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PREFACE 
 

This handbook is intended as an effort to promote renewable energy technologies as a means of 

generating energy without polluting the environment. Following a short introduction which lays 

the context of sources of conventional energy and their detrimental effects on the environment 

(chapter 1), the established renewable energy sources and their benefits to the society are 

considered in chapter 2. The main body of the handbook consists of case studies presented from 

different countries, with the view to sharing new ideas. The booklet has been written to improve 

public awareness of renewable energy applications, among entrepreneurs, political leaders, policy 

makers and the general public, with the intention of developing a renewable energy market. In 

doing so, this publication particularly aims for the use of new technologies in social development 

and concentrates on the reduction of poverty from society. 

 

This is the first publication by SAREP, a renewable energy promotional programme. This 

programme was launched in 1999, at the Bangladesh High Commission in London, by combining 

two parallel initiatives to achieve the same target. A group of interested people from London led 

by Mr Peter Lane, a senior consultant from DSL, was searching for a renewable energy enthusiast 

to start a programme in south Asian region. This idea had originated after a DTI Trade mission to 

Japan in 1997. In 1999, I was introduced by Debra Hurcomb, the Assistant Director for South 

Asia, at the British Council Head Quarters in London, to this group. By this time I had been co-

ordinating a Higher Education link (HE-link) programme on this subject over a period of six 

years. The HE-link was between Sheffield Hallam University and several Universities 

(Peradeniya, Colombo, Kelaniya, Moratuwa and Ruhuna) and the Energy Forum in Sri Lanka. 

The HE-link was sponsored by the DFID and managed by the British Council. After the 

combination of the two interested parties, HE-link activities were expanded to several countries to 

form South Asia Renewable Energy Programme, SAREP. New initiatives brought South Bank 

University, the Commonwealth Science Council (CSC) and participating country counterparts 

together to strengthen the programme. During the past four years, SAREP has shown remarkable 

progress and expansion, with other countries outside the South Asian region joining the 

programme, but the SAREP acronym remained unchanged due to its suitability for a renewable 

energy promotional programme. 
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Key contributors to the success of the HE-links have been the senior officers at the British Council 
office in Colombo namely Asst. Directors, Dr Rupa Wickramaratne and Mr Lakshman Perera and 
two successive Directors, Mr Peter Ellwood and Ms Susan Maingay. The contribution from 
participating Universities, Science & Technology Ministry and the Energy Forum in Sri Lanka 
have been instrumental in establishing this programme. Prof Hassan Shah from Punjab University, 
Mr Ahmed Joarder, the Economic Minister from the Bangladesh High Commission, Dr Ken Lum, 
Dr Ritu Kumar and Dr JAJ Perera from the CSC and Dr Tony Day and Miss Jeyabalasingam from 
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to all contributors and to the Commonwealth Science Council for printing this handbook on behalf 
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permission to use some of their photographs. 
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INTRODUCTION 
 
 
Fossil fuels and nuclear energy provide over 80% of the energy required today, with more than 
70% of the energy being consumed by developed countries. The cost of these conventional energy 
sources is set by market forces and international trading conditions, however, ultimately prices 
will rise due to the gradual depletion of fossil fuels. The use of solid, liquid and gaseous fuels 
continuously pumps large quantities of oxides of carbon (5900 million tones in 1990), sulphur and 
nitrogen into the atmosphere, polluting the global environment. Developing countries, on the other 
hand, account for a fraction of the available fossil fuel consumption (approximately 25-30%). 
Nevertheless, constantly rising fuel import bills are making them ever poorer in international 
terms, even with the low price of energy today. As a result, more and more forests are cut down to 
produce wood as the major fuel, creating problems of soil erosion, increased risk of floods, and in 
some areas desertification. Apart from the serious loss of wildlife habitats and bio-diversity, 
deforestation reduces the carbon dioxide removal process through photosynthesis, allowing 
accumulation of this greenhouse gas in the atmosphere. 
 
Consequently, both developed and developing countries at present are contributing to the pollution 
of the environment causing health problems, global warming, climate instability and acid rain. The 
major hurdle preventing the extensive use of renewable energy as part of a sustainable 
development strategy has been the high capital costs. However, continuous research efforts have 
begun to meet the required targets, particularly for the use of photovoltaic solar cells, wind, 
biogas, biomass (including energy from waste) and geothermal/earth energy. It is therefore, time 
to seriously consider making the most of environmentally benign renewable energy sources to 
mitigate major environmental problems, and lay the foundation of sustainable development. 
Countries who can deliver a major component of their energy in a sustainable manner will be 
much better placed economically than those who are forced to pay rising market prices for their 
fuel in western currency.  
 
The world population has doubled since 1960, reaching 6 billion in October 1999 with the current 
world population growth of 78 million per year1. One third of the world’s population today (about 
2 billion people) have no electricity from national grid supplies. This number is rapidly increasing 
due to high population growth in poorer communities. The increase in population and the high 
expectation of people for a better life, both increase overall energy demand. The energy analysts’ 
prediction is that the world’s energy appetite will treble during the next 50 years. This enormous 
growth will take place in the newly industrialised countries (NIC) and the developing world. One 
major solution to this ever-increasing energy demand is the complementary use of the renewable 
energy sources. Numerous new applications are emerging onto the market to make use of this 
decentralised form of electric power. According to the world energy scenario, 50% of this demand 
will be met by alternative energy sources by the middle of the 21st century. Keeping the Kyoto 
climate commitments in mind, this handbook focuses on applications of renewable energy sources 
wherever appropriate to complement the existing energy sources.  
 
 

                                                 
1  The State of World Population, 1999, Dr. Nafis Sadik, Executive Director, United Nations Population Fund. 
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World population growth, actual and projected, 1950 – 2050. Courtesy of United Nations 
Population Fund; Reference 1. 
 
 
Aims and Objectives 
 
The purpose of this handbook is to provide decision makers in government, non-government and 
business sectors with guidance on successful strategies for the implementation of renewable 
energy technologies, and support renewable energy development initiatives by promoting the 
advantages. Each country and locality will have its own particular circumstances that may suggest 
the most appropriate technology, economic viability and sources of funding. To assist in 
identifying these for a particular situation, this book presents analyses of various case studies from 
around the world. The specific objectives are: 
 
•  To provide guidance on renewable energy implementation through experience of others, i.e. 

case studies; 
•  To present the key elements that make up both successful and unsuccessful schemes; 
•  To highlight key activities required by different participants (government, business, NGOs, 

financiers and system users) to maximise success rates and reduce exposure to risk; 
•  Identify and find ways to remove the barriers to renewable energy technologies; 
•  Demonstrate the advantages of renewable energy for different applications. 
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Chapter 1   
Conventional Energy Sources 
 
Problems with Conventional Energy Sources 
 

It is an accepted fact that electricity can change peoples’ lives by providing access to essential 
facilities such as light, communication, water pumping and refrigeration. In general, these changes 
are seen as improvements and can substantially enhance the quality of life and lead to improved 
productivity and income. Most of the world’s electricity generation comes from large scale 
centralised generating plant which is connected to the distributed loads by large networks, or grids. 
The loads are often a great distance from the power source, and this requires very high voltages to 
reduce power losses through the transmission wires; the safety and power control requirements of 
these transmission systems entail high costs, which in turn can inhibit the expansion of these 
systems to meet the needs of the most remote or economically disadvantaged communities. In 
addition the vast bulk of electricity generation comes from sources that have severe environmental, 
social and economic impacts, both on local communities and at the global level. This chapter will 
highlight these impacts by discussing each of the main technologies. There are five main 
conventional fuel sources for electricity generation: coal, oil, gas, nuclear and large scale hydro-
electric dams. 
 
1.1 Coal 
 

Coal is an abundant fossil fuel, and it contains the highest carbon content of all fossil fuels, 
therefore it releases more CO2 per unit of energy than other fuels. The proven reserves around the 
world stood at 980 billion tonnes in 2000 [BP 2001], and the ultimate resource may be some orders 
of magnitude greater than this. This resource could therefore provide the growing need for energy 
for some time to come, although must ultimately become exhausted in the future. 
 

 
Use of conventional fuel, pump large quantities of green-house gasses into the atmosphere, 
polluting the environment. Courtesy: http://www.photovault.com 



 9

The main difficulty facing coal is the climate change issue, as Kyoto commitments encourage 
governments to switch to less carbon intensive fuels, particularly natural gas. Coal has a number of 
associated draw backs that have led to its decline in the developed world. 
 
Coal also contains significant amounts of sulphur, which leads to emissions of sulphur dioxide 
from power stations, and the subsequent poisoning of agricultural, forestry and aquatic 
environments from acid rain. The technology required to reduce these emissions (flue gas 
desulphurisation) is expensive and increases the cost of electricity. Coal fired generation also 
works using a steam cycle, which is less efficient than modern combined cycle gas turbines, and 
the plant is more expensive and takes longer to build. These issues together make it difficult for 
coal to compete against natural gas plant. 

 
 

A forest destroyed by acid rain. Courtesy: http://mysite.freeserve.com/pollution 
 
 

Climate Change 
 
Climate change is the term used to describe the effects of global atmospheric warming, which is 
occurring due to the increase in concentration of greenhouse gases. The most important of these gases 
(due to its quantity of production) is carbon dioxide (CO2), although methane (CH4, the main 
constituent of natural gas) is also a powerful contributor. The concentrations of these gases has been 
accelerating in the atmosphere since mankind discovered fossil fuels and began using them to generate 
electricity and other forms of power. It is now widely accepted that man made emissions are making a 
major contribution to atmospheric warming; the effect is severely exacerbated by the loss of carbon 
sinks through activities such as deforestation. The consequences are difficult to quantify, but these are 
likely to include sea level rise, loss of coastal lowlands, continental droughts and loss of agricultural 
land, increased number and power of storms, severe floods and more extreme temperature variations 
between summer and winter even in the most temperate climates. It has been suggested that recent 
extreme climate events (the 1998 El Nino, severe tropical storms in the Atlantic and Indian Ocean 
regions and increased storm activity in Northern Europe) are evidence of climate change. Reduction of 
CO2 and CH4 emissions is seen as an important step in reducing these potentially disastrous effects. 
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The extraction of coal also has environmental impacts. Open cast mines require large land areas 
and scar the local countryside; land reclamation is an expensive option once the mine is worked 
out. Deep mines have much higher associated costs, and have a poor safety record (many more coal 
miners die in accidents than nuclear workers). When a deep mine is abandoned it will flood with 
water, with the potential to contaminate the local ground water. All coal mines need transport links, 
and transportation and storage costs for coal are higher than for gas and oil. 
 
1.2 Oil 

 

Oil is the preferred fuel for electricity generation where no indigenous fuel supplies exist (or where 
oil is produced). It can be burned in boilers to raise steam, or directly used in diesel generators. 
Diesel engine generators are robust and reliable with relatively known maintenance costs. 
However, the price of oil is subject to rapid and large fluctuations that often make security of 
supply a priority issue. The political volatility of oil supply is well documented, and many 
countries have developed energy policies that reduce dependence on this fuel. 
 
Oil is also highly carbon intensive (more than gas, but less than coal), and is a contributor to 
greenhouse gas emissions. Coupled to this are the other associated emissions due to acid formation 
and unburned hydrocarbons, many of which are hazardous to human health. 
 

 
 

A child plays on a dried farm land in Indonesia. Farmers in Indonesia are 
worried about an extended drought which is blamed on El Nino weather patterns. 
Courtesy: http://www.dhushara.com/book/diversit/extra/nino.htm 

 
1.3 Natural Gas 
 

Natural gas used to be considered a nuisance by-product of oil extraction, but significant gas finds 
prompted a rapid market growth for this fuel. Its high hydrogen content means it produces less CO2 
per unit of energy released than other fossil fuels. It can be burnt in combined cycle gas turbines 
with theoretical operating efficiencies of 50%. Once extracted from the ground it can be piped to 
the power station, thus avoiding road and rail transport costs, and the need for on-site storage. 
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Fire fighters and utility workers wait for natural gas to be shut off after a trencher ruptured a  
10 cm line and caught fire. Fortunately no one was injured in the blaze off Russell Road, just west 
of Rainbow Boulevard. Courtesy: http://www.Ivrj.com/Ivrj_home/2001/june-08-Fri-2001/ 
(photograph by Gary Thompson) 
 
The danger is that the rate of increase in its use will soon lead to depletion of reserves, although 
some very large gas fields have now been found around the world. However, it is still a carbon 
intensive fuel, and its extended use will contribute to growing CO2 emissions. A further problem is 
that gas pipelines have a tendency to leak, and methane is a much more powerful greenhouse gas 
than CO2 (with a global warming potential 20 times higher); distribution losses can therefore have a 
considerable impact on the total greenhouse gas burden in the atmosphere. 
 
For many countries the main problem is access to natural gas. Gas pipelines may be economically 
laid over long distances and across national boundaries, but this can be constrained by geographical 
and political factors. Some countries export liquefied natural gas (LNG), but there are concerns 
about the dangers of transporting such a volatile and explosive substance in large tankers. The 
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attractiveness of gas as a fuel, together with its transportation costs and often remote extraction 
locations can make gas the most expensive fuel for power generation. 
 
1.4 Nuclear (Fission) 
 

Nuclear energy was originally seen as the solution to the world’s growing energy demand, with the 
claim “energy too cheap to meter”. The abundance of fissionable fuel material, and the prospect of 
technology to increase this potential, made nuclear look like a true long term and affordable 
strategy. Nuclear energy has very low associated CO2 emissions (which come mainly from fuel 
extraction, processing and waste handling), and has a strong position in the climate change 
mitigation strategies. However, since 1987 in most of the OECD member countries a non-nuclear 
dependent policy has been in the main stream of energy policy (Japan and France were the only 
member countries which were active in building a new facility during this period2), and its public 
image has suffered greatly since the Three Mile Island (USA) and Chernobyl (Ukraine) accidents. 
A large amount of the costs of building a nuclear power station are tied up with safety systems, and 
the running costs are largely influenced by the disposal of spent fuel. The issue of waste treatment 
and disposal has not yet been satisfactorily resolved, despite over 50 years of operational 
experience with the technology. This has led many to suggest that solutions may never be found, 
and that the risks of running nuclear plant are too high. 
 

 
The deserted city of Pripyat, after the Chernobyl disaster. The nuclear power plant is in the 
background. (Courtesy: (c) Greenpeace/Clive Shirley,  http://www.chernobyl.com/.) 

 
Transportation of fissionable material, some of it suitable for making nuclear weapons, mean that 
security is also a cost to be considered, with much of this being borne by the state. The high capital 
and waste disposal costs are compounded by high decommissioning and unit failure costs, which 
have meant that the economic viability of nuclear fission has not lived up to its expectations. 
 
1.5 Large Scale Hydro-Electricity 
 

Large scale hydro-electricity accounts for about 19% (2,650 TWh/yr, 152,900 MW/yr) of the 
world’s electricity supply as of the end of 19993 of the world electricity production. It is confined to 
geographical locations with suitable high altitude regions with the potential for water storage. 
Electricity generation produces no direct greenhouse gases, although there are emissions associated 
with the energy expended in building the dam. However, the construction of the dam has 
considerable local effects especially from flooding of agricultural and habitable lands, with the 
subsequent displacement of large numbers of people and the restriction of water flow downstream 
of the dam. A total of 1.13 million people will be relocated when the world’s largest hydro power 
project, the Three Gorges Project is completed in 2009 in China and an estimated 1.0 million 
people were displaced in the Mahaweli project in Sri Lanka in 1980s. Both of these have been the 
cause for large scale resettlement programmes, and the latter has been responsible for a number of 
international disputes. Geological concerns and local opposition to large dams is increasing, and in 
many regions the potential for further dams is already exhausted. On a more contentious note, the 

                                                 
2 OECD Nuclear Enery Agency, “Nuclear Energy Data”, 1992-2001 
3  World Energy Council, “Survey of Energy Resources 2001”.  
http://www.worldenergy.org/wec-geis/publications/reports/ser/foreword.asp 
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damming of rivers and creation of lakes in forested areas causes the anaerobic breakdown of the 
submerged flora, with the subsequent emission of large quantities of methane. In some cases it has 
been argued that the methane production far outstrips the potential CO2 savings from energy 
production over the life of the dam. There is also an issue of safety, where the failure of a dam, 
although rare, will have catastrophic local effects.  
 
Centralisation 
 

One problem shared by all of the above is that economies of scale dictate that larger scale plant is 
more viable; this is particularly true for nuclear, hydro and coal, whereas gas and oil can be used in 
small scale applications. Large scale plant naturally tilts energy policy in the direction of centrally 
controlled, grid connected, alternating current electricity systems. This often prevents small scale 
generators entering the market place in a freely competitive manner, and non-grid electrification 
may not be given policy or planning priority, even where it is the only viable solution. Where 
energy policy is strongly influenced by a centrally controlled electricity industry, the interests of 
many who would benefit from electrification and better security of supply may be overlooked. 

 
 

 
 

Logging operation in Nigeria with unprotected workers. Courtesy: 
http://turva.me.tut.fi/iloagri/fore/fo_main.htm 
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Chapter 2: 
Renewable Energy Sources 
 
Renewable Energy Sources and Their Benefits 
 
One major solution to the ever-increasing energy demand comes from the 
complementary use of the renewable energy sources. Although the use of fossil fuel 
will continue to supply energy in the future, it is essential to introduce more and more 
renewables to cater for increasing demand. Renewables may not be able to completely 
replace existing energy conversion systems, but it is important to recognise the 
continuing depletion of fossil fuels and the problems created by their use during the 
past two centuries. Depending on the country and the geographical location, appropriate 
renewable energy technologies should be selected, which can be combined in hybrid 
systems in order to meet the required energy demand. Economically viable renewable 
energy sources currently include photovoltaics, solar thermal, wind, biogas, biomass 
(including energy from waste) and geothermal/earth energy. As a result of continuous 
scientific research, wave, tidal, ocean thermal energy conversion (OTEC) etc, will also 
contribute to energy requirements in the future. This chapter describes the benefits of 
the use of renewables, barriers for implementation and the possible ways of removing 
these barriers. 
 
2.1 Benefits of Renewables 
 

2.1.1 Photovoltaics 
A completed photovoltaic solar panel will directly convert sunlight into electricity 
(DC–direct current) during the day-time. There are no emissions, no moving parts, no 
waste products and no noise pollution during its operating lifetime (about 25 years). 
These solar panels have a wide variety of applications in society as indicated overleaf.  
 

                                         
 

Typical hospital powered by solar panels to serve mountain communities in Cuba.  
Courtesy: e-SAREP-Cuba newsletter, December 2002. 
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Applications: 
•  In telecommunications; to power satellites, remote transmitting stations and 

telephone booths. 
•  In transport applications; to power car parking meters, automatic lawn mowers, 

boats, future electric vehicles and in car parks with solar charging trees. 
•  In refrigeration; to power refrigerators in remote hospitals and health centres, 

mobile refrigerators to transport blood samples and medicine in desert areas, ice 
cream carts etc. 

•  In lighting; to provide street lighting, stand alone home lighting systems, and to 
charge solar powered lanterns. 

•  In water pumping; to provide clean water for drinking and washing, water for fish 
farming, animal farming, drip irrigation and large scale irrigation systems. This 
method of irrigation is ideal for cultivation of arid zones next to deserts for food 
production, and tree plantations in order to prevent desertification. 

•  In large-scale power generation; through connecting solar roofs and solar farms to 
the national grid. 

 

                 
 
Solar water pumping systems installed for cultivation of arid zones in Punjab.  
Courtesy: REFOCUS magazine. 
 
Among these applications, some will appear in developed countries first and others in 
developing countries, depending on the power requirements and costs involved. 
Photovoltaic solar power is no longer a small scale power generation technique; a 1.0 
MW solar roof in Munich-Germany and 2.5 MW solar roof in the Netherlands are good 
examples. The most dramatic impacts will be in energy starved, developing nations 
through the stand-alone home lighting systems and water pumping systems for 
irrigation. The following benefits could be achieved by photovoltaic applications.  
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Benefits: 
•  Free and unlimited supply. 
•  The power for basic requirements such as lighting and the use of radio and 

television in remote communities. (This gives improvements in the quality of life 
and exposure to the economically developed world, motivating people in deprived 
areas for self development). 

•  Better lighting systems increase opportunities for education and wealth creation 
activities after sunset, and the possibility of schools and businesses in non-grid 
connected areas to obtain computer facilities. 

•  The removal of air pollution and fire risks in homes as kerosene lamps are replaced 
(improvement of health & safety). 

 

               
Solar home systems used to supply basic needs such as lighting, and power for radio 
and television; Narasingdi Islands in Bangladesh. 
 
•  The reduction of fecundity of families in poorer communities supplied with 

alternative evening entertainment through televisions. 
•  Water pumping to provide clean water for drinking and washing, fish farming and 

irrigation, increasing the production of food (improvement of the health of the 
nations; in particular the above five benefits will raise the standard of living of 
women in economically deprived areas). 

•  Cultivation of unused lands and trebling of crops from used lands can be expected 
from these water pumping facilities. Water management also needs organised 
growth of trees to provide shade and water retention in the soil. (Re-forestation also 
enhances CO2 removal from the atmosphere, and reduces the risk of 
desertification). 

•  The large-scale power generation using solar farms and solar roofs will feed the 
national grid without CO2 emission. This energy can be used for industry and other 
applications during the day time saving fossil fuels or water in reservoirs. 

•  The use of freely available solar energy to produce hydrogen from freely available 
water as a clean fuel of the future. 
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Disadvantages: 
•  Reliability depends on sunlight, back-up is therefore necessary. 
•  Energy is available during day time only, and therefore storage facilities are 

required for many applications. 
•  Costs need to be further reduced via scientific research and development for rapid 

market penetration, although photovoltaics are already economically viable for 
remote and stand alone applications. 

•  Recycling facilities should be established in order to prevent any contamination of 
toxic elements incorporated in solar panels. 

 
2.1.2 Solar Thermal Systems 
 

These passive solar thermal heating systems will absorb heat energy from the solar 
radiation and mainly provide hot water for various applications. 
 
Applications: 
•  Production of hot water for domestic and commercial applications, and high 

temperature hot water (in excess of 80°C) for some industrial applications. 
 
Advantages: 
•  In countries with temperate climates, these heaters will reduce fossil fuel 

consumption used for the production of hot water, leading to lower energy bills and 
reduced CO2 emissions. 

•  In tropical countries, production of hot water may seem like a luxury item, but the 
use of these systems for providing hot water in hospitals, hotels, old peoples’ homes 
and in wealthy homes will save on electricity and fossil fuels. This can help 
alleviate energy distribution where capacity is limited, and reduce local CO2  
emissions. 

•  Solar thermal systems are simple to operate and have very low running and 
maintenance costs. 

 
Disadvantages: 
•  High initial costs with long payback times, depending on the cost of alternative 

fuels. 
 
 
2.1.3 Wind Energy 
 

Wind turbines convert the energy of the wind into electrical energy (AC–alternating 
current). This energy can be used for stand-alone systems or fed into the grid. 
 
Applications: 
•  In domestic use; to provide power for homes in remote areas for lighting, and power 

to use radios and televisions. 
•  In water pumping; to provide clean water for drinking and washing, water for fish 

farming, animal farming and irrigation systems. 
•  In large-scale power generation; through connecting wind farms to the national grid. 
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Advantages: 
•  Power generation occurs whenever the wind is blowing, and can operate any time 

during the day or night. 
•  Land around the turbines may still be used for agricultural production. 
•  No air/water pollution. 
•  Wind farms are relatively cheap to build. 
•  All the benefits mentioned in section 2.1.1 under photovoltaics are applicable to 

wind energy. 
 

 
 

Cefn Croes wind farm project in Wales, UK, met vehement opposition from community 
organisations. Courtesy:  http://www.users.globalnet.co.uk/~hills/cc/ 
 
Disadvantages: 
•  High initial costs. 
•  Generation may be intermittent and is best suited to sites with regular and reliable 

wind patterns. 
•  Complex rotating machinery requires regular servicing from trained personnel.  
•  Care must be taken to avoid noise from the turbines. 
•  There can be a danger to birds from the rotating blades. 
•  There may be a strong resistance from local groups objecting to the visual impact 

of turbines. 
 
2.1.4 Biogas 
 

Anaerobic digestion of organic matter produces a mixture of methane and carbon 
dioxide gas which can be used as a fuel for the generation of electricity, or a 
replacement for other fuels. Waste from the kitchen, human and animal waste, 
indigenous plants or residues from agriculture crops can be used in this way.  
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Applications: 
•  Generation of electricity using internal combustion engines or gas turbines 
•  Replacement of firewood as the main fuel for cooking. It may also be used for gas 

lighting where there is no electricity.  
 
Advantages: 
•  As a replacement for firewood for cooking, biogas reduces the pressure on de-

forestation, and can aid in re-forestation projects. 
•  Biogas provides a safe and environmentally sound way to dispose of a variety of 

organic wastes, with improvements to local health and sanitation. 
•  The solid residues from biogas production can be used as organic compost for 

agriculture. 
 
Disadvantages: 
•  The system must be maintained and cleaned regularly, with periodic removal of 

solid residues. 
•  The usual safety precautions must be observed as for any gas distribution system. 
 
2.1.5 Biomass 
 

The oldest source of energy, biomass could be widely used for heat and power 
generation with the latest combustion and gasification technologies. Planned planting 
and harvesting of suitable plant crops can develop new agricultural revenues, with the 
resultant biomass providing a CO2 neutral fuel for a variety of applications. The same 
combustion technologies can be used with domestic and commercial waste to provide 
energy, which can present opportunities for improved waste management strategies. 
 
Applications: 
•  Biomass is prominently used in domestic cooking and heating.  
•  Centralised power plants based on biomass combustion, pyrolysis or gasification 

can provide electricity and heat with generation capacities ranging from hundreds of 
kW to hundreds of MW. 

 
Advantages: 
•  Availability is abundant. 
•  Can be used to burn waste products. 
•  Continuous planned growing of energy crops absorbs CO2 at the same rate as it is 

produced in the combustion process, thus leading to no net increase in atmospheric 
CO2. 

•  Organised tree planting contributes to water management, reduction of heat in arid 
areas and in prevention of desertification. 

•  Reforestation schemes help the soil conditions and prevent severe floods etc. 
•  Easy to convert to high energy portable fuel (eg. alcohol or gas). 
•  Comparatively cheap. 
 
Disadvantages: 
•  Needs a large area of land and the initial cost of building power stations is high. 
•  Burning biomass can result in air-pollution, if not planned properly. 
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2.1.6 Geothermal/Earth Energy 
 

The temperature of the earth’s crust increases as we move towards the centre of the earth. 
This temperature variation can be used to produce hot water or steam for heat distribution 
or generation of electricity. 
 
Applications: 
•  This method can be used to produce hot water for heating buildings in cold countries. 
•  The production of steam can be used to generate electricity so that power can be fed 

into the national grid. 
•  The constant temperature available a certain distance below the earth’s surface can 

be used throughout the year during winter and summer seasons to provide heating 
and cooling. For example, this has been successfully used for air conditioning and 
refrigeration. This is also a suitable method for large-scale refrigeration for food 
storage.  

 
Advantages: 
•  Unlimited supply of energy. 
•  Can provide heat and power with zero CO2 emissions. 
 
Disadvantages: 
•  High initial cost of the systems. 
•  Some parts of the system used need regular servicing. 
•  Corrosion of pipes can be a problem. 
•  Best supplies are limited to certain areas of the world. 
 
 
2.2 Barriers for Implementation of Renewables and Methods of Barrier Removal 
 
Some of the main barriers for rapid market penetration of renewables, and possible 
methods of barrier removals are discussed below. 
 
 
2.2.1 Lack of awareness 
 

Access to renewable energy is based on new technologies and a major barrier is the lack of 
awareness among politicians, policy makers, financiers, entrepreneurs and the general 
public, the customers. The only way to break this barrier is to increase public awareness 
through various activities: conferences, seminars, workshops, exhibitions, demonstration 
systems and preparation of educational materials. School teachers and university 
academics have a very important role to play in this area. Introduction of teaching modules 
to school children at a very early stage has proved to be highly effective in stimulating 
interest and the projects and relevant units can be introduced in university courses to 
develop expertise. Politicians and policy makers need to become involved in conferences 
and workshops in order to appreciate and endorse these new ideas. A variety of media 
including books, web-based formats and promotional campaigns need to be produced to 
overcome this barrier. This handbook has been developed by SAREP to address some of 
these requirements. 
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2.2.2 High capital cost of the systems 
 

Any system introduced into the market via new technologies is bound to be high cost at 
first. However, as the general public becomes aware of the technology and the benefits, 
the demand will increase. As a result of high demand, the companies will start large-
scale production cutting down the cost. In addition, the worldwide research is continuing 
to reduce the cost and increase the efficiencies of the technologies. Significant cost 
reductions have already been seen in most technologies, and this process is set to 
continue. The rapid reduction of the cost of computers may be seen as a good example 
of this process. 
 
2.2.3 Policy 
 

Although the renewables are complimentary to conventional energy sources, and the 
applications of renewables relieve the pressure on national grids from increasing energy 
demand, most of the conventional electricity suppliers consider this as a threat to their 
businesses. This thinking has severely hampered the market penetration of renewables. 
In many remote areas the promise of grid connection has led to a reluctance to take up 
renewable technologies; there have even been examples of the grid being extended to 
areas after renewable electrification schemes have been put in place (presumably to 
compete with and undermine the new technology). People are always likely to prefer 
energy delivered from the grid, since there is no limitation of the energy usage (except 
where these systems are unstable). In many cases political leaders can make promises to 
provide electricity from the national grid, which then go unfulfilled.  
 

 

 
 

Once the solar power is installed in an isolated village, bringing power lines would 
neither help the community in the region nor help develop the country. Courtesy: 
SAREP newsletter, June 2001. 
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2.2.4 Lack of financing and high transaction costs 
 

Renewable energy applications in developing countries are usually in rural communities 
(at least to start with), while most of the entrepreneurs are based in cities. This seems to 
be a barrier for market penetration due to the costs involved in transport, promotion, 
communication and other relevant activities. For the same reason, most of the banks 
based in cities are reluctant to finance projects dealing with rural communities.  
 
To break this barrier, more rural community programmes are needed. For these reasons 
SAREP is developing “Village Power” programmes so that they are managed by a 
group of school teachers within the area. Eventually, the cluster of villages participating 
in village power programme becomes a CARES (Centre for Applications of Renewable 
Energy Sources) centre, which is a large demonstration project for renewable energy 
applications. This way, the contribution from teachers leads to more CARES centres 
helping the sustainable development of the whole country. The banks and financial 
institutions should also recognise the fact that rural people are more responsible for 
repaying their loans than people living in urban areas.  
 
2.2.5 Subsidies 
 

Most grid electricity and kerosene oil sources are heavily subsidised at present, which 
place unsubsidised renewables at a great disadvantage. It is a matter for governments to 
address this disparity in energy subsidies to ensure a “level playing field”. In many 
situations, rural communities have no choice other than renewables, irrespective of cost. 
Given that one third of the world population, about three billion people, have no 
electricity from centralised national grids, there is a strong case to be made for 
governments to help make these technologies more affordable and accessible. The 
projected population growth of about a further 3 billion people by the middle of the 
century will exacerbate these problems, and require forward energy planning by all 
governments. 
 

 
 

Building a community centre by the members of rural Cuban community, to provide 
evening entertainments using a solar powered television system. 
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CHAPTER  3 
 

CASE STUDIES 
 
 
This chapter presents a series of renewable energy case studies, using different 
technologies and from various countries, that demonstrate some of the successes and 
pitfalls of implementation. The first case study is set out in considerable detail so that 
the complexities, barriers and solutions can be seen. Subsequent case studies are 
presented in less depth, with some simply serving to show what is possible. 
 

CASE STUDY  1 
 
Project Title:  Pathavita Community Micro-Hydro 
Location:  Pathavita village, Matara district, Sri Lanka 
 
Introduction 
 

This two phase project ultimately provided electricity to 100 homes in Pathavita village 
using an 8.5 kW micro-hydro generating plant. Much of the installation used locally 
manufactured equipment and services and the project development was led by the local 
community with assistance from various agencies and private sector involvement. The 
main players were the local Electricity Consumer Society (ECS), the Intermediate 
Technology-Sri Lanka (ITSL) (the Sri Lankan office of the Intermediate Technology 
Development Group), Consultancy and Professional Services Limited (CAPS) and the 
Energy Services Delivery (ESD) project of the World Bank. The aim of the project was 
to consolidate the application of micro-hydro technology for off-grid rural electrification 
so it could be replicated in other communities. This required a need to improve local 
technical and organisational capabilities for planning, developing, managing and 
maintaining projects, and using local manufacture where possible. The Pathavita village 
hydro project is an example of a successful community led scheme, assisted by both 
NGOs and commercial concerns.  
 
The success of the project gained recognition from the World Bank, and phase 2 was 
selected for funding under the ESD project. The Pathavita community has 220 
households, out of which 66 were electrified with a 3.8 kW micro-hydro unit in phase 1. 
Phase 2 was developed as a commercial venture and increased the generation capacity to 
8.5 kW; this programme now serves 100 households with 85 W of power each. 
 

The Community 

Pathavita village is relatively wealthy for rural Sri Lanka. Most of the houses in the village 
have a permanent structure and tiled roofs. The main economic activities of the village are 
based on agriculture with both cash and subsistence crops; tea and rice dominate with other 
mixed crops and cinnamon contributing to the income. Other income generation avenues 
are wage labour, public sector employment, carpentry and construction, and small 
businesses such as boutiques and collection of produce. Before the project was 
implemented, most of the beneficiary households used kerosene for lighting, and dry cell 
or automotive batteries to operate radios and televisions. 
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Phase 1 
 

The first phase of the project was commissioned in 1992 and was funded by the Rotary 
Club of Colombo West and the village community, with ITSL playing the role of catalyst  
and  project  developer.  Sixty-six  households  were  selected  to  each  receive  
57.5 W of electricity to serve five lighting points, a radio and often a television. Table 1 
summarises the scope of the project, while Table 2 shows the costs and financing details. 
 
Table 1.  Phase 1 project summary (source: Consultancy and Professional Services (Pvt.) 
Ltd.). 
 

Total 
population

Number of 
total households

Number of 
beneficiary 
households 

Maximum capacity 
generated by hydro 

Distance from the 
nearest 
town 

Distance from  
the nearest grid 

1280 220 66 3.8 kW 
10 km from 
Deniyaya 

2.0 km 

 
Table 2.  Phase 1 costs and financing (US$1=Rs.71) (Source: Consultancy and 
Professional Services (Pvt.) Ltd.) 
 

Total capital 
investment 

Monetary contribution Sweat equity Grant funds 

Rs/US$ Rs/US$ Percentage Rs/US$ Percentage Rs/US$ Percentage 

428,924/ 
6,041 

41,800/ 
588 

10 38,625/ 5449 
348,499/ 
4,908 

81 

 
The beneficiary households are all located within a 1 km radius of the micro-hydro power 
house. Distributing power beyond this limit would require transformers and other upgrades 
that cannot be justified in such a project. Besides, for legal and regulatory reasons, 
electricity cannot be sold to customers outside the scheme.  
 

Management 

Intermediate Technology-Sri Lanka (ITSL) assisted in conceptualising this project after the 
request was made from the village community. Before the project was developed, a village 
level Electricity Consumer Society (ECS) was established to manage the project from the 
outset. The ECS consists of a President, Secretary, a Treasurer and a committee which 
meets once a month.  It carries out the operation and maintenance of the project, develops 
the relevant tariff structure, enforces rules and regulations and ensures that the tariffs are 
paid on time. It has also developed village welfare using extra funds to provide special 
services, even to non-beneficiaries of the community. An example would be financial 
assistance for funerals. 
 
The leadership of the Pathavita ECS has changed yearly by election, with the first 
President continuing to act as patron. This has seen a dynamic ECS emerging, providing 
new leadership styles and thinking, while the Patron oversees the overall direction.  
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Phase 2 – Thunella Brian Hydropower Company Limited  
 

The success of Phase 1 led to local demand to expand the system. The ECS, through ITSL, 
was informed about the Energy Services Delivery Project (ESD) of the government of Sri 
Lanka and World Bank. ESD technical assistance funds enabled CAPS to act as 
consultants to the community, to build up capacities and jointly to develop a feasibility 
study, business plan and a bankable proposal. The new proposal suggested an increase of 
capacity to 8.5 kW and an increase of the beneficiary base from 66 to 100 households. To 
develop the project and to access funding from mainstream banks (the participating credit 
institutions of the ESD project) the ECS formed a private limited liability company called 
Thunella Brian Hydropower Company Limited (the name in part due to philanthropist and 
Rotarian Brian Lourensz who assisted the community, financially and in kind, with both 
projects). 
 

Technical Description  

Much of the original scheme was used in developing Phase 2. Tables 3 and 4 show the 
civil, electrical and mechanical details of the installation. 
 
Table 3.  Technical details (civil)  
 

Site Gross Head 16.7 metres 
Design Flow 100 litres/second 
Penstock Length (2 units in parallel) 37 metres 
Penstock Internal/External Diameter 214/225 (mm) 
Type of Pipe PVC 400 
Weir Width 10 metres 
Race Channel 162 metres 

 
 
Table 4.  Technical details (electro-mechanical) 
 

Turbine Francis type (Made in China) 
Generator 10 kVA - 1500 rpm synchronous 
Controller Electronic load controller (Made in Sri Lanka) 
Transmission Line Insulated cable with wooden poles 

    
 
The electro-mechanical equipment from phase 1 was replaced, while the civil works were 
adapted from the existing installation. The weir height was increased by 500 millimetres 
and the race channel was increased by 100 metres to add to the old 62 metre channel.  
 
Each household would have access to a number of light fittings, a radio and television 
point, with a provision for communal high power consuming items, for instance a clothes 
iron. The timing of the use of such items has to be strictly controlled.  
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Costs 
 

Table 5 shows the breakdown of project costs. 
 
Table 5.  Project Costs (1US$=Rs.71) (Source: Consultancy & Professional Services 
Ltd.)  
 

Description Cost in Rupees Cost in US$ 
Civil work 120,000 1,690 
Electro-mechanical equipment 400,000 5,634 
Distribution and transmission 150,000 2,113 
Transport of equipment 20,000 282 
Testing and commissioning 20,000 282 
Consultancy services  35,000 493 
Pre-operating expenditure 25,000 352 
Contingencies (10%) 60,000 845 
Working capital requirement for 2 
months 

70,000 986 

Total 900,000 12,676 
 
The operation and maintenance costs run at Rs. 3000 (US$ 42) per month, which 
includes a payment of Rs. 1000 (US$ 14) per month for a trained person in the 
community to maintain the system.  A sum of Rs. 500 (US$ 7) per month is allocated 
for an inspector for the project, whose role is to ensure that the members do not use 
more than the stipulated 85 W of power.  
 
Financiers 
 

Table 6 shows the breakdown of project financing, with the mix of loan, grant and 
equity. 
 
Table 6.  Funds for the Investment (1US$=Rs.71) (Source: Consultancy & Professional 
Services Ltd.) 
 

Investment Rupees US$ 
Equity from community (Sweat, Funds and Raw 
material) 

180,000 2,535 

Grant from ESD funds (1 kW @ US$ 400) 207,500 2,923 
Bank loan from National Development Bank (NDB) 512,500 7,218 
Total 900,000 12,676 

 
The bank loan from the National Development Bank (NDB), which acts as one of the 
participating credit institutions for the Energy Services Delivery (ESD) project, is 
provided for 10 years with a one-year grace period at 18% interest. 
 
The ESD grant only becomes payable after the project is commissioned.  Much of the 
preliminary costs of establishing the company, advising and training the community 
stakeholders, and obtaining approvals in this type of project are borne by the catalyst 
consulting company, in this case Consultancy & Professional Services Ltd. 
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Tariffs and Method of Payment 

The monthly payment per household is Rs.250 (US$ 3.52) per month.  The company 
cannot legally sell electricity to customers outside the scheme. The Electricity Act 
restricts the sale of electricity to the Ceylon Electricity Board, but does allow the private 
generation of power for one's own consumption.   The company therefore has to 
generate power and distribute to the community free of charge, with payments from the 
customers taken in the form of ECS membership fees. 
 

Returns on Investment and Risk Analysis 

Table 7 shows a range of investment indicators, while Table 8 shows the sensitivity of 
the investment returns to increase in costs, interest rates, and variation in monthly 
repayments.  
 
Table 7.  Investment Indicators (source: Consultancy & Professional Services Ltd.) 
 

Pay back period 3.5 years (%) 

Return on investment (ROI) 9.0 
Internal rate of return (IRR) 9.6 
Return of equity 43.0 

 
Table 8.  Sensitivity Analysis (source: Consultancy & Professional Services Ltd.) 
 

Changes Pay back  
Period (years) 

ROI (%) IRR (%) ROE (%) 

Current Scenario 3.50 9 9.60 43 
Project Cost Rise by 10% 3.75 7 7.74 34 
Interest Rate Rise by 25% 3.50 8 8.41 38 
Decrease in Monthly Tariff 
Payment by 10% 

3.75 6 7.45 32 

 
While this analysis shows a small variation in financial risk, a greater risk arises from 
the intangible area of human fallibility. The social fabric of this community is held 
together by effective leadership, which plays a key role in creating a spirit of 
cooperation amongst the community. Probably the greatest risk to the project would be a 
failure in this spirit of cooperation. The financiers and investors find this factor the most 
difficult to deal with, which is further compounded by the fact that the client is located 
in remote and rural areas. The role of the catalyst such as CAPS is very important in 
mitigating the negative perceptions based on these risks. 
 
Market Delivery and Stimulation 
 

People in rural areas not served by the CEB grid are keen to find a solution to their 
electrification problem. When ITSL promoted the establishment of village hydro 
developments through the ESD funds, Pathavita was one of the first to respond. The 
success of phase 1 of the project led to pressure from un-connected households to be 
brought on to the system, and the ESD fund provided an opportunity for the required 
expansion. A visiting World Bank team had already been impressed by the operation of 
phase 1. In order to develop a bankable proposal, a market survey was conducted to 
determine a number of facts about the village. Table 9 shows the main findings of this 
survey, based on 20 households in the village. 
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Table 9. Summary of survey results (1US$=Rs.71) (Source: Consultancy & Professional 
Services Ltd.) 
 

Income level (per month) Percentage of households surveyed (%) 
Less than Rs.1,000 (US$ 14) 10 
Rs.1,001- 2,000 (US$ 14 - US$ 28)  30 
Rs.2,001- 5,000 (US$ 28 - US$ 70) 20 
Rs.5,001 and above (US$ 70 and above) 40 

 

It was found that the village consisted of households deemed to be affluent by rural 
standards, with 40% having a monthly income of over Rs. 5,001 (US$ 70.4). CAPS 
considered any household earning over Rs. 2,000 (US$ 28.2) per month as a potential 
village hydro customer - over 60% of the community - who could afford the monthly 
payment of Rs. 250 (US$ 3.5) per month. Table 10 shows the amount of money spent on 
energy by villagers before electrification. 
 

Table 10.  Energy spend before electrification (1 US$=Rs.71) (source: Consultancy & 
Professional Services Ltd.)  
 

Type of fuel/Energy 
Expenditure per month in 
Rs /US$ 

Percentage of the sample 
households (%) 

Kerosene (Lighting) 81/1.14 100 
Dry cell batteries 
(Radio/Cassettes) 

107/1.51 65 

Wet battery charging (twice 
per month average) 
(lights/radio/TV) 

67/0.94 20 

Wet battery replacement 
(lights/radio/TV) based on 3 
year life 

83/1.17 20 

 

The table shows that at least 65% of the households already spend up to Rs. 188  (US$ 
2.65) per month on energy.  However, the qualitative questions in the survey indicated 
that the sample is willing to pay an additional price for the added value of electricity 
from the village hydro grid. 
 

The benefits of hydro include safe and reliable access to electricity for lighting, radio 
and television, with other services available at selected times (e.g. a clothes iron). Prior 
to the hydro system Pathavita households used kerosene for lighting and dry cells to 
operate a radio/cassette player. About 20% of the more affluent households used an 
automotive (wet) battery to power a few 12 V lamps, a black & white TV and a radio.  
The battery has to be transported every 10-14 days for recharging at the nearest battery 
charging centre, and the battery life will vary depending on use, but is typically between 
1 and 3 years. 
 

Legal and Regulatory Issues 

In developing the projects, several approvals had to be sought which included a 
provincial license to operate a private company apart from registering the limited liability 
company with the Registrar of Companies. Also required were the Divisional 
Secretariat's approval to use the river bank land reservation and the water Environmental 
clearance with the Central Environmental Authority (CEA). The above approvals would 
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be required before the bank disburses any of the loan funds. In this case CAPS advanced 
the funds to finance the approvals, which were later recovered from the project funding. 
 
The environmental approvals, especially, can potentially take a long time as the process is 
complicated. However, to encourage the private sector to invest in these smaller projects, 
the CEA has streamlined the process. Altogether these approvals took up to six months. 
A series of inspections was conducted by ESD to ensure design and post-construction 
standards were met. The ESD grant was only released after these inspections had been 
passed. 
 
For phase two, with commercial funding coming via the ESD project, there was a 
requirement for ensured standards for quality and accountability. For the project to be 
eligible to access the ESD fund and to benefit from the available grant (which was set at 
US$ 400 per 1 kW), it had to fulfil four conditions as follows: 
 
•  Design for optimised cost, performance and financial viability 
•  Use of equipment of approved reliability, efficiency and durability 
•  Use of approved installation and construction techniques 
•  Suitable operation, maintenance and management procedures and management 

viability. 
 
The World Bank set out the specifications for the Sri Lankan ESD project. These 
specifications covered civil works, power generation equipment and the power 
distribution system, and provided compliance for the conditions set out above. 
Consultants to the ESD project inspect the progress for compliance at four stages: 
 

•  During the design stage, when the scheme exists only as a proposal on paper 
•  During detailed estimating and construction 
•  During the commissioning test 
•  Once the scheme is operational, in particular at the end of the first year of 

operation. 
 

Barriers 
 

In the first instance there needs to be a local awareness that off-grid electrification is 
possible, followed by a willingness to take a project through to completion. Without 
information, effective local leadership and good community cohesion, a project cannot 
proceed. In this case external agencies were on hand to provide expertise and develop 
local organisation to overcome these. 
 

Secondly the need for funding and issues of investor risk have to be addressed. Grants 
and loans can only be secured if technical and financial viability can be demonstrated, 
which were here addressed by the creation of a commercial entity to develop the business 
plan, and the assistance of CAPS Ltd who bore some of the start-up costs and provided 
the technical expertise. 
 

Another significant barrier to off-grid electrification projects in Sri Lanka comes from the 
electricity grid of the Ceylon Electricity Board (CEB). The CEB will generally only 
extend the grid where a reasonable return on investment is likely (12% is typical). 
However, local politicians are often willing to subsidise grid connections; this form of 
subsidy and political promise is often unpredictable and may undermine local support for 
an off-grid project. Two projects, Dombagoda (17 kW) and Pemdalla (4 kW) have been 
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developed all the way to the bank loan approval stage, but both communities backed out 
at the eleventh hour when the local politician promised a CEB grid extension.   
 

Outcomes 
 

One of ITSL's goals is to create a local manufacturing base for most of the equipment 
required for village hydro. For the first phase of this project most of the equipment 
including the turbine, runners and load controllers were manufactured locally. This 
allowed for components to be customised, and has helped with the long term 
maintainability of the system. There is now good local capacity for design, installation, 
commissioning and maintenance of such systems. Basic operation and maintenance is 
carried out at the village level, while more complicated problems can be resolved by 
skilled local people who provide services on a commercial basis. 
 

A project of this kind enables local capacity building by developing skills, knowledge 
and experience to ensure long term maintainability and support for local manufacture. 
This project paved the way for 3 similar projects to be implemented with ESD funds as 
shown in Table 11.  
 

Table 11.  Further ESD funded micro-hydro schemes. 
 

Village Power generated (kW) Number of houses 
Marandola 7 17 
Handunella 10 49 
Hakgalaella 7 50 

 

ITSL continues to get requests from communities around the country to assist them to 
develop village hydro projects. This indicates a growing national awareness of village 
hydro.    
 

Lessons learnt 
 

The key factors in the success of this project were local participation and leadership, a 
move to commercialisation and the community’s access to knowledge, expertise and 
funds. Intermediate Technology Sri Lanka (ITSL) provided information and expertise on 
project development and access to funds, while Consultancy and Professional Services 
(CAPS) Ltd provided expertise and seed funding take the project forward. These agencies 
allowed the local community to appreciate its ownership of the project and to exploit the 
opportunities afforded by commercialisation. 
 

Good community cohesion was required in order to secure investor confidence, which 
was only possible through effective leadership and good organisation. These were 
developed with the help of ITSL, CAPS and Mr Brian Lorensz of the Rotary Club of 
Colombo West in the setting up of the Electricity Consumer Society. This eventually 
required a commercial arm, the Thunella Brian Hydropower Company, which enabled 
access to a National Development Bank Loan and a World Bank grant. For banks to 
understand the level of risk in rural electrification projects requires a two-way 
appreciation of the advantages and opportunities of such projects; this can only be 
extended if successes such as Pathavita become more widely disseminated. 
 

Contact Details  
 

Lalith Gunaratne 
Director, Energy Forum, Colombo, Sri Lanka. 
Tel/Fax:  +94 (0)1 853053   E-mail:  lalithg@sltnet.lk   
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CASE STUDY  2 
 
 
Project Title: Village Reawakening Photovoltaics Project 
Location: Villages in the Pansiyagama area, Dambulla, Kurunegala district,  

Sri Lanka 
 

Project Details  

The National Housing Development Authority (NHDA) identified Pansiyagama village 
to be one of the beneficiaries of the “Village Reawakening” Programme, promoted by the 
governments of Sri Lanka and Australia. The households in the villages are typical of 
those in the country as a whole, relying on agriculture and government subsidies for their 
income. In June 1989 Sunpower systems and BP Solar Australia, using Australian and Sri 
Lankan government funds, set up the Pansiyagama project. They were awarded the 
contract to design, supply and install 1000 Solar Home Systems (SHS) to provide 
electricity for lighting and operating small appliances. Power and Sun, a local PV 
company, was contracted by BP Solar Australia to assemble the BP modules locally, and 
the system was sold under the brand name of “SUNTEC”.  
 
In 1999 Power and Sun was acquired by Shell Renewables International who now operate 
as Shell Renewable Lanka Ltd.  
 

       
 

Two SELCO technicians install a 40 W photovoltaic panel on the roof of a rural Sri Lankan home 
to provide lighting and power for radio and television (Courtesy: REFOCUS). 
 

Unfortunately the “top-down” notion of this project led to failures in both technology and 
financing, with the result that consumers did not pay their monthly repayments. As such, 
the programme is a typical example of a well-intentioned government funded project that 
failed, largely due to the lack of management skills. BP subsequently offered Power and 
Sun a second contract in January 1992 to rectify the problem and to take over after-sales 
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services in view of their past experience in rural marketing. This resulted in an increase in 
the repayments from 20% in January 1992 to 80% in July 1992. 
 

A typical installation uses 20-50 W solar PV module to charge a lead acid battery. The 
battery powers lights, TV and radio depending on the customer’s needs and ability to 
purchase goods. An electronic controller protects the battery from over charging and 
excessive discharge. Wiring is installed by the technician to ensure minimum voltage 
losses in the systems. 
 

Costs  

In July 1988 the Australian Government approved grant aid (AIDAB) of A$ 1.7 million 
(US$ 890,000) of which the grant component amounted to A$ 607,131 (US$ 320,000) 
from the Development Import Finance Faculty (DIFF). 
 

A typical system of 21 W, powering two lights and a radio would have cost the customer 
Sri Lankan Rs 18,000 (US$ 200), repayable over a 20 year term, although the actual cost to 
NHDA in providing this system was Sri Lankan Rs 63,760 (US$ 711). 
 
Government and Non Government Participation 
 

The Government, being the traditional provider of electricity, has a very important role to 
play in the dissemination of solar PV. The 1998 budget removed import tariffs for solar PV 
systems, after recommendations from the Ministry of Irrigation and Power.  
 

The Government can also facilitate low interest financing schemes where it can procure 
funding from international donors; the World Bank’s ESD programme to assist rural 
financing institutions and provide low interest loans to rural customers. In addition, support 
can be attained through the Central Bank with incentives and guarantees for private 
commercial banks to offer credit to solar PV users. 
 
Financiers 
 

After the initial failure of the programme, Shell Renewables Lanka Ltd developed its 
partnership with Sarvodaya Economic Enterprises Development Services (SEEDS) to 
provide consumer financing. This has provided an effective model for others, whereby the 
vendor does the marketing, selling, installing and maintenance of the system, and the 
financing is provided through micro financing institutions (MFI). Sarvodaya and Sanasa 
are two MFIs providing such financing, who are successful due to their extensive rural 
network. There are many other MFIs in urban and regional areas but they are not 
specialised in rural financing. Efficient system operation is a prerequisite for regular 
repayment of the loan, and the vendor must therefore ensure system reliability. This 
requires the vendor and the MFI to have a well-defined partnership to ensure a win-win 
situation for all parties, including the customer. 
 

The micro-financing organisation offers solar home system loans of US$ 500 with 20% 
down payment, and up to 5 years’ payback with interest of 25%. 
 
After Sales Service 
 

The experience gained in implementing the Pansiyagama project has shown the importance 
of after sales services. When Power and Sun (now Shell Renewables Lanka Ltd) were 
offered the contract, they sent a team of 12 technicians to replace and repair systems and to 
conduct user-training sessions. They were also nominated to handle after sales services in 
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the village to rehabilitate failed systems and re-instil the users’ trust in their PV energy 
supplies. During training sessions, key issues concerning consumer practices were 
discussed with the users (for example preserving battery life). 
 
Barriers 
 

The main barriers to uptake of off-grid PV systems at the time of project implementation 
have been identified as follows: 
 

•  Customers are widely dispersed in the villages, and in order to market SHS, 
companies need to create an infrastructure to make services available locally. 

•  High capital cost of the systems and poorly perceived commercial risks by vendors 
and banks. 

•  The politicians, policy makers, potential consumers and financiers were not aware of 
SHS.  

•  The CEB’s promise to provide grid supply to all villages by 2010.   
•  Disparity of subsidies – PV systems are unsubsidised, whereas grid electricity and 

kerosene are both subsidised for rural communities. 
 
Outcomes 
 

The Pansiyagama project broke new ground in the utilisation of solar PV systems and has 
provided a suitable model for replication. It has initiated a number of other projects around 
the country, an example of which is the provision of electricity to hospitals, schools and 
community centres in the Uva region.  
 

The Asian Alternative Energy unit (ASTAE) commenced the development of a fund for 
SHS in 1992 having learnt from the Pansiyagama experience. This culminated in the 
establishment of the ESD fund in 1997 of US$ 53 million, which included a contribution 
from the Sri Lankan Government and a Global Environmental Facility (GEF) grant. The 
fund was also extended to off-grid hydro, grid connected mini-hydro and wind power. 
 
Lessons Learnt 
 

A number of key lessons can be drawn from this experience: 
 
•  Installations should use simpler and involve less expensive systems. 
•  The NGOs need to work together with the government and donor institutions.  
•  When projects fail, it is important for vendors to re-instil the consumers’ trust in 

systems and in the vendors themselves by repairing or replacing systems, and through 
educating the consumers. 

•  The maintenance of good personal relationships between the customer and the village 
technician will help the technician to collect monthly revenues without difficulties, 
and help the customer if assistance is required with financing.  

 
 
Contact Details 
 

Lalith Gunaratne 
Director, Energy Forum, Colombo, Sri Lanka. 
Tel/Fax: +94 1 853053, E-mail: lalithg@sltnet.lk Website: http://www.self.org/SriLanka 
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CASE STUDY  3 
 
 
Project Title: The Pursiala Heating and Power Plant 
Location: Mikkeli, Etela-Savo region, South-Eastern Finland 
 
Project details  
 

The Pursiala heating and power plant generates 32 MW of electricity with 100 MW of heat 
output using 60% forestry waste and 40% peat. Prior to refurbishment in 1992 the power 
plant burnt only peat. The addition of forestry waste burning reduces pressure on the local 
peat reserves. The electricity is fed into the local distribution network, operated by Etela-
Savon Energia Oy Ltd. The heat is distributed via a district heating system to serve the 
town of Mikkeli (population 32,000). 
 
The total annual energy production of the plant is 170 GWh of electricity and 340 GWh of 
heating (servicing about 6.8 million cubic metres of heated building volume). Peat is taken 
mainly from peat reserves in the Mikkeli area with a transportation distance of about 40 
kilometres. The areas reserved for peat extraction are reported to be sufficient for the next 
50 years. On average, the lifting and transport of peat employs 130 persons. 
 

             
 

Pursiala Combined Heat and Power (CHP) plant in Mikkeli  
Courtesy:  http://www.tekes.fi/OPET/pdf/Pursiala-englanniksi-taitettu.pdf 
 
The wood fuel is mainly sawdust, bark and other wood waste from 20 nearby sawmills. 
The plant is the largest forest chip user in Finland (about 100 000 m³ of chips yearly). Half 
of the chips are felling residue chips, while the other half are whole tree chips from forest 
thinnings. The wood supply employs about 40 persons. 
 
The plant was designed to a high environmental specification in order to meet the local 
emissions standards. The plant employs a circulating fluidised bed boiler that is capable of 
reducing emissions of sulphur dioxide by using limestone injection at the furnace grate, 
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while good control and low combustion temperatures have led to reduced nitrogen oxide 
emissions. The air quality in the Mikkeli area has improved since the plant refurbishment. 
Almost all of the heat output is utilised by the district heating system, reducing thermal 
pollution of the local waterways. 
 
Much of the ash is used as an industrial raw material and as an aggregate mix in municipal 
engineering construction. 
 
Etela-Savon Energia Ltd (ESE) has been producing light and power for almost a century in 
the Mikkeli area and with the first customer being connected to the district heating network 
in 1958, Mikkeli is one of the pioneers in this field. 
 
Etela-Savon Energia Ltd (ESE) is an energy production, distribution and marketing 
company. It supplies electricity and heating energy to about 22,000 households, to 
company clients and to the municipal sector - the town of Mikkeli and its surroundings. 
 
The Pursiala plant annually produces approximately 60% of the company’s electricity and 
about 90% of its district heating. Almost 70% of the electricity sold by ESE is generated in 
conjunction with heat for district heating purposes. The average price for selling district 
heating energy is about € 31 per MWh. The chipping of the wood fuel is done by 
Kotimaiset Energiat Ky. 
 
Outcomes  
 

Neighbouring areas, especially the Russian region of Karelia and the Baltic states are 
interested in collaboration with ESE on the planning of production plants using solid fuels 
and biofuels. 
 
Conclusions  
 

In its power plant, ESE generates heat and electricity using 100% Finnish fuels, almost half 
of which come from renewable sources. In this climate it is economic to generate 
electricity with simultaneous sale of heat to a district heating network, giving a very high 
conversion efficiency of primary fuels. District heating has proved to be a reliable, 
economical and environmentally friendly form of heating. 
 
The power plant itself is highly automated and employs about 30 persons, while the fuel 
supply employs a total of more than 150 persons. 
 
 
Contact Details 
 

Etela-Savon Energia Oy/Ltd (ESE) 
Website:  http://www.tekes.fi/opet/pdf/pursiala-englanniksi-taisfettu.pdf  
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CASE STUDY  4 
 
 
Project Title:  Solar photovoltaic (PV) pilot project, Narsingdi, Bangladesh  
Project Location: Narsingdi, four Islands situated in the middle of Meghna River, 

about 60 km from Dhaka. 
                                           .    
 
Project Details  
 

The above is the first large-scale (62 kW) PV pilot project in Bangladesh, installed in four 
river islands - Karimpur, Natunbazar, Alipur and Panchabati, part of the Nazarpur Union of 
Narsingdi. Funded by a French Government grant, it supplies electricity to 800 rural 
households and a health centre. The project was developed as a ‘turn-key’ contract for the 
Rural Electrification Board (REB) of the Narsingdi Rural Electrification Society by Apex 
Ingenierie, France, in close cooperation with their Bangladeshi Engineering Associate – 
Associated Resources Management Company (ARMCO). Five system types are in 
operation, all of which include an electronic charge controller, 60 Ah and 100 Ah solar 
storage batteries, tube lamps, a fan and a socket for television/radio-cassette 
player/recorder. The consumers are paying between Tk. 100/- (approx. US$ 2) to Tk. 210/- 
(approx. US$ 4) per month, depending on the load of each system and the bill payment rate 
is quite satisfactory (between 83 - 92%). The success of this PV project has initiated a 
rapid growth of PV projects in Bangladesh by private-sector and NGOs. 
 
Government Participation and Other Involved Agencies   
 

The Government Implementing Agency is the Rural Electrification Board (REB), which 
operates the rural electrification programme through 67 rural electrification societies 
(termed Palli Bidyut Samities). REB operates directly under the Ministry of Energy & 
Mineral Resources (MEMR), Government of the People’s Republic of Bangladesh.  
 
Design and Cost  
 

The five system types fall into one of two categories: 
 

•  A central battery charging station, where the customers bring batteries for re-charging. 
•  Stand-alone systems where each household has its own pole or roof-mounted PV 

panels, and charging unit. 
 
The other system variations depend on the size of the panels and number of connected 
lights and appliances. The stand-alone systems invariably prove to be more popular. 
 
Financiers   
 

The project was funded entirely by a French Government Grant. The total project cost, 
including local expenses (duties/taxes, other local expenses), amounted to about US$ 1.53 
million. 
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Dr Islam explains the Narasingdi project in Bangladesh to a group of visitors during the 
Renewable Energy Conference held in Dhaka – November 2000. 
 

 
Sales and Services  
 

The cash in-flow from bill payment is about Tk. 100,000/- (about US$ 1800) per month, 
assuming full payment occurs, although the average is about Tk. 85,000/-. This money is 
used to pay for operating costs (personnel and maintenance) by the local Narsingdi Palli 
Bidyut Samity (NPBS). 
 
Outcomes/Benefits  
 

The following outcomes have been observed: 
 

•  The overall socio-economic situation of the area has improved. 
•  Rural children can study for longer at night than was possible with kerosene lamps. 
•  The community now have access to information, news and entertainment from 

television and radio. 
 
 
Conclusions  
 

The success of REB’s 62 kW Narsingdi Solar Pilot Project has encouraged those public 
and private sector agencies and NGOs, including the Grameen Bank, to deploy solar PV in 
isolated rural areas of Bangladesh more confidently and at a faster pace. ARMCO, with its 
dedication to the practical implementation of renewable energy has provided a ‘catalytic’ 
role, raising the profile and credibility of PV applications with the REB and Government. 
Donor agencies are now taking a keen interest in funding solar PV in Bangladesh. 
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Lessons Learnt  
 

The following lessons have been learnt from this pilot PV project in Bangladesh : 
 
•  Initial demonstration and pilot projects in solar or renewable energy implementation 

should be initiated by the Government. 
•  Remote rural areas where grid electricity will not reach in next 5-10 years are ideal 

locations. 
•  Stand-alone PV systems are preferred by PV electricity consumers over a central 

battery charging system. 
 
 
Contact Details 
 

(1) Chairman or Chief Engineer (P&O), REB, Tel: 880-2- 891 6413 880-2- 891 6424-8 
Telefax: 880-2- 891 6400. 

(2) S. A. Rahman/Dr.Engr. K. Islam, ARMCO, Tel: 880-2-955 0292 880-2-955 0542, 
Telefax :  880-2-955 2213 ; E-Mail : armco@bangla.net    
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CASE STUDY  5 
 
Project Title: The Rasmussen farm biogas project 
Location:  Near Holsterbro, Jutland, Denmark. 
 
Project details 
 

The Rasmussen farm has approximately 920 pigs from which 16,000 piglets are bred each 
year. These animals produce 38 m3 of liquid manure every day, the digestion of which 
produces 50 m3 per hour of methane and carbon dioxide. The solid waste residue is spread 
over the fields during the summer. The biogas is burnt in a cogeneration unit to produce 
2,300 kWh of electricity and 4,000 kWh of heat per day. The excess electricity produced is 
sold to the local electricity company, providing the owner with revenue of € 67,000 per 
year (approx US$ 57,000) and the thermal energy is used to heat the farm and livestock 
buildings. The system was installed in May 1998 by Bioenergisystem and requires only 10 
minutes a day for cleaning. 
 

The disposal of the liquid borne nitrates into the local lakes in the 1980s caused the decline 
of the Kattegat lobster. Since then, the agricultural sector has had to control its pollution, 
with strict requirements on farmers to store the liquid manure for at least nine months, with 
no spreading permitted over the winter. 
 

As this storage was not cost effective some of the farmers grouped together and opted for 
liquid manure “bank”. Here the effluent is transferred to anaerobic digesters for the 
production of methane. Methane is then sold to a cogeneration production unit, while the 
liquid manure, free of parasites, is redistributed to the farms. This method, while avoiding 
the cost of building a silo on every farm, ultimately proved uneconomic due to the 
transportation costs involved. 
 

Government Participation 
 

Since 1985 Denmark has supported a renewable energy programme by subsidising 
installation costs and providing favourable tax schemes (where bio-fuels are tax-free while 
conventional sources are highly taxed). 
 

Financiers 
 

There were no direct financial incentives but financial assistance is now given to the 
development of heat networks (supplying heat to urban housing). 
 

Sales and Services 
 

After the government’s decision to raise the minimum price of electricity purchased by the 
utility, the sale price of Biogas has risen from € €0.07 to 0.08 per kWh. 
  

Outcomes 
 

This small-scale biogas scheme served as a precursor to other projects. Some twenty other 
farms have adopted similar schemes, and the Studsgard biogas plant, which serves the city 
of Herning produces 16,000 m3 of Biogas daily generating 1.4 MW of electricity and a 
thermal output of 1.6 MW. 
 
Contact Details 
 

Jorgen Thomsen, Director of Bioenergisystem, Denmark. 
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CASE STUDY  6 
 
 
Title:  Cogeneration from Rice Husks – Chia Meng 
Location: Chakkarar, Nakom Ratchasima, Thailand 
 
 
Project Details  

Rice husks are the residues of the milling process of paddy. In Thailand, Chia Meng is one 
of the largest rice mills capable of handling 500 tonnes of paddy per day, thus producing 
100 tonnes of rice husk per day. Before the construction of the cogeneration plant, the rice 
husks were initially dumped outside on the land for natural decomposition and then as an 
alternative to dumping, the husks were open burned to clear the land. Both these 
mechanisms produce substantial amounts of methane and other pollutants making the 
community vulnerable to a variety of health and safety risks. 

Chia Meng Co Ltd, a member of the Chia Meng Group, Thailand invested in the rice-husk-
fired cogeneration plant as a measure to reduce pollution. The cogeneration plant 
commissioned in 1997 generates 2.5 MW of energy. The combustion of the husks is used 
to raise steam, which in turns drives a turbine to generate electricity; the waste heat from 
the turbine is then used to dry paddy. The electricity generated is sufficient to power the 
plant and the excess is sold to the grid. It is reckoned that since the plant is expanding, it 
will soon consume all the electricity produced. 
 

 

 

The 2.5 MW cogeneration plant in Chia Meng. Since the commencement of work at the 
power plant, Chia Meng rice mill has no disposal problems and is self-sufficient in power. 
Courtesy: http://www.climatetech.net/conferences/conferpdf/cebu/SES3-1.PDF. 
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Costs  
 

The total cost of the project was US$ 3,865,000, excluding civil and structural works. 
 
NGO Participation 
 

This project was coordinated by the Asian Institute of Technology (AIT), Bangkok, 
Thailand, and was implemented as part of the COGEN programme. COGEN programme is 
one of the most successful joint initiatives between the Association of South East Asian 
Nations (ASEAN) and the European Commission. The role of COGEN is to build the 
partnership between the European and ASEAN companies through the transfer of clean 
and efficient energy technology from Europe. As a part of the programme, COGEN also 
provided training and monitoring activities that enabled suitable expertise to be gained 
locally. The aim of AIT is to promote the implementation of proven cogeneration 
technologies in the industrial sectors of the ASEAN region to meet future energy needs, 
using environmentally friendly systems.   
 
Financiers 
 

The Company itself financed the project as they conceived it to be an investment to be 
producing their own energy to meet demand, while selling any excess electricity to the 
grid. With the payback period of less than four years, the project was considered to be 
profitable.   
 
COGEN also provides financial assistance of up to 15% of the total tax-free cost of 
equipment. 
 
Benefits 
 

•  A study conducted by COGEN comparing the old method of burning the husk and 
the new method of rice-husk cogeneration plant showed a saving of 14,845 tonnes of 
CO2 equivalent/year. 

•  Annual revenues savings 
•  In electricity US$ 840,000 
•  In gas-oil US$ 128,000 
•  In rice-husk disposal US$ 152,000 
•  Of excess power to grid US$ 160,000 
•  Of rice-husk ash US$ 40,000 
 
Conclusions  
 

Many projects have been commissioned and are being monitored by COGEN. The initial 
indicators are that its economical viability, energy efficiency and environmentally friendly 
attributes are promoting the use of cogeneration technology in Thailand. The support from 
COGEN and AIT together with the project payback of 3-4 years are added benefits to the 
commercialisation of such technology. 
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CASE STUDY  7 
 
 
Title:  South East London Combined Heat And Power (SELCHP) Ltd. 
Location: SELCHP is situated in a non-residential area in north Deptford in the 

London Borough of Lewisham, UK. 
 
 
Project Details 
 

Faced with the increasing scarcity and the environmental problems of landfill, discussion 
began in 1986 between the London Boroughs of Lewisham, Southwark and Greenwich. 
These led to the formation of SELCHP consortium, and the construction of the mass-burn 
incineration plant, completed in 1994. 
 
SELCHP is capable of handling 420,000 tonnes of household waste per year, where the 
waste is delivered directly to the plant by the refuse collection vehicles, eliminating the 
requirements for costly intermediate transfer. The energy released from the incinerated 
waste raises steam, which drives a turbine to generate 35 MW of electricity, sufficient to 
supply  power  to  the  plant  itself  and  about  35,000  homes.  The  process  also produces  
60 MW of heat, sufficient to provide heat and hot water to over 7,500 homes; the district 
heating scheme is still under consideration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SELCHP is offering easy access to waste handlers, without disrupting the local 
community. The position of the plant makes it a convenient disposal point for waste 
generated throughout central and South-East London. Customers benefit because it 
overcomes the requirement for long hauls to landfill sites. Courtesy: SELCHP Ltd. 
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Government Participation  

The prices paid to SELCHP for the electricity by the regional electricity company was 
guaranteed at a premium rate of 6.55 pence per kWh (1991) for 5 years under the UK Non 
Fossil Fuel Obligation (NFFO) contract awarded by the Department of Trade and Industry. 
This enabled investors to have confidence in a suitable rate of return, while allowing the 
fee charged to the local authority for the disposal of waste to be fixed at a rate competitive 
with sending it to landfill. 

 
Financiers 
 

Costing £85 million (US$120 million), SELCHP was established as a partnership between 
private and public sectors. The major private sector shareholders are Onyx Aurora, part of 
VIVENDI, and Martin Engineering Systems, Part of CINM.  Other minority shareholders 
are London Electricity, John Laing ETE and Raab Karcher. The Boroughs of Lewisham 
and Greenwich have a shareholder interest in the plant. 
   
Community 
 

The incinerator is monitored by an Incinerator Monitoring Group (IMG) drawn from the 
local residential community, who meet SELCHP’s management regularly to discuss issues 
of mutual concern. 
 
Tours of the plant are arranged on a regular basis to allow groups to see the operation of 
the plant and ask questions about its impact on the environment. 
 
Outcomes 
 

SELCHP was regarded as a pioneer of new generation energy from waste plants in the UK. 
SELCHP not only converts waste to energy, but also recycles ferrous and non-ferrous 
metals recovered from the incineration process, and has established a bottom ash-recycling 
project.   
 
Conclusions 
 

The economic viability of SELCHP relied on the initial support of the NFFO contract, 
which guaranteed the sale of electricity at a premium price to enable sensible investment 
returns. This premium rate is no longer paid, and SELCHP is a viable independent 
generator that also disposes of most of South East London’s municipal solid waste. From 
the outset there were regular consultations with local residents. 
 

Lessons Learnt 

Energy from waste plants are controversial, and have a significant local impact on the 
environment. This is through the potential release of pollutants, and the large numbers of 
truck movements to and from the site. The sitting of plants is important if communities are 
not to be adversely affected, and the use of modern technology is essential if emissions are 
to be kept within regulatory and safe limits.  
 
At SELCHP local residents’ groups and organisations were consulted at the design stage, 
and are involved and consulted in on-going monitoring. This helped to allay fears about 
local environmental impacts and reduced opposition at the planning stage.   
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The experience gained with this plant has helped to reduce setting up costs of future plants 
making them more competitive for refuse disposal and electricity generation.  
 
The nature of the subsidy (the premium price paid for electricity generation) meant that 
heat distribution was not initially cost effective, and negotiations for the connection to a 
local district heating system were still underway at the time of going to press (6 years after 
the plant first became operational). 
 
Contact Details 
 

Welcome to SELCHP 
International Renewable Energy, A strategic review of the SELCHP Project 
SELCHP Hotline,  Issue 8 – 1999 
Waste– to– energy Incineration Plant in London, CADDET, technical Brochure No.12. 
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CASE STUDY  8 
 
 
Project Title: Inveran Wind Farm 
Location: Inveran, Spiddal, Co. Galway, Ireland. 
 
 
Project details  
 

This IRL£ 2.3 million (US$ 2.5 million) project began commercial operation in December 
1998. The wind farm comprises four turbines with a maximum output capacity of 660 kW 
each, giving a total wind farm output of 2.64 MW. The turbines are manufactured by 
Vestas, Denmark and are 44 m high, to hub of blades, with a blade diameter of 47 m. The 
turbines are arranged in a cluster formation with optimum spacing to harness the full 
potential of the dominant south westerly wind direction. The wind farm is located on a peat 
bog area approximately 70 m above sea level. The annual average wind speeds are in the 
range of 8.5 – 9.5 m/s providing approximately 9.0 GWh per annum, enough electricity for 
2,300 households. All electricity produced by the turbines is sold directly to the national 
grid network. 
 
The Inveran project was the first wind farm for the County Galway region providing a case 
study for replication. The project is owned by a local company, Fuinneamh Gaoithe Teo. 
(Wind Energy Ltd). There were no local objections to the planning and construction of this 
wind farm. 
 
EU/Government participation 
 

This project was awarded an EU Thermie grant of approximately IRL£ 540,000 towards 
the construction capital costs. The EU partnership for this project comprised of Fuinneamh 
Gaoithe Teo of Ireland, Vestas of Denmark (turbine manufacturer) and Euroscan of 
Belgium. The objective of the EU projects is to demonstrate that the new 660 kW turbines 
at Inveran can achieve a considerable saving in investment and production costs relative to 
conventional 600 kW turbines. The results of the projects will be disseminated throughout 
the EU as a case study demonstration model.  
 
Through the EU Thermie programme the project was awarded a 15 year contract with the 
national electricity company, The Electricity Supply Board (ESB), to purchase all power 
generated by the wind farm at a price of approximately 4.4 Irish pence per kWh. 
 
The Galway Energy Agency Ltd is a local energy agency established in 1997 by the local 
authority within the Galway region with support from the EU SAVE programme. The 
agency with approval from the owners of the wind farm use the wind farm as an exemplar 
for other wind projects in the region, for information and awareness of wind power in 
general and for group school visits. 
 
Financiers 
 

Apart from the funding provided by the EU Commission the project is financed by the 
owner, Fuinneamh Gaoithe Teo. A finance loan package was provided by the ICC Bank to 
the company for the wind farm. A percentage of the revenue generated from the project is 
used to fund some local and community initiatives.  
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Community 
 

The local community have supported the wind farm from the outset and appreciate the 
development of sustainable energy supply to the region. The wind farm has approximately 
5–8 group case study visits per month, from landowners, planners and educational 
institutions.  
 
Sales and Services 
 

All electricity is sold under contract to the ESB grid for a period of 15 years. Operation and 
maintenance of the wind turbines is undertaken by Vestas, Denmark, who now have 
established an office in Ireland.  
 
Outcomes 
 

The results of the demonstration project will not be available until dissemination by the 
EU. To date, the annual wind speeds are above the long term average which have resulted 
in higher than predicted revenues. The project has been well received in the area and stands 
as a symbol of responsible energy management within the region. The farm has also 
provided an excellent model for the development of further wind farms in the region and it 
is now proposed to extend this farm by a further 5 turbines. 
 
Conclusions 
 

This wind farm is a start for the region of Galway to assist with the national targets for 
limiting greenhouse gas emissions within the energy production sector. The project is used 
as a case study model to promote awareness of wind energy, encourage further 
development and to provide a framework for sustainable energy supply within the Galway 
region.  
 
Lessons Learnt 
 

It is essential to consult with the planning authorities at an early stage to outline the scale 
and scope of the intended project. This will also define the contents of an Environmental 
Impact Assessment particular to the site location. 
 
Early liaison with local residents and community groups is very important to provide 
factual information and awareness of the project. A local residents’ group should be 
established and informed of the project progress at all stages of development. 
 
Accurate wind measurement characteristics, speed and direction, are essential at the 
feasibility stage to access financial appraisals and to limit risk analysis to lending 
institutions and investors.  
 
Good access routes to the wind farm are essential to provide case study group visits.  
 
 
Contact Details 
 

Peter M. Keavney 
Manager, Galway Energy Agency Ltd., City Hall, College Road, Galway, Ireland. 
Tel:  ++353 91 566954    Fax:  ++353 91 567493   E-mail:  pkeavney@galwaycorp.ie 
Website:  http://www.Galwaycity.ie/content/departments/energy/welcome.asp 
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CASE STUDY  9 
 
 
Project Title: Navarra and Galicia wind farms 
Location: The Navarra wind farms are situated at El Perdon in the region of 

Navarra, northern Spain. The Galicia wind farm projects are installed 
in Galicia, in the northwest corner of Spain. 

 
Project Details 
 

Both wind farms are made up of a cluster of wind farm sites in their respective regions. In 
Navarra the first turbine was installed in 1994 with the capacity growing to 248 MW by 
1999. By 2010 Navarra is anticipated to produce 12% of regional electric energy 
consumption by renewable sources. 
 

The wind farm site in Navarra was chosen due to favourable wind conditions, though it 
was the first to be exploited in the region; it still produces the largest kilowatt-hours of 
energy, compared to the more recent wind farms installed. Prior to the wind farm 
construction 86% of Navarra’s electricity was imported and this investment was designed 
to reduce this dependency to 70%, as well as reduce greenhouse gases. By 1999 the Galicia 
farms had a capacity of 257 MW, producing approximately 14% of total regional energy 
consumption. This is planned to rise to 50% of regional electricity consumption by 2010. 
 

In 1993 concerns about local energy availability initiated the wind farm project to a 
conceptual design stage by a company called Gestern. This was well received by the local 
residents as development of renewable energy was seen as a positive contribution to the 
local economy and employment.   
 
Government Participation 
 

The Spanish Electric Sector Law, implemented in 1997, guarantees that electrical energy 
produced from renewable sources be purchased at a price that ensures economical 
viability.  
 

The Navarra wind farms have been installed under a regional scheme called “Proyecto 
sectorial de incidencia supramunicipal de infraestructuras de production de energia eolica 
en Navarra”, the ultimate aim of which is the supply of all region’s electricity from 
renewable sources by 2010, of which 45% would be wind energy. Applicants under this 
scheme must satisfy performance and environmental criteria, to ensure that a wind farm is 
financially viable but without having detrimental effects on the local environment.  
 

Established in 1989, Energia Hidroelectrica de Navarra (EHN) was the only company that 
was involved in the implementation of renewable energy in the region. Originally 
concentrating on micro hydro, the company turnover was dominated by wind energy from 
1998. The company’s stated aim is to minimise the impact of wind farms on landscape and 
wildlife during turbine installation. 
 

In Galicia the project was then accepted by the regional Government of Galicia in 1995 
under the “Planes eolicos estrategicos” framework. The schedule forecasts a capacity of 
2,800 MW by 2005. In order to be successful an applicant under the framework had to 
secure 70% of the investment from local businesses. Construction of the wind farms in 
Galicia was carried out by Gestern, an organisation established in 1983 by the local 
government with the Chamber of Commerce and Industry. Gestern’s original remit was to 
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study the wind potential in Galicia, to design and manage wind energy projects and to 
solve technical issues related to existing wind farms.   
 

Under the scheme, 13 wind schedules were selected, grouped into three projects. Each 
project has a three-year phase schedule, where the outcome is to produce 3,070 MW of 
energy by 2005 from 123 different farms. 
 
Financiers 
 

EHN is a part-private company: 38% of its capital belongs to Sodena (Navarra 
Government), 37% to the local utility company, 15% to Cemotos Portland and 10% to the 
regional Bank. Gestern’s capital is mainly from public funds.  
 
Sales and Services 
 

As both projects are a part of the regional scheme, the maintenance and services were 
undertaken by EHN for Navarra and Gestern for Galicia. 
 
Outcomes 
 

The successful establishment of EHN introduced two other companies to the wind farm 
industry in Navarra. With all the companies working under the same regional scheme, the 
region is anticipating an investment of 92 billion pesetas (approx US$ 4.7 million) 
conversions to be checked and 1,000 new jobs by 2010. 
 

Similarly the success of the wind farm in Galicia has encouraged ten new factories in 7 
years. These factories manufacture and/or assemble components, which in turn has created 
300 jobs, which at the end of the schedule would have created 2,000 jobs in total and 
invested 33,500 million pesetas (Approx US$ 170 million). 
 
Benefits 
 

•  The switch to renewable energy from the conventional systems has caused a reduction 
in CO2 emissions.  

•  The schedule together with the new industries has created employment opportunities 
reducing the country’s unemployment rate to 17%. 

•  The local community benefit from the consistent income from the land tax and the 
rental fee. 

•  Economy 
 
Conclusions 
 

The public involvement and enthusiasm to improve its environment initiated the 
installation of wind farms, together with the government’s implementations on the 
purchase price of energy, in favour of renewable energy. 
 
Lessons Learnt 
 

Having harnessed the wind since 1987, the government now prefers larger farms with large 
turbines to smaller scale developments. 
 

Good design can reduce the visual impact of a wind farm. 
 

Maximising the capacity of a wind project reduces the cost of implementation. 
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CASE STUDY  10 
 
 
Project Title: Indo-US collaboration project and Biomass Gasifier Plant 
Location: Gosaba Island, West Bengal, India 
 
 
Project Details 
 

The geographical nature of the island makes it impossible for grid connections, and the 
community uses candles, kerosene lamps and diesel generators to light and power homes 
and shops. A joint initiative in 1996 between the central state government, the 
Ramakrishna Mission (a local NGO) and the Island communities set up a programme of 
individual photovoltaic (PV) installations. In total 300 domestic lighting systems (with 
outputs of 53 Wp) and a few PV systems for medical refrigerators and water pumps were 
installed.  In 1997 this renewable electricity provision was enhanced by the addition of a 
biomass gasification plant (maximum capacity 500 kW) to initially service commercial 
operations in shops and markets. 
 
Costs of PV Installations 
 

The total project costs were US$ 200,000, with each system costing IRs 14,000 (Indian 
Rupees) (approx US$ 300), of which the customer pays IRs 7,100 (approx US$ 150). This 
is paid for by a down payment of IRs 3,500 (approx US$ 75) with monthly payments of 
IRs 60 (approx US$ 1.30) over 5 years. The monthly repayments can be broken down into 
IRs 45 for capital repayment, IRs 10 for maintenance and IRs 5 for collection costs. 
 
Government/NGO participation 
 

The Ramakrishna Mission (RKM), an NGO, was appointed by the Ministry of Non-
Conventional Energy Sources (MNES) to execute the project due to their experience of 
promoting renewable energy technologies in the West Bengal area.  Of the 300 systems, 
Ramakrishna mission deployed 290 systems and the remaining 10 were given to West 
Bengal Renewable Energy Development Agency (WBREDA). RKM identified potential 
customers, deployed systems, provided follow up training, installation maintenance and 
revenue collection. 
 
Financiers 
 

A memorandum of understanding between the National Renewable Energy Laboratory 
(NREL), USA and the Ministry of Non Conventional Energy Sources (MNES), India 
called for a 50–50 cost sharing. The USA partner provided the modules, charge controller, 
water pump and initial training, and the Indian government provided the batteries, all 
balance of system components and payment of all customer duties. Of the Indian 
government share, 37.5% was contributed by MNES and 12.5% by WBREDA. 
 
Sales and Services 
 

Routine maintenance checks and collection of monthly payments are carried out by trained 
local technicians. A local youth club maintains a logbook of each system installed and 
records all payments and any user complaints. 
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Benefits 
 

The lighting systems offer the following benefits to users: 
 
•  School children and college students study for longer periods; 
•  The systems obviate fumes from kerosene lamps; 
•  Reduced fire hazards; 
•  Extra lighting adds to security against theft; 
•  7 litres of kerosene savings with the use of domestic lighting systems per household 

per month  
 
Biomass Gasifier Plant 
 

The biomass gasifier plant was commissioned by WBREDA in 1997. The plant consists of 
five gasifiers each with a capacity of 100 kW, at any one time only two gasifiers function 
due to the low connected demand.  The plant uses 20% diesel and 80% wood from a local 
sawmill to generate electricity and it functions from 5:00 – 11:00pm daily. Initially the 
customers of biomass electrification were market shop owners, but since the extension of 
transmission and distribution wires householders have also benefited from grid 
electrification.  
 
Of the total generating capacity of 0.5 MW, 0.2 MW is distributed to domestic customers 
and 0.3 MW to commercial users. To be connected to the system, customers need to pay a 
one-off deposit of IRs 250, plus IRs 160 for an application form and an additional IRs 
1,000 to 1,500 for extension of transmission lines and internal wiring. Electricity is sold to 
the customers at IRs 3.25 per unit (kWh) domestic and IRs 3.75 per unit (kWh) 
commercial. 
 
WBREDA plan to extend the local network to all the householders. This could be seen as a 
threat to the growth of stand-alone PV systems in the area, and perhaps undermine the 
long-term viability of the existing systems. However, conflicts between stand alone PV 
systems and a local grid depend on two considerations. Firstly, any extension of the local 
grid entails high capital costs which are likely to be high compared to PV systems; where a 
household is already paying for a PV system they are unlikely to pay again for another 
system. Secondly, domestic rural consumers pay a capped price grid electricity, giving 
reduced revenues to the supplier; therefore most small scale, local grid electricity 
generation plants depend on revenues from industrial users to cover operational costs. 
Currently there are no industrial users in the area, which suggests that growth of the grid 
will be limited. Looking to the future there may be a case for extending the grid to 
domestic users, together with stand alone PV systems, to give increased access to 
electricity with less dependence on batteries, but the economics need to be studied closely. 
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CASE STUDY  11 

 
Project Title:  Storm Lake Wind Farm 
Location:  Storm Lake, Buena and Vista counties, Northwest Iowa, USA. 
 
 
Project Details 
 
 

Wind energy provides electricity via the national grid to the Storm Lake community. 
257 Zond Z 750 series (750 kW) wind turbines (manufactured by the Eron Wind 
Company) were installed on 4,800 hectares of land. At the time of building this was the 
largest  wind  farm  in  the  world.  The  total  generating  capacity  of  the  wind  farm is  
193 MW, with an annual generation of 650 GWh/year. Building commenced in October 
1998 and was completed in June 1999. 
 
113 MW of capacity is sold to the Mid-American Energy Company, with the remaining 
80 MW contracted to IES utilities. 
 
Benefits 
 

•  The electricity generated provides electricity to 72,000 households thus saving 
301,000 tons of coal that would have been used otherwise. This has offset 502,000 
tons of CO2. 

•  The installation had created 150 construction jobs and 20–30 operations and 
maintenance jobs. 
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CASE STUDY  12 
 
 
Project Title:  Lake Benton Wind Project 
Location: Lake Benton, (80 km north of interstate 90 along buffalo ridge) 

Southwest Minnesota, USA. 
 
 
Project Details 
 

281×750 kW Eron wind turbines supply electricity via the national grid to Minnesota, parts 
of Michigan, Wisconsin and North and South Dakota. 
Total capacity of the wind farm is 211 MW, generating 682 GWh of electricity per year. 
The farm was developed in two stages starting in summer 1997 with an initial 107 MW of 
capacity; an additional 104 MW was added in 1998. All the electricity is sold to Northern 
States Power (NSP). 
  
Benefits 
 

•  The electricity generated supplies 90,000 households.  Electricity generated in this 
manner has avoided the use of 342,600 MW of coal, they by offsetting 527,000 tons 
of CO2. 

•  The installation has created 240 construction jobs together with 23-28 operations and 
maintenance jobs. 

 
Conclusions 
 

This chapter has presented 12 projects as examples of renewable energy technologies 
(RETs), with their respective benefits and drawbacks. The success of these projects 
indicates that the benefits largely outweigh the drawbacks, and offer viable means of 
delivering energy to local communities. 
 
In many countries, the infrastructure required for conventional energy systems is already in 
place (e.g. in the form of coal power projects etc), and the introduction of RET into such an 
environment may seem costly at the initial stages, as fresh infrastructure needs to be put 
into place.  However, the running cost of most RETs is far below that of conventional 
systems, but if these benefits are to be fully realised then new accounting procedures are 
needed that do not penalise RETs for their high up-front costs. 
 
Of course it is essential that RETs are commercially viable if they are to expand. One 
possible drawback of RETs is that some technologies require a fair amount of community 
participation in order to operate effectively. For this to happen, it is essential that the 
community be educated with regard to these technologies and of their benefits. One 
effective way of so educating the community would be to encourage their participation 
from the initial conceptual stages onwards. 
 
One clear cut advantage of RETs as opposed to a conventional non RET system is the fact 
that they are all environmentally friendly. In a day and age where developing countries are 
heavily dependent on foreign aid and where such aid is partially dependent on the steps the 
government takes to reduce pollution, this facet of RETs is of particular relevance. 
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A further advantage of RETs is that there are large numbers of technologies available, 
which are adaptable for nearly every possible situation. This means that, with the use of 
RETs, it is theoretically possible to provide energy to virtually any location. RETs, because 
of their adaptability, can even be utilised for small scale energy requirement, such as 
supplying energy to isolated estates or small communities. 
 
It is important to note that, despite the fact that RETs are presently available, the 
technologies are still relatively new. As has been illustrated in chapter 3 above, many such 
projects have successfully been implemented and as a result of the experience and insights 
gained from such projects, it is now much easier to implement RETs than is was some 
years ago. However, due to the fact that these technologies are new, it is essential that 
governments take the initiative to promote them through subsidising the cost of these 
schemes and through clear-cut policy decisions. Such stages would facilitate the rapid 
implementation of these technologies by encouraging private sector participation. 
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CASE STUDY  13 
 
 
Title of Project: Plantas Eolicas Wind Farm Project 
Project Location: Tejona, Canton of Tilara'n, Guanacaste Province, Costa Rica 
 
 
Project Details 
 

The Plantas Eolicas S.A. Wind Facility project was originally designed for one of the U.S. 
Initiatives on Joint Implementation (USIJI) as part of President Clinton’s Climate Change 
Action Plan to explore the potential of cooperative projects between multi nations with 
different economical status, which would lead to the implementation of development 
projects that seek to reduce, avoid, or sequester green-house gas emissions. In 1997, this 
first large wind facility in Latin America was admitted as the Activity Implemented Jointly 
(AIJ) projects by UNFCCC. 
 
This 20 MW wind facility, privately owned and operated is located in Tejona, Guanacaste 
province, Costa Rica. In May 1996, the construction was completed and commissioned in 
June 1996, and electricity generated by the plant has been sold to the Costa Rican Institute 
of Electricity (ICE). According to the initial projections, the project could generate 
electricity somewhere between 76 to 98 GWh per year, so displacing thermal plants 
burning primarily high-sulphur diesel fuel, fuel oil, and IFO 180 fuel. The project should 
also save approximately US$ 3.8 million a year in imported fuel oil and also reduce the air 
pollution in the country. This aspect of the project is compatible with Costa Rican’s 
commitment under the United Nations’ Framework Convention on Climate Change. 
 
The 20 MW facility consists of 55 KENETECH Model 33M-VS, third generation, variable 
speed wind turbines. Each tower, jointly provided by Spain and Ukraine, is 25 metres high 
and weighs ten tons in total with two generators on the top of each tower. Each generator 
produces 205 kW, so in total each turbine can produce up to 410 kW. 
 
In the aim of self-sufficiency, all the maintenance works of plant will be done by the local 
workers as well as on-site fabrication and construction. 
 
Background to Costa Rican Energy Resources 
 

Costa Rica is largely dependent on hydroelectricity (approximately 75% of total generating 
capacity), and has a surprisingly large potential for it, estimated at 223 TWh/year. The 
wind resource is a relatively new and growing approach to generation of electricity in a 
self-sufficient way for Costa Rica, with potential for a large installed capacity. In the 
developed  area,  depending  the  location,  there  is  an  annual  average  wind  speed  of  
10-11 m/s, and it is at its strongest during the peak energy-consuming season – January 
through to August. Winds are at their weakest during September and October, but this 
coincides with the time when there is surplus water flow. Therefore a combination of wind 
and hydroelectric power in Costa Rica would allow it to optimise its energy sources. 
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Costs 
 

The total capital cost of the project was estimated to be US$ 27 million, including facility 
costs associated with the actual physical plant and transmission/interconnection costs, and 
non-facility costs, such as legal and financing costs associated with project development. 
The cost of civil work (Electro-mechanics, including turbines, propellers, towers and 
switch (setting up and construction) and ICE grid hook-up: US$ 570,000. (Saret S.A. 
homepage: groupsaret.com/index2.shtml) 
 
Participants 
 

Plantas Eolicas S.A. (Costa Rica) 
Instituto Costaricense de Electricidad (ICE) (Costa Rica) 
Charter Oak Energy Inc. (COE) (USA) 
Northeast Utilities (NU) (USA) 
Merrill International Inc., (USA) 
KENETECH Wind power Inc. (USA) 
 
Financers 
 

The plant is mainly sponsored by Grupo Zeta, a Costa Rican industry group, and Charter 
Oak Energy, a subsidiary of Northeast Utilities of the United States. The rest would be 
financed by unilateral or multilateral development bank. In December, 1995, the Inter 
American Development Bank (IADB) announced that it had approved US$ 18.7 million 
for the project.   
 
The uniqueness of this project is that it is probably "the first commercial-scale, privately 
owned and operated wind power park project in the world to be built without economic 
incentives of any kind". 
 
Outcomes 
 

The consistency of the project with national development policy was one of the important 
aspects in renewable energy development as well as UNFCCC. 
 
Social/Cultural Impact 
 

During the construction period, there was a significant increase in traffic in the area, but it 
returned to the normal level as the construction ended. The project did not cause 
interference to land use. 
 
Economic Impact 
 

Positive impacts are brought by the project; such as an increase in employment and 
stimulation of the local commerce. The additional power supply meets the increasing 
energy demands of country and reduces the shortage of supply. 
 
Non-Greenhouse Gas Environmental Impacts 
 

The protection of bio-diversity in the developed region, since no indigenous mammals and 
birds have been adversely affected by the construction of the project. However, there are 
some reports of birds being killed by the rotating blades of wind turbines all over the 
world. Though the risk to birds has been substantially reduced by technology changes as a 
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result of experience and research, it is important not to set the turbines in migration paths 
or in areas where birds of prey are naturally active. 
 
Greenhouse Gas Environmental Impacts 
 

The planned phase-out period of fuel oil is 6 years, and the approximate GHG benefit from 
the project would be 397,173 tons of carbondioxide. (For the 15-year project period, the 
estimated CO2 reduction in carbon equivalence by the project is 71,800 tons of carbon, and 
the estimated annual CO2 reduction is 100,000 tons.) 
 
Conclusion 
 

Although it takes many windmills to produce a substantial amount of electricity, wind 
farms have multiple land use strategies such as grazing or agriculture around the towers to 
maximize use of the land. Together with other sources of energy, Costa Rica is striving to 
take advantage of wind power as one component of sustainable development. 
 
 
Sources of Information and Contact Details 
 

1. USIJI Uniform Reporting Document 
http://www.unfccc.int/program/coop/aij/aijact/criusa02.html 

 
2. Christopher Hunt, president of PESA, Plantas Eolicas S.A, c/o Merrill International, 

20 University Road, Suite 510, Cambridge, MA02138, USA Ph/fax: +1-617-661-
9540/- 661-9244.  

 
3. Samuel Silva, IADB Press Officer, 1300 New York Ave, NW Washington. D.C. 

20577, USA. Ph/fax: +1-202-623-3731/623-1419, email: samuels@iadb.org. 
 
4. http://www1.stcloudstate.edu/costarica/liveupdates.asp?entryID=105 
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CASE STUDY  14 
 
 
Title of Project: Public Electricity Service using Micro Hydro Power Plant in 

Pedro Ruiz 
Project Location: Amazonas, Bongara, Jazan, Peru. 
 
 
Project Details 
 

The main purpose of the plant is to provide electricity generation for 722 households. The 
generation resources are two watercourses, Ingenio and Asnac. The plant was designed to 
have a capacity of 200 kW but the actual output is 140 kW, which led to some shortage of 
electricity supply in the growing town of Pedro Ruiz. In 1980, Micro Hydro Power Plant 
(MHP) activities started under the responsibility of the state-owned regional distribution 
company, and ten years later, the district municipality took over the operation.  
 
The training of staff has not been sufficient to carry out their jobs. The one operator with 
relatively long experience spontaneously trained other operators despite the fact that he 
was not well trained. There is no attention to the use of skilled operators for corrective 
plant maintenance. Therefore, the plant has consequently rapidly deteriorated. The plant 
was commissioned in 1985, and since then has been generating the electricity for the town 
people. 
 
The community worked on energy saving by using fluorescent lights. The peak demand is 
around 6.00 pm. 
 
The operating hours of the plant; 
Monday to Friday: 10:00 am to 5:00 am (total 95 hours) 
Saturdays: 2:00 pm to 5:00 am (15 hours) 
Sundays: 8:00 am to 5:00 am (total 21 hours) 
 
Costs 
 

US$ as of 1998 
Equipment   US$ 806,162  (71.6% of total cost) 
Civil Works   US$ 28,477  (2.5%) 
Other costs   US$ 291,436  (25.9%) 
Total cost   US$ 1,126,075  
Cost per installed kW:US$ 5,630 
 
Investment Structure (US$ as of 2000) 
Land for power house  US$       55,728 
Civil Works  US$  1,268,401 
Electro-mechanical equipment  US$ 35,906,336 
Grids and electrical facilities US$ 12,924,882 
Total cost  US$ 50,153,346  
 
Financiers 
 

Project funding was supported by the central government. The firm Opil was in charge of 
civil construction using workers from Pedro Ruiz and neighbouring communities. The 
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electro-mechanical equipment and network was supplied by Electronorte (a state-owned 
regional distribution company). 
 
According to the Intermediate Technology Development Group (ITDG) calculation, there 
was no return when the plant was financed by relatively soft loans. ITDG analysis suggests 
that this is mainly due to the high initial capital costs and relatively low tariffs. 
 
Tariffs 
 

The plant has three main categories of income; connections for new subscribers , sales of 
energy, and other income, such as reconnections. On average, 92% of income is from sales 
of energy and subscriptions. The meters are supplied from the municipal government for 
each user. 
 
The registration fee for new users is US$ 49.00 (since 1997) and they have to buy their 
own meter and accessories. The average rate per kWh charge users US$ 0.032. In case of 
no payment the following sanctions are contemplated: 
 

•  Simple re-connection    US$ 1.12 
•  Re-connection due to overdue payment  US$ 1.87 
•  Unauthorised handling of meter    US$ 3.74 
•  Extending the service to another home  US$ 5.61 
•  Repetition of (a) and (b): service suspended for 8, 15 and 30 days, respectively. 
 
The default interest rate is equivalent to 4% of the monthly bill per day; the electricity is 
cut off after 60 days. According to the administrator, consumers have become used to 
paying their bills on time and no sanctions are being applied at present due to a change in 
the municipal administration. 
 
Regarding the theft of posts and cables, the administration addresses the culprits directly 
and demands the respective payment. In the case that a consumer refuses to pay, a 
complaint from the operator is made at the police station (there is no fine for offences of 
this nature). 
 
Income from the Sales of Electricity, Pedro Ruiz 
 

 1996 1997 1998 
Income from the sale of energy 2,134,152 2,307,629 2,518,682 
Average annual consumption 661,680 682,197 703,351 
Average price of Energy 32 34 36 
Other income  725,690 632,120 659,607 
Reconnections 60,220 15,341 13,932 
Payment arrears 174,510 215,511 182,792 
Various changes 319,115 408,268 462,883 
Others 171,845 - - 
Total Income 2,859,842 2,939,749 3,178,289 
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Conclusion 
 

The initiative of the authorities of Pedro Ruiz to take over the MHP has changed the 
quality of service in a significant manner. However, it is necessary to note that municipal 
elections and consequent changes of authorities do not influence the electricity service. In 
spite of technical and economic limitations, the funds are adequately managed, and this 
concludes that the current management system has been successful. The state settled the 
new legal and institutional framework managing the utility sector to promote private 
investment as well as quality. Due to the state initiative, several municipalities will hand 
over the entire electricity service to concession companies with legal, financial and 
economic guarantees that will help to meet the electricity demand from users in remote 
areas. 
 
Lessons Learnt  
 

Though, the financial situation of the projects is not encouraging, due to the governmental 
promotion of clear regulations for the electricity business, and showing a preference for 
sustainable energy development, the future prospects are expected to be better in Peru as a 
whole. 
 
The key lessons to be considered for the future are: 
 

•  The sustainability of micro/mini hydro plants requires not only adequate technical 
training in operation and maintenance but also business and managerial training from 
the design stages of the project. 

•  The constraint for micro/mini hydro is a lack of credit, but its availability does not 
guarantee project sustainability. Good project design and careful risk analysis of 
productive activities are essential. 

•  The best prospects for economic and financial sustainability can be created by 
diversifying energy consumption including many sorts of productive activities, and 
not just for domestic lighting. 

•  Financial and economical sustainability of a plant will be adversely affected where 
there are high costs associated with plant installation (due for instance to over-
design, wrong selection of equipment). 

•  Although there are no conflicts over the use of water, it is necessary to establish a 
water utilisation system for low water stages, which does not limit the power 
generating capacity. 

 
Source of Information 
 

Quoted from “Best Practices for Sustainable Development of micro Hydro Power in 
Developing Countries–Fianl Synthesis Report Contract #R7215”, Intermediate Technology 
Development Group Ltd. 
 



 60

CASE STUDY  15 
 
 
Title of Project: Nyafaru Micro-Hydro Co-operative: Domestic and Services 

End-Users 
Project Location: Zimbabwe 
 
 
Project Details 
 

The Nyafaru 20 kW hydro plant was commissioned in 1995. The generated electric power 
is used by a shop, a clinic, two schools, and farm staff houses. The project is run by the 
Nyafaru Hydro Committee (NHC), composed of representatives from the various units 
using the electricity; the chairperson of the co-operative, and three co-opted teachers. An 
expert from Nepal supervised design and manufacturing cross flow turbines for electricity 
generation. Four local technicians were involved in the construction of turbines and in 
training by the experts. Intermediate Technology Development Group Ltd., (ITDG) 
designed the technology transfer scheme, and provided overall guidance. The training of 
local staff covered installation, commissioning, operation and maintenance. The small-
scale workshop was also held, which was supported by community Trust and the 
University of Zimbabwe’s Mechanical Engineering Department. 
 
The objective of the project was to provide reliable electricity from a cheap and permanent 
energy resource to the community. The domestic electricity load consists of about 20 
households, mostly teachers, nursing staff and the co-operative chairman. Other farm 
workers have not yet been connected to the electricity grid, mainly because they have not 
been able to afford the installation charge. 
 
Nyafaru Co-operative Farm covers 600 hectares of land. The farm has separate functional 
units; the clinic, fisheries, schools, crop production and retail. Before commissioning of the 
micro-hydro project, people depended on paraffin and candles for lighting. The community 
has a wind generator installed more than fifteen years ago, but it was ill designed for the 
site condition and has never generated electricity since its installation. The new micro-
hydro generation scheme replaced the solar PV at the clinic, wind electricity at the shop, 
and a diesel engine generator, because of the high reliability of micro-hydro system and the 
high cost of existing facilities. 
 
Costs 
 

Equipment  US$ 21,382  (32.3% of total cost) 
Civil Work  US$ 14,980  (22.6%) 
Other costs  US$ 29,794  (45%) 
Total cost  US$ 66,156 
 
The investment cost of project was about US$ 3,307 per kW, relatively expensive 
compared to similar types of projects, as this was a prototype with high external costs and 
relatively conservative design. Connection charge to each household is US$ 73. 
 
Financiers 
 

The project was financed through external grant and community contribution. The project 
main funders for design and construction are the European Commission, Cadburys, the UK 
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Overseas Development Agency (ODA), and German Ago Action (GAA). These funds 
covered all the materials including electricity transmission and distribution lines as well as 
non-fixed costs such as technical inputs from ITDG, local contractors, local external 
consultants, and local labour. The extended grants connected the shop, clinic and a few 
blocks at the school. 
 
Tariffs and Method of Payment 
 

The setting up and implementing of electricity tariffs are the hydro committee’s 
responsibility. The tariff levied on each user is changed by the upper limit of the load of 
users. To set this upper limit, a miniature circuit breaker (MCB) is installed for each user.  
 
The tariffs are set at socially attractive levels with a subsidy for the school. At the end of 
1996, approximately 9 households were connected to the line, and they paid a fixed 
monthly charge of US$ 2.65 for each 5A. This charge has risen to US$ 7.1 in 1999. This 
type of tariff structure has encouraged the consumer to fully utilise the installed capacity 
whilst stimulating the connection of new consumers. 
 
Economical Analysis 
 

To create the (constant) cash flow for the plant, the following points were noted: 
 

•  The cost of providing power to each user from the nearest pole constitutes the 
connection costs and should be paid by the user. 

•  Average connection costs have been used. 
•  It is assumed that the Civil engineering index on plant can be used to predict inflation 

on the power plant. 
•  It is assumed that investment costs for the plant were incurred over the first year only. 
•  Inflation costs are about 30% per annum. This can be confirmed by an analysis of the 

payment to the operator. 
 
The Nyafaru project was almost fully covered by grants, and if the grants are considered as 
an income, the Internal Rate of Return (IRR) of project can be significantly high. This 
suggests that presumably the capital is borrowed from a renewable energy fund with an 
annual interest rate of 15% (such as UNDP-GEF Solar fund), which considering the five 
years payment period and twenty-five year plant life, the project IRR would be 8%, and 
there is no return in constant dollars (mainly due to the low load factor, the high initial 
capital costs, and the increase in tariffs, which is below the rate of inflation). 
 
Outcomes 
 

The available records show that the plant has experienced down time of about 50 days per 
year. It also shows that the load factor for nine months (as of 1997) was around 43%, 
against the estimated annual electricity consumption of 57,000 kWh. 
 
In the load pattern, the significant difference between initial plan and practical use is seen 
(at the planning, peak demand was estimated as 17.5 kW with an average of 6 kW). 
However, the planned demand included 2 large users, a mill and a trout farm, which have 
not yet been connected. 
 
About 80% of the connected households already have radios and televisions. The 
community has also received the benefits from the power plant through electrification of 
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the clinic, schools and shop. The main benefit from the project is to improve the standard 
of life for women and children, by better service at the clinic and providing lighting at the 
school and the weaving shop where the women are engaged in their work activity. The use 
of electricity for refrigeration also played an important role in increasing the sales to a 
larger number of customers. 
 
Lessons Learnt 
 

The tariff system based on meeting operation, maintenance and depreciation costs is 
recommended. However, as is usually the case, a rural community is only able to meet the 
tariff when the project is tied to some income generating activities, and as a result it tends 
not to implement the ideal tariff. 
 
The borrowing from the school to pay for avoidable damage to the equipment occurred in 
the first quarter of 1998. It is recommended that in future preventive maintenance should 
be practised to avoid such disasters. 
 
 
Source of Information 
 

Intermediate Technology Development Group Ltd., 
“Best Practices for Sustainable Development of micro Hydro Power in Developing 
Countries –Final Synthesis Report Contract #R7215” 
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CASE STUDY  16 
 
 
Project Title:  Budameru mini hydel power project 
project location: Vijayawada, Andhra pradesh, India 
 
 
Project Detail 
 
 

The Active Power Corporation (Private) Ltd. started its “BUDAMERU MINI HYDEL 
POWER PROJECT” near Vijayawada to generate electricity power under the non-
conventional energy generation sector by utilizing water from Budameru Canal. The mini 
hydel power stations are planned where huge quantities of water falling through a small 
height can produce substantial electric power. This type of water resource was earlier 
going waste. The requirements of hydel power stations are that; (1) the canal water level is 
more or less constant at all times to operate the turbo generators efficiently, (2) in the case 
of any turbo generator tripping due to any reason, unless the gates of the cross regulator 
open within seconds, the canal will need to be strong enough to endure stress due to large 
surge waves that may be created on the surface of the canal water. 
 
This 1.4 MW power plant has been generating electricity and adding to the capacity of 
Andhra Pradesh State which is chronically short of power. The plant is based on 2 gates of 
size 6 m×5 m and 4 gates of size 5 m×2 m. 
 
One feature which makes it a unique case in the whole of India is that it operates almost 
365 days in a year and the rated output is available throughout the year, with 100% 
efficiency. This project has no power canal, unlike normal hydro power plants. The 
powerhouse is built on the canal itself. Construction was completed in 14 months (planned 
for 18 months). This project is used as a showpiece for the whole of the country.  
 
Costs of Project 
 

The project has cost a total of Rs. 64.5 millions. Indian Renewable Energy Development 
Agency Ltd., (IREDA) funded 75% of the cost and the remaining 25% was brought in by 
the promoters. 
 
Lessons Learned 
 

A project can be completed in record time if the promoter and the funding institution show 
wholehearted devotion and sincerity. This resulted in a double benefit, (1) keeping Interest 
During Construction (IDC) low and (2) getting returns on the investment by generating 
power earlier than planned.  
 
Source of Information 
  

TATA Energy Research Institute (New Delhi, India) 
Global Gate Ltd., Brochure (http://godbolegates.hypermart.net/e-cat1.htm) 
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Box 1: Renewables offering the 
lowest  cost solution 

The Sunderban region of West 
Bengal in India is a group of 
islands in the delta of the Ganges 
River which are only accessible by 
boat and do not have access to 
electric power. Some villages have 
small, diesel-powered, mini-grid 
systems, which provide 3 to 4 
hours of electricity at night. But 
these systems are expensive, 
unreliable, and polluting. PV solar 
home systems offer a 
decentralized, least-cost solution to 
bringing electricity to this area. 

 

CHAPTER  4 
 

TOWARDS VILLAGE POWER 
 

Introduction 
 

Nearly two billion people in developing economies are caught in a vicious circle of limited 
energy choices and poverty. With limited access to commercial fuels like LPG and 
kerosene in rural areas, there is a great dependence on traditional bio-fuels. Each year, 
women and children spend countless hours collecting fuels – time which could have been 
employed for productive work such as education or farming for the children. Moreover, 
whatever is collected is used inefficiently. Indoor air pollution from bio fuels and its health 
impacts on women and children is a critical issue today in most developing countries. Use 
of bio fuels has led to environmental problems as well, with the felling of trees for use as 
fuel wood. The use of dung and crop-residues for energy, diverts these resources away 
from use as fertilisers, affecting agricultural productivity and ultimately affluence. 
 
It is evident from the above, that the issue of rural energy cannot be dealt with in isolation. 
Poverty and energy choices are intricately linked. Alternative energy choices would be 
successful and sustainable only if they contribute to overall rural development.  
 
While the task of empowering rural communities is challenging, enough experience has 
been gained today in tackling such problems. There are successful models that can be 
emulated and offer plenty of learning points. Drawing from such success stories, a road 
map can be drawn up towards implementing sustainable energy interventions for remote 
rural communities. 
 
 

Roadmap to Sustainable Village Power 
 

Akin to any other service, sustainability in delivery 
of energy services can only be achieved through 
market mechanisms. The delivery of energy 
services, however, in most developing companies 
continue to be in the hands of monopolistic state 
utilities. The typical response towards rural 
electrification in such cases is grid-extension. Grid 
extension from urban to rural areas with difficult 
terrains and distributed loads, however, often 
proves to be expensive with the costs exceeding 
US$ 1,000 per connection. Extensive experience in 
the field has now shown that it is more cost-
effective to have a decentralised system to serve 
the energy needs of a remote community. 
 
Over the years, with rapid advancements in 
technology, renewable energy technologies (RET) 
have come to the forefront in decentralised energy systems. A wide range of commercially 
proven technologies are now available for remote applications. Solar photovoltaic, solar 
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thermal, wind, small hydro, biomass power are some of the examples. Past experience has 
shown that usually RETs tend to provide the least cost option to serve energy needs in 
remote communities (See Box 1).  
 
The task at hand, of developing vibrant RET markets in remote areas, however, is an 
onerous one. Governments cannot do it alone as they lack capital resources, means of 
implementation and business experience.  On the other hand, businesses cannot do it alone 
either, given that the markets are expensive and that they lack an assured customer base. 
The solution lies in innovative partnerships that provide an enabling environment for 
businesses and community organisations to invest in rural energy options. 
 
Investments in rural energy markets need to be particularly well planned. Investors need to 
be aware that the issues involved with rural markets differ from those in conventional 
urban markets. Each community has its own set of peculiarities and needs, specific to that 
community. The solutions, i.e., the technologies and the delivery mechanisms have all 
been developed. What is required is just the right mix of ingredients for each situation. For 
successful entrepreneurs the returns are phenomenal – a worldwide market of 2 billion 
consumers.  
 
Keeping in mind the aforementioned, an attempt has been made here to chalk out a strategy 
towards rural empowerment. The following sections guide a potential investor on how to 
proceed when considering intervention in rural energy markets. Of course, the specifics of 
implementation would differ from one location to another, depending on the prevailing 
local environment. 
 

Need Assessment 
 

The traditional approach towards rural energy has been donor driven – external agencies 
determine the “suitable technology” for an area. Such models have only achieved limited 
success. The adage “build a better mouse trap and the world would beat a path to your 
door” does not hold. An intervention must meet the desired need of a community. 
 
Need assessment, is the first step towards building a successful rural energy programme. A 
case in point is the example of the biogas programme in the Pura Village in Andhra 
Pradesh. The programme, designed to meet energy needs for cooking fuels, failed 
altogether. A post-mortem revealed that the local population was really not interested in an 
alternative cooking fuel, but more keen on clean water. Biogas was then successfully used 
to produce power, part of which was used for pumping clean water. Local input is thus 
vital for success (WB, 2002). 
 

Energy Situation Report 
 

The need assessment should be backed up with a detailed situation report on the current 
energy scenario and related parameters. Both secondary and primary information 
contribute to such a report. Inputs related to energy sources include information such as 
availability of biomass resources – fuel wood, crop residues, animal dung, perennial water 
flows, solar radiation, wind patterns, etc. (REDP, 2002).  
 
Energy use in the community, i.e., demand, should be tabulated by sources, by different 
sectors. It is important to understand the present system of energy flows in the community. 
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Box 2: Appropriate Technology – 
Coconuts for bio-power 

The Shell Sunstation at Alaminos in 
Philippines is a hybrid capitalising on local 
biomass - coconuts husks - and PV power. 
Shell in association with Community Power 
Corporation is developing the Small 
Modular Biopower (SMB) system, the 
prototype for which has been installed at 
Alaminos. The SMB system is currently 
undergoing endurance tests. The system 
consists of a 12.5 kW station capable of 
producing 240 V AC ~ 60 Hz. The coconut 
feed can be additionally used for making 
geo-textile fibres, plant growing media and 
dried copra. The initial throughput is 
envisaged at 2,000 nuts per day (Lilley, 
2000). 

The above would contribute to an estimate of the unmet requirements, i.e., potential 
demand for additional energy services.  
 
Related information that needs to be collated includes: village demographics; income 
profiles; water resources and irrigation systems; local enterprises; infrastructure; financial 
system; etc. Such related parameters define the quality of demand. There should be both 
willingness and ability to pay for energy services. The ability to pay, in general, would be 
higher for those areas, which have established village level small-scale industries. 
Energisation of such enterprises improves productivity. Efficient lighting by itself, for 
instance, can increase the number of hours an enterprise works. Improved productivity 
would, in turn, foster overall affluence, raising income levels in surrounding areas. As 
income levels go up, ability to pay improves, giving a further boost to the demand for 
energy services. 
 

Appropriate Technology 
 

The energy situation report provides clarity on the prevailing energy scenario in the 
community – current sources, uses, unmet requirements, etc. Where there emerges a clear 
need for additional energy services, the next step is to select the appropriate technology to 
deliver the same.  
 
It is important to note that decentralised 
systems are technology-neutral. There is no 
single “off-the-shelf” solution to cater to all 
rural energy requirements. One has to find 
the appropriate technology for each location. 
Technology choices are guided by resources 
available at the location – wind, hydro, 
biomass, etc. (See Box 2). The water scarce 
region around the Kagganahalli village in 
Karnataka, India, for instance, has 
successfully employed the local biomass, 
Honge seeds (Pongamia Pinnata), for 
sustainable water supplies. The Indian 
Institute of Sciences helped the local 
community to use oil from Honge seeds to 
pump water for irrigation. The same “bio-
diesel” also powers the 1 MW of generating 
capacity at Dandelli Ferroalloys.   
 

Community Participation 
 

The local community needs to be carried along at each stage of the development exercise. 
Having identified their requirements and a possible intervention, the community has to be 
sensitised to: 
 
•  What energy can do for rural development 
•  The interventions being proposed to provide energy services, and 
•  What is expected of the community towards project implementation and operation 
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Box 3: Community participation in India-Independent Rural Power Producers 
(IRPP) 

DESI Power (short for Decentralised Energy Systems India Private Ltd.) is pioneering 
the concept of IRPPs. It plans to enter into joint venture agreements with village 
communities or local entrepreneurs to set up small power plants of 100 to 500 kW 
capacity utilising local renewable energy sources. 

The IRPPs of DESI Power shall generate electricity by gasification of non-forestry 
biomass using a highly efficient and reliable technology developed by the Indian Institute 
of Science. Agro-residues and other plant material are converted into combustible 
"producer gas" which can be fed into ordinary diesel generators, substituting about 80 to 
90% of the fossil fuel normally used. The power plant can also provide co-generated 
heat for applications such as drying, boiling and cold-storage. The promoters have 
already established one power plant of 100 kW rating in the town of Orchha, Madhya 
Pradesh. 

The financial structure of the joint venture IRPPs gives DESI Power a 26% stake and the 
local community 25% stake, combining into a 51% controlling interest, leaving the 
remaining 49% of the equity and loans to be raised from the public and other sources. 
 
The terms of the joint ventures provide for full participation by the local community, 
represented on the Board of Directors. The board decides on the policies regarding 
performance criteria, pricing structures, broadening of the consumer base and providing 
utility services other than power supply (e.g., water supply, energy for agro-processing, 
cold-storage space, etc.). DESI Power, also represented on the Board, has the 
responsibility for plant specification and construction, operations, management and 
training. 

Community participation pays long-term dividends for the project promoters. However, to 
ensure that, local skills need to be enhanced. Skills enhancement is required in several 
areas. Among them are the ability to run community organisations (management), book-
keeping, technical skills to both implement and operate technology (in line with the 
interventions being proposed, training to employ energy services for productive uses and 
income generation, and also skills for social development (REDP, 2002). 
 

 
Community participation can be channelled through small functional groups, each 
specialising on different aspects and activities–project support in administration; 
implementation and construction; operations; repair and maintenance; developmental 
schemes–water, infrastructure, etc. 
 
The local community can additionally be used for resource mobilisation-capital 
formulation through saving and income generating schemes. Additionally, local labour 
(sweat equity) can be effectively used as community contribution during installation and 
construction periods. In the Sri Lankan micro-hydro project at the Pathavita Village in 
Matara district, community equity (sweat, funds and raw materials) accounted for almost 
20% of the project cost.  
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Delivery Mechanisms 
 

The delivery mechanism employed to provide energy services is perhaps one of the most 
critical factors affecting the success of an intervention. As mentioned earlier, there are 
many partnerships involved in an energy intervention for remote areas. The players 
include, 
 
•  Equipment manufacturers: who deliver commercially proven technologies at 

competitive prices 
•  Market intermediaries: who provide sales and support services to remote 

communities 
•  Communities: for whom the interventions are planned 
•  Government departments and agencies: which establish the overall legal and 

regulatory framework for provision of energy services  
•  Financing institutions: to provide affordable credit to the rural poor 
 
The interplay between these players is evidenced within the delivery mechanism selected. 
 

Vendors and Dealers  
 

The approach towards delivery of energy services in rural areas has evolved over time. 
Under the traditional donor driven schemes, sales of renewable technologies were routed 
through dealers. The dealers assisted customers in arranging credit for the purchase 
through the existing banking system. Government subsidies, wherever applicable, were 
provided to dealers on the confirmation of a sale. What was lacking, was after sales 
support and maintenance. Once the equipment failed, the projects were rendered useless, 
with communities wary of new and renewable technologies. 
 

Energy Service Companies (ESCOs) 
 

Accordingly, the need arose for institutions that could cater for the entire array of energy 
services required by rural communities. Eventually, ESCOs came up that provide sales and 
service support for end-use equipment; service contracts for non-energy equipment; 
undertake co-investments in local enterprises that require energy services and even invest 
in non-energy community services like clean water supply and sanitation. The service 
companies bring together all inputs required to sustain delivery of energy services to the 
community. The services, of course, come with a price tag, i.e., “fee-for-service”. 
 

Concession Systems 
 

Some countries, like Argentina and South Africa, have adopted concession systems. Under 
such a system, monopoly rights are given to a concessionaire who has the lowest cost and 
subsidy bid to service a particular area. The concessionaire selects the technology mix to 
meet the energy needs of communities in his area and charges appropriate fees. The 
operations are subsidised by the host Government in accordance with the terms of the bid 
contract. The basic strategy is to build a service territory, instead of individual consumers, 
and to provide energy services in that area free from technological and financial risks. 
 
Clearly, the trend is towards a “service” concept, whether routed through an ESCO or a 
concession system.  Mere equipment sales are not enough. The need at the user end is 
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Box 4: The Sri Lankan Energy Services Delivery 
Project 
 
The ESD Project, supported by a US$ 24.2 million credit 
line from the World Bank and a US$ 5.9 million grant 
from Global Environment Facility, is being used to fund a 
credit programme for solar energy and village hydropower 
schemes in Sri Lanka. The Development Finance 
Corporation of Ceylon (DFCC Bank) administers the ESD 
Credit Programme, overseeing operations and releasing 
grant money to the participating solar companies.  

In case of solar energy, this grant is used either to 
subsidise the Solar Home Systems (SHS) or to cover the 
overhead costs. It has evolved into a subsidy of US$ 80–
120 to the customer, depending upon the size of the SHS 
installed. The DFCC Bank along with six other 
institutions also acts as a lending intermediary, i.e., a 
Participating Credit Institution (PCI). The PCIs lend the 
credit money to micro-financing institutions (MFI) at 
around 9.5% interest. The MFI in turn lend to the solar 
customers (Lipp, 2001).  

affordable access to energy services. The broader concept of energy services covers the 
entire chain – generation; distribution; sales; repair and maintenance; and efficient 
appliances.  
 

Affordable Credit 
 

The ultimate success of any delivery mechanism hinges on the affordability of energy 
services. The key problem in rural areas is the lack of affordable credit. The start-up costs 
for energy in rural settings can be quite high. Solar Home Systems, for example, cost 
anywhere between US$ 500-1000 per unit. A lump sum expenditure of such magnitude is 
difficult for the rural poor. Hardware expenses aside, for some rural communities, the 
initial connection costs themselves prove to be high. In Bolivia, for instance, when power 
was supplied to the villages of Mizque and Aiquile via diesel micro-grids, only a fourth of 
the village population subscribed to the energy services as the people could not afford it. 
However, when the power company arranged for easy credit for the US$ 100 – 125 initial 
connection charges to be paid over a period of 5 years, the subscription improved 
dramatically even though the cost of power was fairly steep at 25-30 cents per kWh (WB, 
2002). 
 
Different approaches have been employed to improve credit facilities for the rural poor, 
each with its own merits and demerits. Additionally, the financial burden on end 
consumers is often reduced by subsidies from host Governments and/or grants from 
multilateral agencies. What is typically used are micro-credits, i.e., small amounts of 
money loaned to people with no credit history, secured by minimal collateral, requiring 
repayment in small, frequent intervals. The problems with micro-credit primarily emanate 
from, 
 
•  Risks associated with repayment on account of inconsistent income streams of 

borrowers 
•  High costs of administering micro-credits 
•  Limited presence of Micro-Financing Institutions (MFI) in rural areas 
 
Financing may be administered in a 
number of ways (Mendis, 2000): 
 

Financing the End-user 
 

In such a model, with financing at 
the user end, the buyer has an 
option to choose the technology and 
the supplier that best meets his 
needs. Such an environment creates 
competition amongst the suppliers 
of RETs. Additionally, at the end of 
the financing term, the buyer owns 
the technology. 
 
On the other hand, in such a model, 
the problems are manifold on the 
lenders side–a high risk portfolio, 
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high administration costs, constraints on loan tenure and down-payments. 
 

Financing the RET Vendor 
 

Under this approach, loans are disbursed to the supplier, who in turn arranges for micro-
credit for the end consumers. The commercial banks find it easier to appraise the vendor 
and the risks associated for the lending institution are fewer. Loan repayments depend 
upon the reliability and the quality of RE products. 
 
The problems with this model are that vendors may not even be situated in rural areas. 
They may not necessarily want to take on the role of an MFI. For those who do, the 
administration costs increase the costs of the RE product for the end-user. 
 

Financing the Leasing Company 
 

Under such an approach, the leasing company being a large borrower, gets a leverage on 
procurement costs and provides micro-financing by leasing the RE equipment to the end 
user. In some cases, it is possible for the end-user to own the equipment. The leasing 
company, additionally enjoys tax benefits through depreciation on the equipment leased. 
 
The key demerit in such a system is that the leasing company is not principally engaged in 
renewable technologies. Most importantly, the company would not be able to offer after 
sales maintenance support. Repossession, in case of defaults, also proves to be difficult for 
the leasing company. 
 

Financing the Energy Services Companies (ESCO) 
 

Such an arrangement does not involve micro-financing. The ESCO acts as a large borrower 
and in turn provides energy services for a fee. Again, the ESCO is able to get leverage on 
large procurement costs. Users, as in the case of a utility, need not be concerned with the 
operation or repair and maintenance of the system. Moreover, since the costs are spread 
over the entire life cycle of the equipment, affordability is generally high.  
 
The key problem is that the initial institutional infrastructure required for such an 
arrangement is expensive and the system really works out only if there is a critical mass of 
consumers available. 
 
The credit mechanism employed would thus, to some extent depend upon the location 
considered. If there is a critical mass of potential consumers, an ESCO may be the ideal 
option. Promoters, however, would have to invest in community development and 
institutional infrastructure. It may be noted though, that strong community linkages and an 
overall development view are likely to pay long-term dividends in terms of sustainability 
of the intervention. If the critical mass is lacking, or the community relations are weak, 
other models may be more suitable. In cases of established vendors/dealers in the vicinity, 
a leasing arrangement could be looked into or the vendor himself may choose to perform 
the role of an MFI. 
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Box 5:  Magnetic cards for pre-payment 
 
In South Africa, Shell Solar with Conlog (Pty), have 
developed the PowerHouse Solar Home System to 
meet the specific needs of people living in rural 
communities there. Shell and Eksom, the South 
African power utility, provide energy services under 
the “fee-for-service” concept.  
 
The solar home system is activated by a magnetic 
card, which is paid for in advance and credited with 
30 days of power supply. This method guarantees 
revenue collection. If a payment is not made, then the 
system becomes disabled. The monthly payment also 
covers free maintenance, repair and replacement of 
the equipment and free exchange of light bulbs. The 
installation costs add up to US$ 30 and the magnetic 
cards cost US$ 8 per month. Once the initial 
installation cost has been met, customers have found 
that the magnetic cards are no more expensive than 
candles and paraffin but provide greater energy 
efficiency and are more sustainable. 

Financial Robustness 
 

The commercial success of the venture and its sustainability would ultimately depend upon 
the revenue stream that the project generates. Tariff structures, accordingly, have to be 
realistic, incorporating full costs. In many Government sponsored programmes, tariffs are 
set at very low levels. For instance, in case of the Sri Lankan Pansiyagama solar project, 
the consumers considered the program to be a government giveaway. Fee collection rates 
were only 52%, despite minimal payments of US$ 1.5 - 2.5 per month (WB,1996).  
 
Commercial experience in Indonesia has indicated that the consumers’ willingness and 
capacity to pay is more influenced by the size of the down-payment than the number and 
magnitude of instalments. Down-payments of more than 30% of the system cost (US$ 
120), severely limited the demand for solar home systems (WB,1996).  
 
With appropriate credit mechanisms in place to cater for affordable down-payments, the 
service fee should reflect full system costs. At the minimum, the fee should be comparable 
to whatever consumers pay under the prevailing system. Research studies conducted in 
rural areas world wide show that households pay anywhere between US$ 5 - 15 per month 
for kerosene, dry cell batteries, auto batteries, re-charging etc. 
 
In addition, effective control systems 
are required to permit dispensing of 
power and metering.  New technologies 
in control systems improve revenue 
collection through pre-payment options 
(See Box 5). New systems are also 
more secure with anti-theft measures 
wherein the individual components 
work only when used in conjunction 
with the right system. 
 
Finally, an intervention can be designed 
to be more sustainable financially with 
the use of revolving funds, i.e., using 
the revenue streams to service an 
account from which loans may be 
extended to new users. 
 

Development Approach 
 

Though rural power starts in most cases with domestic lighting, in order to sustain the 
intervention, the approach has to be community wide. Village power is not just for 
domestic lighting and entertainment, it has to contribute to overall development. 
Interventions have to be designed to additionally cater for irrigation systems, water supply, 
health care, education, community services, and last but not the least income generation 
schemes (See Box 6). Investments in rural development are necessary for sustainability.    
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Box 6:  Village power for rural development 
 
BP Solar and the governments of Spain and the Philippines have signed an agreement to invest US$ 
48 million to provide PV systems for more than 400,000 residents in 150 villages in Philippines. 
The initiative is led by the Philippines' Department of Agrarian Reform and is being financed by the 
Spanish government. The project will be implemented in two phases. The first phase of the project 
envisages 35 Agrarian Reform Communities (ARCs) in the Mindanao region of the Philippines. BP 
will use solar energy in about 70 villages to power:  
 
•  5,500 home lighting systems  
•  25 irrigation systems  
•  97 potable water and distribution systems  
•  68 schools, 68 community centres, 35 health clinics and 100 communal lights  
•  35 new AC power supply systems for income generation purposes  
•  Project management and installation of 428 packaged solar systems  
•  Social preparation, community development and training for 200 community organizations.  
 
The second phase aims at setting up an additional 44 ARCs with 9,500 home lighting systems, 44 
irrigation systems, 79 schools, 80 community centres, 2 health clinics, 193 communal lights 44 AC 
power supply systems for income generation purposes, project management and installation of 442 
packaged solar systems and social preparation, community development and training for 220 
community organisations.  

Box 7:  Proposed “Village Power” initiative through CARES Centres 
 
The project envisages establishment of CARES (Centres for Applications of Renewable Energy 
Sources) as large demonstration projects in rural areas requiring development, contributing to 
alleviation of poverty. The proposal is to be developed in two stages. Stage one is to fund three 
village based pilot CARES in Sri Lanka; while stage two would replicate these models in 
participating countries like Bangladesh, Pakistan, Nepal, India, China  and Morocco. 
 
The first CARES Village Committee has been formed in a North Western Province village 
Ehetuwewa of Sri Lanka, based at Ehetuwewa Central College. Two other CARES centres have 
been identified and established in Ampara (Eastern Province) and Matara (Southern Province).  
 
The CARES Concept 
 
This concept focuses on the rural poor who are off the national electricity grid and cannot afford 
currently commercially available alternatives such as solar PV systems for home lighting and water 
pumping. This “Village Power” programme empowers village communities to develop themselves 
by making use of clean energy sources. The ultimate aim is to use technologies for social 
development, contributing to reduction of poverty. 
 
The Summary of Setting up and Activities of CARES Centres 
 
•  40 participating households will be selected by the village committee and 40 solar home lighting 

systems will be installed with available funds 
•  Each participating family should pay a decided deposit to take the responsibility and ownership 
•  Local Solar Energy Companies to install systems through a competitive bidding process, provide 

training, and establish at least two solar product sales persons who could deal with technical 
problems 

•  All participating households should make a decided monthly contribution to an account at the 
village committee; half of the funds used for paying the loan 

•  The other half is used for sustainable development of the participating community; for example, 
to award CARES scholarships for children, development of the school (Purchasing library books 
and solar powered computers, and contributions to prize giving etc.) and to install more solar 
lighting systems. 
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Concluding Remarks and Benefits of the “Village Power” Projects 
 

As is evident from the above, “sustainable village power” is no longer a theoretical 
concept. The technology, the delivery mechanisms and the institutional structures required 
for the same have all been well-researched. Sustainability is just a function of determining 
the right mix of these inputs. 
 
The roadmap presented above provides a broad framework of the approach towards 
sustainable village power. Obviously, the specifics would vary from situation to situation. 
The purpose of this roadmap is to provide a broad skeletal structure around which 
individual schemes can be fleshed out in more detail.   
 
 

Benefits of the “Village Power” Projects 
 
 

•  immediate benefit of electric power to the households; replacing kerosene use 
resulting in improved health, reducing carbon dioxide emissions, removing fire risks at 
home and extending the productive hours for work and study, access to information 
and entertainment via TV/Radio etc. 

•  empowerment of the rural community to help themselves. 
•  capacity building so the community can manage the project. 
•  development of the CARES revolving fund to support more solar home lighting 

systems installations. 
•  revolving fund supporting CARES scholarship programme and the development of the 

school. 
•  installed systems will act as a demonstration to the area and will help solar PV market 

development. 
•  CARES centres becoming a part of the wider local, regional and later an international 

network, contributing to alleviation of poverty and creation of a cleaner environment. 
 
 
 
Fossil fuel has done an excellent service of developing two thirds of the world population 
during the industrial revolution. Rapid introduction of renewables to compliment this 
process will provide the opportunity for development of the whole world community. 
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