
from renewable energy 
sources to meet stricter state 
environmental rules and 
to gear up for any move by 
the government to regulate 
greenhouse gas emissions 
from the fossil fuels. But, wind 
and solar are intermittent 
energy sources, and storing 
the power at an economically 
viable rate is seen as crucial 
to making ‘alternative’ energy 
truly mainstream. SunPower’s 
energy storage programme 
will be put in place with the 
help of a major retailer to 
demonstrate the integration 
of energy storage systems 
with existing photovoltaic 
systems, SunPower said. 
However, it did not name the 
retailer. The company will 
work with energy storage 
firms Ice Energy, Xtreme 
Power, and ZBB Energy on  
this programme.

Source: Reuters

SMA launches online solar 
power monitoring tool  
for Germany
SMA Solar Technology 
has revealed a new web 
page that, for the first time, 
visually displays the current 
performance of photovoltaics 
in Germany. The total current 
output of all PV plants 
installed in the country is 
shown as an absolute value 
and as a percentage of 
the total installed output. 
Users can also break down 
the data according to 
postal codes, enabling the 
observation of individual 
regions. The performance 
tool, which can be found on 
the company’s homepage, 
displays information based 
on the anonymous data 
received through the SMA 
Sunny Portal. It currently has 
more than 17 500 German PV  
plants registered. This data 
is then processed in order to 
calculate the power of all PV 
plants in Germany, according 
to the data provided 
by the Federal Network 
Agency. “Next to our solar 
inverters, we develop and 
manufacture a broad range 
of communication products,” 
said Günther Cramer, CEO of 
SMA. “While developing this 

web page, we could utilize the 
data from the Sunny Portal and 
use our excellent know-how 
with data visualization.” We 
developed this new web page 
in order to show as to how the 
feed-in of photovoltaic power 
is distributed throughout 
the day and in order to show 
what the current specific 
performance of the PV plants 
in an individual region looks 
like,” continued Cramer.  
“The data and the graphics 
show how photovoltaics 
contribute to the electricity 
production today. It also  
shows that PV plants do reduce 
the expensive power peaks  
at noontime.” SMA hopes  
that the new web page will not 
only be useful to professionals 
in the PV industry, but also 
as an educational tool in 
schools, universities, research 
institutions, and many  
other organizations.

Source: Photovoltaics 
International

Advanced energy completes 
first European grid 
connections for Solaron  
PV inverters
Advanced Energy Industries 
has established its first grid 
connections located across 
several sites in Germany and 
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the Czech Republic. The solar 
powered facilities feature 
the company’s Solaron 500E 
grid-tied solar PV inverters, 
providing solar power to 
locations within the European 
regions. Dr Hans Betz, CEO of 
Advanced Energy said, “We 
are proud to announce this 
important milestone in our 
expansion into the European 
inverter market. Advanced 
Energy’s innovative product 
line is quickly gaining traction 
in this established region. 
These recent wins validate 
that the Solaron 500E provides 
a compelling combination of 
performance benefits to the 
grid, and as a result our order 
pipeline is growing.”

Source: Photovoltaics 
International

Energy in the developing 
regions of the world
A growing number of 
initiatives are promoting 
bottom-up ways to deliver 
energy to the world’s poor. 
About 1.5 billion people, or 
more than a fifth of the world’s 
population, have no access to 
electricity, and a billion more 
have access to only unreliable 
and intermittent supply.  
Out of the fifth of the world’s 
population without access 
to electricity, 85% live in 
rural areas or on the fringes  
of cities. Extending energy 
grids into these areas is 
expensive.  The United Nations 
estimates that an average of 
$35 billion–40 billion a year 
needs to be invested until 
2030, so that everyone on 
the planet can cook, heat, and 
light their premises, and have 
energy for productive uses. 
However, according to the 
International Energy Agency 
(IEA), the number of ‘energy 
poor’ people will not shift, and  
16% of the world’s population 

will still have no 
electricity by 2030. 
But why wait for top-
down solutions? It is 
much better to provide 
energy in a bottom-up 
way. There is no need 
to wait for politicians 
or utilities to act. The 
technology in question, 
from solar panels to low-
energy light-emitting 
diodes (LEDs), is rapidly 
falling in price. Local 
and bottom-up systems 
may be more sustainable 
and produce fewer carbon 
emissions than centralized 
schemes. In rich countries, 
in fact, the trend is towards 
a more flexible system of 
distributed, sustainable power 
sources. The developing 
countries have an opportunity 
to leapfrog the centralized 
model, just as it leapfrogged 
fixed-line telecoms and went 
straight to mobile phones. 
But, just as the spread of 
mobile phones was helped 
by new business models, 
such as pre-paid airtime cards 
and village ‘telephone ladies’, 
new approaches are now 
needed. “We need to reinvent 
how energy is delivered,”  
says Simon 
 Desjardins, who manages 
a programme at the Shell 
Foundation that invests in for-
profit ways to deliver energy 
to the poor. “Companies 
need to come up with 
innovative business models 
and technology,” He adds.  
Fortunately, many people are 
doing just that.

Source: The Economist

Can the world be powered by 
solar and wind energy?
According to Prof. Walter 
Kohn, a Noble Laureate 
in Chemistry, continuous 
research and development 

of alternative energy could 
soon lead to a new era in 
human history in which two 
renewable sources—solar 
and wind—will become the 
Earth’s dominant contributors 
of energy. According to him, 
total oil and natural gas 
production, which today 
provides about 60% of the 
global energy consumption, 
is expected to peak about 
10–30 years from now, 
followed by a rapid decline. 
“These trends have created 
two unprecedented global 
challenges”, Kohn said. “One 
is the threatened global 
shortage of acceptable 
energy. The other is an 
unacceptable, imminent 
danger of global warming 
and its consequences. “Kohn 
noted that these challenges 
require a variety of responses. 
“The most obvious is 
continuing scientific and 
technical progress providing 
abundant and affordable 
alternative energies, safe, 
clean and carbon-free,” he 
said. Because the challenges 
are global in nature, the 
scientific and technical 
work should enjoy a lot of 
international cooperation, 
which fortunately is 
beginning to evolve, he said. 
The global photovoltaic 
energy production increased 
by a factor of about 90 and 

wind energy by a factor of 
about 10 over the last decade. 
He expects vigorous growth 
of these two effectively 
inexhaustible energies to 
continue during the next 
decade and beyond, thereby 
leading to a new era, the 
SOL/WIND era, in human 
history, in which solar and 
wind energy will become 
the Earth’s dominant energy 
sources. Another important 
issue, incumbent primarily on 
developed countries, whose 
population has pretty much 
levelled off, is reduction in per 
capita energy consumption, 
Kohn said.

Source: Solardaily.com

Vijayawada to turn into a 
solar city
Vijayawada will be one 
amongst the 60 cities in the 
country that would be called 
solar cities, in the next five 
years. The project, for which 
the centre has allocated over 
Rs 30 crore with each city 
getting Rs 0.5 crores, is part 
of the Eleventh Five-year 
Plan. The plan, designed by 
the Centre in collaboration 
with the Ministry of New and 
Renewable Energy (MNRE), 
is aimed at meeting 10% of 
the energy demand through 
solar power. Under this, street 
lighting, energy used for water 
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pumping, and supply and 
maintenance of office lighting 
would be met through solar 
energy. This is expected to 
bring down the civic bodies’ 
expenditure by 10%. Besides, 
the ministry had directed 
these cities to promote the 
use of non-conventional 
energy in private buildings, 
including apartments where 
solar energy can be adopted 
for common lighting and 
water supply. In the first 
phase, Agra Chandigarh, 
Coimbatore, Dehradun, 
Vijayawada, Gandhinagar, 
Gurgaon, Imphal, Indore, 
Kalyan-Dombiwali, Kohima, 
Muradabad, Nagpur, Rajkot, 
and Thane would be covered. 
These cities have been asked 
to come up with the project 
implementation reports. 

Source Business Standard

Solar cells cheaper, 
apartments go green in Delhi
Recently the manufacturers of 
solar devices got together in 

“The cost of solar photovoltaic 
cells had come down sharply 
over the past few years. 
Though silicon wafers for solar 
cells have to be imported, the 
improvement in technology 
and mass production has 
brought down the cost of 
solar cells by nearly half.”
 The manufacturers of 
solar devices are aiming 
to cash in on the recovery 
in the real estate sector to 
sell their products. Their 
hopes are backed by the 
increasing interest among 
residents for apartments that 
promise energy conservation. 
Rahul Sonigra, member of 
Orange County Foundation 
(OCF), a non-governmental 
organization dealing with 
green energy, said, “There is a 
growing trend for buildings 
with non-conventional 
sources of energy. There are a 
number of buildings that are 
coming up in the city using 
sustainable energy sources.” 

Source: Indian Express

Danfoss solar inverters to 
expand production capacity 
to 3.5 GW
Danfoss Solar Inverters is 
increasing the company’s 
production capacity to reach 

1.5 GW by the end of the year. 
To meet increasing demand 
for its string inverters, the 
production capacity will be 
increased further to reach  
3.5 GW in 2011. Moreover, this 
assembly size can be doubled 
within a few months when 
needed.
 Production and logistics 
will be moved to facilities 
at Danfoss headquarters 
in Nordborg, Denmark, as 
Danfoss Solar Inverters is 
outgrowing its current supply 
chain facilities in Gråsten 
and Sønderborg. Assembly 
in the new world-class, lean 
production facilities will start 
in the first quarter of 2011 and 
the move will be completed 
by the end of the year.
 “We are focused on meeting 
the high demand from our 
customers and securing our 
position among the leading 
PV inverter suppliers,” says 
Senior Vice President Morten 
Buhl Sørensen, who has just 
been appointed the new head 
of Danfoss Solar Inverters.

Source: Solar buzz

Install solar power plant, get 
Rs 90 000 subsidy
In the wake of shortage 
of power supply, the State 
Government of Punjab has 

Delhi to discuss ways to make 
solar electricity cheaper. The 
discussion, attended by the 
likes of solar heating system 
manufacturer Akson’s Solar 
Equipment Pvt Limited, solar 
cells designer Rely On Solar 
Pvt Limited and a number 
of city builders centered 
on issues such as the cost 
effectiveness of solar energy.
 Rely On Solar Managing 
Director Gundu Sabde said, 
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very recently launched 
a scheme of providing 
individual solar power plant 
in all households in the state. 
A subsidy of Rs 90 000 has 
been announced for anyone, 
who opts for the scheme to 
partially fund the cost of the 
project, which is about Rs 0.25 
million per unit. The scheme 
can help meet the need of 
round-the-clock power supply, 
as the solar plant can provide 
more power backup than a 
battery-charged inverter for 
a household or a commercial 
establishment. Stating this, 
a spokesperson for the state 
government has said that the 
project had been launched 
under the Union Government-
financed scheme- Jawaharlal 
Nehru National Solar Mission 
(JNNSM), under which any 
household can take the 
benefit of the scheme for 
which the government would 
meet about 30% of the total 
cost of the solar plant. The 
plant could be set up on 
the rooftop of the house. It 
requires an area of 10 m2. The 
total cost that the customer 
would have to bear would 
be about Rs 0.16 million, 
per plant. Meanwhile, the 
farmers could now opt for the 
facility of solar power-based 

tube wells for which the 
government would provide 
a subsidy of 30% of the  
total cost.

Source: Tribune

Indian CSP industry given 
boost by the ‘CSP India  
Today’ event
The Union Minister of New 
and Renewable Energy of 
India demonstrated the 
ministry’s commitment to the 
concentrated solar thermal 
power (CSP) industry by 

inaugurating the ‘CSP 
Today India’ event on 
10 September 2010 
in New Delhi. The 
First Concentrated 
Solar Thermal Power 
Summit India was 
described by CSP 
Today founder Belen 
Gallego as “a huge 
success”, with over 
275 people attending 
the summit. She 
added that the event 
turned out to be 
“the fastest growing 
meeting place for 
concentrated solar 

thermal professionals” in 
India. The event has attracted 
global companies in the CSP 
industry and international 
institutions such as Siemens, 
AREVA, Alstom, SCHOTT, 
Abengoa, Acciona, SENER, 
ACS Cobra, Lauren, Bosch, 
GE, Solutia, World Bank, 
International Finance 
Corporation, and many others. 
Organizers report that 40% of 
delegates were from outside 
India, who attended the 
summit to know about the 
latest developments vis-à-vis 

India’s New Solar Mission. A 
number of Indian companies 
were also present, including 
CSP developers such as Cargo 
Infrastructures, Sunborne, 
Mahindra, Larsen and Toubro, 
Lanco, Entegra, and many 
more. India’s ‘New Solar 
Mission’ is the most ambitious 
solar energy development 
plan in the world. By 2022, the 
country aims to be generating 
20 GW of energy from sunlight. 
Going by International Energy 
Agency (IEA) forecasts, this 
will make India the producer 
of almost three-quarters of 
the world’s total solar energy 
output. This plan is a strong 
indication that the Indian 
government is committed 
to solar and they have the 
will and the motivation to 
continue to support this 
industry, something that is 
lacking in many nations. With 
both Indian and international 
companies taking central 
stage in New Delhi, this event 
has delved deep into the main 
CSP technologies, how they 
work, how they are applied, 
and developed. 

Source: Renewable Energy Magazine
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Background

With growing awareness of the 
need to become environment 
friendly, solar panels have 

become very popular. More so, because 
the Sun is the best source of renewable 
energy. But, the problem is that even 
the thieves have started to realize the 
value of solar panels. And, thus, as the 
popularity of solar panels has grown 
so has its theft. Solar panel theft is on a 
rise in both developed and developing 
regions of the world.

 A key element of any photovoltaic 
(PV) installation is the PV generator, 
which is an assembly of PV panels or 
modules. These convert the incident 
solar energy into useful electricity. Over 
the last few years, the cost of PV power 
has decreased. However, the price of 
each panel still continues to be high, 
representing as much as 50% of the total 
cost of a PV system. Also, a large number 
of PV installations are in remote places 
without any proper means of surveillance. 
This, along with the high cost of panels, 
often provokes anti-social elements to 
steal the panels.  These panels generally 

PART 1

Solar panel 
theft on the riSe
Dr Suneel Deambi, Consultant, 
TERI <sdeambi@airtelmail.in>

reach an end-user in many different 
ways, for example, via the subsidy route, 
hire-purchase scheme or under a lease-
finance arrangement. Thus, it becomes 
absolutely necessary to secure these 
panels from such malpractices. A number 
of solutions have been mooted to avoid 
such an unsavoury situation. One of 
these is to take out insurance policies, 
which makes these systems much more 
expensive. This article outlines a number 
of other solutions.

Solar has the appeal
Solar power has emerged as an exciting 
playing field for all concerned. It is not 
only aesthetically pleasing, but is also in 
harmony with nature.  The solar power 
units are proving to be nothing short of 
a beacon light for a sizable number of 
households located in remote areas in 
particular. A growing number of small 
time entrepreneurs’ too are deriving 
the true value of these products by 
enhancing their income levels to an 
extent of being able to repay loans with 
a fair degree of convenience. However, 
such advantages are being stripped off 

by some mischievous elements, known 
in simple parlance as solar thieves. This 
is turning out to be a recent trend as 
thieves, who usually walk away in the 
dead of night with the solar panels. They 
seem to be a conscious lot, who strike 
when solar energy is not hitting the 
panels directly. 

Stealing beyond doubt
If market analysts are to be  
believed, the market for stolen panels  
is an upcoming one, thanks to the  
advent of a few auction sites on the 
Internet. It will not be wrong if one 
argues that the number of stolen panels 
may well go up in direct proportion to 
the numbers of panels being installed, 
more so under the ambit of various aid 
programmes. For a moment, we could 
perhaps give these new generation 
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technology thieves some benefit of doubt 
by labeling them as environmentally 
conscious, who may be keen to use solar 
power either in their own households or 
even businesses. However, that does not 
seem to be true in a majority of cases for 
one reason or the other. Let us now try to 
follow it up by highlighting a few glaring 
examples of thefts having been reported 
in the recent past from different corners 
of the world.

United States
There are several instances of solar-panel 
theft in the US, especially in California, 
which is widely regarded as being the 
largest market of solar panels in the 
country. Several wineries in California 
have taken a strong liking for solar 
systems, mainly to reduce their carbon 
footprint. There are about 40 000 solar 
planes installed in California. Take the 

case of Napa Valley, where hundreds 
of solar panels worth $1000 each have 
been stolen during the last one year 
or so. Yet another example is that of  
a Californian resident, who suffered a 
huge loss of 58 solar panels from the roof 
of an office building owned by him. The 
cost of replacement of such modules 
was assessed at about $75 000.  Palm  
Desert is a sun soaked area in California, 
where a house-owner lost 16 solar panels. 
The company headquarters of a solar 
company, namely Regrid Power (now 
Real Goods), was struck by the thieves 
some time back.  As per the available 
reports, these panels seemed to have 
been disassembled in an expert manner, 
possibly indicating an involvement of 
someone from the solar industry itself. 
Oregon’s highway department has also 
reported a loss of a few panels used to 
power portable traffic message boards. 

In Minnesota, thieves dared to steal solar 
panels housed atop a 20-feet metal pipe 
thought of as a possible measure against 
the earlier thefts of solar panels. 

Senegal
Let us now talk about Senegal in Africa, 
where up to 15% of the solar panels 
installed were reportedly stolen. Perhaps 
the menace is of worrying proportions in 
the villages of Africa, where incidentally 
solar panels are more often than not, 
the lone source of energy. Several need-
based applications, like lighting, water 
pumping, and refrigeration, are being 
met with the help of PV power, which 
obviously gets affected as and when 
some theft takes place. In Nicaragua, 
community-based facilities powered by 
solar panels are quite vulnerable to being 
deprived of such an important benefit.  It 
may even be a school trying to educate 
the tiny tots but, thieves are at work even 
in these remote locations. 

Bavaria
In Bavaria, a picturesque rainforest area in 
Europe, which attracts tourists, incidence 
of solar-panel theft is so high that police 
has decided to set up a special task 
force.  In 2007 alone, a total of 13 cases 
of solar panel theft were reported in 
Bavaria. The estimated financial loss was 
to the tune of almost €630 000.  This is a 
tragedy, especially at a time when solar 
power is trying to establish itself as an 
independent source of power across  
the world.

Is there a solution? 
The main question is, whether there 
are some practical solutions to combat 
this menace. Yes, there are quite a  
few solutions. 

Tradition at work
The most traditional solution is the 
method adopted by the ancient Romans 
to keep a vigil on their bridges.  Flocks 
of geese were put to use owing to 
their inherent characteristics of being 
appallingly noisy when alarmed. This 
practice can be put to use even today. 

Immobilize the panels
A a US-based company offers a rather 
modern solution—including panel-
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embedded smart electronic chips. This 
know-how involves digital locking of 
each and every panel, in the event of 
a panel being stolen. As and when the 
power optimizers, designed by the 
company, receive no activation signal 
from the inverter, they automatically 
immobilize the panels. Thus, it ensures 
that no power is produced, which in turn 
stops the reuse of the panels rendering 
them useless. 

Now, think of a situation where a thief 
steals the inverter along with the panels. 
In that case, the system may still continue 
to run. There is a technical solution at 
hand as the solar inverter communicates 
with the monitoring server via built-
in communication hardware. The 
inverter will not receive any activation 
signals from the server for a pre-
defined period (as per the legal owner’s 
choice). Following this, the inverter will  
get immobilized. 

Insure the solar value
Solar-panel theft has not yet  
reached an alarming level. That is why 
the homeowners’ insurance can still 
be claimed quiet easily in most of the 
countries. The insurance companies have 
processed claims as high as $95 000 in 
a few cases, even though backed up by 
a precautionary note to install an alarm 
and video camera. However, there is no 
such system at work for the communities  

located in remote locations, especially in 
developing countries. Moreover, system 
sizes in the developed countries, for 
example, in the US are normally larger 
and more complicated.

Glue/weld/seal the solar panels 
onto the available roof space
This does not seem to be a very practical 
solution for quite a few reasons,  
as maintaining or replacing a 
panel on account of some damage  
would be difficult. In addition, it would 
not ensure proper air flow for the panels,  
which definitely works better when 
they get air flow. Thus, sealing these to 
the roof may eliminate almost half the 
surface area, which is normally exposed 
to the moving air. There is an added 
problem too, in case of panels placed 
under warranty conditions. Tampering of 
any manner may result in the warranty 
getting null and void. Few have also 
contemplated painting the back of the 
panel with a very bright colour so that 
they can be identified if stolen. 

Design a rack
It may primarily mean locking  
the panels into one large block.  In  
Japan, a special type of racking system 
has been customized, which turns the 
system into one solid unit. However, 
repairing the block or one panel in the 
block will be a cumbersome process. 

But, on the other hand, it is difficult to 
break apart the block, thus, reducing the 
chances of theft. Carrying eight panels, 
each weighing about 20 kgs, may not be 
an easy task.

Use an alarm
It is presumed that a member of the 
village community availing the benefits 
of the solar power will not play truant 
with the solar panels. Generally, the 
needle of suspicion hinges on an outsider. 
The immediate reaction is to alert the 
community of an intrusion. The simple 
solution may be to sound an alarm as 
soon as someone tries to unplug panels 
from the inverter or when the wires are 
being snipped.  The alarm would be cost 
effective and audible to all.

Keep a manual vigil
The beneficiaries of the system are asked 
to keep a watch by soliciting services of 
a night watchman on a rotational basis. 
This can be the simplest and the best way 
of securing the panels. 
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Remove the panels
This may be a good option to exercise. 
What better solution than to keep 
the panels within the safe confines of 
one’s house? However, there are a few 
key issues attached with moving the 
panels on a daily basis. Think about 
the consequences if the user forgets 
to expose the modules to the sun on 
time. Valuable amount of sunshine may 
well be lost in case of non-adherence 
to a timely schedule, thus, resulting in 
loss of precious power from the solar 
panel as well. The second issue is related 
to the possible damage that a panel 
may suffer during its daily movement.  
Thirdly, a thief may find it easy to break 
into the enclosure housing the panel and 
leave the house totally unnoticed. This 
may make his job of stealing the panel 
far less cumbersome.

Trying security fasteners
Some attempt has been made to bring 
down the theft of panels by using 
special fastening means, for example, 

round-headed screws. These fasten the 
panels to the main support structure 
and are regarded as a simple and cheap 
method to resolve the problem of theft. 
There are very few systems that have any 
security measure to stop a possible theft.  
Recently, few companies have introduced 
a simple concept of solar panel specific 
security fasteners.  Importantly, the cost 
of such fasteners is very less as compared 
to the potential cost of replacing the 
entire system. Specially cut security 
bolts, security screws, and so on can do  
the simple trick of securing the  
solar panel at a minimal cost.  
These are available in many different 
shapes and forms. An Arizona- 
based company has developed one 
of the most secure fastener locking  
systems. It offers a locking system 
branded as ‘Key Rex’, which has the 
capability to offer up to a whopping 16 
million combinations. Simply put, each 
customer gets a secured access to an 
exclusive security fastener made of rust 
proof stainless steel. 

The cable connection
It constitutes of at least one cable, electric 
or fiber optic, which is joined to each 
solar panel of the installation. The cable 
can be joined to each panel by allowing 
it to pass through holes usually provided 
in the panel framework. The two ends 
of the cable are connected to a control 
circuit, which is capable of picking up 
any manipulations in the cable. As a 
consequence, it may trigger at least one 
visual and/or sound alarm, which can be 
connected to the control circuit. It may 
connect a control circuit via a wireless 
link. It may be better to activate both the 
local and remote alarms for enhanced 
security. Think of someone who tries to 
remove a solar panel. He will first have 
to cut the cable, which joins all the 
panels. This process might be too time 
consuming and risky for the thief. 

Setting the database at work
The Photon Energy magazine has 
started a theft hotline supplemented 
by an online database for solar panels. 
Those who are affected can provide 
updated information about the following  
few things.
P Make of the panel
P Model number
P Serial number
P Date of theft
P Location of theft

This information can also help 
prospective customers to check the 
antecedents of the modules that they 
may be planning to put up either on their 
homes or in offices and factories.

Wear solar up your sleeve
Solar thin-film panels can be molded in 
various shapes indicating its flexibility. 
This particular feature has been put to 
an effective use by the well-known Boda-
Boda operators, as they are called in 
Kenya. They basically drive inexpensive 
bicycle taxis for ferrying people from one 
border point to the other in the villages 
of Kenya. Initially, the idea was to attach a 
small solar panel to the body of the cycle 
itself. However, the thought of exposing 
panels to theft made them attach it to 
their clothing instead. It is interesting to 
mention here that these cyclists work for 
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long hours, often between 4.30 a.m. to 
10 p.m. That effectively exposes them 
to the Sun for long period.  Taking the 
threat of theft into account, these cyclists 
wear solar vests. They have small flexible 
solar cells woven into the vest, akin to the 
pasting of an adhesive filled label on a 
file cover. Doing so ensures the following 
few benefits.
P No fear of losing the solar power 

generating part
P Mobile phone always remains in a 

charged mode 
P Uninterrupted accessibility from 

the customers
P Option of offering charging facility to 

the customers
P Emergency led-based light gets 

charged in the process

Maybe, in the future, solar thin-film 
modules could become so light-weight 
that they can be used in a similar fashion. 

The saga continues
In the second part of this article, we will 
limit our attention to India-specific PV 
programmes with special reference to 
the ‘Lighting a Billion Lives’ initiative 
being implemented by TERI (The Energy 
and Resources Institute).
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South Asia, comprising of eight 
countries and one-fifth of the 
world’s population in just 4% of the 

world’s land mass, is the most densely 
populated geographical region in the 
world. In this region, a large section of the 

DecentralizeD  
off-griD energy  
solutions
in the south asian region
Debajit Palit, Fellow, TERI <debajitp@teri.res.in>

population lives in rural areas. However, 
electricity is available in only 50% of 
the rural areas, thus leaving one out of 
every two people in these areas—about 
614 million people—without access  
to electricity. 

While the figure serves as a common 
denominator to the problem, there exists 
wide disparity in rural electrification 
in South Asia. Sri Lanka has a rural 
electrification rate higher than the 
global average, while only 12% of 
the rural population in Afghanistan is 
connected to the grid. India, Pakistan, 
and Bangladesh alone constitute 
more than 90% of the populace that 
lack access to electricity in the region 
while the remaining 10% is in the other 
smaller countries. While the South 
Asian countries historically had similar 
developmental challenges, as most of 
these countries were either part of the 
Indian subcontinent or maintained very 
close cultural and economic linkages, this 
similarity also offers potential for greater 
South-South co-operation for addressing 
many of the challenges, especially for 
an enhanced electricity access learning 
from each others’ experiences. 

This article shares the experiences 
of off-grid electrification in the South 
Asian region with special emphasis on 
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four countries—India, Nepal, Sri Lanka, 
and Bangladesh. These are the countries 
that have taken the lead in using off-
grid technologies in creating access to 
electrification in the rural areas through 
various schemes and models.   

Current trends
Out of the 614 million rural people 
without electricity in the region, many 
reside in isolated communities, far from 
the national electricity network. These so-
called ‘off-grid’ communities are generally 
small and dispersed, consisting of low-
income households with characteristics 
that are economically unattractive to 
potential private-sector energy providers 
or even government electrification 
programmes that usually prioritize 
the allocation of the scarce resources. 
Unserved consumers are also found 
in rural and peri-urban communities 
close to the grid where more than the 
accessibility issue, it is the poor financial 
condition and low electricity supply that 
stops people from accessing electricity. 

In these areas, the progress made in 
implementing off-grid solutions for rural 
electricity has shown mixed trends. The 
most common technologies that have 
been used for off-grid electrification are 
solar photovoltaic (PV) and mini/micro 
hydro systems. While mini/micro hydro 
systems have been used to create mini-

grids to supply electricity locally, solar 
PV technology applications cover both 
solar home systems as well as solar PV 
mini-grids. In addition, biomass gasifiers 
have also been used in India for off-
grid electrification. In terms of country 
coverage, Sri Lanka and Nepal have 
extensively used micro hydro power 
based mini-grids to provide electricity 
services. Bangladesh, on the other hand, 
relied more on solar home systems  
to cover households, which had no access 
to grid electricity. India has tested almost 
all off-grid electrification technologies, 
but solar PV and biomass gasifiers 
have received more attention than  
the other technologies. Countries such 
as Afghanistan, Bhutan, and Pakistan  
show relatively lesser penetration of off-
grid systems. 

While off-grid projects or programmes 
have and continue to be set up mostly 
with the help of grants and donors driven  
in most  countries like Nepal, Pakistan, 
and India, free markets have started  
to develop in Bangladesh, Sri Lanka,  
and even India. Free markets are 
showcasing innovations in system 
design and financial and institutional 
mechanisms, especially for the solar 
home systems market. Case studies 
of different countries revealed that 
community-based models were mostly 
adopted for off-grid electrification in the 

South Asian region, albeit with different 
names like village energy committees 
(VECs), village development committees 
(VDCs), fee for service models, rural 
energy service companies, and rural 
electricity cooperatives.   

Emerging trends
With distributed generation systems 
holding great relevance for off-
grid rural electrification on account 
of the key challenges of ensuring 
energy security to all communities, 
as well as global challenges to meet 
the Millennium Development Goals 
(MDGs) including education, health, 
environment protection, and livelihood 
generation, effective service delivery 
and innovative financial models could be 
instrumental in providing the required 
thrust to the sector. The following 
are the new paradigms within which 
distributed generation systems seem 
to be finding newer markets apart from  
off-grid electrification.
P Improving household electrification 

level in electrified villages where 
households are scattered and grid 
extension is not economically feasible;

P Augmenting the electricity supply 
in electrified villages for achieving 
better healthcare, education, and 
community services;

P Providing dedicated power to 
livelihood activities, such as food 
processing, rice hulling, computer 
kiosks, small shops, and skill-
development centres, to  boost the 
local economy;

P Managing areas of low demand 
such as street lights and compound 
lighting in the night in institutions/
campuses where large diesel gensets 
run for daytime peak loads;

P Pre-electrifying villages that are 
likely to be electrified in the near 
future for intruding basic electricity 
services initially, and subsequently 
facilitating load growth for making 
grid extension viable in future; and

P Meeting universal service obligations 
by improving the household 
electrification level in electrified 
villages and providing electricity in 
de-electrified villages.
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Specific trends: India
In India, grid connections have been the 
most favoured approach for the majority 
of rural households. In addition, renewable 
energy based off-grid technologies, 
such as solar PV and biomass gasifiers, 
have also been disseminated in areas, 
which are either inaccessible to grid 
connectivity or areas, as per the national 
census records, not recognized as villages. 
Also, privately-owned diesel generators 
supply electricity to both un-electrified 
and electrified villages (that do not 
receive electricity in the evening hours 
due to a deficit supply situation, usually 
referred to as chotti bijli in local parlance), 
especially in the rural markets places and 
to economically better off households on 
a light point basis. 

The off-grid technologies have been 
used either through the creation of local 
mini-grids or disseminating household 
level technologies such as solar PV for 
lighting and other low consumption 
activities. Data from the Ministry of New 
and Renewable Energy (MNRE) indicate 
that about 583 429 solar home systems 
and 792 285 of solar lanterns had been 
deployed by March 2010. The off-grid 
power plants based on renewable 
energy are typically in the range of 1–500 
kWp, and within dependent distribution 
network, that is, mini-grids. The MNRE 
statistics indicate that about 404.56 
MWp of cumulative off grid/ distributed 
renewable power including captive 
plants combines heat and power (CHP) 
exists in the country. 

Most of India’s off-grid systems have 
been promoted under government 
schemes like Remote Village 
Electrification (RVE) Programme, Village 
Energy Security Programme, and the 
Technology Demonstration Programme. 
In addition, NGOs have also been in the 
forefront of creating access to electricity 
through off-grid options in rural areas 
with the help of financial support from 
various bilateral and multilateral agencies. 
The RVE programme was initiated in 
2001 for covering un-electrified census 
villages and hamlets that are not likely to 
receive grid connectivity. By focusing on 
remote villages and hamlets of electrified 
census villages, the RVE has been aiming 
at bringing the benefits of electricity to 

people living in the most backward and 
deprived regions of the country. Under 
the RVE programme, solar home systems, 
solar PV power plants, small hydropower 
plants, biomass gasification systems in 
conjunction with 100% producer gas 
engines or with dual-fuel engines using 
non-edible vegetable oils, non-edible 
vegetable oil-based engines, and biogas 
engines will be promoted. However, 
almost 95% of the remote census villages 
taken up for electrification under RVE 
are provided with solar home systems 
or solar power plants. As on March 2010, 
the number of villages and hamlets 
electrified under the RVE was 5348 and 
1408, respectively. 

Though the Jawaharlal Nehru National 
Solar Mission (JNNSM), launched recently, 
as part of the 2008 Indian National 
Action Plan on Climate Change (NAPCC) 
has not been established to foster rural 
electrification per se, it does mention the 
use of solar energy as a means for rural 
electrification. It is envisaged that by the 
end of the Thirteenth Five-year Plan, in 
2022, the JNNSM should have led to the 
deployment of 20 million solar lighting 
systems in rural areas. 

Nepal
In 2008, the national 
electrification rate in 
Nepal was 64.5% with 
very uneven urban-rural 
distribution. In urban areas, 
where less than 20% of 
the population lives, the 
household electrification 
rate is 93.1%, while the 
rural electrification rate 
is only 52.5%— being 
highest in the accessible 
lowland regions (the Terai) 
and lowest in the mountain 
regions. The per capita 
electricity consumption 
is only 81 kWh, one of 
the lowest in the world. 
Though the electrification 
rate is still relatively low, 
since the beginning of 
this decade the country 
has made significant 
progress in extending 
electrification to the rural 

areas. Interestingly, in Nepal, almost 30% 
of electricity supplied in the rural areas 
has been through the off-grid route. The 
use of alternative energy sources for rural 
electrification took place because of the 
early realization by the Government of 
Nepal that the central electricity grid 
may not reach most rural populations.  
Thus, various renewable energy 
programmes were set up with the 
common objectives of strengthening 
the rural economic system, improving 
the quality of rural life by supplying 
energy, increasing the opportunity 
of employment, and contributing to 
environmental sustainability. 

The Energy Sector Assistance 
programme (ESAP) has also been 
instrumental in supporting the Alternate 
Energy Promotion Centre (AEPC) to 
promote micro-hydro schemes of up to 
100 kW. Besides loan financing available 
through commercial banks, there was 
also the provision of financial subsidy 
for these projects. Also, a total of 69 411 
solar home systems were installed in the 
country, bettering the programme target 
of 40 000 systems under ESAP Phase 1. 
The programme was also successful in 
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establishing guidelines for administering 
solar energy subsidies and putting in 
place quality assurance and monitoring 
systems for the solar energy projects. 
Currently, it is reported that 26 pre-
qualified solar PV dealers operate in the 
country who sell their systems through 
retailers trained in the basics of system 
maintenance and after sales services. 
Almost 83% of the installed solar home 
systems (SHS) are smaller than 40Wp 
capacity indicating that these are mainly 
used for lighting.

The current phase of ESAP, extending 
from 2007 to 2012, aim to provide 
energy solutions to more than 1 million 
households in Nepal through its various 
programme components—biomass 
energy support programme, solar energy 
support programme, and mini-grid 
support programme. The programme is 
supporting the creation of mini-grids to 
be fed by hydro power with capacity of 
5 kW to 1 MW, as pre-grid electrification 
options. If and when the national grid 
is extended to these areas, the mini-
grids could be directly connected to 
the national grid. ESAP Phase 2 plans 
to generate 20 MW of electricity to 
benefit 150 000 rural households served 
through mini-grids across the country. 
Furthermore, solar home systems are 
also being promoted to power lights and 
operate small appliances under ESAP 
2. In addition, the programme is also 
supporting new solutions such as small 
solar powered lamps (solar tuki) and is 
aiming to cover 150 000 households with 
solar home systems and about 250 000 
households by solar tuki systems. 

 

Sri Lanka
Sri Lanka stands out among the South 
Asian countries for its high rate of 
household electrification. During 
the period 1986–2005, the national 
electrification rate improved significantly 
from 10.9%–76.7%. Almost 75% of 
the rural households in Sri Lanka 
are connected to the electricity grid, 
while another 2% of the households 
are provided with basic electricity 
connection through the off-grid option. 
In the off-grid sector, small hydro power 
has been the preferred option with 

the first off-grid village hydro scheme 
commissioned in 1992. Since then, the 
village hydro schemes have become very 
popular, especially in the Southern and 
Sabaragamuwa provinces, to provide 
power to rural households that are far 
from grid electricity. In these villages, 
hydro schemes were built, owned, and 
operated by rural communities through 
electric co-operative societies that are set 
up for this purpose. Apart from the micro 
hydro, solar PV home systems have also 
been used to a large extend to provide 
access to electricity. 

The country has one of the most 
successful solar PV home system 
programme, promoted through 
innovative financing schemes such 
as Energy Services Delivery (ESD) and 
Renewable Energy for Rural Economic 
Development (RERED) project, with 
private sector involvement. The ESD 
project provided the basis for a market-
based approach for introducing 
renewable energy development in the 
country. The ESD credit programme 
resulted in a dramatic increase in the 
development of grid-connected and 
off-grid renewable energy projects, 
prepared and implemented by the 
private sector and village communities. 
The project catalysed the solar market 

by installing 20 953 solar home systems, 
with a total capacity of 985 kW, against 
a target of 15 000 systems; 31 MW of 
mini-hydro capacity installed through 15 
projects against a target of 21 MW; and 
350 kW of capacity through 35 village 
hydro schemes serving 1732 beneficiary 
households against a target of 250 kW 
through 20 schemes.

After the successful implementation 
of the ESD project, the government, 
with the help of the World Bank and 
the Global Environment Facility (GEF), 
established the renewable Energy Rural 
Economic Development (RERED) Project, 
which electrified more than 130 000 
rural households through solar home 
systems and independent mini-grids 
and provided 1000 off-grid electricity 
connections to small and medium 
enterprises and public institutions. This 
helped thousands of rural households to 
switch from poor-quality kerosene lamps 
to more efficient electric lighting. 

Studies have concluded that the large-
scale penetration of SHS in Sri Lanka have 
helped the rural communities to improve 
socio-economic conditions and reduce 
adverse environmental impacts. 

The success of the off-grid projects 
in Sri Lanka can be attributed to flexible 
project design responsive to the needs 



19 october 2010  

Committee (BRAC). IDCOL provides 
grants and refinances the systems, sets 
the technical specifications for the solar 
equipment, develops publicity materials, 
provides training for the PO capacity 
building, and monitors PO performance. 
The role of PO is to select the project areas 
and potential customers, offer micro-
financing to the customers, install the 
systems, provide maintenance support, 
ensure that spare parts are available, 
consult with the users before installation, 
disseminate knowledge for productive 
use of the system, and provide training 
to the users and local technicians in 
order to create local expertise and 
ownership on the system. IDCOL offers 
refinancing through soft loans to the POs 
and channels grants to reduce the SHS 
costs as well as support the institutional 
development of the POs. In addition, the 
IDCOL also provides technical, logistic, 
promotional, and training assistance to 
the POs. The POs provide credit to the 
customers. A customer has to pay 10% 
of the total cost of the system as down 
payment, and the outstanding amount 
is to be paid in the form of monthly 
installments with a 12% service charge, 
which covers the maintenance cost of 
the system. 

IDCOL started the programme in 
January 2003 and its initial target was 
to finance 50 000 SHS by the end of 
June 2008. The target was achieved in 
September 2005, three years ahead of 
schedule. IDCOL then revised its target 

Grameen Shakti model

Incorporated in 1996 as a not-for-profit company, Grameen Shakti (GS) has developed one 
of the most successful market-based programme with a social objective of popularizing 
solar home systems including other renewable energy technologies to millions of rural 
villagers in Bangladesh. GS used its Grameen Bank concept of micro-credit to evolve a 
financial package suitable for the rural people, especially to bring down the costs. The 
customized pricing system based on installments helped GS to reach economy of scale 
with the increase in sales. Their business is centred on customer service excellence and 
GS engineers pay monthly visits to households during instalment payment and offer their 
services for a small fee, upon the signing of an annual maintenance agreement by clients.  
GS also undertakes several other activities (such as educational loans, gift schemes, 
and so on) that go well beyond the energy service alone and help develop trust between  
GS and the local communities. By the end of December 2009, the total number of 
installations reached to 113 736 SHS. And GS plans to meet a target of 220 000 SHS by 
the end of 2010.  
  

ConSumer Credit throuGh the miCrofinanCe inStitutionS

The most popular SHS financing model under Sri Lanka’s Renewable Energy for Rural 
Economic Development Project (RERED) is consumer credit through the microfinance 
institutions that work closely with the solar companies. The project’s centerpiece has been 
the market-based credit programme available to the participating credit institutions (PCI)—
commercial banks, microfinance institutions, and leasing companies that meet the eligibility 
criteria. The solar companies, via their dealer networks, sell SHS and offer operation 
and maintenance services. The business model is structured through a memorandum 
of understanding between the microfinance institution and the solar company. The PCIs 
can refinance up to 80% of their loan amount and offer households, community-based 
organizations, and private developers sub-loans, to finance SHS, village hydropower 
systems, and mini-hydropower projects, respectively.  

of implementing organizations, suppliers, 
and beneficiaries. The work has been 
further aided by improved access to 
capital, innovative easy payment schemes 
introduced by micro-financing institutions, 
and output focused approach adopted 
by the private companies and non-
governmental organizations. The projects 
had effective, after-sales maintenance 
networks in place, particularly for systems 
financed by the micro-finance institutions, 
which were trained in basic technical-
repair skills. Furthermore, strong outreach 
networks enabled the micro-finance 
institutions to reach the rural customers 
with the help of effective service  
delivery channels. 

Bangladesh
According to the International Energy 
Agency (IEA), the overall electrification 
rate in Bangladesh was 41% in 2008, 
with 76% of the urban population and 
only 28% of the rural population having 
access to electricity. Though the rural 
household electrification rate is poor, 
Bangladesh has recorded an impressive 
rural electrification performance 
with the help of solar PV technology 
especially solar home systems. The 
solar PV programme was developed by 
Infrastructure Development Company 
Limited, Bangladesh (IDCOL, Bangladesh) 
with the help of the World Bank. The 
project is now implemented by IDCOL, 
Bangladesh, through its 23 partner 
organizations (POs), including leading 
names such as Grameen Shakti and 
Bangladesh Rehabilitation Assistance 
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and decided to finance 200 000 SHS.  
This was also achieved in May 
2009, seven months ahead of the  
schedule. IDCOL now targets to finance 

liGhtinG a Billion liveS CampaiGn 

TERI has evolved an innovative renting model for providing access to clean lighting through 
solar lantern under its Lighting a Billion Lives (LaBL) campaign initiative.  Launched in 
2008, the campaign aims to bring light into the lives of one billion rural people by displacing 
kerosene and paraffin lanterns with solar lighting devices, thereby facilitating education of 
children; providing better illumination and kerosene and smoke free indoor environment 
for women involved in household chores; and providing opportunities for livelihoods both 
at the individual and village level. LaBL operates on the basis of the fee-for-service or the 
rental model, whereby centralized solar charging stations (SCS) are set-up in villages for 
charging the lanterns and providing the lanterns daily on rent to households and enterprises.  
A typical solar lantern charging station consists of 50 solar lanterns with five numbers of 
solar panels and junction boxes. The charging stations are operated and managed by 
entrepreneurs (Self Help Groups/individual youths) who qualify the selection criteria, which 
is set as part of the LaBL campaign. These entrepreneurs are selected and provided the 
handholding support by local LaBL implementation partners called LaBL associates. The 
rent is collected by the entrepreneur, a part of which is used for operation and maintenance 
of the charging station and for replacement of batteries as may be required after 18–24 
months of operation. TERI has successfully extended the campaign in 566 villages spread 
across 15 states in India impacting more than 150 000 lives.   

1 million SHS by the end of year 2012, 
out of which a total of 438 000 SHS  
have already been installed as on 
December 2009.

This article is based on a review of the off-grid electrification experiences in the South Asian region, conducted as part of a multi-consortium 
research project titled ‘Decentralized off-grid electricity generation in developing countries: business models for off-grid electricity supply’, 
led by the University of Dundee and lasting from October 2009 to September 2014.  The research project is funded by the Engineering and 
Physical Sciences Research Council (EPSRC) / Department for International Development (DFID) research grant (EP/G063826/1) from the 
Research Council United Kingdom (RCUK) Energy Programme. 

The Consortium Partners: The partners are Centre for Energy, Petroleum, Mineral Law and Policy, University of Dundee, the UK; The 
Energy and Resources Institute, New Delhi, India; TERI University, New Delhi, India; School of Environment and Development, University of 
Manchester, the UK; and Edinburgh Napier University, the UK.  

Conclusion
The success stories in the dissemination 
of solar technologies in Bangladesh, Sri 
Lanka, Nepal, and India demonstrate 
the possibility of implementing off-
grid programmes in association with 
the private sector and microfinance 
institutions that operate in the rural 
areas. The projects could be suitably 
scaled up with improved access to 
capital, development of effective  
and reliable after-sales service,  
customer-centric market development, 
and regular stakeholder involvement. 
While these experiences may be true 
in the case of delivery of solar systems,  
the design principles key to their 
success can also be extended to cover 
other off-grid technologies. This is to 
provide access to electricity to people 
in the remote areas for the overall socio 
economic development and inclusive 
growth of the South Asian region in 
general and its constituent countries  
in particular.  
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Background

The solar photovoltaic (PV) industry 
has always faced a battle of sorts 
between the thick and thin film cell 

technologies. However, for now at least, 
the thick film, made out of crystalline 
silicon cell material, scores more than its 
immediate rival—amorphous silicon (a-
Si) thin film. The fact is that thin film solar 
was once predicted to be the future of 
renewable energy. However, so far that 
has not proved to be true even though 

Thin film solAR 
venTuRes
CURRENT TRENDS 

Dr Suneel Deambi, Consultant, TERI <sdeambi@airtelmail.in>

another competing thin-film technology 
made of cadmium telluride (CdTe) is 
edging past rest of the technologies 
in an unexpected manner. We will 
realize its potential when, not just one 
thin-film technology, but a number of 
them together prove their commercial 
prowess. Till then, it seems that various 
thin-film ventures like those based on 
copper indium diselenide, copper indium 
gallium di-selenide (CIGS), and so on are 
facing rough weather. 

Why solar?
It is expected that PV technology will 
play a pivotal role in fulfilling the global 
energy needs and it may continue to 
record a double-digit annual growth. 
According to the Electric Power Research 
Institute (EPRI), the solar PV market is 
business worth billions-of-dollars per 
year, both in terms of module production 
and system installation. However, for 
PV to make a noticeable impact on the 
energy scene of any country, the cost 

Courtesy: DOE/NREL
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of the installed system will have to be 
reduced. It is a fact that the module costs 
have reduced appreciably during the 
last decade. In 2009, the module cost 
dropped by as much as 33% reaching 
below $2/Wp, but PV still continues to 
be an expensive energy option. This is 
mainly on account of the Balance of 
System (BoS), which still is about 50% 
of the total installed cost. The trick of 
the trade lies in bringing down both the 
module cost as well as the BoS cost via a 
series of innovative measures. Today, the 
BoS cost is about $1–2/Wp, which should 
be lowered to $0.60–0.90/Wp. However, 
the most important metric to evaluate 
PV projects is the levelized cost of energy 
usually expressed in Rs/kWh.

Silicon material shortages give 
new hope
Given that some time back, silicon prices 
shot through the roof, there was a ray of 
hope for another new generation thin-
film technology like CIGS. That was the 
time when the entrepreneurs started 
to look quite intently at the cost-saving 
technologies. The underlying assumption 
was that it would be quite cheap to 
produce thin films in comparison to 
the crystalline silicon. In fact, there was 
a horde of startup companies, which 
tried to chase the dream of thin-film 
commercialization. These included, 
example companies like Miasole, 
Nanosolar, and Solyndra to name a few. In 
fact, the latter two companies managed 
to garner enough support from none 
other than the US Department of Energy 
(DOE). As per reliable market estimates, 
about $2 billion dollars has been spent 
on thin-film solar cell technology 
development till date. The fundamental 
question is—has something substantial 
been achieved on this front till date?

Let us now try to take a close look at 
the pricing trends of silicon over the last 
one year or so. It is quite clear that silicon 
prices have registered a steep fall thus, 
making thin-film a less cherished idea to 
pursue. Also, a direct comparison of thick 
versus thin film conversion efficiencies 
seems to be distinctively out of place. 
For example, crystalline silicon made by 
the likes of SunPower converts about 

21% of the incident solar radiation into 
useful electricity. On the other hand, 
thin-film solar cell efficiencies continue 
to be about 9%–10% or so, which is not a 
desirable figure.

Optimistic future for thin films
However, one should not think that the 
battle has been lost on this front. To 
put this in perspective, a CIGS company 
namely AQT Solar is deeply optimistic 
about its capability to produce relatively 
cheap modules. In fact, it intends to use 
equipment being used to produce the 
computer hard drives. Moreover, the 
size of the cells will be small, much like 
the crystalline silicon solar cells. This 
way, AQT hopes to reach out to  solar 
module makers who posses the X-Si 
manufacturing equipment. Despite 
these merits, it may still not be able 
to dislodge thin film majors like First  
Solar. The company has gained huge 
market prominence by manufacturing 
thin-film modules using cadmium and 
telluride. Beyond doubt, CdTe is less 
efficient than CIGS, but the US-based 
company, First Solar,  has the production 
capacity in place to fabricate sizable 
volumes of thin-film modules at very  
low costs.

It would be apt to say that the solar 
industry needs both CdTe and CIGS 
technologies. The good point is that 
AQT has managed to book orders worth 
about 20 MW equivalent of solar panels. 
But, it still needs to pursue sustained 
research and development, which 
may ultimately lead to an enhanced 
market appeal amongst a wide range 
of potential customers. AQT Solar has 
just commissioned a 15-MW line in 
Sunnyvale, California with an easy scaling 
up capacity of 60 MW.

Recent developments in  
CIS/CIGS
Solar Frontier, part of Showa Shell, is 
constructing a 900-MW capacity factory 
in Japan based on CIS, which could place 
it on a high, competitive pedestal vis-a-vis 
the other companies. It will be completed 
in 2011. Japan’s first commercial 
megawatt scale PV power plant will use 
such panels. Simultaneously, Miasole 
located in the Silicon Valley intends to 
make CIGS solar modules with about 
13% efficiency available by this year 
end. Another company, namely Stion 
has consolidated nearly $70 million to 
take the annual capacity of its factory 
from a mere 10 MW to 100 MW over the 
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next year. Solyndra Solar is one more 
company, which is currently operating 
a CIGS plant spread over an area of 300 
000 square feet in California. It expects 
to increase the annual production to a 
minimum of 300 MW towards the end 
of 2011. There is an Intel-supported 
company namely Sulphurcell located 
in Germany, which set up a CIS-based,  
75-MW factory last year in Berlin. However, 
despite all these announcements, there is 
not much to cheer about on the thin-film 
front. Those engaged in the manufacture 
of crystalline silicon panels are now 
routinely setting up factories in GW 
scale or even more. The real question is, 
whether CIGS/CIS manufacturers will 
be able to produce at the competitive 
market rates? At the moment, that does 
not seem to be a reality in the near 
future, mainly due to the absence of high 
volume production.

First Solar at its best
For long, a-Si was considered a real 
contender to the expensive crystalline 
silicon cell technology as much less 
silicon material was used in it. However, 
its market share continued to recede 
for one reason or the other despite high 
industry expectations.  Meanwhile, two 
thin-film companies—Golden Photon 
and Solar Cell Inc. (SCI)—developed the 
know-how for the production of large 
areas CdTe modules.  Later, SCI was 
purchased by True North Partners in 1999 
and renamed as First Solar. The company 
is now ranked seventh on Fortune’s list 
of 100 fastest growing companies and 
number one on its list of profit growth for 
energy companies. This company is now 
the largest manufacturer of thin-film 
solar panels in the world and has turned 
out to be the largest manufacturer of PV 
cells with a production of 1.1 GW in 2009.

Beyond doubt, the spectacular 
success of First Solar has motivated other 
thin-film makers to try similar ventures. 
Today, several thin film-based startups 
have factories with less than 100-MW 
annual capacities. As per the available 
market information, CIGS companies 
worldwide all together shipped about 
43 MW of solar panels, mainly maturing 
from Solar Frontiers, Global Solar Energy, 
and Honda. 

The cost factor at work for CIGS
It is necessary for the CIGS companies 
to sell their products at prices that are 
comparable to those that use crystalline 
silicon or CdTe. However, if, that is not 
possible, then their modules should 
be able to produce more energy over 
the lifetime of a project, typically 25 
years or so, in order to justify the higher 
prices. Many experts worldwide argue 
the absence of a standard technique 
or a formula for working out the cost 
of producing solar electricity over the 
lifetime of a project. The following are the 
costs which seem to be important. 
P Cost of equipment
P Installation and commissioning cost
P Operation and  maintenance 

(O&M) cost
P Reduction in power production owing 

to aging of solar panels

There is a certain kind of dilemma 
attached to the thought process of 
some of the project developers. At times, 
they give importance to obtaining the 
cheapest possible solar panels from the 
market, the consideration being the per 
peak watt cost. However, they should 
concentrate more on production of 
electricity as it involves the end-use cost.

According to First Solar, its 
manufacturing cost during the first 
quarter of 2010 stood at about $0.81/Wp. 
The average efficiency for these panels 
was reported to be about 11.1%.  It is 
important to mention here that the long-
term contract prices for silicon dropped 
by almost 50% during 2008/09. This also 
meant a comparable cost of production 
for the crystalline silicon solar panels. 
Almost a year back, the spot market 
price for silicon was close to $70 per kg 
as against $55 per kg, which is the spot 
market price today. Some of the 
major X-Si panel producers were 
marketing their products 
at about $1.68 in the first 
quarter of this year. At 
one point in the second 
quarter, the price went 
past $2.16 mainly due to 
the rush for completion 
of projects in Germany well 
before the dropping of incentives. 

CIGS modules are currently being 
produced at an average efficiency of 
11.5% and are expected to touch 14% 
by 2014. Market analysts speculate the 
price for the manufacturing cost of Solar 
Frontiers to be higher than that for First 
Solar panels made out of CdTe.

Advantages attached to CIGS?
Despite the cost issue, CIGS manufacturers 
claim a few clear advantages over the 
crystalline silicon panels. The following 
are the main advantages. 
P CIGS does not degrade.
P It does not lose their power output 

as quickly as the crystalline silicon 
panels.

P It is more suitable for building 
integrated photovoltaic (BIPV) 
applications, that is, building facades, 
as these can be encased with flexible 
materials in place of glass.

However, there is a genuine need for the 
PV market to have better encapsulant 
materials prior to dispensing with the use 
of glass. It is mainly due to the fact that 
moisture presence is quite detrimental to 
the CIGS compound.

Thick versus thin film cost: the 
race begins
The PV industry witnessed a new world 
record of sorts when First Solar reported 
a manufacturing cost of just $0.76/Wp in 
the second quarter of 2010. The company 
marked a cost reduction of 13% in the 
corresponding cost for the previous year.  
Further, the manufacturing capacity is 
expected to move up from 2.1–2.2 GW 
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by 2012 with solar to electric conversion 
efficiencies already touching 11.2%. The 
projected net sales may register a value 
of $2.6 billion in 2010. Meanwhile, about 
30 MW worth of the CdTe modules were 
reported to be faulty, against which 
the cost of replacement is going to be 
$23 million. As for the new markets, the 
utility scale projects may help to spur the 
demand for PV modules in the backdrop 
of their likely lower demand in countries 
like Germany and Italy. It is quite 
important to note here that the feed-in 
tariff cuts have recently been announced 
at these two places.

Region specific thick versus 
thin film production capacities
Silicon continues to be the workhorse of 
the global PV industry. The US emerges as 
a clear leader in this area with a market 
share of 39%, followed by China and 
Europe at 18% each. Japan and rest of 
the Asian countries account for a market 
production of 12% and 13%, respectively. 
However, when it comes to the actual 
production of thick-film crystalline 
silicon cells and modules, the scenario 
changes altogether. Table 1 shows the 
region-specific crystalline silicon cell and 
module production figures in 2009. 

From Table 1, it is quite clear that 
China is the dominant player, both in the 
area of crystalline silicon cell and module 
production. In contrast, Europe occupies 
the first place in terms of having the 
highest production capacity for the 
thin-film solar technology. First Solar 
accounted for as much as 70% of the thin-

film production during the last year. As 
per the figures released by the European 
PV Industry Association (EPIA), the global 
PV cell manufacturing capacity in 2009 
was almost 24 GW. These capacities 
are expected to go up by 30% in 2010, 
following which the annual growth may 
stabilize at about 20% so as to touch  
65 GW in 2014. The compounded annual 
growth rate (CAGR) for X-Si modules 
will be about 22% as against 25% for 
the thin-film modules. The market share 
of thin-film modules is expected to be 
about 25% by 2014.  

In terms of the geographical 
distribution, Asia may very well retain 
its leading position both as a cell and 
module manufacturer. To begin with, 
Japan spearheaded this growth in Asia, 
but now production capacities in other 
countries like China, Taiwan, Korea, 
Malaysia, Philippines, and India have 
recorded an appreciable growth. India 
is yet to make any noticeable impact on 

the thin-film technology front despite 
several such initiatives having been 

taken in the academic, research, 
and industry segments from 

time to time. With the recently 
launched Jawaharlal Nehru 
National Solar Mission, the thin-
film scenario may also go in for 
some dramatic change.

Summing it up
Presently, more than 80% of 
the total solar cells produced 

globally are made of crystalline 
silicon material. To elaborate it 

further, about 34% of the solar cells 

table 1 Region-specific crystalline silicon cell and module production figures in 2009
S. 
No.

Country X-Si cell  
capacity

X-Si module  
capacity

Thin-film  
capacity

1. China 47% 54% 16%
2. Europe 17% 28% 31%
3. Taiwan 12% 1% 6%
4. Rest of the Asian countries 

(mainly Malaysia)
10% 7% 19%

5. Japan 9% 4% 16%
6. USA 5% 5% 11%
7. Rest of the world - 1% 1%
Source: EPIA

were constituted of single crystal or 
mono-crystalline silicon, while 47% of the 
cells used the poly or multi-crystalline 
silicon material.  Nearly 17% of the solar 
cells are being produced in the form of 
thin-films of materials such as a-Si, CdTe, 
copper indium diselenide, and others. 
These are applied onto various substrates. 
Going by these figures, crystalline silicon 
technologies are expected to be the 
main intervention even in the next 
decade. It is mainly due to the growing 
customer preference for the conversion 
efficiencies as well as the dropping prices 
of silicon material. Perhaps a major blow 
to the market potential of the thin-film 
technologies has come with a sharp 
drop in price of silicon material in the 
international market. Further, as per the 
available market information, about 170 
companies are actively participating 
backed, by venture capital. However, 
only a couple of them have been able 
to manage a production of little over 
100 MW annually. Moreover, few CIGS 
manufacturers have been confronted 
with one technical issue after another, 
thus resulting in the delayed production 
of their modules. 

Also, the global financial constraints 
have tilted the scale in favour of the 
crystalline silicon modules. However, 
on the application front, market 
opportunities are plentiful. Take for 
example the billions of square metres 
of rooftop space available in the world, 
on which thin-film solar panels could be 
carpeted. India is one such country that 
has enough sunshine to an aesthetically 
pleasing yet energy-efficient landscape.
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With the gap between the supply 
and demand of conventional 
energy sources constantly 

increasing, especially in the developing 
countries, the need to harness solar 
energy, among other renewable sources, 
has emerged as a major alternative. 
Despite its long history of using the 
sun’s energy, India is far from tapping 
the full potential of this energy source. 
One major reason for this could be the 
lack of dissemination of information 

and public understanding on the issue, 
which stands in the way of implementing 
changes. With the photovoltaic industry 
having been declared as the fastest 
growing renewable energy sector in the 
world, efforts have been made to create 
infrastructure for the usage of solar 
energy in the last two decades. However, 
more initiatives need to be taken in terms 
of generating awareness vis-a-vis the 
design, quality, and appropriateness of 
various solar products that are available, 

so that one can choose the right product 
according to the budget. 

Solar energy is especially relevant 
and useful in rural homes that lack 
basic amenities. In these homes, various 
solar energy applications, such as solar 
cookers, solar water heaters, installation 
of solar water pumps, and so on, can be 
put to use. Also, solar lanterns have found 
good acceptance in the rural regions 
where power supply is erratic and scarce. 
Independent campaigns such as the 

LED soLar 
LantErns 
critical quality aspects
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1 Lighting a Billion Lives (LaBL) is TERI’s flagship programme. The campaign aims to bring light into the lives of one billion people across the world, 
who do not have access to electricity, with the help of solar technologies.

2 duPont, P. 2006. “International CFL Market Review: a study of seven Asia-Pacific economies,”Australian Greenhouse Office. (August)
3 The need for independent quality and performance testing of emerging off-grid white-LED illumination systems for developing countries, THE 

LUMINA PROJECT

Lighting a Billion Lives (LaBL)1 campaign 
initiated by The Energy and Resources 
Institute (TERI), which distributes solar 
lanterns in remote rural areas that are 
not connected to the grid, have gained 
several insights, both from the field and 
from the researchers over time. Some  
of the insights gained are presented in 
this article.  

Need for standardization of  
LED lanterns
A solar lantern is a portable compact 
fluorescent lamp (CFL) or light-emitting 
diode (LED)-based lighting device, with a 
rechargeable battery that can be charged 
with the help of a solar photovoltaic 
system. Because of its simple, reliable, 
and safe operation and its sustainability, 
it has proved to be very useful for the 
rural population. The lanterns can also 
be maintained at a minimal cost with a 
battery that can be replaced once every 
1–2 years.

While LED is highly efficient, the quality 
and efficiency of LED-based products, 
such as LED lanterns remain largely 
untested. Therefore, in this context, an 
effort needs to be  made to introduce star 
ratings for LED-based products. 

Among these, the quality, reliability, 
and durability of the white LED-based 
solar lantern, which is a consumer 
product and one of the more expensive 
ones, need utmost attention.

Solar lanterns are currently being 
manufactured by various manufacturers 
and their prices vary widely. On the 
one hand, lanterns which are not very 
expensive tend to be of bad quality; on 
the other hand, lanterns which are of good 
quality tend to be very costly. The point is 
that there is lack of data characterizing the 
quality and performance of LED-based 
solar lanterns, which may ultimately stand 
in the way of its saleability.

Although the LED lantern market 
is developing fast, our research on  
various commercially available LED-
based solar lanterns show huge variation 

in the quality and performance of  
the product. 

Based on the following basic 
minimum parameters, the quality of the 
products can be determined.
P Luminous efficacy
P Illuminance and glare
P Lighting distribution characteristics 
P Light output  over a single 

discharge cycle
P Hours of useful illuminance delivered 

from a fully charged battery
P Persistence of battery capacity
P Performance of charging circuit, 

charging efficiency
P Overall system efficiency 

As per our tests and measurements, the 
variation in the quality and performance 
of lanterns from various manufacturers 
is characterized in terms of their light 
output, usability of the system, reliability, 
and durability of the system components, 
such as light sources, storage batteries, 
electronic circuitry, switches, connectors, 
and so on. For example, out of 
approximately 45 LED lanterns tested 
in the LaBL laboratory, the efficacy of 
the LED varied from 20 lumen/watt–110 
lumen/watt. Similarly, out of the total LED 
lantern samples tested, the illuminance 
(lux output) of the lantern was found 
to vary widely. In more than 50% of the 
cases, it reduced drastically with time 
and was not uniform throughout its 
operation. The diffusers, reflectors, and 
other optical devices should be designed 
in such a way that they uniformly 
distribute light. However, our findings 
show that, in most of the cases, the design 
does not satisfy this necessary condition. 
Similarly, the performance of electronic 
circuits differ widely in terms of their 
charging efficiency, driver efficiency, type 
of protections, and indications present. 

The difference in the quality of these 
products is not visible to the consumers, 
since there is no visual mark to 
distinguish one product from the other. 
Interestingly, in many cases, despite 

significant variation in the performance 
of the LED lights, the price did not vary 
widely for these products. From the 
customer’s point of view, this is highly 
misleading and can have a negative 
impact on the saleability of the product. 
The introduction of inferior quality 
products with relatively higher prices 
can create dissatisfaction among users, 
resulting in rejection of technology and 
loss of overall reputation of the entire 
range of products.

It should be emphasized here that 
product quality has also been an issue 
for fluorescent and incandescent light 
sources. CFLs have exhibited a wide range 
of performances, as indicated by a recent 
survey conducted in seven countries in 
the Asia-Pacific region. In these nations, 
low-quality CFLs represented 7%–34% 
of the total sales.2 This is one of the 
main reasons for the creation of national 
and international campaigns—notably 
the Efficient Lighting Initiative (ELI)3 
to ensure CFL quality with the help of 
testing, labelling, and other methods.

Similarly, pro-active steps should be 
taken for quality assurance of LED-based 
solar lanterns. These steps can help save 
money by protecting the interest of 
millions of people who fall under the low 
income category.

Therefore, the first step towards 
addressing such issues could be to 
develop a rating and performance 
system that would ensure the quality 
and performance of the LED lanterns in 
terms of its lighting services, usability of 
the system, reliability, and durability of the 
system components and the system as  
a whole.

LaBL has developed a methodology/
procedure to test and evaluate the 
performance of various LED-based  
solar lighting products, specifically 
for lanterns and label them on the 
basis of their performance, as per the 
requirement of different applications 
and target groups.

Published in LaBL Technical Brief, April 2010
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Introduction

Photovoltaic (PV) technology, involving direct conversion 
of incident sunlight into useful electricity via 
semiconductor-based solar cells, is now steadily but surely 

expanding its frontiers. Here, the obvious reference is towards 
the large scale or megawatt capacity grid power generation 
under the recently initiated Jawaharlal Nehru National  
Solar Mission (JNNSM). A large number of potential project 
developers are trying to seize the first available opportunity 
to conceive such power plants. To set the project rolling, it is 
imperative to have a focused Detailed Project Report (DPR). 
There are various significant aspects that figure in such a 
report under a step-by-step procedural methodology.  The 

PREPARING DETAILED 
PROJECT REPORT
The step-by-step procedure for 
megawatt capacity solar PV power plant
Jonathan O Okoronkwo, Sindicatum Climate Change Foundation Scholar, TERI University <jocypress@gmail.com>

present work deals with a key installation set up by The Energy 
and Resources (TERI) at its university campus in Vasant Kunj,  
New Delhi, India, from several key designs and performance-
oriented considerations.

Site description: TERI University
TERI University, New Delhi, has been chosen for this detailed 
project report because of resourcefulness to research areas 
in renewable energy. Data availability of its green building 
has been used to design this grid-interactive rooftop solar PV 
power plant at the main campus arena. The TERI University is 
located at latitude 28° 37' 55" and longitude of 77° 16' 47". This 
design has been tailored using these specifications.



29 october 2010  

Physics of solar radiation on PV panels
A PV system does not need bright sunlight in order to operate. 
It can also generate electricity on cloudy days. Due to the 
reflection of the sunlight, days with slight cloudy conditions can 
even result in higher energy yields than days with a completely 
cloudless sky. Generating energy through solar PV is quite 
different from how a solar thermal system works, where the 
sun’s rays are used to generate heat, usually for hot water in a 
house or a swimming pool, and so on.

The energy required for the electron to cross the energy 
band gap is obtained from sunlight unlike in solar thermal, 
where it is converted to resistance.

Two forms of energy are involved in this phenomenon, one 
due to the velocity and the other due to the position, which 
is commonly referred to as kinetic and potential energies of  
the photons.

The Boltzmann distribution is often expressed in terms of

 (1)

Where β is referred to as thermodynamic beta
The term;

(2)

Where β is referred to as thermodynamic beta 

The term , which gives the ( not normalized) relative 
probability of a state, is called the Boltzmann factor. Where the 
energy is simply the kinetic energy of the particle

(3)

Continuum approximation can be used. If there are g(E) dE 
states with energy E to E + dE, then the Boltzmann distribution 
predicts a probability distribution for the energy

(4)

figure  1 TERI University, New Delhi

Then g(E) is called the density of 
states, but if the energy spectrum is 
continuous, which gives the relative 
probability of a state, it is called the 
Boltzmann factor.

Availability of solar potential
Often, the most neglected factor in 
determining the solar potential of 
any location on a horizontal surface 
is the extraterrestrial radiation of the 
upper side of the atmosphere. The 
solar constant, which is the radiant 
energy flux received per second by 
a surface of unit area held normal to 
the direction of sun’s rays at the mean 
earth – sun distance, outside the 
atmosphere is practically constant, 

with its highest value falling within the earth and lower part of 
the atmosphere is  called the I-extraterrestrial.

(5)

Where,
 I

ext
 = I

extraterrestrial

 I
sc

 = I
sc

 m = Number of days 
 Complete cycle = 360
 Number of days through the year = 365

The units are Joules per second per square metre (J/s-m2).

(6)

 (7)

Latitude angle
The latitude angle is another consideration usually used to 
determine the angular location north or south of the equator; 
maximum energy is obtained when the sun’s rays strike the 
receiving surface perpendicularly. In this case, perpendicularity 

figure 2 Module orientation for maximum solar gain year round in New 
Delhi is to tilt the modules South at latitude tilt. The converse holds true 
for Southern Hemisphere sites, for example, Canberra in Australia.
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between the sun’s rays and the modules can be achieved only if 
the modules’ mounting structure can follow the movements of 
the Sun (that is, the track the Sun). Usually, the angle of elevation 
of the array is fixed. In some cases, azimuth adjusting trackers are 
used. Depending on the latitude of the site, azimuth adjusting 
trackers can increase the annual average insolation received up 
to 25% in temperate climates.

Tilt angle
Solar panels are tilted for better collection usually to an angle 
equal to β, in most cases β = 0 in a special case of a horizontal 
surface. However, radiation falling on tilted surfaces will be 
the sum of direct radiation, diffuse radiation, and reflected 
radiation called albedo. This angle is very useful because, while 
considering the horizontal surfaces we are facing the entire 
hemisphere and, hence, receiving the global radiation. However, 
when it is tilted or inclined; the view factor comes into focus and 
its maximum possible value is 1. In other words, depending on 
the location our surfaces may be tracked to always adjust to the 
sun’s position or left to receive vertical radiation on horizontal 
surfaces. In either case, available formulae can be used to 
estimate the solar potential striking the panels.

 

which is called albedo or scattering and absorption at that location. 
Air mass is loosely referred to as atmospheric attenuation. It means 
length in terms of the angular movement of the sun. In June, this 
angular displacement is very large and the smallest in December, 
invariably signifying the different paths the sun is travelling 
at those moments. These ratios are not constant throughout  
the day.

figure 3 One  axis tracking flat plate panels with axis-oriented 
East West facing South

figure 4 Sun paths diagram

figure 5 Plot of Sun Path on the measurement day (19 August 2010)

Hourly angle
Let us look at the angular displacement of the sun, east or west 
of the local meridian due to rotation of the Earth on its axis at  
15°  per hour. The value is negative in the morning (- 90° at 6 
p.m.) and positive in the afternoon making (+ 90 at 6 p.m.). 

The earth makes rotates 360° rotation on its axis, which means 
that the total day length of 24 hours is equal to 360°, hence the 
above statement. However, in the planetary movements, there 
are angular variations while the magnitude remains constant, so  
15° is the angular distance travelled.

Within the extraterrestrial environment, the minimum 
distance travelled following the solar constant means minimum 
loss or absorption. If, the sun is making some amount of angle Ψ 
at a particular time, we can quantify the atmospheric attenuation, 

Time equation
All points at a constant longitude experience noon and any 
other hour at the same time. Solar time is a measure of the 
position of the Sun relative to a location. At noon local time, the 
sun igoes through its highest position in the sky. The universal 
time can be defined as the local time at the zero meridian. To 
avoid confusion due to infinite local times, time zones were 
introduced under the concept of standard time. Local standard 
time is the same time in the entire time zone. The relationship 
between solar time and standard time must be known so 
as to describe the position of the sun. In most places, where 



figure 6 Plot of dates having average solar radiation for June 
through December

figure 7 Plot dates having average solar radiation for December 
through June

figure 8 Plot dates 30 or 31 days apart, between solstices, June 
through December

figure 10 The variation in the equation of time during the year (Local 
Mean Solar – Local Apparent Solar)

figure 9 Plot dates 30 or 31 days apart, between solstices, December 
through June

standard zones advance by hour, the adjustment of solar 
time for longitude can be done by subtracting the observer’s 
longitude ( L

local
) from the standard meridian longitude (L

STD
), for 

the observer’s time zone and multiplying it by the four minutes 
that the sun takes to move 1° through the sky.

Equation 8 estimates the time difference, in minutes, 
between solar time, and standard time plus a correction factor 
due to the irregularity of the natural length of a day. Such an 
irregularity is caused by the non-circular orbit of the earth 
spinning around the sun and the inclination of the north–south 
axis relative to the sun.

Solar time – Standard time = 4 (L
STD

 − L
local

) + E
t
 (8) 

Where Et is known as the equation of time as function of the 
daily angle B given above

Et = 229.2 (0 .000075 + 0 001868Cos B - 0.0320770 sinB – 
0.014615 cos2B − 0.04089sin2B) (9)

Where   (10)
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Solar declination
Solar declination is defined as the angle between the lines 
joining the centre of the earth to the centre of the sun with 
its projection on the equatorial plane of the earth. The daily 
change in the declination is the primary reason for the changing 
seasons, with their variation in the distribution of solar radiation 
over the earth’s surface and the varying number of hours of 
daylight and darkness. Solar energy systems must be sized in 
accordance with the critical season for their use. A PV array 

figure 11 Solar declination

figure 13 Plot of Gaussian probability distribution function

figure 12 Irradiance and insolations expressed as peak solar hours 
(6 sun hours = 6kWh/m2)

receives the maximum insolation when it is pointed directly 
(perpendicular) toward the sun. In order to accomplish this, the 
sun must be followed throughout the day and throughout the 
year, requiring the constant adjustment of two angles—the 
azimuth—to track the daily movement of the sun from east 
to west, and the angle of elevation, to track the north–south 
trajectory of the sun through the seasons. 

 

Sizing of the solar energy system
It is important to observe and note that, in considering the 
design process  of PV systems, the distribution, of the intensity 
must follow the Guassian distribution but this is often neglected. 
Most of the time some of the  installed solar systems  function 

below their installed capacities. Unlike the binomial and Poisson 
distribution, the Guassain is a continuous distribution.

 (11)

Where: 
m = mean of distribution (also at the same place as mode and 
median)
σ2 = variance of distribution
ϒ is a continuous variable (–∞≤ϒ≤∞)

Probability (P) of ϒ being in the range [a, b] is given by 
an integral:

 (12)

 (14)

Guassian distribution takes into considertion the dispersion 
parameter and regression. All applications, which are statistical 
in nature will always give this expression and intensity will be 
zero at ϒ = ∞, such that if we can capture all the radiation then 
we must follow  the peak solar hours. Naturally, the  radiation 
lost will be dependent on the temperature distribution, and it 
is expected that our PV panels will be conducting instead of 
offering resistance, hence, the loss in radiation between 0–9 and  
15–23 hours respectively, as shown in Figure 12.

From Figure 13, the standard deviation (σ) indicates the size 
of the bell shaped plot, the smaller the value of sigma (σ) when 
plotted, the sharper the intensity of the radiation. A

o
 is the value 

of the distribution at ϒ = 0.

Solar energy radiation modelling
It is important to determine the adaptability of the various 
PV technologies available, more so to know if the tracking 
mechanism will be more adaptable for use.  Of course, tracking 


