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RE TOOLKIT: A RESOURCE FOR RENEWABLE ENERGY DEVELOPMENT 
RATIONALE 

Overview 
Renewable energy (RE) systems offer a sustainable path towards energy security and 
economic development for nations around the world, while also meeting the need to 
mitigate climate change and reduce local air pollution. In the form of grid connected, 
mini grid and stand alone systems, renewable energy complements and enhances the 
capacity of conventional energy systems to provide reliable and affordable electric power 
to businesses and households alike, and to extend electricity services to remote 
populations. 
Renewable energy systems can be the least cost option for grid-connected power in 
locations where renewable energy resources are plentiful and the costs of alternative 
sources of generation are high.  For off-grid applications, mini-grid and stand-alone 
renewable energy systems can be a cost-effective alternative to grid-based or diesel based 
rural electrification which is often too costly for sparsely populated and remote areas.   
The WBG supports all forms of renewable energy - hydropower, geothermal, wind, 
biomass, and solar - regardless of scale as long as they are economic and both 
environmentally and socially sound.     
This chapter reviews the global status and costs of renewables as of 2007 and describes 
the environmental, economic and development benefits of renewable energy projects. 
The benefits are followed by a discussion of the economic, legal, financial and 
institutional barriers to renewable energy and finally an overview of approaches to 
overcome these barriers, including improved economic valuation of renewables, carbon 
financing and other potential funds to support renewable energy projects in developing 
countries. Specific considerations for each type of renewable energy system (grid, mini-
grid and stand-alone) are elaborated in subsequent chapters.  
 

Status of Renewable Energy 20071 
Renewable energy, particularly hydropower, biomass and solar PV, provides power, heat 
and water pumping for tens of millions of rural inhabitants in developing countries, 
supplying agriculture, industry, households and schools. Approximately 25 million 
households cook and are provided with lighting by biogas, and 2.5 million homes use 
solar lighting systems. As of 2007, developing countries had more than 40 percent of 
global renewable power capacity, more than 70 percent of solar hot water capacity and 45 
percent of biogas generation.  
In 2007, the total capacity of renewable energy systems reached 240 gigawatts (GW) 
worldwide which represented 5 percent of total global power capacity (~4,300 GW) and 
3.4 percent of global power generation (figures exclude large hydropower which alone 
was 15 percent of global power generation). Additionally, without counting the 

                                                 
1 The information presented here is based on REN21 Renewable Energy Policy Network, 2008, 
“Renewables 2007 Global Status Report,” Washington, DC: WorldWatch Institute. The REN 21 Global 
Status Report is updated and published yearly. Please see www.REN21.net for most recent renewable 
energy status information.  
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contribution from large hydropower, renewable energy generated as much electric power 
globally in 2006 as one-quarter of the nuclear power plants worldwide.  Wind power 
grew by 28 percent worldwide in 2007 reaching 95 GW. Grid-connected solar 
photovoltaic (PV) was the fastest growing renewable technology in the world with 50 
percent yearly increases in capacity in 2006 and 2007 reaching 7.7 GW. This includes 1.5 
million homes with rooftop solar PV feeding into the grid. Solar heating capacity from 
rooftop collectors increased by 19 percent in 2006 reaching 105 GWth worldwide. Select 
status indicators and the top 5 countries in each category of renewable energy from 2005 
to 2007, are summarized in Table 1.1.  

Table 1.1. Selected Indicators of Global Renewable Energy and Top 5 Countries  

 
Source: REN21 Global Status Report 2007 
 
In 2007, global annual investment in renewable energy exceeded $100 billion including a 
$66 billion investment in added capacity for new renewables 2(up from just $8 billion in 
1997). Excluding large hydropower, $71 billion was invested in new renewable power 
and heating capacity of which 47 percent was for wind power and 30 percent was for 
solar PV. Large hydropower investment was an additional $15 – 20 billion. These 
                                                 
2 New renewables comprise of energy from solar, wind, biomass and geothermal energy, as well as 
hydropower facilities with capacities up to 10 MW per facility.  
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investments in renewable energy were financially viable because technologies such as 
hydropower, geothermal, biomass and wind are financially competitive with wholesale 
electricity prices where resources are good and conventional fuels are expensive.  In 
similar situations, distributed technologies, such as solar, can compete with retail 
electricity prices.   
Between 1990 and 2007, the World Bank Group (WBG) committed more than US$11 
billion to renewable energy and energy efficiency in developing countries. The WBG is a 
major financier of solar photovoltaics (PV) in developing countries with projects in 2007 
valued at more than US$600 million, serving about 1.3 million households and public 
facilities in about 30 countries in Africa, Asia and Latin America. These investments are 
made via the International Bank for Reconstruction and Development, International 
Development Association, IFC, leveraged financing using Multilateral Investment 
Guarantee Agency guarantees and RE-based carbon emissions reduction purchases 
through the Carbon Finance Business.  The Global Environment Facility (GEF) is an 
important co-financier providing 9% of the funding from 1990-2007. 
The costs for renewable energy technologies have been declining significantly as a result 
of technology improvements, institutional learning and economies of scale in production.  
Though in recent years, due to rapid demand increase and raw material price increases, an 
increase in prices has occurred.  The future prospects for renewable energy technologies 
are promising because costs are expected to continue declining and because of the 
environmental, price stability, local job creation and energy security benefits that they 
provide. Jobs around the world from renewable energy manufacturing, operations and 
maintenance exceeded 2.4 million in 2006.  Driven by these benefits, as of 2007, at least 
60 countries worldwide has some type of renewable energy promotion policy, including 
37 developed and transition countries and 23 developing countries.  These promotional 
policies can have a significant influence on the location, amount and timing of 
investments in renewable energy. 
 

Benefits of Renewable Energy 
Energy services are fundamental to human welfare and an important precondition for 
economic and social development.  However, over 1.5 billion people, mostly in rural 
areas of developing countries, have no access to reliable, affordable and environmentally 
sound energy services, which limits their development opportunities and ability to rise 
out of poverty. Millions more only have access to low quality, unreliable power. 
Renewable energy technologies provide many benefits that can contribute to addressing 
these country-specific and global sustainable development challenges. Because they emit 
no or very low levels of greenhouse gases, renewable energy technologies can help 
mitigate global climate change impacts.  Modern renewable energy technologies also 
reduce the negative health and environmental impacts of air pollution from both 
conventional power plants and traditional biomass cook stoves.  For many developing 
countries, the use of locally available renewable energy resources can reduce reliance on 
energy imports, diversify energy supply mixes, and contribute to energy security. 
Renewable energy systems can support decentralized markets and contribute to local 
economic development by creating employment, introducing new capital and innovation, 
and developing new revenue sources for local communities. Finally, in many remote 
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areas, renewable energy technologies are economically cost-effective supply options, and 
can contribute the provision of modern energy services to underserved rural populations 
in the developing world.    
 
 

Climate Change Mitigation and Adaptation Benefits 
There is global consensus regarding the mitigation benefits of renewable energy. 
Evidence is growing that developing countries, and especially the poorest rural 
communities, will be disproportionately impacted by the adverse effects of climate 
change.  Present trends in climate change are projected to bring greater weather extremes 
- storms, floods, droughts, heat waves, and cold waves – with detrimental effects on 
human health, agriculture, and ecosystems. A 2006 review3 of climate change have 
estimated that “business as usual” GHG emissions may lead to damages costing between 
5 and 20 percent of gross domestic product (GDP) over the next 200 years.  In this light, 
moderating and mitigating climate change, coupled with climate change adaptation 
mechanisms for the rural poor, is fundamental to poverty reduction, economic growth and 
development.  
Application of renewable energy technology for electricity, lighting, heat and agriculture 
can have various climate change mitigation and adaptation benefits. Mitigation benefits 
from the efficient use of biomass, wind pumps, wind power generationbiogas plants, 
solar panels, geothermal and hydropower include avoidance of CO2 and other GHG 
emissions, reduced consumption of biomass and woodfuel and protection of land cover 
and therefore important carbon “sinks” through reducing the likelihood of deforestation. 
Adaptation and resilience to climate related stresses can be strengthened through 
renewable energy, which can reduce vulnerability to water scarcity, soil erosion aridity 
and droughts.  

Environmental and Health Benefits of Renewable Energy 
Renewable energy power plants can help reduce urban air pollution by displacing fossil 
fuelled power plants and their contribution to poor ambient air quality.  The resulting 
improvements in air quality can have important health benefits to urban dwellers, 
especially the poor who often live closer to the pollution sources and have less ability to 
mitigate the effects of poor quality ambient air. 
In addition, rural and off-grid renewable energy systems generate significant other health 
and social benefits.   Burn injuries are a significant social and human cost of kerosene 
lighting in rural areas.  Although the exact extent of these injuries is hard to quantify, 
their widespread incidence has been reported in many countries.  In Sri Lanka, it is 
estimated that 50 percent of burn injuries are attributable to accidents involving kerosene 
lanterns and candles, of which a substantial fraction occurs to children.   In the 
Philippines, numerous reports of deaths have been reported from fires caused by kerosene 
lamps, and such instances are most frequent among the poorest families where 
homemade kerosene lamps are reported.    This is an important area for further research, 
because burn injuries and child deaths have high social costs whose avoidance should be 

                                                 
3 Nicholas Stern, 2006, The Economics of Climate Change, The Stern Review, Cambridge University 
Press, Cambridge, UK.  
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counted as one of the benefits of rural electrification in general (and solar PV systems in 
particular).   Indeed, such direct costs may be easier to ascertain, and most likely of 
greater magnitude, than those related to local air pollution4. 
Stand-alone renewable energy systems are especially attractive to rural women and 
children, who are primarily responsible for managing household energy services for a 
range of activities.   The improved quality of indoor electric lighting compared to 
kerosene lamps can results in improved educational opportunities and expanded 
productivity for home based crafts.   Renewable energy systems also can reduced time 
needed to manage household energy services and can free up time for women and 
children to devote to education and productive activities. 

Energy Security Benefits of Renewable Energy 
Increasingly important is the contribution of renewable energy to the energy security of a 
country. Renewable energy systems broaden the portfolio of options for energy resources 
and for reducing dependence on fuels with significant price volatility and availability 
concerns. In the long-term, hydrocarbon supplies are becoming costlier to discover and 
extract, pushing up the price.  In the medium-term, oil and natural gas prices have been 
shown to be the most volatile of all energy commodities, and an overexposure to this 
volatility could harm the economy.   Diversification away from fossil fuels could mitigate 
the impacts of both future price rises, and of volatility, thereby increasing overall energy 
security.  Renewable energy’s low recurrent input costs mean that its marginal cost of 
production is much less exposed to commodity price fluctuations. Therefore, renewable 
energy systems, by broadening the portfolio of energy resources used within a country, 
can contribute to energy security and economic stability.    
 

 Renewable Energy as the Least Cost Generation Option5 
In 2005, the Bank performed a study6 to assess the current and future costs of electric 
power generation alternatives for developing countries.  The study examined power 
generation technologies covering a size range of 50 W to 300 MW organized into three 
distinct electricity delivery configurations: off-grid, mini-grid, and grid.  The technology 
assessment includes renewable electricity supply technologies, conventional electricity 
supply technologies, and emerging technologies.   An economic assessment was 
performed for different operating conditions (peak and base-load in grid configurations; 

                                                 
4 Economic Analysis of Solar Home Systems: A Case Study for the Philippines, Peter Meier, Prepared for 
The World Bank, Washington, D.C. 
http://siteresources.worldbank.org/INTEAPREGTOPENERGY/Resources/Economic-Analysis-Solar-
Home-Systems.pdf    
5 Risk Assessment Methods for Power Utility Planning. ESMAP Special Report, March 2007. 
http://esmap.org/filez/pubs/4252007115319_Risk_Assessment_Method.pdf .   
6 Technical and Economic Assessment: Off Grid, Mini-Grid and Grid Electrification Technologies, 
Summary Report, November 2005. http://go.worldbank.org/6RPPDH8GI0. A note of caution for the reader 
– since the study mentioned in this section was performed, oil and gas prices have increased considerably, 
and power generation including renewable energy,, transmission and distribution equipment costs have 
increased, partly due to bottlenecks on the supply chain. The guidance given in this section may thus not  
be representative today. 
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full-time and limited operating hours in mini-grid and off-grid configurations) and for 
different time periods (2004, 2010, and 2015) in order to incorporate projected cost 
reductions from the scale-up of emerging technologies. The local and regional emissions 
(e.g. particulate, SO2 and NOx) are assumed to meet World Bank environmental 
safeguard requirements,  
A levelized generation cost analysis was conducted to enable cost comparisons among a 
broad range of electricity generation technologies.  The levelized cost is the sum of 
capital, operating and fuel costs, levelized over the economic life of the plant using a 
10% real discount rate that is assumed to be the opportunity cost of capital. The analysis 
was conducted on an economic, rather than a financial basis.  The specific approach used 
for the economic analysis did not include project opportunity costs or transfer payments 
such as taxes, duties, interest payments (including interest during construction) and 
subsidies. Similarly, physical contingencies are included in the analysis, but price 
contingencies are not. The analysis was done in real 2004 US dollars. The environmental 
costs/benefits of a particular technology are given in physical quantities without any 
attempt to value these in monetary terms, as such valuations must be country- and site-
specific.   
Below are key results of the study. Figures A1 through A4 in Annex A at the end of this 
chapter present the graphic results of the study.    

Grid-connected systems 
In grid-connected configurations, conventional power generation technologies (open 
cycle and combined cycle gas turbines, and coal- and oil-fired steam turbines) remain the 
least-cost option, given the World Bank fuel forecast of 2006.7 Site-specific 
considerations such as load profile, demand growth and especially the cost differential 
between oil, natural gas and coal prices, determine which specific technology is the least 
cost and most attractive.   

The analysis (Annex figure A1) indicates that, when sufficient resources are available, 
four major renewable power generation technologies - geothermal, bioenergy, hydro, and 
wind power – are potentially as economical as conventional power plants of similar size 
(e.g., less than 50 MW). However these renewable energy technologies simply cannot 
compete with larger (50-300 MW) conventional generating units (Annex Figure A2). 

Mini-grid Systems 
Mini-grid applications are village- and district-level networks with loads between 5 kW 
and 500 kW not connected to a national grid. The assessment (Annex Figure A3) 
indicates that numerous renewable energy technologies (biomass, biogas, geothermal, 
wind, and micro-hydro) are the potential least-cost generation options for mini-grids, 
assuming a sufficient renewable energy resource is available. Two biomass technologies 
– biogas digesters and biomass gasifiers – seem particularly promising, due to their high 
capacity factors and availability in size ranges matched to mini-grid loads. Geothermal 
also appears economical, recognizing that it is restricted to only those developing 
                                                 
7 Prospects for the Global Economy, May 2006, The World Bank.  This report is updated each year, the 
latest version can be found here: http://go.worldbank.org/PF6VWYXS10 

Note that the 2006 forecast does not reflect the rapid and large rise in oil, coal and gas prices. 
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economies with easy-to-tap hydrothermal resources and no large field development costs. 
Since many renewable energy technologies are viable in this size range, mini-grid 
planners should thoroughly review their options to make the best selection. 
 

Stand-alone Systems 
Renewable energy technologies - wind, mini-hydro, and biomass-electric - are the least-
cost option (on a levelized basis) for off-grid electrification applications (Annex Figure 
A4.), assuming availability of the renewable resource.  Pico-hydro, small wind, and PV-
wind hybrid technologies in particular are projected to be in the range 15-25 cents/kWh, 
less than half the 30-40 cents/kWh for gasoline and diesel engine generators. The most 
expensive renewable energy technology (solar PV) is comparable in levelized electricity 
costs to the projected costs for gasoline or diesel engine generators, especially for small 
power applications (50-300 W). 

 

Comparing the Cost Effectiveness of Grid Extension vs. Mini Grid 
A rural electrification planning framework is needed that evaluates the cost-effectiveness 
of potential renewable energy mini-grid options in comparison to grid-extension. Grid 
extension and off-grid alternatives should complement each other rather than compete. 
Rural electrification planning framework should clearly define grid extension plans and 
off-grid areas, which will allow off-grid project developers to plan ahead. The 
government should clearly define a role for off-grid renewable energy and explicitly 
encourage off-grid renewable energy in lieu of grid extension in areas where they are the 
most economically viable option. This should be articulated in rural development 
planning.  
 
The Philippines has adopted such an approach under the Republic Act No. 9136 
otherwise known as the “Electric Power Industry Reform Act of 2001” or “EPIRA.” It 
has mandated the Department of Energy (DOE) to formulate and implement the 
Missionary Electrification Development Plan (MEDP) which aims to define the strategies 
and activities of the Government in ensuring the provision of electricity in areas not 
connected to main transmission systems. As a rolling plan, the DOE is mandated under 
the EPIRA to update the MEDP on an annual basis.  The annual update of the MEDP 
involve the conduct of planning assessments, investment analyses, policy analysis, and 
promotional activities related to the missionary generation and the off grid, remote area 
electrification by qualified third parties, among others.  
 
The extension of grid-based power requires a minimum threshold level of electricity 
demand and certain load densities to be cost-effective.  Deciding whether grid-extension 
or a mini-grid (or stand-alone) renewable energy systems are the least-cost option for 
supplying electricity to rural areas requires attention to the following factors: 

• Household service level: the daily energy consumption of the average 
household; 

• Total number of households to be served; 
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• Load density: the number of households to be served per unit service area (in 
km2) or by the number of households to be served per unit of distribution line 
(per km of low-voltage distribution line); 

• Productive loads: the number and power requirements of productive loads 
such as rice mills, grain-grinding mills, water pumping, and commercial or 
service sector loads;  

• Load growth: the annual increase in the load that will result from increases in 
both the number of customers served and the demand for energy; 

• Load curve: the daily and seasonal variations in the power requirements; 

• Renewable resource availability: the nature and strength of the resource, 
which directly impacts the technology selection and system costs; 

• Fuel costs: these costs (including transport-related costs and fuel subsidies) 
determine the relative attractiveness of conventional mini-grids and hybrids 
systems; and  

• Electrification planning: the long-term plan that utility planners may have for 
grid-extension to the region. 

 

Renewable Energy as a Development Enabler 
For developing countries, renewable energy provides significant economic development 
benefits in rural areas, where small amounts of energy—in the form of electricity, heat, 
and motive power—can have very positive impacts on income, education, health, and 
food security.  Traditional energy—particularly in the form of biomass, animal manures, 
and human motive power – has provided the bulk of rural energy needs, although use of 
modern sources such as LPG, grid electricity and diesel power are growing.  However, 
there are many opportunities for renewable energy technologies to provide income 
generation, social services like education and health care, food security, and other 
important development benefits. In fact, for many applications, renewable energy 
technologies can be the least-cost source of reliable modern energy.    
“Productive use” is defined as the application of modern energy services in rural areas to 
create goods and/or services either directly or indirectly for the production of income or 
value. Several case studies and examples of productive use applications of renewable 
energy for income generation and social services were documented from a workshop 
sponsored by the Global Environment Facility and the Food and Agriculture 
Organization of the United Nations8 in 2002.9  The workshop also presented renewable 

                                                 
8 GEF-FAO Workshop on Productive Uses of Renewable Energy: Experience, Strategies, and Project 
Development Summary,  FAO Headquarters,  Rome, Italy. http://207.190.239.143/GEF-
FAO_productive_uses_workshop_summary.pdf    
9  More recent case studies are discussed in “Productive Uses of Energy for Rural Development,” Energy 
and Resources Review 2005 by. R. Anil Cabraal, Douglas F. Barnes and Sachin Agarwal. Found here: 
http://www.itpi.co.in/Resources/Renewable_energy/Productive%20use%20of%20renewable%20energy%2
01005.pdf  
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energy for productive use project development guidance and strategy, as well as key 
lessons learned. 
Examples of applications that result in income generation include: 

• water pumping for irrigation 
• cottage industry like sewing, weaving, handicrafts 
• agro-industry processing 
• crop and meat drying and freezing 
• kiln firing for pottery 
• welding and wood-working 

Examples of applications that provide valuable social services include: 
• home, school, and community-center lighting 
• water pumping for drinking 
• medical equipment in health clinics 
• community street lighting 
• telecommunications and computing centers 

Productive uses address the needs of women for time- and labor-saving, cooking, and 
education and can assist women in earning income, such as lighting to extend the 
opportunities for weaving or other cottage industry in the evenings. For example stand-
alone renewable energy systems improve the quality of indoor lighting compared to 
kerosene lamps and generally reduce time needed to manage household energy services.  
This can free up time for women and children resulting in improved educational 
opportunities and expanded productivity for home based crafts.   
 

Renewable Energy and the Millennium Development Goals 
On September 8, 2000, world leaders unanimously adopted the “United Nations 
Millennium Declaration,” which calls for global policies and measures, corresponding to 
the needs of developing countries and economies in transition. As part of the Declaration, 
the Millennium Development Goals (MDGs) commit the international community to 
vigorously promote human development through global partnerships for expanding and 
accelerating social and economic progress in all countries. Although the MDGs do not 
specifically mention “energy,” energy plays an essential role in their achievement.10   
The lack of access to modern energy services is inextricably linked to poverty and the 
lack of fulfillment of other needs such as shelter, food, health care, education, secure land 
tenure, access to agricultural inputs, credit, information, and political power.  Renewable 
energy can play an important and cost-effective role in increasing access to modern 
energy services and contributing to the MDGs   

                                                 
10 For more on the MDGs, see the following UN Energy and REN21 Reports: 

Energy for Development: The Potential Role of Renewable Energy in Meeting the Millennium 
Development Goals, prepared for the REN21 Network by the Worldwatch Institute, Washington, DC, 
2005. http://www.ren21.net/pdf/REN21Report%20RETs%20for%20MDGs.pdf and The Energy Challenge 
for Achieving the Millennium Development Goals at http://esa.un.org/un-energy/pdf/UN-
ENRG%20paper.pdf    
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Listed below, the goals have been commonly accepted as a framework for measuring 
development progress:11   

1. Eradicate extreme poverty and hunger 
2. Achieve universal primary education 
3. Promote gender equality and empower women 
4. Reduce child mortality 
5. Improve maternal health 
6. Combat HIV/AIDS, malaria, and other diseases 
7. Ensure environmental sustainability 
8. Develop a global partnership for development 

Poverty and Hunger: Improving access to reliable and affordable energy raises the 
income of rural people because it increases productivity by enabling mechanization and 
providing lighting after sunset.  It encourages new businesses to form, which creates new 
and often better paying jobs, and it facilitates better communication which improves the 
viability of the businesses.  Also, it reduces the disproportionately high portion of their 
time and income that rural poor spend on energy.  
Improved energy access can also help to reduce hunger and malnutrition in direct ways 
by preventing food spoilage during harvesting and transportation to markets.  It can also 
contribute indirectly by providing cleaner cooking fuels and improved general economic 
and environmental conditions.  
Education: Having a reliable electricity supply in schools directly influences the quality 
of education at all levels.  In addition, the ability to keep schools open at night can greatly 
encourage adult education programs.  Both of these factors are also bound to have a 
positive impact on achieving universal primary education.  Away from school, children 
spend a lot of time collecting fuel wood or agricultural residues for energy purposes. 
Access to modern fuels can eliminate this need and free up time for studying.12   
Women’s empowerment: Improving rural energy access disproportionately benefits 
women, because in many parts of the world it is the women who spend time cooking 
(including preparing a fire) and collecting water and fuel wood or dung.   Improving rural 
energy access frees up their time for education, income generation and social activities.  
Therefore, it contributes to improved literacy among women, greater income generation 
by women, and more community activities led by women 
Health issues: Traditional cooking and heating fuels generate a tremendous amount of 
indoor air pollution, which is believed to be a significant cause of illness and death in 
rural areas.   Improving access to clean, modern fuels, whether conventional (LPG) or 
renewable (biogas), reduces the levels of indoor air pollution and can lead to improved 
health, especially for women and children.   Increasing energy supplies to rural clinics, 
generally heat, lighting and refrigeration, improves the quality of health services delivery, 

                                                 
11 More information on the goals, targets and indicators can be found at 
http://www.un.org/millenniumgoals/ 
12 Jiminez, A.C. and Tom Lawand, 2000, Renewable Energy for Rural Schools, National Renewable 
Energy Laboratory, Colorado, USA http://www.nrel.gov/docs/fy01osti/26222.pdf  
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for example vaccines need to be refrigerated and lighting allows for medical emergencies 
after sunset13.   
Energy also improves literacy (as discussed above), and this in turn has a significant 
impact on health issues.  Public communication remains an integral part of the fight 
against diseases, especially AIDS.  Increased energy access can make available various 
communication tools (e.g. radio, TV, Internet) which can be utilized effectively against 
AIDS and other diseases. All of this reduces child mortality, maternal mortality and the 
incidence of diseases.  
Environmental sustainability: The energy sector has a mixed record regarding the 
environment, with conventional power plants and traditional fuel use leading to 
significant air and water pollution.  Renewable energy produces no (or very little) 
pollution, and it can also prevent or reduce land degradation and habitat destruction due 
to mining and traditional fuel gathering.  Renewable energy also emits less net CO2, and 
so helps to reduce the impacts of global climate change.  Regarding water, improved 
energy access, especially from renewable energy, can improve the quantity of water 
available by allowing the use of mechanized pumps which can access hitherto untapped 
water supplies.  In addition, improved energy availability can enhance the quality of the 
water supply by treating (boiling, filtering, etc) the available water resources to make 
them safe for drinking. 
 

 

Role of RE in Rural Electrification 
Renewable energy systems can play an important, cost-effective role in rural 
electrification.  However, the national or regional utility companies responsible for 
expansion of electricity services into rural areas are often structured exclusively around 
the grid-extension option.  The first step to creating a more open rural electrification 
planning framework is to understand the situations in which off-grid (mini-grid and 
stand-alone) renewable energy systems can be cost-effective in comparison to grid-
extension. Extension of grid-based power and off-grid energy systems (mini-grid and 
stand-alone) are not necessarily mutually exclusive options in delivering electricity 
services to rural areas.   The largest economic niche for stand-alone renewable energy 
systems is in small, sparsely settled, isolated communities - typically villages with fewer 
than 200 connections.   A second economic niche is small communities near (5 km or 
less) an existing medium voltage line - typically fewer than 100 connections.  A third 
economic niche is villages located near a low voltage line (3 km), if fewer than 50 
households.    
Grid-extension requires that both the overall level of electricity demand and the load 
density (number of households to be served per unit service area) be above specific 
minimum thresholds to be cost-effective.  Deciding whether grid-extension or off-grid 
energy systems are the least-cost option for supplying electricity to rural areas requires 
careful analyses that considers the following factors: 

                                                 
13 Jiminez, A. C. and Ken Olson, 1998, Renewable Energy for Rural Health Clinics, National Renewable 
Energy Laboratory, Colorado, USA http://www.nrel.gov/docs/legosti/fy98/25233.pdf 
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• Household service level: the expected daily electricity consumption of the 
average household; 

• Total number of households to be served; 

• Load density: the number of households to be served per unit service area (in 
km2) or by the number of households to be served per unit of distribution line (per 
km of low-voltage distribution line); 

• Productive loads: the number and power requirements of productive loads such 
as rice mills, grain-grinding mills, water pumping, and commercial or service 
sector loads; and 

• Load growth: the annual increase in the load that will result from increases in 
both the number of customers served and the demand for energy. 

• Load curve: the daily and seasonal variations in the power requirements; 

• Renewable resource availability: the nature and strength of the resource, which 
directly impacts the technology selection and system costs; 

• Fuel costs: these costs (including transport-related costs and fuel subsidies) 
determine the relative attractiveness of conventional mini-grids and hybrids 
systems; and  

• Electrification planning: the long-term plan that utility planners may have for 
grid-extension to the region. 

• Supply reliability: necessary supply reliability given expected use. 

The expected daily electricity consumption for un-electrified households is usually based 
on replacement of the current energy sources, such as kerosene lanterns and batteries, 
plus an estimate of any planned additional services such as new appliances.  The time of 
day and duration of these services must also be estimated to allow proper design of the 
off-grid systems.    
An example of the cost trade-off for grid extension versus stand-alone solar home 
systems is shown in Figure 1.2.14   Additional examples of how to determine grid-
extension vs. off-grid options can be found in “Best Practices for Photovoltaic Household 
Electrification Programs: Lessons from Experiences in Selected Countries”, 15 which 
provides examples of typical rural energy needs and loads, and a comparison of solar 
home systems costs to conventional energy supply based on kerosene lanterns and 
batteries. 

 

                                                 
14 Regulation of Rural Electrification in Latin America: Kilian Reiche, Policy and Regulatory issues for 
Grid and Off-Grid Electrification, A Working Clinic ESMAP and the World Bank, Buenos Aires, 
Argentina, July 22-23, 2004.  
15 Best Practices for Photovoltaic Household Electrification Programs: Lessons from Experiences in 
Selected Countries, Anil Cabraal, Mac Cosgrove-Davies, and Loretta Schaeffer, World Bank Technical 
Paper Number 324, August 1996. 
http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY
=0CAEAB9ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=A
5A84BE7C67BA51A852570D6006FB98B&     
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Computer models are available to determine the economic transition between grid-
extension and off-grid systems.  ViPOR is one such model that is available from US 
National Renewable Energy Laboratory.  It determines the optimum mix of centralized 
and off-grid generation when designing village electrification systems. It is able to select 
between grid extension and hybrid system for centralized power, select the optimal 
placement of the centralized power system(s), determine the optimal placement of 
transformers, and design the optimal local distribution grid.   
 

 
 

 
Figure 1.2. Least Cost Frontier for Grid Electrification and Solar PV (Example from 

Vietnam) 

 
 
 
 

Barriers to Renewable Energy  
While renewable energy has many benefits, its potential is not being realized due to a 
variety of market barriers prevent investments from occurring.  These barriers generally 
put renewable energy at an economic, regulatory, or institutional disadvantage relative to 
the existing forms of energy supply.  The most common barriers to renewable energy 
implementation are summarized in Table 1.3. This chapter describes the economic 
barriers to renewable energy in greater detail, which are common to grid-connected, 
mini-grid and stand alone renewable energy systems. Regulatory, financial and 
institutional barriers which in most cases are specific to each type of project and the 
methods of overcoming them are discussed in later chapters.  
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Table 1.3. Barriers to Renewable Energy Implementation. 16 
 

Category Barriers 

Conventional fuels receive large public subsidies while 
renewables may not. 

Renewables have high initial capital costs but lower operating 
costs, making them more dependent on financing and the cost 
of capital. 

It is difficult to quantify future fuel-price risks for fossil fuels and 
incorporate monetary values for those risks into economic 
decision-making. 

Transaction costs are often higher for small, decentralized 
renewable energy facilities than for large centralized facilities. 

Economic 

The real economic costs of environmental damages from fossil 
fuels (on human health, infrastructure, and ecosystems) are 
rarely priced into fuel costs. 

Independent power producers (IPPs) may be unable to sell into 
common power grids in the absence of adequate legal 
frameworks. 

Transmission access and pricing rules may penalize smaller 
and/or intermittent renewable energy sources. 

Permitting requirements and siting restrictions may be 
excessive. 

Utilities may set burdensome interconnection requirements that 
are inappropriate or unnecessary for small power producers. 

Legal and 
regulatory 

Requirements for liability insurance may be excessive. 

Consumers or investors may lack access to the credit required 
for capital-intensive renewable energy investments. 

Financiers, developers, and consumers may unfairly judge 
technology performance risks. 

Financial 
and 
Institutional 

Market participants may lack sufficient technical, geographical, 
and/or commercial information to make otherwise sound 
economic decisions. 

 
 

Economic Barriers 
The real economic costs of environmental damages from fossil fuels (on human health, 
infrastructure, and ecosystems) are rarely priced into fuel costs.17 Traditional financial 
                                                 
16  Renewable Energy Policies and Barriers, Fred Beck, Renewable Energy Policy Project, and Eric 
Martinot, Global Environment Facility, Encyclopedia of Energy. Six volumes (Elsevier Science, Oxford, 
UK, 2004.  http://www.martinot.info/Beck_Martinot_AP.pdf  
 
17Shimon Awerbuch presents arguments on why renewable energy is more cost competitive than  
previously thought here: www.awerbuch.com/shimonpages/shimondocs/REW-may-03.doc  
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analysis, based on discounted cash-flow accounting, undervalues future fuel price risks 
and completely ignores the environmental and health costs of fossil-fueled power plant 
emissions.  As a result, modern renewable energy is underused in most countries.   

Externalities 
Conventional power is highly dependent on fossil fuels, which produce a number of 
damaging environmental and social impacts. The power sector is the largest source of 
anthropogenic greenhouse gas emissions, contributing to global climate change with 
potentially vast adverse social, environmental and economic consequences.  Air pollution 
from fossil energy use generates health and environmental damages, which result in 
significant economic costs.  For countries without significant fossil fuel resources, fuel 
imports represent a drain on foreign currency reserves and a growing threat to their 
energy supply security. For many remote areas, transporting fossil fuels is prohibitively 
expensive. 
The environmental impacts of fossil fuels often result in real costs to society, in terms of 
human health (i.e., loss of work days, health care costs), infrastructure decay (i.e., from 
acid rain), declines in forests and fisheries, and perhaps ultimately, the costs associated 
with climate change.    Collectively these are referred to as environmental externalities 
because they are not included in the financial calculations related to energy supply and 
use.    
Grid-connected power plants that burn fossil fuels emit several pollutants linked to the 
environmental problems of acid rain, urban ozone, human health and global climate 
change.   The commonly reported air pollutants are: sulfur dioxide (SO2), nitrogen oxides 
(NOx), particulate matter less than 10 microns in diameter (PM10), volatile organic 
compounds (VOCs), carbon monoxide (CO), mercury (Hg) and lead.   Some of these 
pollutants present major health risks.  Mercury (Hg) is a potent neurotoxin that is 
particularly damaging to infants and children.  In the United States, because other 
industrial sources of mercury emissions have been largely controlled, coal-fired power 
plants are the single largest source of mercury emissions related to human activity.   
 
Overcoming the Economic Barriers to Renewable Energy 
As described above, traditional financial analysis does not take into account the costs of 
environmental externalities, energy insecurity or fuel price risk. When the full life-cycle 
costs of energy sources are calculated some renewable energy technologies are already 
cost competitive with conventional energy sources. This kind of analysis is called 
“economic valuation.” 

Economic Valuation of Renewable Energy 
The monetary cost of environmental externalities is difficult to evaluate and depends 
upon assumptions that can be subject to wide interpretation and discretion.  The World 
Bank along with many other multilateral and bilateral development banks routinely 
include the evaluation of environmental, health and social impacts in their economic 
assessment of potential projects as compliance with safeguards increases the cost of the 
power plants.18  However, most private investors rarely include such environmental 

                                                 
18 An example of economic analysis of environmental and health externalities can be found in the Pakistan: 
Strategic country environmental assessment: 
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external costs in their power plant decision-making process except for carbon credit 
where a market already exists or air pollution control is mandated by regulators.   

Calculating Environmental Externalities 
The two principal methods of monetization of environmental externalities are damage 
costs and pollution control (mitigation) costs.  Damage cost estimations involve analysis 
and prediction of four factors: (1) emission quantities; (2) emission concentrations in the 
receiving medium; (3) the dose exposure effect of those concentrations on human; and 
(4) the economic value of those effects. The latter three of these factors are subject to 
significant uncertainty. 
Because of the difficulty in estimating damage costs, pollution control costs (usually the 
cost of the most stringent emission control) are sometimes used as a proxy for damage 
costs.  However, control costs seldom reflect the variability in damage costs and are often 
poor proxies of the societal benefits in controlling pollution.   
The World Bank’s guidelines for economic evaluation methodology and for handling 
environmental externalities can be found through the following World Bank Intranet 
links.   
Handbook on Economic Analysis for Investment Projects  
OP 4.01 - Environmental Assessment: A guideline for handling externalities.  
World Bank's Pollution Prevention and Abatement Handbook 
 
 

Figure 1.4.: Illustrative Example of the Economic Valuation of Renewable Energy 
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http://imagebank.worldbank.org/servlet/WDS_IBank_Servlet?pcont=details&menuPK=64154159&search
MenuPK=64258162&theSitePK=501889&eid=000160016_20061002114308&siteName=IMAGEBANK . 
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As shown in Figure 1.4, if the cost of local environmental externalities and global 
externalities (e.g. through carbon credits) are included in the economic valuation, as is 
done in a typical World Bank Group (WBG) economic calculation, the economically 
viable quantity of renewable energy increases.  If the diversification value is also added 
to the economic cost, the economically viable optimum quantity of renewable energy 
becomes even larger.   
Given the market distortion that environmental externalities and diversification values are 
not recognized in the market place as well as a series of market barriers, financial 
incentives are required to attract investors to achieve the economically viable optimum 
quantity of renewable energy. 
Such economic analyses have been performed for various renewable energy projects, for 
example, in China, Croatia, Mexico and South Africa19, to determine the economically 
viable optimum quantity of renewable energy. 

Economic Advantages of Renewable Energy 
Economic analyses by the World Bank have shed some light on the economic advantages 
of renewable energy systems for grid-connected and off-grid applications.  

Grid-connected systems 
In many developing countries, grid-connected renewable energy systems, accounting for 
environmental externalities and diversification value, can be economically viable 
compared to conventional energy sources, particularly in countries with good hydro, 
geothermal, biomass and wind resources close to areas with a high demand.  
For example, in preparation of the World Bank/GEF China Renewable Energy Scaling 
Up Program, the Bank conducted an economic analysis in 2003 to determine the 
economically optimal quantity of grid-connected renewable energy for China by 201020.   
The analysis considered only grid-connected renewable energy options, and it determined 
both the financially viable optimum quantity of renewable energy that can be justified 
compared to the cost of electricity generation from coal, and the economically viable 
optimum quantity of renewable energy that can be justified when environmental 
externalities are taken into consideration. 
Since coal dominates the electricity generation mix in China, it is selected as the baseline 
option. Significant coal combustion in China has resulted in substantial environmental 
damage costs that are not captured by normal electricity prices.  These damages are real 
economic costs, and their avoidance by renewable energy generation constitutes a real 
economic benefit.   The analysis developed a cost supply curve to compare the costs and 
supply of renewable energy options in China, against the baseline cost of coal-fired 
power plants with and without externalities, as shown in Figure 1.5. 

 
                                                 
19 These and other WBG examples of economic and financial analyses of grid connected, mini-grid and off-
grid can be found at http://go.worldbank.org/YCQDPICJ00    
20 Economic and Financial Analysis of the China Renewable Energy Scaleup Programme (CRESP), 
Volume I: The economically optimal quantity of grid-connected renewable energy, Peter Meier, February 
2003. 
http://iris37.worldbank.org/85256D2400766CC7/GetContent?OpenAgent&URL=http://iris37.worldbank.or
g/85256D8A004D64BF/(ViewContentTransaction)?OpenAgent&DOCID=00665A0BD75E11A3852570D
600011402&Framework=IRIS&Rendering=1&  
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Figure 1.5. Economic Benefits of Renewable Energy in China 
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The grid-connected renewable energy supply curve, S, shows the amount of renewable 
energy that can be generated at a given price.   Compared to the production cost of 
electricity generation from coal, PCOAL, estimated as an all-China average of 32 fen/kWh, 
the figure shows that there are many renewable energy projects (especially small hydro), 
whose costs are less than that of coal and which should be built even in the absence of a 
policy to promote renewable energy.   
QECON, the quantity of grid-connected renewable energy that has a price less than or equal 
to that of coal is about 79TWh, corresponding to some 15,300 MW of installed capacity.   
However, not all of these renewable energy projects would in fact be built in the absence 
of an express policy to promote renewable energy generation, because of institutional, 
technical and market barriers.  Therefore what actually gets built in the absence of a 
renewable energy policy is not QECON , but QBAU, which is estimated at about 36TWh 
(about 7,000 MW). 
If local environmental externalities are taken into consideration, then the true (social) cost 
of coal rises from 32 to 36 fen/kWh, and the optimum quantity of renewable energy 
increases from QECON to QENV, which is 89 TWh (17,400MW). 
Most of the renewable energy projects that are currently economically viable are new 
small hydro plants, rehabilitation of old hydro plants, and biomass cogeneration.  Wind 
power, though not initially economic, showed the potential to become economic in the 
near future as its costs continue to decline.  The analysis showed that wind power was 
most likely to first become economic in the southeastern coastal provinces where the cost 
of coal-fired generation and the magnitude of environmental externality costs are high. 
Mean variance portfolio theory is another effective tool for assessing risk in electricity 
generating portfolios.  Financial investors have long used this approach to dealing with 
uncertainty and have learned that a portfolio of assets provides the best means of hedging 
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possible future outcomes.   This approach evaluates both the expected cost and the risk of 
all technologies in the electricity generating portfolio, and a study21 performed in Mexico 
in 2005, provides an example of how the introduction of wind and geothermal 
technologies into the electricity generating mix can reduce both the cost and the risk of 
future electricity generation22.    
 

Mini-grid Systems 
Most developing countries contain many un-electrified rural areas that are far from the 
electricity grid but have reasonably high population density.  These rural communities are 
suitable candidates for a mini-grid, and renewable energy systems can play an important 
role in providing power for such a mini-grid.  Where hydropower resources exist, small 
and mini-hydro plants are generally more cost-effective than diesel generators.      
The economic analysis of mini-grid systems is very site-specific, but several tools exist 
that can facilitate these analyses.  The RETScreen Small Hydro Project Model can be 
used to easily evaluate the energy production, life-cycle costs and greenhouse gas 
emissions reduction for isolated-grid small hydro projects with a wide range of sizes.   
The software includes world-wide product and weather (hydrology) databases and an 
online manual.  
HOMER is a computer model that simplifies the task of evaluating design options for 
hybrid power systems consisting of both conventional and renewable energy 
technologies. HOMER's optimization and sensitivity analysis algorithms allow evaluation 
of the economic and technical feasibility of a large number of technology options and to 
account for variation in technology costs and energy resource availability.  
The design considerations and best practices for development of various mini-grid 
systems can be found in a manual developed by the World Bank’s Energy Sector 
Management Assistance Program23.   

Stand-alone systems 
Experience across the developing world confirms the technical reliability of stand-alone 
renewable energy systems, especially photovoltaic (PV), pico-hydro and micro-wind 
systems, which under the right conditions can offer lighting and other services to 
households that are poorly served by existing energy sources or have no service at all.   A 
Bank report from 199624 identifies an important economic niche for PV systems within 
rural electrification programs as an effective complement to grid-based power, which is 
often too costly for sparsely settled and remote areas. For such rural conditions, fuel-
independent, modular solar home systems can offer the most economical means to 

                                                 
21 A Portfolio Approach to Energy Planning in Mexico, World Bank, Shimon Awerbuch, Ph.D. and Martin Berger, D-Ing., 2005. 
www.awerbuch.com/shimonpages/shimondocs/Awerbuch-SANDIA.doc   
22 Risk Assessment Methods for Power Utility Planning. ESMAP Special Report, March 2007. 
http://esmap.org/filez/pubs/4252007115319_Risk_Assessment_Method.pdf 
23 Mini-Grid Design Manual, ESMAP. 
http://iris37.worldbank.org/85256D2400766CC7/GetContent?OpenAgent&URL=http://iris37.worldbank.org/85256D8A004D64BF/(
ViewContentTransaction)?OpenAgent&DOCID=D77C0A5326A9B302852570D6006D8104&Framework=IRIS&Rendering=1&  
24 Best Practices for Photovoltaic Household Electrification Programs: Lessons from Experiences in Selected Countries, Anil Cabraal, 
Mac Cosgrove-Davies, and Loretta Schaeffer, WB Technical Paper  324, August 1996.   
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provide lighting and power for small appliances.   Pico-hydro systems25 have also been 
shown to be an economical means to provide lighting and power in areas with small 
streams or irrigation canals.   
These stand-alone systems are safer and more convenient than kerosene lanterns and dry 
cell or automotive batteries which are widely used in developing countries for lighting 
and to power small appliances. The main obstacle to their widespread diffusion is initial 
purchase price, which puts them out of the reach of all but upper income households. 
However, with adequate financing arrangements, geared to low and middle-income 
households, these systems can play a significant role in rural electrification.  Strategies to 
overcome the first cost barrier, establish responsive and sustainable infrastructure to 
deliver stand-alone household energy services, and to ensure quality products and 
services can be found in the Bank report.24  
A Bank paper26 deals with the economic analysis of solar photovoltaic home systems for 
off-grid application in the Philippines, carried out in 2003.27 The economic analysis 
evaluated three candidate systems (for the poorest, the poor and the non-poor households) 
on the basis of replacement costs (of kerosene, dry cells, and rechargeable auto-batteries) 
and increases in consumer surplus, and all three size classes show economic rates of 
return substantially above the 15% hurdle rate.    In addition, the PV-based systems 
provide a greater level of service for given levels of household budget constraints 
compared to kerosene lanterns and dry cells, and the survey data confirms high 
willingness to pay for a system that provides TV viewing and clean bright lighting.  A 
detailed reconciliation of economic and financial flows is provided, which provides the 
basis for an assessment of the rationale for, and impact of, alternative levels of subsidy.  
The paper concludes that solar home systems provide high economic returns for areas 
with low load density for which grid extension is uneconomic, with very small risk of 
hurdle rates not being achieved. 
 
The Carbon Market 
A global market for carbon reduction credit already exists, both through the UNFCCC 
Kyoto Protocol and through prototype funds developed by multilateral and bilateral 
institutions. A growing voluntary carbon market is also growing. The Clean Development 
Mechanism (CDM), an important policy instrument embodied in the Kyoto Protocol, is 
designed to generate both cost-effective GHG control and sustainable development 
benefits for host developing countries.   
 

                                                 
25 The Uses of Pico-hydro Technologies in Rural Development Programmes, Dr. Manuel Fuentes, World 
Bank. http://fpd-int/psi/presentations.nsf/files/Pico-hydro-ESMAP+-+final.ppt/$FILE/Pico-hydro-
ESMAP+-+final.ppt  
26 Economic Analysis of Solar Home Systems: A Case Study for the Philippines, Peter Meier, February 
2003. http://siteresources.worldbank.org/INTEAPREGTOPENERGY/Resources/Economic-Analysis-
Solar-Home-Systems.pdf  
27 See also Technical and Economic Assessment of Off-grid, Mini-grid and Grid Electrification 
Technologies. ESMAP Technical Paper, December 2007. 
http://www.esmap.org/filez/pubs/4172008104859_Mini_Grid_Electrification.pdf  
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 Carbon Financing 
Various institutions for supporting carbon finance opportunities are being developed or 
deployed worldwide, including the Carbon Finance Business at the Bank , bilateral 
arrangements such as the Netherlands Clean Development Facility, CER procurement 
programs of Austria, Denmark, Finland, Italy and Sweden as well as a number of multi-
lateral initiatives.    
The Prototype Carbon Fund (PCF), the largest multilateral initiative, was established in 
2000 to mobilize public and private investment in order to catalyze the market for GHG 
reductions.  It has also helped build capacity in both developed and developing countries 
by demonstrating that project-based activities represent a practical means of supporting 
global environmental objectives and promoting sustainable development.    By mid 2003 
the PCF had committed more than $100 million to support projects in non-Annex B 
nations.   
In addition, several operating programs of the Global Environmental Facility (GEF) are 
also supporting CDM activities.  In 2002 the World Bank announced creation of a new 
$100 million Community Development Carbon Fund to extend carbon financing to small 
projects in poor, rural communities, and a $100 million BioCarbon Fund to finance 
agricultural and forestry projects. 
In December 2007, the World Bank launched the Forest Carbon Partnership Facility with 
the aim of reducing deforestation and forest degradation by compensating developing 
countries for carbon dioxide reductions realized by maintaining their forests.  
Also initiated in 2007, is a collaboration by the World Bank and the regional development 
banks (RDBs) towards developing a new fund to finance transformation to low carbon 
economies and cost-effective mitigation of greenhouse gas emissions28.  The overall 
objective of the fund is to provide concessional finance for policy reforms and 
investments that achieve development goals through a transition to a low carbon 
development path and climate-resilient economy.  The proposed portfolio of new multi-
donor trust funds will initially include, if donor support warrants, three new investment 
funds/programs including: (i) a clean technology fund, (ii) a climate investment fund, and 
(iii) a climate resilience pilot program, and a strategic climate fund.29   
The clean technology fund would focus on financing at scale in the near-to-medium term 
to meet investment needs to support rapid deployment of low carbon technologies in 
countries with substantial carbon emissions based on country low-carbon growth 
strategies and investment programs. It would provide concessional lending and other 
forms of financing, such as guarantees, that could be blended with public and private 
resources to facilitate deployment of low carbon technologies at scale.  It is expected that 
each investment fund would have a separate governing committee.  The climate 
investment funds would rely as much as possible on existing processes of the WBG and 
RDBs, and therefore no new institution would be created to manage this program. Donors 
could invest directly into these funds, or into another vehicle, a strategic climate fund.  

                                                 
28 “Clean Energy for Development Investment Framework: The World Bank Group Action Plan” (Feb. 14, 
2008) – Draft . 

29 Information on the most recent developments with the Climate Investment Funds can be found here: 
http://www.worldbank.org/cif  
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The strategic climate fund would, in particular, facilitate donors that want to make 
investments in more than one of the investment funds or programs, thereby strengthening 
the coherence of their contributions.   
      
The Clean Development Mechanism 
The CDM allows project-based GHG reductions in developing nations to be transformed 
into Certified Emission Reductions (CERs) which, in turn, are available to industrialized 
countries for use as credits against their own Kyoto emission control commitments.  A 
CDM project receives a CER for every ton of carbon dioxide equivalent that the project 
displaces 
CERs produce a revenue stream for validated CDM projects that they receive only after 
generating emission reductions and obtaining the CERs through the CDM verification 
and certification processes.   However, CDM project developers often need funds or 
financing support during the development phase of a project, and the field of Carbon 
Financing has developed to facilitate the use of future CERs to support project financing. 
Activities eligible for the CDM include a broad array of emission reduction measures, 
including renewable energy projects.    CERs can be generated through activities 
undertaken jointly by developed and developing countries, or through unilateral efforts 
by developing countries that generate CERs available for sale on an open market.   

   The CDM Process  
A CDM Executive Board (EB) was created by the Conference of Parties to the 
UNFCCC, which gave it the authority for implementing and supervising the CDM.  The 
key responsibilities of the EB, relative to the CDM project development process, are to: 

• Approve new methodologies related to project baselines, monitoring plans and 
project boundaries 

• Review provisions with regard to simplified modalities, procedures and the 
definitions of small scale project activities  

• Be responsible for the accreditation of operational entities,  

• Develop, maintain and make publicly available the approved rules, procedures, 
methodologies and standards for the CDM 

• Develop and maintain the CDM registry to ensure accurate accounting of carbon 
credits generated - including issuance of certified emissions reductions 

• Develop and maintain a publicly available database of CDM project activities 

One of the eligibility requirements for CDM is that the “host” country must ratify the 
Kyoto Protocol and establish a Designated National Authority, or DNA, to review and 
approve CDM projects.  According to CDM rules, the DNA has two mandatory 
functions.  The DNA is responsible for issuing a written statement, on behalf of the 
government, confirming that (a) the country’s participation in a project is “voluntary” and 
that (b) a project activity assists in achieving sustainable development and is consistent 
with national priorities.   
All CDM projects must follow a well-defined series of steps and calculations, which must 
be validated and verified in order to earn certified emissions reductions (CERs).  These 
steps are illustrated in the figure below. 
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Project developers must submit their project to an independent, third party organization, 
called a Designated Operational Entity (DOE), which will review the project 
documents and “validate” the project if it satisfies all the necessary conditions for project 
eligibility stipulated by the CDM Executive Board. This is a necessary prerequisite for a 
project to receive CERs. The DOEs are similar to accounting auditors.  They must be 
independent and cannot benefit, in any way, from the outcomes of a CDM project.  The 
DOE is required to perform the following essential services in the CDM project cycle: 

• Validation that the project design, as proposed by the project developer, meets all 
the requirements of the CDM.  The project validation work is carried out before 
the project is submitted to the CDM EB.   

• Registration of the CDM project with the EB.  Project proponents cannot submit 
projects directly to the Board.  The CDM rules state that the DOE is responsible 
for submitting projects to the Board.  This requirement exists to ensure that the 
CDM EB only receives documentation on projects that have already been 
“validated” by a DOE.   

• Verification of the emissions reductions that occur as a result of the project.  
Verification work is done after the project starts and at fixed intervals. With the 
exception of SSC CDM projects, verification must be done by a different DOE 
than was used to validate the project.      

• Certification of emissions reductions.  The DOE that carries out the verification 
of emission reductions is responsible for submitting a letter to the CDM EB 
recommending the issuance of certification for the verified emissions reductions 
of the project.   
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CDM Project Development Steps 
Step 1:   Identify eligible CDM project opportunities 

Step 2: Collect technical information to screen a project 
• Specifications on fuels and equipment performance 
• Energy conversion and efficiency factors 
• Plant capacity factors, system losses, etc. 

Step 3:   Conduct preliminary screening for CDM eligibility 
• Calculate project emissions reductions 
• Define baseline and determine additionality 
• Assess conformity with national and local legal and regulatory 

requirements and contribution to sustainable development 

Step 4:   Develop a detailed project design document (PDD) 
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Step 5:   Submit the PDD for national approval 

Step 6:   Validate and register project with CDM Executive Board (CDM EB) 

Step 7:   Secure financing and implement project 

Step 8:   Monitor, verify and certify project emission reductions (CERs) 

Step 9:   Monetize (sell) and transfer the project CERs 
 

           CDM Costs and Benefits 
As many abatement opportunities are less expensive in developing nations, the CDM can 
help reduce the overall cost of achieving global GHG reductions.   And because GHG 
emissions contribute equally to climate change irrespective of their geographic location, 
the impact on the global environment is the same.   
Activities eligible for the CDM include a broad array of emission reduction measures, 
including renewable energy projects.    CERs can be generated through activities 
undertaken jointly by developed and developing countries, or through unilateral efforts 
by developing countries that generate CERs available for sale on an open market.   
The process of developing CDM projects and obtaining CERs is described below.  The 
CDM-specific development costs vary significantly depending on the size and scope of 
the project, but the minimum costs are likely to total about US$50,000, which creates a 
problem for small-scale renewable energy projects, including small grid-connected 
systems.   These costs must be invested at the time of project development, but the 
benefits from the sale of CERs do not start to be realized until one year after start of 
operation.  As such, they do not provide any funds during the development process, 
which is often when renewable energy project developers have the most critical need for 
funds. 
A CDM project receives a CER for every ton of carbon dioxide equivalent that the 
project displaces.   The Table below30 provides the typical emission reductions for grid-
connected renewable energy projects based on hydro, wind, geothermal solar and 
sustainably harvested biomass.   At a CER price of $4 per ton CO2 equivalent31, CDM 
provides added revenues of 1.6 to 6.0 US$ per MWh of electricity produced depending 
on the type of conventional fuel displaced.  This additional cash flow generally improves 
the IRR on a project by only 0.5 to 3.0 percentage points.    Higher CER prices would 
yield proportionally higher revenues.   
 

Fuel Displaced Generic Emissions 
Factor (tCO2e/MWh) 

Carbon Revenue at 
US$4/tCO2e (US$/MWh) 

Gas 0.40 $1.60 

Coal 0.85-1.0 $3.40-$4.00 

Diesel 0.75-1.50 $3.00-$6.00 

                                                 
30 Kyoto and Beyond: Opportunities and Strategies for Carbon Finance 
(http://wbln0037.worldbank.org/domdoc/PRD/NETWORKS/DDAT-
5QNJEZ.nsf/WB_ViewAttachments?ReadForm&ID=7A57895BBC8F9A3A852570D6007192C5&) 
31 CER price varies from $4-10/ton of carbon dioxide at the current market. 
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For renewable energy projects dealing with methane emissions, the CDM benefits are 
more significant, because methane has a 21 times higher GHG potential relative to CO2.  
Therefore, a CER price of $4 per ton CO2 equivalent provides added revenues of 14 to 16 
US$ per MWh of electricity produced depending on the type of methane gas displaced.  
In addition, the projects that utilize the methane to generate electricity that displaces 
fossil fuels also get the fuel displacement CERs.   The total additional cash flow can 
improve the IRR on a these projects by more than 15 percentage points.    
     

 CDM Revenue (methane 
only) at US$4/tCO2e 
(US$/1000 m3) 

CDM Revenue (methane 
only) at US$4/tCO2e 
(US$/MWh) 

Landfill methane 
utilization 

up to $60  up to $16 

Venting reduction, 
coalmine methane 

up to $52 up to $14 

 
Projects that agricultural and forest residues can get credit for methane emission 
reductions depending on how the residues are currently disposed.  These projects can 
realize an improvement to the IRR of 3 to 7 percentage points.    
 

 

Other Funding for Renewable Energy 
Renewable energy is traditionally financed by government and the private sector, 
stimulated by bilateral and multilateral assistance. Scaling up renewable energy will 
require increased support from traditional sources and substantial contributions from new 
financial backers, both domestic and international32. 
The bilateral and multilateral assistance in developing countries take the form of 
technical assistance grants, loans, guarantees or insurance.  Among the bilateral and 
multilateral donors, the World Bank Group, the Global Environment Facility (GEF), and 
the German Development Finance Group (KfW) provides the majority of renewable 
energy funding, and dozens of other donors and programs provide the rest.  
At the International Conference on Renewable Energies that took place in June 2004 in 
Bonn, the WBG committed to a target of at least 20 percent average growth annually in 
both RE and energy efficiency lending over the next five years. To achieve this 
commitment, the WBG must increase its capacity to assist client countries in developing 
and implementing RE and energy efficiency projects, as well as more rapidly transfer 
best practice across sectors and regions.  In 2005, the WBG was asked by the G-8 to lead 

                                                 
32 The Global Investment Challenge: Financing the Growth of Renewable Energy in Developing Countries. 
Jamal Saghir. Renewable Energy World. Review Issue 2005-2006.   
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the development of a new investment framework for clean energy development in 
partnership with other multilateral institutions and partner countries.33 

The first and foremost funding for renewable energy should be directed those 
technologies and applications that are already economically viable.  Policy analysis and 
other market development assistance are needed to remove market barriers and establish 
a level playing field so that economically viable options also become financially viable. 
The Global Environment Facility (GEF) is one of the largest funding sources for 
renewable energy. Over the past decade, GEF has provided over a billion dollars for more 
than 140 renewable energy projects in developing countries. It was established in 1991 to 
help developing countries fund projects and programs that protect the global 
environment. GEF grants support projects related to biodiversity, climate change, 
international waters, land degradation, the ozone layer, and persistent organic pollutants.  
The GEF provides grants under 15 operational programs (OPs).  Four of these deal with 
climate change, and two deal specifically with renewable energy:  

OP6 - Promoting the Adoption of Renewable Energy by Removing Barriers and 
Reducing Implementation Costs  
OP7 - Reducing the Long-Term Costs of Low Greenhouse Gas Emitting Energy 
Technologies  

In addition to the World Bank Group, the other multilateral development banks include, 
European Bank for Reconstruction and Development, Asian Development Bank, Inter-
American Development Bank, and the African Development Bank.   Information on other 
multilateral development institutions can be found at this WBG link.  
Several United Nations organizations are active in the promotion of renewable energy.  
UNDP’s Energy and Environment Practice promotes access to sustainable energy 
services as an essential development strategy.   UNEP's renewable energy activities focus 
on the needs of developing and transition economies in various facets of renewable 
energy technology research, development, and commercialization.  UNEP’s Sustainable 
Energy Finance Initiative (SEFI) is a platform providing financiers with the tools, 
support, and global network needed to conceive and manage investments in the complex 
and rapidly changing marketplace for clean energy technologies.  UNIDO focuses on 
rural energy for productive use.  See Annex B for a more complete list of bilateral and 
development agencies.  

 
 
 
 
 
 
 
 
 
 
                                                 
33 Information on the WBG’s commitment to renewable energy and energy efficiency along with up to date 
documents can be found on the WBG external energy website: http://worldbank.org/energy  
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ANNEX A: Electricity Costs of Renewable Energy Generation Technologies 
The cost ranges shown result from the uncertainty analysis that was applied to the various 
levelized generating cost components using a Monte Carlo approach.  It should be noted 
that costs of power generation technologies have changed significantly since this analysis 
was conducted, for both renewable energy and conventional technologies. 

Figure A1.: Electricity Costs: Small Grid-Connected Generation Technologies (2004 & 2015) 
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Figure A2.: Electricity Costs: Large Grid-Connected Generation Technologies (2004 & 2015) 
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Figure A3. : Electricity Costs: Mini-Grid Generation Technologies (2004 & 2015) 
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Figure A4: Electricity Costs: Off-Grid Generation Technologies (2004 & 2015) 
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ANNEX B: Bilateral and Multilateral Development Banks and Agencies 
Funding available for renewable energy projects in the developing world: Bilateral 
development banks and agencies include the following institutions.    

Australian Agency for International Development (AusAID) 
Austrian Development Agency (ADA) 
Canadian International Development Agency (CIDA) 
Danish Development Agency (DANIDA) 
Dep't for Int'l Development Cooperation (Finland) 
Agence francaise de developpement (AfD) 
Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ) GmbH 
European Union  
European Investment Bank 
European Bank for Reconstruction and Development 
Ireland Development Cooperation 
Japan Bank for International Cooperation (JBIC) 
Japan International Cooperation Agency (JICA) 
Kreditanstalt fur Wiederaufbau (KFW) 
Netherlands Development Cooperation 
New Zealand Official Development Assistance (NZODA) 
Norwegian Agency for Development Cooperation 
Swedish International Development Cooperation Agency (SIDA) 
U.K. Department for International Development (DFID) 
U.S. Agency for International Development (USAID) 

 
Several foundations and NGOs provide funds and manage programs directed at 
promotion of renewable energy, such as the UN Foundation, Shell Foundation, and the 
Energy Foundation.    
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GRID CONNECTED RENEWABLE ENERGY SYSTEMS 
 
Overview 
Grid-connected renewable energy systems have a high-potential to mitigate global 
climate change. When economically rational, they also promote local economic 
development to help reduce poverty, address regional and local health and environmental 
concerns, and increase energy security.   Learning about existing markets, about 
appropriate policy frameworks, market approaches and financial mechanisms is useful 
foster new markets globally. 
The chapter discusses the cost and pricing, legal and regulatory, and financial and 
institutional barriers specific to grid connected renewable energy systems. This 
discussion is followed by approaches for overcoming these barriers, including creating an 
enabling legal and regulatory environment, promotional policies, and financing 
strategies/tools.  
  
Barriers to Grid-Connected RE systems 
The barriers to grid-connected renewable energy systems fall under the categories of cost 
and pricing, legal and regulatory, and financial and institutional. 
 

Cost and Pricing: 
Subsidies for conventional fuels and electricity 

Direct and indirect public financial support (“subsidies”) to promote energy supply and 
access has historically tended to skew the playing field against renewable sources of 
energy. Organizations such as the World Bank and International Energy Agency put 
global annual subsidies for fossil fuels at $250 billion.  In comparison, the world spends 
about $1 trillion annually on purchases of fossil fuels.  These large subsidies for fossil 
fuels lower final energy prices, but they also distort competition and put renewable 
energy at a competitive disadvantage. 
Public subsidies can take a variety of forms, which are summarized in Table 2.134.   
Direct subsidies include grants and low-interest loans, various tax incentives, and a wide 
range of government-provided services, such as R&D spending, leases and rights-of-way 
to public land, liability insurance, and nuclear waste disposal.  Indirect subsidies are more 
subtle forms of government intervention and include trade restrictions and various forms 
of energy sector regulation, such as transmission grid access, hurdles for small and 
distributed power generation units and price controls. 
 
 
 
 
 
 
 
                                                 
34 J. Pershing and Jim Mackenzie, 2004, Removing Subsidies: Leveling the Playing Field for Renewable 
Energy Technologies. Thematic Background Paper for the International Conference for Renewable 
Energies, Bonn.   www.renewables2004.de/pdf/tbp/TBP04-LevelField.pdf  
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Table 2.1: Types of Subsidies 

Form of Government Intervention  Example  

1. Direct Financial Transfer  Grants to producer or consumers, low interest loans  

2. Preferential tax treatment  Rebates, exemptions on royalties, tax credit, accelerated 
depreciation  

3. Energy related services provided by 
government at less than full cost  

Direct investment in energy infrastructure, public R&D, liability 
insurance, guarantees to mitigate project financing or fuel price 
risks, leases and rights-of-way to pubic land 

4. Trade restrictions  Quotas, trade embargoes, technical restrictions  

5. Regulation of energy sector  Demand guarantees, price controls, market access restrictions  

 
Not accounting environmental costs and benefits 

The environmental impacts of fossil fuels often result in both local and global costs to 
society, in terms of human health (i.e., loss of work days, health care costs), infrastructure 
decay (i.e., from acid rain), declines in forests and fisheries, and perhaps ultimately, the 
costs associated with climate change. Costs of environmental externalities are difficult to 
evaluate and depend on assumptions that can be subject to wide interpretation and 
discretion. Environmental impacts and associated costs are often included in academic 
economic comparisons between renewable and conventional energy, and should in 
principle be included in economic analysis at the national level.  Investors however 
usually rely on financial analysis of their own gain and loss, and rarely include such 
environmental costs in their power plant investment decision-making process. 
 

Not quantifying fuel price risks 
Risks associated with fluctuations in future fossil-fuel prices are generally not 
quantitatively considered in decisions about new power generation capacity because these 
risks are inherently difficult to assess.  For decision-making purposes, future fuel prices 
are generally assumed to be relatively stable or moderately increasing, and the risks of 
severe fluctuations are often ignored.  However, greater geopolitical uncertainties and 
energy market deregulation have created a new awareness about future fuel price risks.  
Renewable energy technologies avoid fuel costs (with the exception of biomass) and so 
avoid fuel price risk.  However, this benefit, or “risk-reduction premium,” is generally 
missing from economic comparisons and the analytical tools used to make the 
comparisons.  Further, for some regulated utilities, fuel costs are factored into regulated 
power rates, so that consumers rather than utilities bear the burden of fuel price risks, and 
utility investment decisions are made without considering fuel price risk. 
 

Legal and Regulatory: 
Lack of a legal framework for independent power producers 

Independent power producers (IPPs) are private investors in electricity generation, and 
the dominant developers of renewable energy power plants. In many countries, power 
utilities still have a monopoly on electricity production and distribution. In these 
circumstances, and in the absence of a legal framework, independent power producers 
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may not be able to invest in renewable energy facilities and sell power to the utility or to 
third parties under so-called “power purchase agreements.”   Utilities may negotiate 
power purchase agreements on an individual ad-hoc basis.  However, the lack of a legal 
framework for selling power makes it difficult (or impossible) for project developers to 
plan and finance projects on the basis of known and consistent rules. 
 

Lack of transmission access  
Utilities may not allow reasonable conditions for transmission access to renewable 
energy producers, or may charge high prices for transmission access. Transmission 
access is necessary because some renewable energy resources like windy sites and 
biomass fuels may be located far from population centers. Transmission or distribution 
access is also necessary for direct third-party sales between the renewable energy 
producer and a final consumer. New transmission access to remote renewable energy 
sites may be blocked by transmission-access rulings or right-of-way disputes. 
 

Lack of interest/incentive for regulated utilities to implement renewables because of 
rate based regulation 

The basic method for setting rates, called rate-base regulation, incentivizes utility 
managers to be conservative in their technology choices and to prefer low capital costs 
power plants even if future fuel prices are likely to be very volatile.  Therefore, regulated 
utilities have not typically been strong adopters of renewable energy, with the exception 
of hydropower and in a few cases geothermal.   
 

Unfavorable pricing rules 
Renewable energy sources feeding into an electric power grid may not receive full credit 
for the value of their power. Two factors are at work; 

1. First, renewable energy generated on a distribution network near final consumers 
rather than at centralized generation facilities may not require transmission and 
distribution (i.e., would displace power coming from a transmission line into a 
node of a distribution network). But utilities may only pay wholesale rates for the 
power, as if the generation was located far from final consumers and required 
transmission and distribution. Thus, the “locational” value of the power is not 
captured by the producer.  

2. Second, renewable energy is often a variable35 generation source whose output 
level depends on the resource (i.e., wind and solar) and cannot be entirely 
controlled. Utilities cannot count on the power at any given time and may lower 
prices for it.  Lower prices take two common forms: (i) a zero price for the 
“capacity value” of the generation (utility only pays for the “energy value”); (ii) 
an average price paid at peak times (when power is more valuable) which is lower 
than the value of the power to the utility—even though the renewable energy 

                                                 
35 Variable generation was formerly often referred to as intermittent generation. The International Energy 
Agency. IEA, has adopted the term variable, however, since most renewables like wind or solar power will 
not cut off abruptly from the grid as e.g. a large, conventional power plant, which trips off the grid because 
of a grid error. These renewable wil gradually decrease or increase their generation with changes in 
weather. If the generating units are sufficiently dispersed, the variations in weather patters will be 
uncorrelated, and variations in generation between different generating units will usually cancel out. 
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output may directly correspond with peak demand times and thus should be 
valued at peak prices. 

 
Excessive permitting requirements or siting restrictions 

Wind turbines, rooftop solar hot-water heaters, photovoltaic installations, and biomass 
combustion facilities may all face building restrictions based upon height, aesthetics, 
noise, or safety, particularly in urban areas. Wind turbines have faced specific 
environmental concerns related to siting along migratory bird paths and coastal areas. 
Urban planning departments or building inspectors may be unfamiliar with renewable 
energy technologies and may not have established procedures for dealing with siting and 
permitting. Competition for land use with agricultural, recreational, scenic, or 
development interests can also occur. 
 

 
Financial and institutional:  
Higher investment costs 

Renewable energy resources are either free (e.g., solar and wind) or low cost (e.g. 
agricultural residues), which leads to systems with low fuel and operating costs.  
However, the systems to convert the renewable resource into a modern form of energy 
contain the technologies and equipment for capturing this “free” resource over the entire 
system lifetime.  Therefore, renewable energy systems have a higher investment cost 
($/kW installed power) compared to conventional energy sources.  
Even though the lower fuel and operating costs may make renewable energy cost-
competitive on a life-cycle basis, renewable energy investments have higher initial capital 
costs thus they require more financing than fossil fuel plants of comparable capacity.  
This makes the cost of renewable energy investments more dependent on the cost of 
capital than conventional energy systems, which are more sensitive to the cost of fuel.  
Furthermore, depending on the circumstances, capital markets may demand a premium in 
lending rates for financing renewable energy projects because more capital is being 
risked up front than in conventional energy projects.  Renewable energy technologies 
may also face high taxes and import duties. These impacts may exacerbate the high first-
cost considerations relative to conventional technologies and fuels. 

 
Lack of access to capital 

Grid-connected renewable energy project developers may lack access to capital to invest 
and finance a renewable energy project because of excessive collateral requirements, 
poor creditworthiness, or distorted capital markets.   In many developing countries, 
available loan terms may be too short relative to the project payback.  In some countries, 
uncertainty regarding the continuity of the utility company to honor a long-term power 
purchase agreement can also make it difficult obtaining financing. 
 

Perceived high technology risks 
Proven, cost-effective technologies may still be perceived as risky if there is little 
experience with them in a new application or region. The lack of visible installations and 
familiarity with renewable energy technologies can lead to perceptions of greater 
technical risk than for conventional energy sources. These perceptions may increase 



 44

required rates of return, result in less capital availability, or place more stringent 
requirements on technology selection and resource assessment.  “Lack of utility 
acceptance” is a phrase used to describe the historical biases and prejudices on the part of 
traditional electric power utilities. Utilities may be hesitant to develop, acquire, and 
maintain unfamiliar technologies, or give them proper attention in planning frameworks. 
Finally, prejudice may exist because of poor past performance that is out of step with 
current performance norms. 
 

Lack of technical or commercial skills and information   

Markets function best when everyone has low-cost access to good information and the 
requisite skills. But in many developing countries, skilled personnel who can install, 
operate, and maintain renewable energy technologies may not exist in large numbers. 
Project developers often lack sufficient technical, financial, and business development 
skills. Managers, engineers, architects, lenders, and government officials often lack 
information about renewable energy technology characteristics, economic and financial 
costs and benefits, geographical resources, operating experience, maintenance 
requirements, sources of finance, and installation services. The lack of skills and 
information may increase perceived uncertainties and block decisions. 
 

High transaction costs    
Renewable energy projects are typically smaller than conventional energy projects.  In 
addition, renewable energy projects may require information not readily available, or 
may require additional time or attention to financing or permitting because of 
unfamiliarity with the technologies or uncertainties over performance. For these reasons, 
the “transaction costs” of developing renewable energy projects—including resource 
assessment, siting, permitting, planning, developing project proposals, assembling 
financing packages, and negotiating power-purchase contracts with utilities—may be 
much larger on a per-kilowatt (kW) capacity basis than for conventional power plants. 
Higher transaction costs are not necessarily an economic distortion in the same way as 
some other barriers, but simply make renewables more expensive.  However, in practice 
some transaction costs may be unnecessarily high, for example, overly burdensome 
utility interconnection requirements and high utility fees for engineering reviews and 
inspection. 
 
Overcoming Barriers to Grid Connected RE Systems 
A systematic approach towards overcoming the barriers to grid-connected renewable 
energy systems can be achieved through a variety of economic, regulatory and financial 
instruments.  Determining the economic value of renewable energy through economic 
instruments, allows for a comprehensive assessment of the associated costs and benefits 
of RE systems. Economic valuation can significantly improve the cost profile of 
renewable energy projects, however, many renewable energy technologies continue to be 
costlier than most conventional generation and significant market barriers remain. Thus 
renewable energy projects often require policy support in the form of both enabling legal 
and regulatory environments and promotional policies, to accelerate market deployment 
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of renewable energy systems and equipment.  The IEA36 concludes that renewable energy 
markets have always benefited more from a mix of supportive policies rather than 
singular regulations, with the longevity and predictability of policy support playing a key 
role for the success of these policies. Local and provincial authority and involvement are 
also important as policy mechanisms evolve through the experiences gained by different 
countries. With favorable regulatory frameworks in place, financing tools and 
institutional tools are necessary to ensure long-term sustainability of established RE 
projects.  

 

Economic Instruments 
There are several economic methods that can address the cost and pricing barriers to RE 
systems.  
 
 
 
 
 
 
 
 
 
 

Improving Energy Subsidy Policies 
Direct and indirect subsidies for energy often reduce opportunities for renewable energy 
development.  A discussion about improving energy subsidy policies is beyond the scope 
of this guide. Key literature37 highlights the economic, social, and environmental costs 
that are associated with energy subsidies and additionally outlines steps that are necessary 
to consider while carrying out reform. Briefly, according to the International Energy 
Agency (IEA) some energy subsidies lead to loss of economic efficiency, inevitably harm 
the environment through the promotion of additional energy consumption and additional 
use of fossil fuels and have often benefited large companies, energy suppliers and urban 
                                                 
36 Renewable Energy Market and Policy Trends in IEA countries, 2004, IEA- updated report coming in 
2008. The IEA maintains a database of details of all current renewable energy policies in force in the IEA 
member countries: 
IEA Global Renewable Energy Policy and Measures Database http://renewables.iea.org  
 
37 Reforming Energy Subsidies (2002), International Energy Agency (IEA) and United Nations 
Environment Program (UNEP). http://www.uneptie.org/energy/publications/pdfs/En-SubsidiesReform.pdf  

Douglas F. Barnes, Jonathan Halpern (2000). "The role of energy subsidies" Energy and Development 
Report: 60-66. World Bank. http://www.worldbank.org/html/fpd/esmap/energy_report2000/ch7.pdf  

Douglas F. Barnes, Jonathan Halpern (2000). Subsidies and Sustainable Rural Energy Services: Can we 
Create Incentives Without Distorting Markets?, ESMAP Technical Ppaer, World Bank. 
http://imagebank.worldbank.org/servlet/WDSContentServer/IW3P/IB/2001/04/27/000094946_0104181110
2641/Rendered/PDF/multi0page.pdf  

Economic methods discussed in this section include: 
• Improving energy subsidies 

• Economic valuation of RE systems 

• Mean variance portfolio analysis. 
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areas without reaching poor communities at all, exacerbating their lack of energy access. 
The IEA outlines effective energy subsidy policies as being: 

• well-targeted- subsidies should go only to those who are meant and deserve to 
receive them; 

• efficient- subsidies should not undermine incentives for suppliers or consumers to 
provide or use a service efficiently; 

• soundly based- subsidy programs should be justified by a thorough analysis of 
the associated costs and benefits; 

• practical- the overall amount of the subsidy should be affordable and the 
administration of the subsidy program should be at a reasonable cost; 

• transparent- information on the amount of government money spent on the 
subsidy and on subsidy recipients should be disclosed; and 

• limited in time- sunset clauses should be included in the design of subsidy 
programs to avoid consumers and producers becoming overly dependent on this 
support and costs spiraling out of control. 

 
Economic valuation of renewable energy  

One of the key barriers to renewable energy implementation is the perception that the 
cost is too high.  Most grid-connected renewable energy technologies have higher 
investment costs, but lower fuel and operating costs and lower environmental impacts 
than conventional fossil-fueled technologies.  Determining the economic value of 
renewable energy allows for a concrete assessment of the economically viable optimum 
quantity of renewable energy by accounting for its environmental, energy security and 
price stability benefits. For most developing countries, studies to estimate the 
environmental and health costs of power plant emissions could help support the 
development and implementation of policy measures to reduce these costs through 
incentives for renewable energy.  Such economic analyses have been performed for 
various renewable energy projects, for example, in China38, Croatia, Mexico and South 
Africa.  For a full description of economic analysis with an emphasis on costing 
environmental externalities see Chapter1. 
The economic risks of fossil fuel price volatility and supply disruptions are inherently 
difficult to model and recent studies have shown they are regularly under predicted by 
electric utility planners.  One solution to this problem is to use hedged or guaranteed fuel 
prices in the economic analysis rather than uncertain fuel price forecasts39.  Another 

                                                 
38 Economic and Financial Analysis of the China Renewable Energy Scaleup Programme (CRESP), 
Volume I: The economically optimal quantity of grid-connected renewable energy, Peter Meier, February 
2003. 
http://wbln0037.worldbank.org/85256D8A004D64BF/WB_ViewAttachments?ReadForm&ID=00665A0B
D75E11A3852570D600011402&  
39 Bolinger, M., R. Wiser and W. Golov, Accounting for Fuel Price Risk When Comparing Renewable to 
Gas-Fired Generation: The Role of Forward Natural Gas Prices, Lawrence Berkeley National Laboratory, 
http://eetd.lbl.gov/ea/emp/reports/54751.pdf  
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approach is to use historical data to estimate fuel price risk and to use a portfolio 
approach to electricity planning.40 41  
 

Mean variance portfolio analysis  
This is an approach to electricity planning that includes both the costs and the economic 
risks of all technologies in an electricity generation portfolio and computes both the 
expected cost of electricity and the standard deviation (or risk) of that expected cost for 
the entire portfolio.   In 2004, a portfolio approach to electricity planning was used to 
support the development of a WB/GEF a grid-connected (wind and geothermal) project 
in Mexico42.  In its calculation of the risk-adjusted cost of generation, the methodology 
accounts for the construction period, operating cost and fuel price risks.   The 
methodology allows a balanced assessment of low capital cost and high fuel cost 
technologies with renewable technologies with high capital costs and low (or zero) fuel 
costs.  The results can be quite striking.  For example, in the Mexico project, the likely 
system generation cost declines by 25% with the addition of wind technology even 
though the wind technology has a higher cost of energy compared to gas-fired power 
generation.  

 
 

Creating an Enabling Legal and Regulatory Environment 
Economic valuation can significantly improve the economic cost profile of renewable 
energy projects. However, many renewable energy technologies continue to be 
financially costlier for the investors in renewable power plant than conventional 
generation. This is partly due to the fact that private investors may not be able to reap the 
benefits from reduced exposure to fuel price risk (e.g. if conventional generators can let 
the final electricity consumer bear this risk), hence significant market barriers remain. 
Thus renewable energy projects often require policy support in the form of both 
conducive legal environments and improved regulation, particularly for the participation 
of independent power producers. 
  

                                                 
40 The many publications of the late Shimon Awerbuch, which may be found on the web provide excellent 
examples of this type of analysis. The World Bank ESMAP unit is currently (2008) developing a more 
generalized methodology for this type of analysis.  
41 However, it is important to note that the recent run up in fuel prices has no historical precedence 
42 Awerbuch, S., 2004, Portfolio-Based Electricity Generation Planning: Implications for Renewables and 
Energy Security. http://www.uneptie.org/energy/publications/SEFI/xPortfolio-Based-
Electricity%20Planning-UNEP-FCO-MAy-19-04.pdf  
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Electricity Market Deregulation43 

Electricity market deregulation is driven by the belief that subjecting the sector to 
competition and other market forces will eliminate waste and inefficiencies in the 
traditional regulated monopoly model and generate cost savings for consumers.  The way 
that electric market reform is accomplished can either create significant opportunities or 
barriers to the implementation of renewable energy technologies.  It is important to note 
that before electricity market deregulation can be implemented, certain prerequisite levels 
of technical and institutional capacity are necessary, the size of the grid needs to be 
evaluated and a social safety net for the poor needs to be in place. 
The electricity market can be reformed in many different ways, but two of the main 
approaches are unbundling and retail competition.   Only a general description is 
provided here to support the discussion of its impacts on the implementation of grid-
connected renewable energy systems.44 
Unbundling restructures the traditional, vertically-integrated utility into its generation, 
transmission and distribution components.  This opens the way for “wholesale 
competition” or competition between the utility generating company and independent 
power producers for the sale of electricity to utility distribution companies and large 
industrial customers.  The utility transmission company provides service to all customers. 
Retail competition allows new electricity providers to compete for any customer along 
side the utility distribution company.  The distribution company still has a monopoly on 
owning the wires to the customer, and charges its competitors a service fee, which is 
usually regulated to ensure fairness.   

 Regulated Utilities 
The traditional model for generation, transmission and distribution of electricity has been 
the regulated utility, either as a publicly or privately owned company.   In many 
countries, restructuring and deregulation of the electricity sector has unbundled (or is in 
the process of unbundling) the traditional utility into its generation, transmission and 
distribution components.  One objective is to achieve cost savings through competition in 

                                                 
43 World Bank knowledge documents on  Liberalizing Electricity Markets can be found on the World Bank 
website for Knowledge Resources for Financial and Private Sector Development. 
http://rru.worldbank.org/PapersLinks/Regulating-Electricity-Markets/  
44 Reforming Power Markets in Developing Countries: What Have We Learned? John E. Besant-Jones, 
Energy and Mining Sector Board Discussion Paper, No. 19. World Bank, September 2006. 
http://siteresources.worldbank.org/INTENERGY/Resources/Energy19.pdf  

Supportive Policy topics discussed in this section include: 
• Electricity Market Deregulation 

• Standardized Power Purchase Agreements  

• Tariff Setting Procedures 

• Interconnection Regulation 
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electricity generation.  Typically, transmission is turned over to operation by an 
independent system operator, and the distribution component can either remain a 
regulated monopoly or be opened to competition.    
The traditional regulated utility develops new power generating stations on the basis of 
integrated resource plans and with the approval of its regulating body, which determines 
the portion of the project investment cost that is included in the utility rate base.    
In many countries, the rates charged by regulated utilities are determined by a public 
regulatory authority to ensure an “appropriate” rate of return.  The basic method for 
setting rates, called rate-base regulation, uses many factors, including capital 
investment, operating costs and system reliability, in calculating the allowable rates, but 
utility capital investment is by far the most significant determining factor.  Fuel costs are 
typically passed through to the customer.   
Rate-base regulation incentivizes utility managers to be conservative in their technology 
choices and to prefer low capital costs power plants even if future fuel prices are likely to 
be very volatile.  Therefore, regulated utilities have not typically been strong adopters of 
renewable energy, with the exception of hydropower and in a few cases geothermal.   
Because the traditional utilities have not adopted renewable energy, a variety of policy 
instruments have been used to stimulate utility acceptance of renewable energy.  The 
most effective mechanisms used to date have been feed-in tariffs and renewable portfolio 
standards, which generally result in the regulated utility purchasing the output from 
renewable energy projects developed by others.45 
In many developing countries, national or regional utilities are operated by the 
government, and the rates are set politically, which typically leads to chronic financial 
losses for the utility.  Such public utilities have difficulty raising capital for conventional 
investments, and are typically unwilling to even consider renewable energy technologies, 
except hydropower. 
 

Barriers to Renewable Energy in Deregulated Markets 
While electricity market deregulation often opens the door for IPPs, there are also 
pitfalls, such as more “bottom-line” competition which ignores environmental and social 
benefits and a shift away from long-term power purchase agreements to more of a “spot 
market” for electricity.  Both of these factors disadvantage renewable energy 
technologies. 
The new competitive market place does not factor in the environmental, energy security, 
price-stability and job-creation benefits that renewable energy systems provide, and so 
they are further disadvantaged by these reforms unless new rules and incentives are 
developed as part of the reform process to take account of these societal benefits.  
Furthermore, while most deregulated markets require suppliers to acquire a portion of 
their projected load under long-term contract, a few have shifted over time from long-
term power purchase agreements to more of a “spot market” for electricity.   Because 
grid-connected renewable energy power projects are capital intensive investments and 

                                                 
45 As an example, prior to restructuring and deregulation in the United States, there were several 
progressive utilities in the U.S that made significant contributions to the development of renewable energy 
technologies, but that ended when the utility was unbundled into separate generation, transmission and 
distribution components.  The generating companies now had to compete with generating companies from 
nearby service areas, and from new generating companies entering their traditional service territory. 
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require long-term power purchase agreements to obtain financing, reform provisions are 
needed that require a significant portion of long-term power contracts.  
 

Lack of investment in new RE technologies 
Some IPPs created under electric sector reform will be interested in developing 
renewable energy projects.46  However, most independent power producers do not have 
either the interest or the resources to support such research and development of new 
technologies.  For most renewable energy technologies, this work must be conducted by 
the equipment manufacturers or technology-dedicated developers.  Technologies such 
and wind and photovoltaics (PV) that have a significant manufacturing component and 
are backed by large corporate entities can support such work.  However, emerging 
technologies, or those that are more engineered systems rather than manufactured 
technologies, have a more difficult time finding support. 

Incorporating renewable energy into electricity market deregulation 
The need to support the development and market implementation of renewable energy 
systems (and energy efficiency) as part of electricity market deregulation has been 
recognized in some jurisdictions promoting power sector reform. Mandated market 
policies like feed-in laws, net metering, renewable portfolio standards (in the US) or 
green certificate systems (in the European Union) as well as various tax incentives have 
often been used to accelerate market implementation of RE systems. However, several 
examples exist of electricity market deregulation being biased against renewable energy 
investments (Box. 2.2.) 
 
Box. 2.1.  Electricity Market Deregulation in Nicaragua 
Nicaragua47 is an example of how electricity market deregulation (power sector reform) 
can be biased against investment in renewable energy.  The country has over 3000 MW 
of economically viable renewable energy resource potential - five times higher than 
national power capacity in 2004. Many of these renewable energy resources (geothermal, 
hydropower and wind) can supply power at a lower risk-adjusted cost per kWh than 
conventional power plants, provide price stability, save foreign exchange, increase GDP, 
and reduce the country exposure to the risk of potentially increasing fuel prices. 
                                                 
46 In the United States, one outcome of unbundling the traditional utility into its generation, transmission 
and distribution components has been the loss of the “social compact” where by the regulated monopoly 
utility carried out research, development and demonstration of new technologies, many of which were 
renewable energy technologies, on behalf of (and at the expense of) all its consumers.  The unbundled 
generating company no longer has this social responsibility and has no incentive to support such work in 
the new competitive environment.  
In the European Union, however, the concept of public service obligation, PSO, has been introduced at the 
same time as unbundling to avoid this tendency. This obliges e.g. suppliers of electricity and 
telecommunications to provide universal service to all geographical areas, to continue support to research 
in renewables and new electricity technologies, to give free advice on energy savings to electricity 
costumers. Normally such public service obligations are financed through a levy per kWh on electricity 
collected by the transmissions systems operator (TSO). 
 
47 Policies/Strategies for the Promotion of Renewable Energy Resources in Nicaragua, CNE/ESMAP, 
November 2004. 
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However, in spite these facts, the share of renewable energy supply in national power 
production has fallen during the last twenty years, and power sector reforms have been 
incapable of promoting the development of new renewable energy projects. 
The post-reform situation in Nicaragua mirrors the experience of many countries that 
have implemented power sector deregulation.  Investor risk in power generation systems 
is largely a function of the capital cost, and fuel risks are largely passed on to the 
consumers.  Therefore, investor risk minimization strategies favor low capital cost 
technologies over capital intensive renewable energy systems.   Furthermore, in the 
absence (until recently) of mechanisms to quantify the value of future fuel price certainty 
(the risk to the economy of future fuel price volatility), a free power market is inherently 
biased against capital intensive investment in generation. In all liberalized Central 
American markets (the five countries other than Costa Rica), capital intensive renewable 
energy has lost investment market share to conventional power generation to the 
detriment of their economy. A strategy to promote renewable energy in the reformed 
electric market of Nicaragua includes: 
Reducing long-term power purchase risks, in this case caused by a financially weak 
monopsony purchaser; 
Improving power purchase prices using financial portfolio theory (the risks of fuel price 
uncertainty);  
Implementing market facilitation activities, such as streamlining approval processes and 
procedures and providing upfront incentives; 
Strengthening local financial markets to enter the power sector; and 
Integrating renewable energy investments in rural electrification projects. 

 

Independent Power Producers 
The traditional integrated utility monopoly often may not invest in renewable energy 
technologies that are not yet economical  Therefore, a positive impact of electricity 
market deregulation is the creation of independent power producers (IPPs), which 
increases opportunities for the development of renewable energy projects and expands 
the use of renewable technologies that are economically viable..   
Generally, the legal framework allowing independent power suppliers using renewable 
resources the right to access to the electricity grid is contained in the legislation 
authorizing specific policies, such as price or quantity mandates, as described in the 
following sections. The legal and regulatory right to generate and sell electricity is a 
necessary but not sufficient step in the promotion of renewable energy.  Many technical, 
financial and business risk barriers will still remain to be confronted by hopeful project 
developers. (See the section on Financial and Institutional tools) 
 
The emergence of IPPs as the primary developers of new electricity generation, is one 
outcome of utility restructuring (unbundling the traditional utility into its generation, 
transmission and distribution components). In situations where national utilities cannot 
extend renewable energy projects, there is strong motivation to use IPPs, especially those 
that can economically operate renewable energy power plants. 
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The experience in many industrialized countries shows that deregulating the generation 
of electricity is an effective approach to expanding service.  Expanding the number of 
suppliers through IPPs has been a central policy measure in the US, Europe, New 
Zealand, Mauritius among others.  If local companies are given permission to generate 
and sell electricity they will try to do so, and the attention and resources marshaled to 
solve the problem will expand. A legal framework for IPPs allows companies to attract 
investment and expand implementation of renewable energy systems.   
IPPs can play a significant role in expanding electric services to both urban and rural 
populations.  In general, IPP developers and investors will primarily base their decision 
on return on equity.  High project development costs require IPPs to have a reasonably 
favorable market environment, and the availability of a long-term Power Purchase 
Agreement (PPAs) is a necessity.   Reasonably credible assessments of the renewable 
energy resource are also needed before most developers will commit development funds. 
The most essential item that a project developer must obtain in order to secure financing 
is a long-term power purchase agreement with a creditworthy purchaser. For small RE 
projects using standardized power purchase agreements is essential for reducing the 
transaction cost for both the IPP developer and the utility purchaser and creating a more 
level playing field between the two parties, which would otherwise be dominated by the 
utility, especially in monopoly situations.  For larger projects, however, it is generally 
more economic to use call for tenders.  
Access to financing is crucial for IPP development.  In countries with strong financial 
institutions, the correct policies and good PPAs will be sufficient to allow most 
developers to obtain financing.  However, in countries where the financial institutions are 
weak and/or unfamiliar with renewable energy projects, specific supports, such as 
capacity building or risk guarantees, may be needed to promote project financing. See 
section on financing mechanisms. 
As the projects are often considered to be small, the IPP developers are sometimes 
referred to as Small Power Producers (SPPs).   
 

Small Power Producers Programs 
Small Power Producers (SPP) programs have been implemented in several developing 
countries to streamline the development process for small renewable energy power 
projects.  The programs will often include the development and implementation of 
standardized power purchase agreements, tariff setting procedures, interconnection 
regulations, and technical standards. 
Five innovative nations in Asia have been among the first in developing SPP programs to 
promote renewable energy development in-country. These programs have been very 
successful in promoting a substantial number of renewable energy projects.  Just a few 
years following their implementation, 4 percent of power supply in India and Thailand 
came from SPP renewable energy projects.48 
The SPP programs in these five Asian nations had key similarities, such as:   

• All were motivated by the need for long-term increases in power generation 
capacity,  

                                                 
48 Small Power Purchase Agreement Application for Renewable Energy Development: Lessons from Five 
Asian Countries. Steven Ferrey. Asia Alternative Energy Program. World Bank, February 2004.. 
http://siteresources.worldbank.org/INTEAPREGTOPENERGY/Resources/Power-Purchase.pdf  
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• Each country has significant renewable energy resource potential, 

• Each country had IPP developers seeking to develop renewable energy projects, 

• Each program employed either deliberately or de facto a standardized PPA, and 

• Each employed an avoided cost concept (albeit a different approach) to establish 
the SPP tariff structure. 

 
Several important lessons for SPP program design and policy were revealed by analyzing 
these programs: 
• A policy-driven framework for structured SPP project development is necessary. A 

system of law, regulation, and utility interface must exist to facilitate orderly SPP 
development. 

• A transparent process is required to build confidence among developers, investors and 
lenders. 

• An SPP program can be initiated and sustained either by an open offer to execute 
PPAs, or by an ordered and time-limited solicitation process. 

• An open offer allows a constant rolling development of SPPs, much like the original 
PURPA design in the United States. 

• An ordered solicitation can inject competitive bidding which, if correctly 
administered, results in bid price reduction and competition for the best projects and 
sites. 

• The single state buyer of power in most of the electric sectors can more robustly and 
efficiently promote renewable SPPs, either by (a) a program for purchase of all SPP 
power at its full value (avoided cost) to the wholesale system, or (b) the introduction 
of some combination of third-party retail sales, net metering–energy banking, or 
third-party wheeling. 

• Utilities must interconnect with SPPs according to open and transparent procedures. 

• In systems experiencing current and projected shortages of power, payment of long-
term full avoided cost (capacity and energy) for renewable energy and small power 
development can accelerate their deployment. 

• For SPPs, the cost of metering and monitoring to split out capacity and energy 
payment is too high. The approach taken is to embed the capacity payment in a per-
kWh charge to give an incentive to the developer to maximize generation.  

Cooperatives 

Cooperatives in developing countries are not typically developers of grid-connected 
renewable energy power stations.  They are usually more active in the development of 
community-based mini-grid systems.  However, one exception is where the cooperative 
already exists for another purpose and has control of a renewable energy resource that 
can be developed as a by-product of the cooperative’s main business purpose.  The 
clearest example is the case of sugar cooperatives in India (Box. 2.1), which exist to 
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assure sugar cane farmers of a stable, long-term market for their cane and to allow the 
farmers to capture some of the value added from sugar production.    
 
Box. 2.2. Sugar Cooperatives in India 

In India between the years 1995 to 2000, sugar mill installed cogeneration capacity for 
export to the grid grew from zero to 260 MW with another 450 MW under construction.   
An important fraction of this important increase in the generation of grid-connected 
renewable electricity was developed by cooperative sugar mills.  However, the majority 
of the sugar mills that implemented projects were privately held.  The cooperative mills 
that implemented projects were the larger and better organized of this sector of the sugar 
industry.  In general, the private mills were better able to manage the technical and 
financial issues associated with these projects. 

This development was the result of promotional policies by the government of India 
(including a feed-in law and market supports such as banking and wheeling) which 
stimulated the growth of this energy sector.  Other very important enablers of this market 
growth were the creation of standard power purchase terms for sugar mills selling 
electricity to the state-run electric utilities, the availability of financing for the projects 
from the Indian Renewable Energy Development Agency IREDA, and the support of 
technological improvements (funded in part by USAID) to address concerns within the 
industry sector.  The technical supports and financial mechanisms were most critical for 
the cooperative sector. 

 

Standard Power Purchase Agreements49 
Standardized Power Purchase Agreements (PPAs) are contracts that define the legal 
terms and condition for the sale of power, the roles and responsibilities of the parties to 
the PPA, interconnection and transmission provisions, tariff and rules for price 
adjustments, operating requirements and restrictions, and dispute resolution. 
The standardized PPAs can be used in concert with other promotional policies such as 
feed-in tariffs, RPS, green certificates and tax incentives to promote IPPs development of 
renewable energy power plants.   They can also be strengthened by allowing third-party 
sales and/or wheeling and banking. 
Between 1993 and 2003, five nations in Asia implemented small power producer (SPP) 
programs to promote renewable energy development in their countries. Each of these 
programs has used a standardized PPA—some have deliberately created it, whereas 
others have used a utility PPA that has been implemented unilaterally as a standardized 
contract format. The PPAs are analyzed as to: 

• Basic structure 

• Elements of power sale and metering 
                                                 
49 For more details, see: Small Power Purchase Agreement Application for Renewable Energy 
Development: Lessons from Five Asian Countries. Steven Ferrey. Asia Alternative Energy Program. World 
Bank, February 2004.. http://siteresources.worldbank.org/INTEAPREGTOPENERGY/Resources/Power-
Purchase.pdf 
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• Allocation of various risk parameters among the parties to the PPA 

• Interconnection and transmission provisions 

• Tariff and price design for the power sale transaction 

• Parameters of SPP operation and breadth of obligation 

• Dispute resolution 

In each of the countries with a designed rather than de facto standardized PPA, 
consultants recommended a design and legal draft for the PPA. In each instance, they 
recommended a structure that relied on prior successful experience in the United States 
and other Asian countries.  
The table below displays salient comparative elements of program design and 
implementation in five of the programs surveyed.  

Table 2.2. Comparative Program Overview 

Country 
Program 

Year 
begun 

Maximum 
size (MW) 

Premium for 
renewable 

energy 
Primary fuel Eligible PPA 

solicitation 

Thailand 1992 <60 or <90 Yes competitive 
bid Gas Controlled period 

Indonesia 1993 
<30 Java 
<15 other 

island grids 
No 

Renewable 
Energy 

Controlled period 

Sri Lanka 1998 <10 No Hydro Open offer 

India: Andhra 
Pradesh 1995 

<20 
Prior <50 

Yes, in tariff Wind Open offer 

India: Tamil 
Nadu 1995 < 50 No Wind Open offer 

 
Note that two of the five programs subsidize renewable energy SPPs. Thailand does so by 
providing a project-specific subsidy through a competitive bidding process. Andhra 
Pradesh does so by providing a tariff in excess of true avoided cost for renewable energy 
SPPs.  
Three of the programs use an open offer approach in which there is an outstanding PPA 
offer for SPPs to accept.    The other two countries more carefully rationed the PPA 
opportunities by utilizing a controlled solicitation of bids from prospective SPPs to award 
PPAs.   In this situation, the SPP makes an offer or bid to the utility, which the utility 
may or may not accept. 
The table below displays comparative elements of PPA design and contractual 
entitlement in the programs surveyed.   Note the differing and evolving policies in 
different programs on direct SPP retail third-party sales, self-wheeling and net metering 
or energy banking.  Net metering or energy banking provides an incentive for SPPs by 
allowing them to “exchange” power they produce and sell to the utility during one billing 
period with power that they or their affiliates buy from the utility during another period.   
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Table 2.3. Comparative PPA Elements 

Country program Standard PPA? Maximum 
years 

Third-party 
sales 

Self-service 
wheeling 

Net meter–
banking 

Thailand Yes 
20–25 firm 
5 nonfirm 

No, under 
consideration 

No, under 
consideration Yes, if <1 MW 

Indonesia Yes 
20 firm 

5 nonfirm 
No Yes No 

Sri Lanka Yes 15 No No No 

India: Andhra 
Pradesh 

Not formally, but 
a de facto 

standardized 
form 

20 No, previously 
allowed 

Yes, but very 
expensive Yes 

India: Tamil Nadu In development 5–15 No, previously 
allowed Yes Yes 

 

None of these five Asian programs currently allows direct third-party retail sales of 
power by the SPP.    

Tariff Setting Procedures 
Tariff Setting Procedures are needed to provide long-term predictability for project 
finance or equity investment in renewable energy systems. Procedures for establishing, 
maintaining and changing tariffs need to be transparent, consistent and fair if small power 
producers, especially producers of renewable energy systems, are to flourish.   Various 
approaches to developing and adjusting tariffs are illustrated for the five Asian SPP 
programs. 
There are some interesting common elements on tariff design. Indexation to foreign 
exchange rates was contemplated in most instances, but ultimately not implemented.  
(Thailand’s capacity payment is an exception).  In some Indian states, the tariff is indexed 
to inflation to keep value in international currency amid local inflation. 

Other countries unilaterally review and may adjust the tariff at a prescribed time. The 
purpose of this adjustment is to reflect changes in the energy component of the tariff, 
which changes both as marginal fuel costs change, as well as when foreign currency rates 
change and the marginal fuel is an imported commodity for the country. Although 
important, this periodic adjustment does not provide long-term predictability for project 
finance or equity investment.  

The table below displays salient comparative elements of the PPA tariffs in the SPP 
programs. 
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Table 2.4. Comparative Tariff Elements 

Country program Avoided cost basis Indexed to foreign 
currency 

Periodically 
adjusted Design elements 

Thailand 
Yes—energy and 

capacity payment for 
firm contracts only 

No Yes 
Utility purchases 
65% of off-peak 

power 

Indonesia Yes—both energy 
and capacity Yes 

Yes, for changes in 
avoided capacity 

cost 

Steep on-peak 
incentives; 

differentiated for 
each island grid 

Sri Lanka 

Yes—energy only; 
non-dispatchable 
units receive less 
than full avoided 

energy cost 

Not directly, but price 
linked to dollar-
denominated 

imported oil price 

Yes, and includes 
foreign fuel 
component 

Calculated annually, 
based on three-year 

moving average 
imported oil price 

Andhra Pradesh Yes, not to exceed 
90% of retail tariff No Yes Reset every three 

years 

Tamil Nadu Exceeds avoided 
cost No Yes Higher tariff for 

biomass than wind 

 

Note that the avoided cost concept and a standardized PPA are generally utilized. This is 
consistent with the still-in-place PURPA requirements in the United States. Avoided cost 
is generally deemed the equitable point where the utility system gets power at its 
opportunity cost of alternative power supply.  

Retail consumers also are indifferent between utility supply and SPP supply if the 
avoided cost is paid for this power on a wholesale basis. However, not every program 
pays the long-term avoided cost for long-term firm power commitments. Although some 
programs differentiate long- and short-term avoided costs depending on the firm or non-
firm structure of the PPA, some countries only pay short-term energy-only avoided cost 
regardless of the nature of the PPA obligation. 

Some programs have varied or capped the avoided cost concept. The Indian state 
programs cap the tariff at 90 percent of the industrial retail tariff; the Sri Lankan program 
caps the tariff paid to non-dispatchable providers. All programs periodically adjust the 
tariff. This is necessary, at the least, to reflect changes in marginal costs of fuel, a 
significant element of avoided energy cost. Some programs have indexed their tariffs to 
foreign exchange, such as the Thai program for avoided capacity; most adjust their tariffs 
periodically, based on different criteria. 

There is significant diversity in the tariff design. Indonesia steeply incentivizes on-peak 
hourly delivery of SPP power, correspondingly decreasing off-peak hourly prices for SPP 
power deliveries, so that the weighted average tariff equals avoided cost. This promotes 
market solutions and deemphasizes the necessity for contract remedies and default 
requirements. Sri Lanka employs a seasonally differentiated tariff to reflect peak system 
premium requirements. Tamil Nadu provides a higher tariff to base loaded biomass 
projects than it does to variable-generation wind projects. 
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Interconnection regulations 
Most renewable energy promotional policies require utilities to interconnect renewables 
to existing utility lines.  However, some utilities may insist on unreasonable 
interconnection standards, or they may charge high prices for transmission access.   Lack 
of reasonable interconnection standards can significantly increase the development costs 
for new renewable energy power plants.    Therefore, sound but appropriate 
interconnection standards are needed along with a transparent and reasonable method to 
determine access charges. 
Safety and power-quality risk from non-utility generation is a legitimate concern of 
utilities, but a utility may tend to set interconnection requirements that go beyond what is 
necessary or practical for small producers.  Interconnection regulations worked out in a 
cooperative manner by government, developers, utilities and experts can provide more 
reasonable but still technically sound requirements.    
In addition, because some renewable energy resources like windy sites and biomass fuels 
may be located far from population centers, construction of new transmission lines may 
be needed to fully develop those sites.  Interconnection rules can also help determine 
what portion of the investment in new transmission lines should be provided by the 
renewable energy producers and the utility. 

Among highlights, a landmark national open-access transmission rule was passed in the 
US during 2006/2007 that puts renewable energy on a more level playing field with 
conventional energy. The new regulation creates a new classification of transmission 
service, named “conditional firm” service that addresses the variability associated with 
renewable energy. Imbalance charges according to the new rule, reflect differences 
between scheduled and actual energy and must account for the limited ability of 
renewables to forecast or control supply.  
 
 
 

Promotional Policies: Accelerating renewable energy markets  
Once supportive policies are in place to create an enabling regulatory environment, 
promotional policies are used to accelerate market deployment of renewable energy 
systems and equipment by reducing market barriers, lowering technology costs and 
increasing investments.  
The effectiveness of any set of government policies depends on how well they are 
designed and whether or not they are enforced.  The use of a particular policy type does 
not guarantee success.  In addition, the policies need to be appropriate to the types of 
technologies, projects and applications they are trying to promote.  See the section on 
comparing market mechanisms 
Furthermore, each country has unique circumstances and must design and enact its own 
set of policies based on needs, competing interests and available resources.  
Requirements for successful policy are highlighted in the following section.  
The principal categories of renewable energy promotional policies relevant to grid 
connected systems are: 
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• Mandated Market Policies: Mandated market policies require that either a share 
of the electricity delivered to end consumers by distributors comes from 
renewable sources or impose an obligation on electricity distributors to buy 
renewable energy based electricity at a government determined price.  
Concomitant with that obligation is the right of the electricity distributors to 
recover the additional cost from consumers and for renewable electricity 
generators to be able to connect to the grid 

• Financial Incentive Policies:  Policies designed to provide financial and fiscal 
incentives to renewable energy producers through tax credits and carbon 
financing  

 

 
 

National RE Targets 
By 2007, 64 countries had national targets for renewable energy. The European 
Commission adopted a binding target of 20 percent of final energy use from renewable 
sources, which implies approximately 34 percent of total electricity. At least 60 countries 
of these – 37 developed and transition countries and 23 developing – have some type of 
promotional policy to encourage renewable power generation, the most common policy 

Promotional Policy topics discussed include: 
• National Targets 

• Mandated Market Policies 

o Electricity Feed-In law (eg. PURPA) 

o Net Metering 

o RPS, green certificates 

o Competitive Bidding 

• Financial Incentive policies 

o Buy down grants 

o Development grants 

o Loans and Loan guarantees 

o Investment Tax Credits 

o Production Tax Credits 

o Accelerated Depreciation 

o Property Tax Incentives and others 

• Market Facilitation Activities 
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being the feed-in law.  A summary of countries with renewable energy promotion 
policies in place in 2007 is given below (Table. 2.5)50 
 

Table 2.5. Renewable Energy Promotional 
Policies51

 

                                                 
50 Please see the REN21 website (www.ren21.net) for the most up to date information on renewable energy 
policy trends. Also, details on renewables policies in IEA countries may be found in IEA Global 
Renewable Energy Policy and Measures Database http://renewables.iea.org  
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Mandated Market Policies 

The experiences of countries such as Denmark, Germany, Japan, Spain and Brazil have 
demonstrated that policies which produce consistent and reliable markets lead to steady 
and significant reductions in the cost of renewable energy.52  Stable markets allow for the 
entry and maturation of small- and medium-scale enterprises, which have provided the 
bulk of the technological innovation that has driven down renewable energy costs. In 
addition to the “global learning curve” that exists for technologies such as wind turbines 
and PV cells, there is a “national learning curve” as individual countries develop 
domestic industries that are able to manufacture, install and maintain renewable energy 
systems using local equipment and labor. Those countries that do not yet have sizeable 
industries in place can expect dramatic price reductions in the first few years after 
effective new policies are introduced.  
Three categories of policies are discussed: 

• Price Setting, where renewable energy generators are paid fixed prices for the 
electricity they provide to the grid,  

                                                                                                                                                 
51 Source: REN21 Global Status Report http://ren21.net/pdf/RE2007_Global_Status_Report.pdf  
52 Proceedings of International Grid Connected Policy Forum -2004. 
http://www.gridre.org/presentationsproceedings.html  
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• Quantity Setting, where all electricity providers must obtain a specific market 
share quantity of renewable energy generation, and  

• Competitive Bidding or Concessions, where set quantities of renewable energy 
generation are purchased on the basis of open competitive solicitations. 

All these mandated market policies need to address who will pay for the incremental 
financial costs between renewable energy and conventional energy sources. In general, 
there are four principal approaches:  

1. The most common approach is to pass the incremental costs on to consumers and 
share them among the entire population or customer base by an additional per 
kilowatt-hour (kWh) charge;  

2. Incremental costs are covered by public funds such as system benefit charges in 
the US;   

3. Incremental costs are covered by a carbon tax on fossil fuel consumption, for 
example, in the UK; and  

4. Incremental costs are covered through a Green Fund from government budget and 
donor support, for example, in Mexico.             

Price Setting 
Price-setting policies reduce cost and pricing related barriers by establishing favorable 
price regimes for renewable energy relative to other sources of power generation.  With 
price-setting policies it is not possible to know in advance how much generation or 
capacity will result or, indeed, if the share of renewable energy generation will increase 
over the long-term. However, tariffs can be adjusted up or down to encourage more or 
less investment in renewable energy to achieve desired renewable energy targets.  
Under a price setting policy, electric utilities are obligated to allow renewable energy 
plants to connect to the electric grid, and they must purchase any electricity generated 
with renewable resources.   The two main price-setting policies seen to-date are the 
PURPA legislation in the United States and “electricity feed-in laws” in Europe.   Net 
metering, a limited form of feed-in tariff, permits consumers to install small renewable 
systems at their homes or businesses and then to sell their excess electricity into the grid. 
Grid operators/power distributors are required to purchase the power at retail market 
prices.    
Examples: 

Electricity Feed-In-Law 
Under an electricity feed-in-law, electric utilities are obligated to allow renewable energy 
plants to connect to the electric grid, and they must purchase any electricity generated 
with renewable resources at fixed, minimum prices. These prices are generally set higher 
than the regular market price, and payments are usually guaranteed over a specified 
period of time. Tariffs may have a direct relationship with cost or price, or may be chosen 
instead to spur investment in renewable energy.    
The early pricing laws adopted in Europe (Denmark and Germany) guaranteed producers 
a minimum share of the retail electricity rate—at least 85 percent in Denmark, and 90 
percent in Germany.   These laws were revised in the late 1990s, and today most pricing 
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laws provide a fixed payment for renewable electricity that varies by technology type, 
plant size, and occasionally by location (e.g., wind energy), and is generally based on the 
costs of generation. Payments guaranteed to new projects decline annually, and are 
adjusted every two years. The tariffs last for 20 years from date of project installation. 
German electric utilities now qualify for these payments as well.  
The costs of higher payments to renewable energy producers are covered by an additional 
per kilowatt-hour (kWh) charge on consumers.  In most countries, the charge is levied on 
all customers according to their level of use.  In the early pricing laws, only some utility 
customers were required to purchase green electricity, but these features caused inequities 
and were changed (e.g., Germany in 2000).  In a few cases, taxpayers share in the cost, 
such as in Denmark through a combination of feed-in rates and reimbursement of a 
carbon tax.  
Laws similar to Germany’s pricing law have been enacted in Spain, and several other 
European countries, including France, Austria, Portugal, and Greece, in addition to South 
Korea. Both Brazil and China have enacted legislation that combines pricing laws and 
mandated capacity targets.53  Countries that have instated feed-in policies towards the 
adoption of renewable energy technologies upto 2007, are summarized in Table. 2.4.  
To date, those countries that have experienced the most significant market growth and 
have created the strongest domestic industries have had price-setting laws.  For example, 
in Germany, wind power purchase prices were highly favorable, amounting to about DM 
0.17/kWh (US 10 cents/kWh), and applied over the entire life of the plant. As a result, 
total wind power installed went from near zero in the early 1990s to over 8500 MW by 
2001, making Germany the global leader in renewable energy investment.   Similarly, a 
combination of feed-in tariffs, production subsidies of DK 0.10/kWh, and a strong 
domestic market helped the Danish wind industry maintain a 50% market share of global 
wind turbine production for a number of years. 
At the same time, it is important to note that pricing laws have not succeeded in every 
country that has enacted them.   In order to succeed: 

1. Tariffs must be high enough to cover costs and encourage development of 
particular technologies;  

2. Tariffs must be guaranteed for a time period long enough to assure 
investors of a high enough rate of return.  

 
 
 
 
 
 
 
 
 
 
 

                                                 
53 National Policy Instruments: Policy Lessons for the Advancement and Diffusion of Renewable Energy 
Technologies Around the World. Renewable Energies, Bonn 2004. 
http://www.renewables2004.de/pdf/tbp/TBP03-policies.pdf  
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Table 2.6. Cumulative Number of Countries/States/Provinces Enacting Feed-in Policies54 

 
 
 
The success of pricing laws is also determined by factors such as charges for access to the 
electric grid, limits set on qualifying capacity, and the ease of permitting and siting (as 
influenced by the existence and specifics of national or regional standards).  
For developing countries, the critical concern regarding feed-in laws is that the price for 
renewables may be set too high and the cost to the country will be greater than it would 
have be under a more market-based incentive.   On the other hand, markets are apt to be 
particularly sensitive to the need for relatively uncomplicated access to the electric grid 
and low transaction costs. Pricing laws allow for ease of entry into the marketplace and 
tend to favor smaller companies and incremental investment, making them particularly 
suited to developing countries, where power markets are often small and dispersed. As in 
the industrial world, it is critical to focus on models of development that are viable, 
sustainable, and replicable, and that emphasize local participation and ownership. 

Box. 2.3. PURPA – The U.S. Public Utilities Regulatory Act of 1978 
 
PURPA (The U.S. Public Utilities Regulatory Act of 1978) required utilities to 
interconnect with and buy energy from “qualifying facilities,” including renewable 
energy plants, at incremental or avoided costs of production. In California, the 
implementation of PURPA involved the use of standardized long-term contracts with 

                                                 
54 Source: REN21 Global Status Report http://ren21.net/pdf/RE2007_Global_Status_Report.pdf  Please 
visit Ren21.net for the most up-to date information. 
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fixed (and, in some cases, increasing) payments for all or part of the contract term. The 
costs of the contracts were covered through higher electric rates for consumers.  The time 
length of the contracts (15 to 30 years for wind projects), combined with fixed energy 
prices for much of that time, assured producers of a market for their product and finally 
gave them something they could take to the bank to obtain financing.  PURPA was 
fundamental to the birth of the renewable energy business in the US, and during the 
1980s California became the world’s leader in renewable energy use. However, by the 
1990s energy prices had not risen as originally expected and a large number of natural-
gas fired independent power plants came on-line in California.   Power surpluses 
emerged, wholesale power prices declined, and declining standard offer rates led to 
reduced competitiveness of renewable energy and a significant slowdown in construction 
of new capacity. 
 

Net Metering  
A limited form of feed-in tariff, “net metering,” permits consumers to install small 
renewable systems at their homes or businesses and then to sell their excess electricity 
into the grid. This excess electricity must be purchased at retail market prices by the 
utility. In some cases, producers are paid for every kilowatt hour (kWh) they feed into the 
grid; in other cases they receive credit only to the point where their production equals 
their consumption. This policy option has been adopted in Japan, Thailand, Canada, and 
at least 38 U.S. states, including Texas and California, among others (Table. 2.3). It is of 
benefit to electricity providers as well as system owners, particularly in the case of PV, 
because excess power generated during peaking times can improve system load factors 
and offset the need for new peak load generating plants.  
Net metering differs from the access and pricing laws in Europe primarily in scale and 
implementation. Success in attracting new renewable energy investments and capacity 
depends on: 

1. limits set on participation (capacity caps, number of customers, or share of peak 
demand);  

2. the price paid, if any, for net excess generation;  
3. the existence of grid connection standards; and  
4. enforcement mechanisms.  
 

Without other financial incentives, net metering is not enough advance market 
penetration. Neither California nor Texas saw much benefit from net metering for wind 
power, let alone for more costly renewables like solar PV, until other incentives were 
added to the mix. However, net metering might have a greater impact if private 
generators were to receive time-of-use rates for the electricity they put into the grid—
particularly in the case of solar PV, which generate electricity at peak demand times 
when the value of their power is highest.   Net metering can be (and often is) used 
simultaneously with quantity mandates. 
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Quantity Setting Policies 
Quantity setting or market share policies mandate that a certain percentage or absolute 
quantity of generation to be supplied from renewable energy, at unspecified prices.   The 
government sets a target and lets the market determine the price. 
Typically, governments mandate that a minimum share of generating capacity or 
electricity generation come from renewable sources. The share required often increases 
gradually over time, with a specific final target and end-date. The mandate can be placed 
on producers, distributors or consumers, but is generally placed on the distributors if they 
are distinct from generators.  
  

   Renewable Portfolio Standards, Green Certificates 
The Renewable Portfolio Standard (RPS) is a quantity mandate policy. The RPS is a 
policy measure that legally established a target for the minimum amount of capacity or 
generation that must come from renewable energy sources according to a specific 
schedule leading to a target amount at some future date.   The types of renewable 
resources or technologies that can be used to meet the target are specified and defined as 
qualifying resources.  In addition, fees are usually established for non-compliance. 
At the end of 200755, twenty six U.S. states, covering more than 45 percent of the U.S. 
electricity demand, mandated quotas through RPS laws. Market share policies are now in 
use in several other countries as well, including Italy, Belgium, Australia, Japan, Sweden, 
the United Kingdom, several Canadian provinces, India and China.  Standards adopted in 
these nations mandate a share of 5 to 20 percent of total energy supply for renewable 
energy by 2010 to 2012 (some countries with targets till 2020) 
With an RPS, as with the price-setting policies, the additional costs of higher payments to 
renewable energy producers are paid through a special tax on electricity or by a higher 
tariff charged to all electricity consumers.   Because RPS laws establish specific targets 
for renewable energy, there is certainty regarding the future share of the market, and this 
provides producers and manufacturers with a predictable, steadily-growing market.     
Solar, wind and geothermal technologies are generally included as qualifying resources, 
but some forms of biomass (municipal waste) or hydropower above a specific size may 
be excluded.  Some RPS legislation even includes energy efficiency.   All these accepted 
technologies compete equally for supply contracts, and developers negotiate for the price 
and contract terms they will accept.  In most cases, specific targets are established by 
technology type so that, for example, solar PV does not have to compete against wind.  
At the end of each target period, electricity suppliers must demonstrate that they have met 
their target market share through the ownership or purchase of qualifying renewable 
energy sources.  In most cases, they can also purchase renewable energy credits (green 
certificates) on the open market to meet a portion of their requirement.   Fees for non-
compliance are usually set at levels that will encourage the electricity suppliers to meet 
the targets.    

                                                 
55 See IEA Global Renewable Energy Policy and Measures Database http://renewables.iea.org  
 for most recent RPS laws 
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Competitive Bidding for RE Concessions 
A variety of renewable energy policies have been implemented on the basis of open 
competitive solicitations.  Typically, these competitive bidding policies specify a target 
amount of generating capacity or share of electricity generation to be achieved.  Several 
rounds of bidding are usually scheduled, and the solicitations may group technologies 
with similar cost and performance characteristics to achieve a broader final mix of 
technologies.  Project developers submit bids for contracts, and if they are successful can 
begin to develop their project.  In some countries, competitive bidding has been used to 
implement concession programs. 
Concessions are a tool that has long been used by governments to control development of 
natural resources, such as oil & gas fields, forests, metals and other minerals.   The 
concept for promotion of grid-connected renewable energy development is similar and 
most often used for wind resources.  In a few notable cases, governments have used 
concession approaches to promote the development of grid-connected renewable energy 
systems. 
European government bodies have been giving out wind farm concessions since the late 
1990s.  The concessions have been either allocated through a competitive bidding process 
or through the evaluation of applications according to specific criteria and conditions.   
For example, the Norwegian Water Resources and Energy Directorate (NVE) announced 
in 1997 the first concession for wind farm.  By October 2004, NVE has given 
concessions to 1025 MW of wind power, out of which 270 MW have been installed.  Up 
until that time, more than 40 applications had been received and have been evaluated 
according to a bidding process.   Other European examples illustrate how the concept has 
been broadly applied.   Belgium granted an area concession for the construction and the 
management of its first 300 MW off-shore wind farm in 2003.  Portugal's energy 
directorate recently granted concessions for 2000 MW of wind farms, and Greek 
regulator recently gave a "positive recommendation" for 360 MW of wind farm 
concessions.   Elsewhere, Brazil has approved 729 MW of wind farm concessions.   
 

Box. 2.4. Example of Competitive Bidding : UK Non-Fossil Fuel Obligation  
The UK’s Non-Fossil Fuel Obligation (NFFO) was an early example of competitive 
bidding for RE concessions.   The policy arose as a consequence of utility privatization, 
and it introduced an obligation on the regional power companies to purchase a certain 
percentage of their electricity from non-fossil fuels.  The program provided a premium 
payment for renewable energy derived from a surcharge on utility bills across the 
consumer base, and it was designed to use a series of competitive tenders within defined 
technology categories to get a steady convergence between the price paid for renewable 
energy bids and the market price.   
A total of four rounds of NFFO tenders were implemented and winning bidders were 
awarded contracts to generate electricity at their contracted capacity for up to 15 years 
(only 8 years in the first 2 tender rounds).  Starting in NFFO-2, all suppliers were paid the 
bid prices for the most expensive contracted project in each band (the “strike price”).  
Thus, some suppliers got more than they bid; and some suppliers intentionally underbid 
knowing they would get the strike price.   This approach resulted in awards to some 
poorly conceived projects, and a high number of winning bidders were unable to come to 



 68

financial closure.   Out of 3,271 MW of awarded contracts in the NFFO, only 821 MW 
have been installed – success rate of 25%.  Also, the lack of penalties for non-
performance resulted in lengthy development periods.  As a result, the UK abandoned the 
NFFO approach after the fourth round of bidding in 1997. 
Under NFFO there was a dramatic decrease in the supply prices for wind, where the 
average bid price fell by 31% between 3rd and 4th tenders, making it close to 
conventional costs.  The decline was due to longer contract periods, technology 
improvements, and a decline in the cost of financing.  However, much of this cost 
reduction is attributed to development activity in Europe in response to feed law support, 
and critics say that the NFFO merely squeezed profitability in the U.K.    
A problem under NFFO was that the periodic approach to tenders created intervals with 
relatively heavy activity interspersed with periods of inactivity.  This created a stop-start 
situation that was difficult for sponsors and project developers to manage effectively and 
resulted in high administrative costs.    
The Irish Alternative Energy Requirement (AER) is outwardly similar to the British 
NFFO, with five tenders launched since 1994.  One result of the AER is renewable 
energy prices that are among the lowest in Europe.  The key difference with the AER 
program was a process of applying very stringent criteria for pre-qualifying bidders.   
Because the quality level of the full set of bidders is at a similar level, the bidders can 
make more realistic bids without fear of losing to a low-quality bidder.  Specifically, the 
bid applications are first examined on a qualitative basis and thereafter are ranked 
according to their tendered electricity selling price. By placing an emphasis on the more 
mature technologies and projects, this program promoted cost effectiveness in the 
sourcing of renewable energy. 

Other examples of quantity setting policies can be found in the case studies of California 
and China at the end of this chapter. 

 

Comparison of Mandated Market Policies 
To date, price-setting policies (feed-in laws) have been responsible for most of the 
additions in renewable electricity capacity and generation, while driving down costs 
through technology advancement and economies of scale, and developing domestic 
industries. The record of quantity-setting policies is more uneven thus far.  Competitive 
bidding approaches have exhibited a tendency toward boom and bust markets because of 
the tight competition that can be created.  Many RPS policies have only been 
implemented recently, so their effectiveness is not yet fully known. 
It is important to recognize that both price-setting systems and quantity-setting policies 
ensure the right of the electricity suppliers to recover the incremental cost from 
consumers and for electricity generators to be able to connect to the grid. But pricing 
systems with periodical adjustments have provided increased predictability and 
consistency in markets, which in turn have encouraged banks and other financial 
institutions to provide the capital required for investment. 
One concern regarding quantity setting policies is that the speed with which technologies 
are introduced is based on a political decision that might be largely unrelated to technical 
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progress and the efficiency of using renewable energy.   However, as with pricing laws, 
many of the problems associated with market share laws can be overcome with careful 
system design.  In any event, many economists prefer quantity-forcing policies because 
they allow the market to set prices.  On the other hand, some analysts believe that the 
lower purchase prices common under bidding or RPS systems result in lower levels of 
installed capacity.   In fact, pricing laws have consistently proved most successful at 
promoting the growth of renewable electricity capacity and generation. While more than 
45 countries installed wind capacity during the 1990s, just three, with pricing laws 
(Germany, Denmark, and Spain) accounted for more than 59 percent of total additions for 
the period 1991 through 2001.  
The arguments in favor of price setting policies are: 

• They have been most successful at developing renewable energy markets and 
domestic industries, and achieving the associated social, economic, 
environmental, and security benefits.   

• They are flexible and can be designed to account for differences in technologies 
and in the marketplace.   

• They encourage steady growth of small- and medium-scale producers, involve 
low transaction costs, facilitate financing, and provide easy entry for new players 
into the market. 

The principal arguments against price setting policies are: 
• The tariff is difficult to set, particularly at the beginning when the true costs of 

renewable energy systems are unknown.  
• The overpayments that have regularly occurred in static feed-in tariff systems 

result in economic inefficiency (rent) and unnecessarily high prices that 
consumers pay for renewable power.  

• Requirements for domestic production can involve restraints on renewable energy 
trade.  

 
The arguments in favor of quantity setting policies (both RPS and competitive bidding) 
are; 

• They promote the least-cost projects, i.e., the cheapest resources are used first, 
which brings down early costs of the policy.   

• They provide certainty regarding future market share for renewable energy, but 
this is often not true in practice as planned project do not materialize.   

• They are perceived as being more compatible with open or traditional power 
markets and are more likely to fully integrate renewable energy into electricity 
supply infrastructure.     

• They also facilitate the establishment of a renewable energy credit trading system 
(a green certificate system). 

 
The principal arguments against quantity setting policies (especially competitive bidding 
approaches) are; 
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• They produce high risks and low rewards for equipment suppliers and project 
developers, which slows innovation.   

• Price fluctuations in “thin” markets can create instability and gaming in the quest 
for contracts.   

• Large, centralized merchant plants tend to be favored to the disadvantage of small 
investors.  

• Development tends to get concentrated in areas with the best resources, causing 
possible opposition to projects and missing many of the benefits associated with 
renewable energy (jobs, economic development in rural areas, reductions in local 
pollution).   

• Targets set the upper limit for development as there are no incentives to install 
more than the mandated level.    

• They tend to create cycles of stop-and-go development.   

• They can be complex to design, administer and enforce.   

• They have high transaction costs, and  

• They lack flexibility (are difficult to fine-tune or adjust in the short-term if 
situations change.)  

 

Requirements for successful mandated market policies  
The specific requirements of successful price-setting or quantity-setting policies are 
defined below. What is most important for both approaches is political stability, and 
long-term, credible, enforceable and consistent policies. Additional requirements for 
successful implementation include standards, education and stakeholder involvement.  
Price setting laws should:  

• Ensure periodical and wise adjustments of the premium over system avoided cost 
to eliminate excess rent payments by the state to private generators/suppliers – 
incremental adjustments built into law  

• Establish tariffs according to technology (and location) with input from research 
institutes and renewable energy industries  

• Provide tariffs for all potential developers, including utilities  
• Ensure that tariffs are high enough to cover costs and encourage development  
• Guarantee tariffs for long enough time period to ensure high enough rate of return  
• Ensure that costs are shared equally across country or region  
• Eliminate barriers to grid connection.  

 
Quantity setting laws should:  

• Apply to a large segment of the market  
• Include specific purchase obligations and end-dates  
• Establish adequate penalties for non-compliance, and enforcement  
• Set different bands by technology type (e.g. a carve-out for solar PV)  
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• Require long-term contracts to reduce uncertainty for project developers  
• Establish tradable certificates with minimum and maximum prices  
• Avoid a time gap between one quota and the next (for competitive bidding). 

 
 

Financial Incentive Policies 
As discussed above, given the market distortion and market barriers that are often faced 
by renewable energy systems due to energy subsidies, financial incentives are required to 
attract investors to achieve the economically viable optimum quantity of renewable 
energy.  
Price-setting and quantity-forcing policies, by themselves, do not remove all the market 
barriers that may prevent many developers from financing their projects.   
Financial incentive policies are designed to provide financial and fiscal incentives for 
investments in renewable energy by reducing the costs of such investments. For grid-
connected renewable energy technologies, the most important of these policies can be 
characterized as falling in four broad categories: policies that: 

1. Reduce up front capital costs (via grants) 

2. Provide loans, loan guarantees and other financial assistance 

3. Reduce capital or operating costs (via tax credits) 

4. Enhance revenue streams through carbon credits 

 Grants 
Grants to grid-connected renewable energy projects can come in the form of buy-down 
grants or development grants.  There are multilateral, bilateral, and national sources for 
these grants.  In most developing countries, renewable energy project development is 
carried out by small companies with low capital resources, and facilities that can share 
some of the costs of project development can be a significant stimulus to the market.  
However, these facilities need to be carefully structured to target the right projects and 
the committed developers. 
Buy-down grants are used to lower the cost of a renewable energy project or system that 
is not yet commercially viable but has promising potential in the long term. For grid-
connected renewables, grants have most often been used to promote technology 
demonstration projects, but they have seldom been used to promote market applications 
of projects (deployment) – generally because the size of the projects can lead to very high 
grant program costs and can cause market distortions. 
Buy-down grants can come in the form of co-investment funds, which is typical for 
demonstration projects, or in the form of rebates, which is more common in the case of 
market stimulation.   
Development grants are a tool for helping to lower the high cost of development grid-
connected renewable energy projects, especially in new markets, where the cost and time 
to develop projects can be significant, amounting in some cases to millions of dollars and 
several years.  Contingent development grants convert to loans if the project is 
successfully developed. 
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The Global Environmental Facility (GEF) provides grants under several strategic 
Operational Programs.  Two of these directly pertain to renewable energy:  

1. OP-6, Promoting the Adoption of Renewable Energy by Removing Barriers and 
Reducing Implementation Costs (OP-6), and  

2. OP-7, Reducing the Long-Term Costs of Low Greenhouse Gas Emitting (GHG) 
Energy Technologies (OP-7).   

Under the first, the GEF is providing technical assistance and capacity building grants to 
several projects, such as the China Renewable Energy Scale-Up Project56, to remove 
barriers to the introduction of cost-effective renewables and increase their market 
penetration enough to make a sizable cut in GHG emissions. 
Under the second , the GEF is providing buy-down grants to several projects, such as fuel 
cell bus technologies in China, India, and Egypt; solar thermal project in Mexico, and 
Integrated Gasification Combined Cycle (IGCC) in China. In these projects, the GEF 
grant is intended to help buy-down the cost of these promising low GHG-emitting 
technologies. 
 

 Loans and Loan Guarantees 
Loans are the primary means of securing debt capital for financing projects.  In 
industrialized countries where there is a technology track record and mature capital 
markets, long-term loans are generally available for renewable energy projects. 
However, in developing countries, commercial loans may not be available because of the 
lack of technology experience and the level of risk perceived by the lender.  In cases 
where experience with the technologies exists (e.g. small hydro), the terms of the 
available commercial loans may not be appropriate for renewable energy projects for 
several reasons: 

• The loan duration may be too short relative to the revenue payback of the 
renewable energy project 

• The collateral requirements may be too severe for the project developers to meet 

• The interest rate may be too high to support the returns available from the project. 

To overcome these problems, various types of loan programs may be needed.  The types 
of programs are varied, but the more common ones include: 

• Long-term loans  

• Risk guarantees or partial risk guarantees to reduce collateral requirements 

• Low-interest loans  

The loan programs may have minimum or maximum limits, or they may limit financing 
to a maximum fraction of the project cost.   Sometimes these loan programs include a 
grant component to support the risk guarantee component or the interest rate reduction. 
Bank projects have implemented successful loan programs for renewable energy projects 
in India, China and Sri Lanka. These projects have provided financing in conjunction 
with commercial lending.  
                                                 
56 Case study available on REToolkit website, under ‘case studies’ subtopic. 
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One of the most prominent examples is the India Renewable Energy Development 
Agency (IREDA), which was formed in 1987 to provide assistance in obtaining 
international multilateral agency loans and in helping private power investors obtain 
commercial loans. By 2008, IREDA has disbursed the equivalent of over US$1 billion 
million in loans for renewable energy projects in India, resulting in over 6000 MW of 
renewable power generation. 

     Tax Credits  
Tax relief policies to promote renewable energy have been employed in the United 
States, Europe, Japan, and India.  Tax relief has been especially popular in the United 
States, where a host of federal and state tax policies address energy production, property 
investments, accelerated depreciation57, and renewable fuels. State policies vary widely 
in scope and implementation. At least 21 states have personal tax incentives, 30 states 
have corporate tax incentives, 26 states have sales tax incentives, and 44 states have 
property tax incentives58. 

        Investment Tax Credits 
Investment tax credits for renewable energy directly reduce the cost of investing in 
renewable energy systems and reduce the level of risk by allowing investors to reduce 
their tax liability in direct proportion to the amount of tax credit they have earned.  The 
investor gains all the benefits in the first few years following the investment.  In the U.S. 
during the early 1980s, investment tax credits were use to encourage investment in grid-
connected renewable energy installations.  However, there was no incentive to maintain 
the performance of the plant once it was installed, and this fact coupled with the lack of 
technology standards encouraged fraud and the use of sub-standard equipment.  For these 
reasons the use of investment tax credits to promote grid-connected renewable energy 
was generally discontinued.   
During the 1990s, India also used investment subsidies for wind energy, and these 
promoted large investments.  However, this policy generated concern about maintenance 
and long-term performance due to a lack of standards, and this was born out by lower 
than expected capacity factors for the early wind farms in India. 
As a result of these experiences, investment tax credits are not currently favored for grid-
connected renewables.    However, they are still commonly used to promote household 
systems such as solar hot water or PV panels, and water and space heating systems based 
on biomass and geothermal energy.  

      

 
                                                 
57 A depreciation method which allows faster write-offs than the straight line method. These methods 
provide a greater tax shield effect than straight line depreciation, and so companies with large tax burdens 
might like to use accelerated depreciation methods, even if it reduces the income shown on financial 
statement. Accelerated depreciation methods are popular for writing-off equipment that might be replaced 
before the end of its useful life since the equipment might be obsolete (e.g. computers). 
58 For most up to date information, please see US Database of State Incentives for Renewables and 
Efficiency - http://www.dsireusa.org/  
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Production Tax Credits 
Production tax credits provide investors with a tax credit based on the amount of 
electricity actually produced and fed into the electric grid.  They increase the rate of 
return and reduce the payback period for renewable energy projects, while rewarding 
producers for actual generation of energy.    
Denmark provides DK 0.10/kWh (US 2 cents/kWh59) for wind power, which is a 
reimbursement of the CO2 tax on electricity sold to final consumers, since wind power 
does not emit CO2. Strictly speaking this is not a tax credit, which normally refers to an 
income tax reduction. The reimbursement of the CO2 tax is obviously taxable income just 
like the tariff paid for electricity. 
In the United States the Renewable Electricity Production Credit (PTC) provides a per-
kWh tax credit for electricity generated by qualified wind, closed-loop biomass, or 
poultry waste resources. Federal tax credits of 2 cents/kWh (2008 figure, adjusted 
annually for inflation) are provided for the first ten years of operation for all qualifying 
plants that entered service from 1992 through mid-1999. The PTC was extended until the 
end of 2008, but may be extended subsequently. Since the tax credit is given as a 
reduction in federal corporate income tax, which is currently (2008) levied at a rate of 
35%, the pre-tax value of the tax credit is actually 3.08 cents/kWh = 2/(1-0.35). In other 
words, the U.S. tax credit is equivalent to a fixed premium of more than 3 cents/kWh on 
the electricity price. 
The PTC has been credited with driving significant capacity increases in the U.S. in the 
late 1990s and early 2000s.  Yet, that development has largely come only in those states 
with additional incentives.  The biggest problem with the PTC has been the inconsistency 
and uncertainty created by the federal government in dealing with the extensions of the 
PTC.  This has resulted in inconsistent and uneven growth in wind capacity. 
In general, production incentives are preferable to investment incentives because they 
promote the desired outcome—generation of electricity from renewable energy.   In 
addition, production incentives are most likely to encourage investors to purchase the 
most reliable systems available, or to maintain them and produce as much energy with 
them as possible. Thus, production incentives are more likely to lead to optimum 
performance of the installed systems and a sustained industry. 
At least eight U.S. states have state or local production incentives for distributed 
electrical generation, renewable fuels, or both.60 These policies are similar to the federal 
PTC, with specific limits on technologies, dates-in-service, and maximum payout per 
provider and per year. Funds to support the incentives are obtained from a mixture of 
sources, including general funds, public benefit or environmental funds, and green 
electricity sales (so-called “green certificates”). 

 
  Accelerated Depreciation  

Accelerated depreciation allows renewable energy investors to receive their tax benefits 
sooner than under standard depreciation rules. Since renewables other than biomass are 
generally more capital intensive than other forms of electricity production, accelerated 

                                                 
59 Exchange rate as of May 2008. 
60 The Database of State Incentives for Renewable Energy (DSIRE) is a comprehensive source of U.S. 
information on state, local, utility, and selected federal support schemes. http://www.dsireusa.org 
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depreciation can have a significant effect of post-tax profitability of renewables 
investment. The effect of accelerated depreciation is similar to that of investment tax 
credits. In the United States, businesses can recover investments in solar, wind, and 
geothermal property by depreciating them over a period of five years, rather than the 15- 
to 20-year depreciation lives of conventional power investments. 
India’s accelerated depreciation policy allowed 100% depreciation in the first year of 
operation, helping spur the largest wind power industry among developing countries. 
However, this policy led to large investments without sufficient regard to long-term 
operating performance and maintenance, resulting in capacity factors lower than for wind 
power installations elsewhere. This experience has contributed to the conclusion that 
production-based incentives are preferable to investment tax credits and accelerated 
depreciation, although Germany’s more moderate investment tax credits accompanied by 
wind turbine technical standards and certification requirements avoided the problems 
found in India. 

   Property Tax Incentives 
Property taxes are generally based on the installed cost of the improvements to the 
property.  Therefore, if taxed at the same rate as conventional facilities, renewable energy 
systems, which have higher investment costs but no (or very low) fuel costs, would pay 
higher property taxes.    At least 44 U.S. states have property tax incentives for renewable 
energy. These incentives are implemented on many scales--state, county, city, town, and 
municipality.  These are generally implemented in one of three ways: (1) renewable 
energy property is partially or fully excluded from property tax assessment, (2) renewable 
energy property value is capped at the value of an equivalent conventional energy system 
providing the same service, and (3) tax credits are awarded to offset property taxes. 

Other Tax Policies 
A variety of other tax policies have been used in connection with grid-connected 
renewable energy.  These include income tax exemptions on income from renewable 
power production, excise duty and sales tax exemptions on equipment purchased, and 
reduced or zero import tax duties on assembled renewable energy equipment or on 
components. India, for example, has allowed five-year tax exemptions on income from 
sales of wind power. 
Another example is the pollution tax exemption in the Netherlands, where “green” power 
is exempt from a new and rising fossil-fuel tax on electricity generation.  Starting in 
2001, that fossil-fuel tax rose to the equivalent of US 5 cents/kWh.   Because this tax is 
paid by end-users, the pollution tax exemption provides a large tax incentive for Dutch 
consumers to use green electricity 

 
Market Facilitation Activities 

Market facilitation activities are public investments to implement the rules, regulations 
and procedures that help to facilitate or accelerate renewable energy project development. 
Most of these activities are particularly relevant to small power producer programs 
(SPPs).  The most important of these activities are: 
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• Infrastructure supports are a variety of policies to build and maintain “market 
infrastructure,” including design standards, accelerated siting and permitting, 
equipment standards, and contractor education and licensing. 

• Public awareness, information and training about renewable energy and the 
environmental impacts of energy generation is required, especially in developing 
countries.   

• Government procurement policies can help to promote commercial 
development of renewable energy by requiring that government agencies 
purchase renewable electricity and renewable energy systems.   

• Funding for market facilitation activities.  
 

Infrastructure supports 
A variety of policies are used to build and maintain “market infrastructure” and facilitate 
market development, including: 

o policies for design standards,  

o accelerated siting and permitting,  

o equipment standards,  

o contractor education and licensing, 

o policies to induce renewable technology manufactures to site locally, and  

o direct sales of renewable systems to customers at concessionary rates  

 
Construction and design policies. Construction and design standards include building-
code standards for PV installations, design standards evaluated on life-cycle cost basis, 
and performance requirements. Policy examples include Tucson, Arizona, which 
requires that commercial facilities achieve a 50% reduction in energy usage over 1995 
Model Energy Code, and Florida, which requires that all new educational facilities 
include passive solar design.61 In 2000, Barcelona, Spain became the first European city 
to require solar water heating in all new buildings by implementing a Solar Thermal 
Ordinance. 

a) Site prospecting, review and permitting. In the U.S. federal and state programs 
reduce barriers to renewable energy development through resource, transmission, 
zoning, and permitting assessments. This particularly helped early promotion of 
wind energy projects in California. On a national scale the Utility Wind Resource 
Assessment Program funds a number of supporting activities, including up to 50% 
of the cost of wind resource assessments. India also has a large wind assessment 
program, with over 600 stations in 25 states providing information to project 

                                                 
61 Updated U.S. state-wise construction and design policies for renewable energy can be found through 
DSIRE. 
http://www.dsireusa.org/library/includes/seeallincentivetype.cfm?type=Constr&currentpageid=7&back=re
gtab&EE=1&RE=1  
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developers on the best sites for development. The national government in China 
has likewise begun a national program for wind resource mapping. 

b) Equipment standards and contractor certification. A variety of equipment-related 
international ISO/IEC standards and certification measures have been applied to 
ensure quality of equipment and installation, increasing the likelihood of positive 
returns from renewable energy installations. Contractor licensing requirements 
ensure that contractors have the necessary experience and knowledge to properly 
install systems. Equipment certifications ensure that equipment meets certain 
minimum standards of performance or safety. 

c) Industrial recruitment. Industrial recruitment policies use financial incentives such 
as tax credits, grants, and government procurement commitments to attract 
renewable energy equipment manufacturers to locate in a particular area. These 
incentives are designed to create local jobs, strengthening the local economy and 
tax base, and improving the economics of local renewable development 
initiatives. 

d) Direct equipment sales. These programs allow the consumer to buy or lease 
renewable energy systems directly from electric provider at below-retail rates. 
Some programs provide a capital buydown. Examples include Arizona, which 
provides a buydown of $2/peak-watt for PV, and California’s SMUD, which 
offers a 50% buydown plus 10-year financed loans and net metering. 

Public awareness, information and training  
General education to raise public awareness about renewable energy and the 
environmental impacts of energy generation is required, especially in developing 
countries.  Capacity building is generally required to support the development of 
effective programs for raising public awareness, especially with the key stakeholders.  
The public outreach is typically done via websites and printed materials. 
In many countries, electric utility restructuring and deregulation policies mandate that 
information be provided to customers about choice of electricity providers and 
“characteristics” of electricity being provided (such as emissions and fuel types).  

Government Procurement 
Government procurement policies can help to promote sustained and orderly commercial 
development of renewable energy by encouraging or requiring that government agencies 
purchase renewable electricity and renewable energy systems.   
Governmental purchasing requirements and guidelines can reduce uncertainty and spur 
market development through long-term contracts, pre-approved purchasing agreements, 
and volume purchases.  
Government purchases of renewable energy technologies in early market stages can help 
overcome institutional barriers to commercialization, encourage the development of 
appropriate infrastructure, and provide a “market path” for technologies that require 
integrated technical, infrastructure, and regulatory changes. 
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Public Funds for Market Facilitation Activities 
Public service obligation charges (PSO charges) in the European Union and System 
benefit charges in the U.S. are a small fee per kWh paid by all electric consumers that 
are most commonly used to fund programs such as: R&D on renewable energy; rebates 
on renewable energy systems; and development of renewable energy education programs. 
In many U.S. states, public funds for renewable energy development are raised through a 
System Benefits Charge (SBC), which is a small fee paid by all electricity customers 
based on their level of consumption, e.g., 0.2 cents/kWh.   These charges, typically state-
level programs developed through the electric utility restructuring process, are used to 
create Public Benefit Funds that are a means to assure continued support for renewable 
energy technologies, energy efficiency initiatives, and low-income support programs.    
Public Benefit Funds are most commonly used to fund programs such as: R&D on 
renewable energy; rebates on renewable energy systems; and development of renewable 
energy education programs. 
Sixteen U.S. states as of 200762 have such charges, and it is estimated that they will 
collect and invest over $3.5 billion through 2011 in various programs.   
Example:  
In Massachusetts, the system benefit fund established six areas of programmatic focus:   

1. Green Power - Add 750-1,000 MW of clean energy to the New England grid by 
2009, remove barriers to the development of renewables projects, and facilitate 
development of wind in northeast.  

2. Green Policy Development - Facilitate significant policy change which will 
advance the renewable energy agenda, particularly in Massachusetts, but also on 
the federal level.  

3. Renewable Energy Industry Support - Develop a comprehensive industry 
support program to ensure that renewable-energy companies thrive and create 
new green jobs in Massachusetts.   

4. Education & Public Awareness - Educate the next generation through school 
curricula and museum resources, capitalize on Massachusetts’ universities, deliver 
the message to industry and opinion leaders, and create a renewable energy vision 
for MA citizens.   

5. Community Outreach & Siting - Work with communities and regions within the 
Commonwealth to create the tools and resources needed to understand the 
renewable-energy environment.  

6. Green Buildings and Schools - Develop new guidelines and standards to 
facilitate market transformation through demonstrations resulting in $2 billion on 
new and renovated high performance buildings. 

Over 20 other US states, including Connecticut, Illinois, Pennsylvania and Oregon have 
similar investment programs. 

                                                 
62 In the U.S., the DSIRE web site provides detailed information on all such state incentives at 
http://www.dsireusa.org/.     
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Public Investment  
Public investment can take the form of investment funds or guarantee facilities.   
Public funds can be used in public-private partnerships to support infrastructure 
development or business formation.   They can also be used to promote technical 
research, standards development, and public awareness.   

      Investment Funds 
In general, the funds serve a variety of purposes. These include paying for the difference 
between the cost of renewables and traditional generating facilities, reducing the cost of 
loans for renewable facilities, providing energy efficiency services, funding public 
education on energy-related issues, providing low-income energy assistance, and 
supporting research and development. 

Guarantee Funds 
Guarantee funds are a way of leveraging public funds to stimulate loans for financially 
viable projects.  They are often used to support small and medium enterprises that have 
the necessary repayment capacity but who, for some reason, cannot obtain a bank loan 
without the support of the guarantee fund.   For renewable energy projects, a perceived 
technology risk is often the principal motivation for guarantee funds.   However, a 
guarantee fund can also be a substitute for collateral or for lack of a track record by the 
borrower.  
Guarantee funds offer risk-sharing and seek to motivate financial institutions to explore 
new market segments.63  The success of guarantee funds depends largely on their design, 
i.e. how incentives and sanctions are set and how the fund is governed.  The critical 
elements are risk sharing arrangements, eligibility criteria, staffing and internal reporting 
and control systems. 
While a guarantee fund promises to pay all or part of the loan if a borrower defaults, 
guarantee funds cannot possibly turn a bad investment into a viable one.   Therefore, 
another critical condition is that the professional staff in a guarantee fund maintains close 
contacts with its clients, i.e. entrepreneurs. This will make the banks feel confident that 
the guarantee fund actually knows more about the enterprise clients and makes a 
reasoned assessment of the risk involved. 
  
 
 
 
 
 
 
 
 
 

                                                 
63 Guarantee Funds for Small Enterprises: A Manual for Guarantee Fund Managers. Linda Deelen and 
Klaas Molenar. International Labor Organization. 2004. 
http://www.ilo.org/public/english/employment/finance/download/guarfund.pdf 
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Institutional and Financial Tools 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Infrastructure investment in developing countries is impeded by poorly developed 
financial markets, products, and institutions, as well as high political, credit, currency, 
and economic risks, the lack of local capacity to adapt technology, and the lack of 
infrastructure to deliver services.  Financing has been largely the domain of public 
agencies and private investment is limited. 
To support renewable energy project financing, the most effective finance mechanisms 
are those that can: 

• Overcome lending limitations within the local project financing system  

• Provide capacity building for participating financial institutions  

• Channel grants or concessional financing to support project implementation.   

Grid-connected renewable energy projects have relatively large capital requirements, and 
effective finance mechanisms are generally designed to improve the access of developers 
to capital (both equity and debt) and reducing the risk of financial institutions that lend to 
these projects.   In addition, several international finance initiatives exist for renewable 
energy. 
 

 
  

  

  

Institutional and Financial topics discussed in this section include: 
• Financing Mechanisms 

o Equity 

o Debt 

 Balance sheet financing 

 Non-recourse project financing 

 Municipal financing 

 Standardized mechanisms 

• Risk Mitigation 

o Technical and Operational Risks 

o Contractual Risks 

o WBG Risk Mitigation Tools 
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 Financing Mechanisms  
Worldwide, significant investments will be needed to meet the growing demand for 
energy. According to the IEA in 200764, US$22 trillion will need to be invested in the 
energy sector over the next 30 years with $11 trillion needed for the power sector, and 
with more than half of this investment needed in developing countries and transition 
economies.  
Investment in these regions is impeded by poorly developed financial markets, products, 
and institutions, as well as high political, credit, currency, and economic risks, the lack of 
local capacity to adapt technology, and the lack of infrastructure to deliver services.  
Financing has been largely the domain of public agencies and private investment is 
limited. 
 

Equity  
In developing countries, renewable energy project developers are often small entities with 
limited capital resources. To secure loans, project developers (or their equity sponsors) 
generally need to provide between 20% and 50% of the capital required for a project in 
the form of shareholder equity.  
As the risk (real or perceived) associated with a project increases, lenders will require 
that equity play a larger role in the financing structure. In other words, the higher the risk, 
the higher the amount of equity the lender will require in a project. This not only strains a 
developer’s capital resources, it raises the cost of the entire project, since the cost of 
equity capital 65is always higher than the cost of debt capital.66  
Renewable energy project developers will benefit from any interventions that help 
strengthen their equity base, for example through contingent development grants, by 
attracting third-party investors, or through public investments in private-equity67 funds. 
Equity investments can also be made through community-owned funds, which make 
collective investments in renewable energy projects.  Such funds can also be incentivized 
through tax subsidies or other means. Community-owned investment funds have in the 
past been dominant in the development of countries such as Denmark and Germany, 
especially for wind projects.  Such participation schemes raise awareness and local 
acceptance, Similar schemes have lately (2008) become popular in Canada and Finland.  
 

Debt  
Debt financing approaches for grid-connected renewable energy projects can generally be 
characterized as: 

o balance sheet financing,  

                                                 
64 World Energy Outlook – 2007. Factsheet: Energy Demand. 
http://www.iea.org//textbase/papers/2007/fs_global.pdf    
65 Capital raised from owners. The rate of return required by a company's common stockholders 
66 Capital raised through the issuance of bonds. The interest rate a company is paying on all of its debt, such 
as loans and bonds. 
67 When equity capital is made available to companies or investors, but not quoted on a stock market. The 
funds raised through private equity can be used to develop new products and technologies, to expand 
working capital, to make acquisitions, or to strengthen a company's balance sheet. 
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o non-recourse project financing,  

o municipal financing and  

o standardized mechanisms.   

For projects in developing countries, it is generally necessary to engage and leverage 
local financial institutions.  The types of local finance mechanisms that will be most 
effective depend to a degree on the predominant form of project debt financing that is 
being used.   Developers and financial institutions will have specific needs that should be 
satisfied in order to support their preferred financing approach.  

Balance sheet financing 
Balance sheet corporate finance can be used only by financially strong sponsors with a 
significant base of assets, debt capacity, and internal cash flow, because the loans are 
secured by the financial credit of the borrower or a related entity. The corporate sponsor 
accepts the risk and potential reward of a project in its entirety, and will finance the 
project investment through a combination of corporate cash and some combination of 
new corporate debt or bond issuance. Any debt is underwritten by the overall 
creditworthiness of the corporation, not the specific project revenues.  
Corporate financing can be executed quickly and the transaction costs are lower than 
those associated with other financing methods. Tax incentives (e.g., accelerated 
depreciation68) and leasing structures can help improve the financials of renewable 
energy projects for corporate sponsors. Where corporate financing is dominant, finance 
mechanisms that address project risk, such as through the use of partial risk guarantees, 
can be effective.  Another effective mechanism is providing long-term financing that will 
allow the project loan duration to be extended commensurate with the renewable energy 
project payback period. 
 
Debt-to-equity ratios 69vary depending on project size and corporate investment capacity, 
but they are often close to 50:50.   In addition, the loan duration is usually based on 
normal commercial terms, as the repayments schedule is not connected to project 
revenues. The regulated utility typically finances its power plants through a combination 
of corporate equity and debt (in the form of long-term bonds.)  The equity to debt ratio is 
traditionally about 50:50.  
 

                                                 
68 Accelerated depreciation is a depreciation method which allows faster write-offs than true economic 
depreciation. In the case of renewable energy investments revenues are generally annuities, and true 
economic depreciation of an annuity is a depreciation path which grows exponentially over time, the 
exponent being 1 + the internal rate of return. In general most tax systems in the real world subsidize the 
use of capital by allowing faster write-off of capital equipment than true economic depreciation. The effect 
is that the government effectively grants an interest-free loan to the investor, since it collects the tax 
revenues more slowly than the true economic profit accrues to the investor. When accelerated depreciation 
occurs (often in the form of the so-called declining balance method) the post tax profitability (IRR) of an 
investment will often exceed the pre-tax profitability (IRR). This indirect subsidization is most noticeable 
for capital-intensive investments like most renewables. 
69 A measure of a company's financial leverage calculated by dividing its total liabilities by stockholders' 
equity. It indicates what proportion of equity and debt the company is using to finance its assets. 
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Non-recourse project financing 
Non-recourse project financing involves the use of a special-purpose project company 
that is set up specifically and solely to own the power project.  The loan is made to the 
project company with very limited recourse to the assets of the equity investors if the 
project under-performs or fails.  
Typical project-finance requirements include the following: 

• A long-term power purchase agreement obtained with a creditworthy purchaser;  

• A firm long-term fuel supply agreement (for biomass projects) 

• Long-term resource assessments and technology performance assurances (for 
solar, wind, hydro and geothermal) 

• Fixed-price, turnkey design and build contracts placed with experienced 
contractors;  

• Guarantees, warranties, or bonds for completion and performance provided from 
sponsors and contractors;  

All contracts and insurance polices are assigned to the bank, which allows the lender to 
take over the project in the event of non-performance by the project company.  
With non-recourse project financing, the debt-to-equity ratio is relatively high (e.g. 80:20 
to 70:30), and the loan duration is usually extended, so that the loan repayments can 
match the PPA revenue stream.  
Project financing can be expensive and time-consuming because of the bank’s loan 
committee will normally require a high ‘burden of proof’ that all risks and contingencies 
are covered, as the bank is at risk if the project fails.   This burden of proof can be 
especially high for the first few renewable energy investments in a country.  
Renewable energy project developers are typically under-capitalized and often unable to 
absorb these transaction costs. Capacity building within financial institutions to support 
the needs and special requirements of renewable energy is important.   Also, public 
facilities that share the costs of the investment decision-making process can help bring 
bankable projects through to financial closure.   
 
Where non-recourse project financing is dominant, finance mechanisms such as partial 
risk guarantees can be effective at reducing the risk exposure of lenders and long-term 
financing can extend loan durations to be commensurate with the renewable energy 
project payback period. IPPs in particular, prefer to use non-recourse project financing, 
which requires that the IPP be able to contractual determined all the project cash flows 
and risks - from construction through fuel supply – in order to obtain project financing.  
In many developing countries, local developers cannot access non-recourse financing 
because the local financial institutions are unfamiliar with this type of financing or are 
unwilling to consider it for renewable energy technologies that are new to them.  In these 
cases, the IPP developers must rely on balance sheet financing.  
With project financing, the IPP has a much lower equity investment (as low as 20%), 
which leads to lower power costs for IPP plants due to their lower cost of capital.  
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Municipal financing 
In industrialized countries, municipalities that have established municipal owner electric 
utilities can finance projects by issuing long-term bonds.  Investors purchase these bonds 
because they provide stable, low-risk yields, and in some jurisdictions they are tax 
exempt.  For most developing countries, this is not an option as the municipalities either 
have not established municipal owner electric utilities or they do not have sufficient 
financial strength.  

Standardized project financing 
The process of financing small power projects can be simplified and sped-up in cases 
where the development of multiple projects with similar characteristics can be expected.   
In such instances, up-front work is done to develop pre-negotiated project financing 
agreements, based on the expected characteristics of typical projects.   If projects meet 
the expected characteristics, they become “qualified” to use the standardized agreement, 
which uses pre-determined terms and conditions for qualified projects and a streamlined 
approval process, which focuses only on areas where there may be acceptably small 
deviations from the expected project terms or characteristics.  
Standardized project financing arrangements require an up-front investment to develop 
the standardized agreement and gain the acceptance of financial institutions to accept the 
agreement and the streamlined process.  In general, they are also greatly supported by 
other types of standard agreements, such as standardized PPAs and equipment purchase 
agreements. 
Because of the difficulty and up-front cost of developing standardized project financing 
arrangements, very few have been developed.  Revision Energy (Formerly EnergyWorks) 
a private company developing industrial scale renewable energy and cogeneration 
projects, developed a $100 million Multi-project Investment Finance Facility with 
Societé Générale (the state-owned bank in France) in 1997 and successfully used the 
facility to finance several projects.  However, the facility was not very flexible, and only 
simple projects could qualify under the facility. 

Leveraging local financing 
The financial institutions in many developing countries are unfamiliar with renewable 
energy technologies, are structured to require high levels of collateral, and provide 
relatively short duration loans compared to what is required by renewable energy 
projects.  Therefore, special loan programs are used to facilitate lending by these 
financial institutions to qualified renewable energy project developers. 
The key impediments to lending, from the perspective of the local financial institutions, 
must be understood and lending programs designed to address these concerns.  Capacity 
building components may need to be a part of these programs to support development of 
a better understanding of the specific resource, technology and operational risks of 
renewable energy projects and to support development of appropriate appraisal methods 
or loan procedures. 
Building renewable energy investment capacity within a financing institution, requires a 
flexible approach, as different institutions follow different ‘product development’ paths.  
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To enter a new sector, some financing institutions first focus on creating the right policies 
or strategies, while others focus on training personnel. Other approaches include learning 
‘hands-on’ by taking first investments or developing specialized funds or loan portfolios.  
Pursuing change in a financial institution takes time and commitment at all levels. To be 
successful across the institution, changes in the incentive structure are often needed. 
Although the CEO may be interested in renewable energy investment activity for its 
policy implications, loan officers often focus on narrower targets, such as simply meeting 
the traditional benchmarks of rapid loan disbursement with minimal risk.  
Without stronger incentives, loan officers may pay only limited attention to renewable 
energy investments.   Therefore, changing the way a financial organization considers new 
investments requires both better information and new mandates to combine social and 
environmental factors – both risks and returns - as integral measures of economic 
performance. 

Risk mitigation  
Risk mitigation is an integral element of financial structuring, particularly for non-
recourse projects.  The process entails using specific financial instruments to transfer 
specific risks away from the project sponsors and lenders to insurers and other parties 
better able to underwrite or manage the risk exposure.   
Financial risk management is often one of the keys elements to enabling the deployment 
of renewable energy projects.  Certain financial risk management instruments can help 
mitigate the perceived risks associated with renewable energy and improve the 
investment terms for such projects.  

Technology and operational risks 
Technology and operational risks are the principal deterrents to attracting appropriate 
commercial insurance cover.   Typical risk categories for small hydro and wind include: 
seasonal resource variability, potential for prolonged breakdowns due to offsite 
monitoring (long response time) and lack of spare parts, long lead times and up-front 
costs for planning, permitting and construction, etc.   For biomass technologies, the risks 
also include biomass supply availability, biomass quality variability and price variability.    
The table70 below highlights some of the key technology and operational risk issues 
affecting different renewable energy technologies and the risk management instruments 
that can be used to respond to these risks. Mitigation of these risks is essential to 
attracting appropriate commercial insurance cover.   Many of these risks can be addressed 
through program elements to support technical standards, resource assessment, and 
institutional capacity building. 
 
 
 
 
 

                                                 
70 Financial Risk Management Instruments for Renewable Energy Projects, 
(http://sefi.unep.org/fileadmin/media/sefi/docs/re_riskmanagement.pdf) 
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Table 2.7. Key Technical and Operational Risks Associated with Renewable 
Energy Projects 

Renewable 
Energy 
Technology 

Key Risk Issues Risk Management 
Considerations 

Geothermal 

• Drilling expense and associated risk 
• Exploration risk (e.g. unexpected 

temperature and flow rate) 
• Critical component failures such as 

pump breakdowns 
• Long lead times (e.g. planning 

permission) 

Limited experience of operators 
and certain aspects of technology 
in different locations 
Limited resource measurement 
data 
Planning approvals can be difficult 
‘Stimulation technology’ is still 
unproven but can reduce 
exploration risk 

Large PV 

• Component breakdowns (e.g. short-
circuits). 

• Weather damage 
• Theft/vandalism 

Performance guarantee available 
(e.g. up to 25 years) 
Standard components, with easy 
substitution 
Maintenance can be neglected 
(especially in developing 
countries) 

Solar thermal 

• Prototypical/technology risks as 
project size increases and emerging 
technology options are introduced, 
e.g. solar towers 

Good operating history and 
performance record (since 1984) 
Maintenance can be neglected 
(especially in developing 
countries) 

Small 
hydropower 

• Flooding 
• Seasonal/annual resource variability 
• Prolonged breakdowns due to offsite 

monitoring (long response time) and 
lack of spare parts 

Long-term proven technology with 
low operational risks and 
maintenance expenses 
 

Wind power 

• Development times and up-front 
costs (e.g. planning permission and 
construction costs) 

• Critical component failures (e.g. 
gearbox, electronics etc.) 

• Inaccurate wind resource 
assessment 

• Offshore cable laying 

Make and model of turbines, 
reliable manufacturer 
Warranties from supplier 
Good wind resource data 
Development of best practice 
procedures 

Biomass power 

• Fuel supply availability/variability 
• Resource price variability 
• Environmental liabilities associated 

with fuel handling and storage 

Long-term contracts can solve the 
resource problems 
Fuel handling costs 
Emission controls 

Biogas power 

• Resource risk (e.g. reduction of gas 
quantity and quality due to changes 
in organic feedstock) 

• Planning opposition associated with 
odor problems 

Strict safety procedures are 
needed as are loss controls such 
as fire fighting equipment and 
services. 
High rate of wear and tear. 
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Tidal / wave 
power 

• Survivability in harsh marine 
environments (mooring systems etc) 

• Various designs and concepts but 
with no clear winner at present 

• Prototypical/ technology risks 
• Small scale and long lead times 

Mostly prototypical and technology 
demonstration projects 
Good resource measurement data 

 
 

Contractual risks 
Contracts, especially a long-term power purchase agreement, are significant risk 
mitigation tools.  They determine each project participant’s commitments and 
responsibilities.  The more clearly these are defined and enforceable, the more comfort 
the lenders will have.   
In particular, lenders often look for deal balance, where the contracts allocate risks cost-
effectively (to the parties best able to manage the risks) and provide adequate 
transparency as well as monetary safeguards. 
Where risks are insurable, commercially available insurance can play an essential part in 
ensuring that a successful project finance structure is achieved by transferring risks 
considered unacceptable away from the lenders and to the insurance markets. 
Generally, revenue exposure (as a result of project delays, damage/losses during 
fabrication, transport, installation, construction and operational stages) is of prime 
concern for lenders. They often require insurance due diligence to be undertaken to 
review the risks and the adequacy of the proposed insurance arrangements. These can be 
an integral part of developing contracts, clauses in credit and other agreements, and 
insurance-related conditions before reaching financial closure. 
The table70 below provides an overview of the various ‘traditional’ insurance products 
that are available (or have been transacted) for renewable energy projects.  It includes the 
types of risks addressed by each project and the issues and concerns for the underwriters.  
 

Table 2.8. Overview of traditional Insurance products available for RE projects 

Risk transfer 
product 

Basic triggering 
mechanisms 

Scope of 
insurance/risks 
addressed 

Coverage issues/underwriting 
concerns 

Construction All 
Risks / Erection All 
Risks 

Physical loss of 
and/or physical 
damage during the 
construction phase of 
a project. 

All risks of physical loss 
or damage and third 
party liabilities including 
all contractor’s work. 

Losses associated with cable 
laying can be significant for 
offshore wind projects. Quality 
control provisions for 
contractors. 

Delay in Start Up / 
Advance Loss of 
Profit  

Physical loss of 
and/or physical 
damage during the 
construction phase of 
a project causing 
delay to project 
handover. 

Loss of revenue as a 
result of the delay 
triggered by perils 
insured under the CAR 
policy. 

Cable laying risk. 
Loss of transformer. 
Lead times for replacement of 
major items. 
Offshore wind weather windows 
and availability of vessels. 

Operating All Risks/ 
Physical Damage 

Sudden and 
unforeseen physical 

‘All risks’ package. Explosion/fire concerns for 
biogas, geothermal. 



 88

loss or physical 
damage to the plant / 
assets during the 
operational phase of 
a project. 

Increase in fire losses for wind. 
Lightning. 
Quality control and maintenance 
procedures. 

Machinery 
Breakdown 

Sudden and 
accidental 
mechanical and 
electrical breakdown 
necessitating repair 
or replacement. 

Defects in material, 
design construction, 
erection or assembly. 

Concern over errors in design, 
defective materials or 
workmanship. 
Turbine technology risk. 
Scope and period of equipment 
warranties. 
Wear and tear (excluded from 
MB). 

Business Interruption 

Sudden and 
unforeseen physical 
loss or physical 
damage to the 
plant/assets during 
the operational phase 
of a project causing 
an interruption. 

Loss of revenue as a 
result of an interruption 
in business caused by 
perils insured under the 
Operating All Risks 
policy. 

Cable transformer losses 
represent large potential BI 
scenarios. 
Lead times for replacement of 
major items. 
Offshore wind weather windows 
and availability of vessels. 
Supplier/customer exposure 
(e.g. biomass resource supply).  

Operators Extra 
Expense 
(Geothermal) 

Sudden, accidental 
uncontrolled and 
continuous flow from 
the well which can not 
be controlled. 

All expenses associated 
with controlling the well, 
redrilling/seepage and 
pollution. 

Some geothermal projects 
require relatively large loss 
limits. 
Exploration risk excluded. 
Well depths, competencies of 
drilling contractors. 

General/Third-Party 
Liability 

Liability imposed by 
law, and or Express 
Contractual Liability, 
for Bodily Injury or 
Property Damage. 

Includes coverage for 
hull and machinery, 
charters liability, cargo 
etc. 

Concern over third-party 
liabilities issues associated with 
toxic and fire/explosive perils. 

 
 
The table below indicates the degree of ‘traditional’ insurance coverage that is available  
for specific types of renewable energy projects.  Wind energy projects are the 
commercially renewable energy technology with which the insurance industry has most 
experience and capacity to respond at present. 
 
 
 
 
 
 
 
 



 89

 
         

Risk Category Wind 
(onshore) 

Wind 
(offshore) 

Solar 
PV 

Tidal / 
wave Geothermal Biogas Small 

hydro Biomass 

Construction All 
Risks         

Resource 
supply/exploration         

Property  
Damage         

Machinery 
Breakdown   na    na  

Business 
Interruption         

Delay in  Start  
Up         

Defective 
technology risk         

Contractor’s 
overall risk         

General/Third-
Party Liability         

 
 

Increasingly comprehensive and competitive cover—rates going down, cover being extended 

Broad cover—leading markets available, standard rating available, possible high premiums / 
deductibles 

Partial cover—growing market interest, some gaps in cover, limited capacity, high premiums / 
deductibles 

Very limited cover—few markets, restrictive terms and conditions, many exclusions 

No cover available from traditional insurance markets 
 

World Bank Group risk mitigation tools 
WBG risk mitigation tools consist of a range of investment guarantees, hedging and 
political risk insurance products that are part of its efforts to boost direct foreign 
investment in developing countries which can support renewable energy projects.  By 
covering risks the private market is unable to bear, the Bank's guarantees and risk 
management products open new investment opportunities for businesses in developing 
countries.  
Guarantee Instruments 
The Bank's political risk mitigating products help encourage private capital flows to 
emerging market countries by providing a degree of protection against critical 
government-performance risks that private lenders are reluctant to assume. The World 
Bank offers three types of guarantees to commercial lenders: 
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• Partial Credit Guarantees (PCGs): cover private lenders against all risks during 
a specific period of the financing term of debt for a public investment. PCGs are 
specially designed to extend maturity and improve market terms. 

• Partial Risk Guarantees (PRGs): cover private lenders against the risk of a 
public entity failing to perform its obligations with respect to a private project. 
PRGs ensure payment in the case of default resulting from the nonperformance of 
contractual obligations undertaken by governments or their agencies in private 
sector projects.  

• Policy Based Guarantees (PBGs): help to improve governments’ access to 
capital markets in support of social, institutional, and structural policies and 
reforms. PBGs are offered to countries with a strong track record of performance 
with a satisfactory social, structural, and macroeconomic policy framework and a 
coherent strategy for gaining (or regaining) access to international financial 
markets.   

 
 
Hedging Products 
These products provide borrowers with risk management capabilities for projects, lending 
programs or sovereign asset-liability management. International Bank for Reconstruction 
and Development (IBRD) hedging products include interest rate swaps, interest rate caps 
and collars, currency swaps and, on a case-by-case basis, commodity swaps.71 
Multilateral Investment Guarantee Agency (MIGA) Investment Guarantee Services. 
Loan guarantees and insurance against non-commercial risks such as expropriation, 
breach of contract, or war are available to eligible investors for qualified investments in 
developing countries. 
 
MIGA Mediation and Legal Services 
MIGA, on a selective basis, encourages the settlement of investment disputes between 
member countries and investors who are not MIGA guarantee holders. This service fills a 
gap in international law remedies currently available to foreign investors in their disputes 
with host countries, where diplomatic solutions are not practical for some, and formal 
arbitration may be too costly for others. 
IFC Risk Management Products and Services 
The International Finance Corporation offers a variety of risk management products for 
private-sector projects in developing countries, including currency and interest products, 
and risk management facilities. The IFC tailors its risk-management products to meet 
specific needs of its developing country clients. 
 
 
 
                                                 
71 Interest rate swaps allow borrowers to exchange a floating to a fixed rate and vice versa. Interest rate caps and 
collars allow borrowers to set a limit on the variable interest rate to be paid on a loan. Currency swaps allow 
borrowers to exchange one stream of cash flows denominated in one currency (including local currency) for another 
stream in a different currency. Commodity swaps allow borrowers to exchange two sets of cash flows, at least one of 
which is linked to a commodity price or index.   
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Case Studies 

California Renewable Energy Incentive Program 
The California Energy Commission (CEC) is currently operating a renewable energy 
incentive program based on competitive bidding for electricity production-based tariff 
support.  As a component of California utility deregulation in 1996, legislation was 
created that gave the State authority to administer funds totaling approximately $540 
million collected from a small consumer surcharge (system benefit charge) collected 
through the investor owned utilities.  The legislation was intended to maintain and protect 
existing in-state renewable energy capacity, provided support for new renewable energy 
capacity development, and create incentives to stimulate further penetration of emerging 
renewable energy technologies.   
By the end of 2005, the CEC had implemented sets of solicitations.  The New Generation 
support activity, which has committed a total of $241 million over three auctions and the 
New Technologies account, which has committed $162 million over 3 auctions in 4 
years.  The CEC solicitations use a reverse auction approach – asking bidders to propose 
a per kilowatt-hour incentive for a specified amount of power production.   
The production-based incentives can be paid monthly over at most a 5-year period.  Bids 
are ranked-ordered from the lowest to the highest until the available funds are depleted or 
all bids have been accepted.   There is a cap of 1.5 cents per kWh as an upper limit on 
bids, and no project can receive more than 25% of total funds available. 
In learning from the NFFO experience, the California process has both an incentive for 
early project implementation and penalties for project delays.  Projects that come on line 
before their target date are eligible for up to a 10% bonus on top of original incentive bid, 
but in no case can the total incentive with bonus be more than 1.5 cents.   There are a 
range of incremental delay points that result in 10% reductions in the bidder’s incentive 
payment.   By one year after the target date, incentive payment is reduced 50%; and 
beyond that it is reduced to zero.    
The solicitation rules help to assure efficient allocation of the incentive funding and avoid 
both overestimation of the renewable energy production, which would tie up funds 
unnecessarily; and underestimation, which would lead to insufficient funds in the 
program.    Under-estimation of generation is discouraged by limiting incentive payments 
to no more than the proposed amount of generation - i.e., extra generation will not receive 
the incentive payment.    Over-estimates are discouraged through reasonableness checks 
and penalties.  If the actual generation averages less than 85% of estimated generation 
over the first 3 years, the incentive payments are reduced by 25% for remaining 2 years.   
Also, to avoid front-loading, incentive payments in each of first three years are limited to 
25% of project’s total award fund. 
The CEC elected to let technologies compete within a common pool, and unlike the 
NFFO program, did not ‘band’ technologies to differentiate among different costs and 
operating characteristics.  It operates a separate grant program (using another portion of 
the system benefit charge funds) for emerging renewable technologies, such as solar PV.    
The CEC solicitation program is currently in flux with California RPS legislation and the 
CEC program extension being passed at the same time.   It currently appears that under 
the RPS, the utilities will actually conduct their own solicitations under the aegis of the 
California Public Utilities Commission (CPUC) to meet to their RPS targets.  The utility 
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will not pay the bid price, but a 'market price' set by the CPUC.  Funding from the CEC 
program (i.e. the system benefit charge fund) will then be used as "supplemental energy 
payments" to cover the difference between what new renewable projects bid into the 
utility solicitations and the benchmark set by the CPUC and CEC.   The challenge in this 
emerging system will be in determining the benchmark or market price that the utility 
must pay.  The higher this is the more resistance there will be by the utilities.  A lower 
benchmark will increase the costs incurred by the system benefit charge fund and could 
exhaust the fund without reaching the RPS target.   

China Wind Concession Bidding 
The advantages and disadvantages of concessions bidding can be illustrated by the effort 
of the Chinese government to develop the country’s wind potential through a wind 
concessions program implemented through a competitive bidding process.    
After years of high wind electricity tariffs, the Chinese government hoped that 
introducing competitive bidding for wind farm development would drive down and 
reveal the cost of wind farm in China.  The primary goal of the wind concession program 
is to steadily ramp up new wind power capacity at the lowest possible cost while 
maintaining control over development decisions.   Additional program goals include 
promoting the technology transfer of advanced wind energy technology, and increasing 
local manufacturing of wind energy systems and technology components.   
Under the Wind Power Concession program, the National Development and Reform 
Commission (NDRC) invited international and domestic investors to develop 100 MW 
wind farms on a potential wind site. Winning bidders are granted approval to develop the 
selected project site, a PPA for the first 30,000 hours of the project operation, guaranteed 
grid interconnection, financial support for grid extension and access roads, and 
preferential tax and loan conditions by the central government. This backing of the 
central government creates a comparatively lower-risk investment environment for wind 
farm developers in China. 
The first round of bidding requested that proposed projects use turbines over 600 kW in 
capacity that consist of over 50 percent local content. In October 2003, two companies 
were selected through the first round of competitive bidding to develop the initial large-
scale wind concession projects.  However, the winning bid prices were below the long-
run marginal costs, and significantly lower than any previous wind farm price in China.  
The selected developers experienced difficulties in obtaining financing, and these initial 
two projects have not yet been developed.   
There was an effort made in the second round of bidding to adjust the market to this 
experience, and three developers were selected (with slightly higher prices than the first 
round).  However, it appears that bid prices are still be too low to be financially viable, 
and none of these projects have been developed. An additional complication of the 
second round of bidding is that requirement for local content was raised to 70 percent. 
Concession has caused a major concern to the wind industry in China. These bid prices 
are too low to make these projects financially viable. But it sent a wrong signal to the 
government, who is developing a feed-in tariff policy under the newly passed Renewable 
Energy Law based on these bid prices. This has seriously affected other wind projects 
under development. In addition, the number of companies attempting to bid for the 
concession projects actually fell from the first round of concessions to the second 
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round—contrary to expectations that the number of participants would increase with the 
program’s increased visibility and the “success” of the first two concessions. 
Furthermore, the selection of concession sites and the decision for the bid prices are not 
based on well-measure wind resources.  
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Mini-Grid Renewable Energy Systems 
 
Overview 
 
Mini-grid systems based on renewable energy can provide more cost-effective 
electrification than grid-extension or diesel-based mini-grids, especially in remote areas.  
In addition, they can provide economic benefits to the local population by playing an 
important role in increasing access to modern energy services in rural areas, contributing 
to productive uses and enhancing the quality of social services, as well as supplying heat 
(e.g. waste heat from power generation), motive power, and other non-electric energy. 
Renewable energy mini-grids have unique characteristics -- high investment requirements 
but low energy costs, fueled by indigenous resources, and relatively environmentally 
benign.  
 
Policies to promote mini-grid systems are inexorably tied to policies to promote rural 
electrification, and should not be considered in isolation.  Rural electrification planning 
should clearly define the roles of grid extension vs. mini-grids and stand alone options, 
which are complementary to each other, and criteria to determine when grid extensions 
vs. mini-grids are cost-effective option. What is critical is that the policies supporting 
rural electrification not be biased towards grid extension or diesel-based systems and 
allow the implementation of renewable energy or hybrid mini-grid systems when these 
are more cost effective.    
 
Rural areas that are at least 5 to 10 years away from receiving grid electricity or are not 
economic for grid extension are the principal candidates for renewable energy mini-grid 
systems.  In this situation, the choice often becomes whether to pursue a diesel-based 
system or a renewable or hybrid-based system.  The renewable or hybrid-based system 
will generally have a higher capital cost and lower fuel costs.  Because these are remote 
areas, and the delivered cost of diesel fuel can be very high, renewable or hybrid-based 
system can often provide more cost-effective electricity. 
 
Experience in many developing countries shows that hydropower-based mini-grid 
systems are an effective approach to expanding electricity service in rural areas where 
this renewable resource is available year-round.   Successful results have been achieved 
in China, Nepal, India and Sri Lanka where community ownership was strong and 
effective. However, in Thailand, success has been more limited due to a number of 
factors. Among these, were a lack of a sense of ownership within the community leading 
to overuse by some consumers (majority of the funding was from the government), low 
tariffs (Thailand has a policy of uniform national tariffs) leading to high demand growth 
resulting in inadequate capacity of the hydroplant, competition for water for irrigation, 
and grid reaching the community ahead of schedule.  There have been a few positive 
experiences with hybrid mini-grid systems that combine wind, solar PV or both 
renewable resources with a diesel generator72. Mini-grids fueled from biomass resources, 

                                                 
72 China Village Power Project Development Guidebook: Getting Power to the People Who Need it Most, 
SEPA/UNDP/GEF, Capacity Building for Rapid Commercialization of Renewable Energy in China, 2004. 
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such as agriculture residues, wood chips, and coconut shells, have also shown early 
promise, for example, in China and the Philippines. In Africa, multi-function platforms 
fuelled by diesel or biofuels were developed to produce shaft horsepower, electricity, and 
heat to support economically productive activities in rural communities such as food 
grinding and water pumping. These systems capture the best features of each resource 
and can provide reliable, community-level electricity service with significantly lowered 
fuel costs.  
 
Village-grids (communities from 20 to 200 households) face large challenges to 
electrification, due to the difficult relation between socio-economic issues and technology 
options: (i) transaction costs and upfront investments are extremely high (which worries 
donors, project developers and regulators alike); (ii) technical capacity and financial 
strength of providers in this market segment is often very low (and lots of technical 
assistance is required); (iii) the high sensitivity of economic and financial analysis to the 
specific local resources and demand curves makes a wholesale approach to program 
design extremely difficult – which slows roll-out and disbursements compared to grid and 
SHS projects that are much easier to standardize; (iv) there is a need for agreement of the 
whole community and a sense of ownership; and (iv) distribution problems due to 
common use of limited local energy resources often create severe social problems and 
demand may exceed power generation. All these specific demand and supply side 
characteristics of the village-grid market segment require specific solutions for service 
quality, pricing and subsidy schemes. These solutions are often different from those for 
larger mini-grids or grid extension. Above 200 households, it becomes more likely that a 
diesel-hybrid or hydro generation with a professional provider and metered electricity 
service is least cost – which drastically reduces the social issues and sizing problems.73 
 

Barriers to Mini-Grid Renewable Energy Systems 
The barriers to mini-grid systems in general and to renewable energy based mini-grid 
systems in particular have been documented in many studies.  These barriers are the 
result of a variety of legal and regulatory practices, economic and financial factors, and 
market and business risks that discourage entrepreneurs from entering the market and 
prevent the successful development of projects.   The most relevant barriers to mini-grid 
renewable energy systems are: 
 
Legal and Regulatory: 

• Policies that impede establishment of cost-recovery tariffs 

                                                                                                                                                 
http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY=0CAEAB9
ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=39AA78C84A5F722B852
570D6006EDDF4&  
73 Promoting Electrification: Regulatory Principles and a Model Law. 2005, Kilian Reich, Bernard Tenenbaum and 
Clemenica Torres,  ESMAP 

http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY=0CAEAB9
ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=5D78A5DC5A3F2065852
570FF0083AE35&  
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• Limited knowledge on regulatory framework for mini-grids 

• Lack of a policies and institutional support for cooperatives and private sector 
rural electricity supply systems.  

 
The institutional issues surrounding renewable energy mini-grid systems are often the 
most critical.  Utility companies are often not interested in these small, remote systems 
because of their high transaction costs.   Cooperatives and other community-based 
ownership models can be an effective solution to meeting local needs, but a significant 
amount of guidance and training is often required to develop the organization, design and 
build the system, establish the tariff structure, and train operation and maintenance staff.  
In particular, community-based systems face a social challenge and are vulnerable to the 
“tragedy of the commons.”  Appropriate tariff structures and administrative controls are 
needed to avoid technical and financial failures, and well-functioning social interactions 
and structures for conflict resolution are essential to long-term success.  “A village grid 
can only function well in a village that functions well!”74   
 
 
Financial and Economic: 
 

• High investment and transaction costs 

• Inability to access capital/financing  

• Uncertain resource supply projections 

• Lack of subsidies/incentives that support renewable energy mini-grid systems.  
Several barriers hinder successful financing of mini-grid renewable energy systems.    
Most developing countries have poorly developed financial markets, products, and 
institutions, as well as high political, credit, currency, and economic risks.    As such, 
financing has been largely the domain of public agencies and private investment is 
limited. 
 

Market and business risks75:  

• Low customer ability to pay  

• Uncertain customer demand   

• Lack of technical skills for design, construction and O&M, system 
management, monitoring and customer relations.  

• Insufficient community involvement/responsibility  

                                                 
74 See for example, C.E. Greacen, “The Marginalization of “Small is Beautiful”: Micro-hydroelectricity, Common 
Property, and the Polities of Rural Electricity Provision in Thailand. 

http://palangthai.org/docs/GreacenDissertation.pdf  
75 For a more detailed synopsis of market and business risks, see , C.E. Greacen, “The Marginalization of “Small is 
Beautiful”: Micro-hydroelectricity, Common Property, and the Polities of Rural Electricity Provision in Thailand. 
http://palangthai.org/docs/GreacenDissertation.pdf 
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Utilities are usually not interested in off-grid areas and slow to respond when there are 
technical problems with mini-grids because of the high transaction costs.  As a result, 
most of the renewable energy mini-grid systems are operated by either community-based 
organizations or local entrepreneurs who have high sense of ownership and can be much 
more responsive to problems encountered in mini-grid implementation. However, 
community-based management can often lack the technical skills to design, install, and 
maintain the systems; business skills to develop and operate the systems and design the 
tariff structures; and financing resources. This often results in technical and financial 
failure of renewable energy mini-grid systems that can be avoided with training on 
organization, system design and operations. Appropriate tariff structures and 
administrative controls are also needed to avoid failures, and well-functioning social 
interactions and structures for conflict resolution are essential to long-term success.  

 

Overcoming Barriers to Mini-Grid Renewable Energy Systems 
 
Renewable energy mini-grid systems can be implemented through private-sector rural 
energy service companies at the community or regional level.  However with poor 
clients, the projects can rarely survive commercially on their own, so they will need 
subsidies.   In this situation, some risk mitigation support may be needed as the 
entrepreneur may have limited ability to carry the risk of the investment over the long 
term.   Support measures could include market assessments that help to better 
characterize the market potential, development grants that help overcome market barriers 
by reducing the cost of the initial systems, and partial risk guarantees that mitigate long-
term financing risks.    
 
 
 
Legal and Policy Instruments 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Legal and Policy Instruments discussed in this section 
include: 

• Subsidy Mechanisms 

• Tariff Structures 

• Concessions and Competitive Bidding. 
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Legal Principles for Mini Grid Regulatory Framework 
 
The regulation of mini-grid electricity systems, whether from renewable energy or 
conventional power sources, must be performed in different (and sometimes non-
traditional) ways relative to the same regulatory tasks for grid extension.76   Mini-grid 
electrification uses different business models and often requires the need to coordinate 
tariffs with subsidies.   A 2004 report on off-grid regulatory issues77 presented detailed 
principles and case studies on regulatory framework for mini-grids. Some of these 
principles are as the following:  
• A national or provincial regulator should delegate regulatory tasks to the rural 

electrification agency or rural electrification fund that inevitably is the de facto 
regulator because of the conditions/requirements imposed on the operator to receive 
subsidies.   The de facto regulator is often more knowledgeable about the operations 
of electrification providers and is better able to weigh the costs and benefits of 
imposing regulatory requirements. 

• Quality of service standards must be realistic, affordable, easily monitored and 
enforced.  

• Benchmarks should be used whenever possible rather than actual costs for prices or 
subsidies.  Individual cost-of-service calculations are often not workable.   

• Do not create a “chicken and egg” problem for subsidies and tariffs.  Potential 
operators must know both tariff and subsidy levels before they can make investment 
decisions.  Government will usually decide on external subsidies, but a regulator can 
nullify government granted subsidies with low tariffs. 

• Regulatory obligations should be clearly stated and supported by adequate funding.  
Successful electrification requires a multi-year “regulation by contract.”  Tariffs for 
rural cooperatives must cover O&M costs and allow for recovery of capital costs.  
Otherwise they are reluctant to expand their grids.  Regulators should not be able to 
unilaterally change the tariff for mini-grid operators during the regulatory contract 
period. 

 

Private Sector Participation 
Regulation of rural energy providers for renewable energy mini-grid systems is a critical 
government policy area, and the following are principles for such regulations.  
Government regulations should: 

                                                 
76 Regulation of Grid and Off-Grid Electrification: Three Observations and Six Principles, Bernard Tenenbaum, Policy 
and Regulatory issues for Grid and Off-Grid Electrification, A Working Clinic ESMAP and the World Bank, Buenos 
Aires, Argentina, July 22-23, 2004  

http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY=0CAEAB9
ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=A59D4BF63B94CA7785
2570D6006BE43D&  
77 ESMAP, K. Reich, B. Tenenbaum and C. Torres. 2005, Promoting Electrification: Regulatory Principles and a 
Model Law 
http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY=0CAEAB9
ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=5D78A5DC5A3F2065852
570FF0083AE35&  
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• Permit private sector participants to enter the market to supply electricity. 

• Ensure fair competition for all suppliers in competing for new customers.  
Transparency in utility grid expansion plans is needed to keep mini-grid investors 
well informed about when to expect a declining customer base due to the arrival of 
the grid.  and therefore not be left with “stranded assets.”  The Philippines has begun 
doing so under their “Missionary Electrification Development Plan”. 

• Establish an enabling regulatory framework that has clear separation of 
responsibilities and allows “light-handed” procedures and processes for small, stand-
alone systems. 

− A clear separation of responsibilities requires that separate departments have 
distinct responsibilities for (i) planning, monitoring, policy setting, licensing and 
permits, (ii) establishing/promulgating regulations, (iii) compliance (“regulator”), 
and (iv) conflict resolution, arbitration, and adjudication in cases where an 
involved party wishes to appeal a finding of the regulator. 

− Light-handed procedures and processes allow for simplified regulatory procedures 
and decentralized administration for mini-grid and stand-alone power systems.  In 
particular, it is critical to minimize the number of regulatory 
requirements/decisions, the number of government entities making separate 
decisions, and the amount of information required from the entities performing 
electrification. 

 
 
 
 
 
 
 
 
 

Subsidy Mechanisms 
 

Principles of Subsidy Mechanisms 
Public money is often required to support the operation of rural (as well as urban) 
infrastructures, and subsidies to promote mini-grid electrification in rural communities, 
especially where it provides the least cost service option, can be justified on the basis of 
social equity, poverty reduction or other political considerations.   
 
The critical question regarding subsidies is not whether they are necessary, but how can 
they be spent most effectively to complement payments by the users.  Subsidies can 
range from initial investment grants to tariff based cross-subsidies, and there are many 
good policies, but it is important that they do not have a negative influence on rational 
use of energy and local energy sources.  
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Governments may usefully establish a subsidy mechanism to take into account regional 
and other considerations, with due consideration to efficiency and sustainability under a 
regime of cost-based regionally-differentiated tariffs and multiple service providers. In 
particular, efficient subsidy schemes and allocation procedures that follow pre-
established clear, explicit rules that 

• Are transparent, i.e., avoid implicit (and operating) subsidies that frequently lead 
to waste and non-accountability. 

• Are targeted to the segments of the rural population that most need the support, 

• Are easy to administer,  

• Are linked to results, i.e., maintain the focus on expanding access by subsidizing 
the initial cost of investment rather than the cost of operation. 

• Provide strong cost-minimization incentives, i.e., retain the commercial 
orientation to reduce costs even though subsidies are being provided. 

• Ensure good governance, i.e., the institutional responsibility for policy and rule 
setting for the subsidy mechanism are clearly separated from its administration, 
and an independent entity is responsible for requisite checks and balances, 
monitoring performance, and ensuring compliance. 

Subsidy policies can be measured according to their efficiency (the economic cost-benefit 
of the subsidy program), equity (whether the subsidy actually reaches the poor people 
that need electric services) and effectiveness (the ability of the subsidy program to 
achieve the results of increased electric services to rural populations).    
 
In principle, subsidies for rural electrification and mini-grid energy systems are more 
sustainable when applied to the capital investment rather than to the on-going operating 
and maintenance costs.   Capital subsidies generally support expanded access and are 
definable and periodic.  Subsidies that support operating costs often result in an 
unsustainable commitment.  
 
 
 

Types of Subsidy Mechanisms 
 
Rural Electrification Funds manage and implement subsides for rural electrification in a 
number of countries. They provide partial capital subsidies for new electricity 
connections and require the distribution company to cover the operating costs of service 
through revenue collection. The funding sources for such funds usually come from 
government budget, donors, and levies on electricity bills. In Guatemala, the funding for 
the rural electrification fund came from the sales of utility privatization. Such funds are 
usually administered by an independent Rural Electrification Agency, who is also 
responsible for rural electrification planning, technical assistance, promotion, 
supervision, etc. When properly administered, such subsidies can make rural 
electrification a profitable business.  In most successful programs, a substantial portion of 
the capital is obtained at concessional rates or in the form of grants.  Such rural 
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electrification funds should provide subsidies for both grid extension and off-grid options 
including mini-grids, but adopt different subsidy schemes for grid extensions and off-
grids.   This is the approach adopted in the Philippines through their Missionary 
Electrification Development Fund that is supported through a surcharge on electricity 
sales.  It pays for capital investment as well a a major portion of the cost of fuel and 
operation of diesel-based mini-grids in high service cost areas, plus provides for a small 
portion of the capital cost for solar home systems. 
 
Bulk power subsidies are not a good idea from a strictly economic point of view, but they 
have been used successfully in several cases.   In Thailand, the bulk power supplier is not 
affected financially by the bulk power subsidies it provided for financing rural 
electrification because it is able to recover the subsidies with higher prices to its urban 
customers.  This is the case also in Vietnam.  In the United States, the cheap power from 
the public dams was given to the rural cooperatives because of their role in providing 
affordable electricity to people in rural areas. 
 
Operational subsidies are very problematic in that they make the rural electricity supply 
companies critically vulnerable as revenues do not cover operating costs without 
continuation of the subsidy.  When the subsidy is reduced (as inevitably happens) the 
virtue of increasing sales turns into a vice of greater losses, creating a significant 
disincentive to extend electricity to new customers 
 
Lifeline Rates and Cross-Subsidies have been effective policies for encouraging rural 
consumers to use electricity.   However, the lifeline should not be set so high that it 
compromises the financial viability of the rural energy companies, usually it should be set 
up within 30-50 kWh/month.   Where the lifelines are properly tied to the poverty profiles 
of consumers, the suppliers have been able to absorb the subsidies for the poorest 
consumers without causing financial difficulties.  
 
The bottom-line is that the form of subsidy generally is not as important as the way in 
which the subsidies are administered. The trick is to attain a balance between too little 
and too much subsidy. The programs with too little subsidy generally cannot ensure 
commercial viability of service providers, and cannot benefit the poor. The programs 
with too much subsidy would limit the number of connections or installations of mini-
grid systems, since public funds are limited.  

Output Based Aid Subsidies for Service Providers 
 
Increasingly, the World Bank has been following the Output Based Aid principles to 
design subsidy schemes and disbursement schedules for rural electrification (including 
mini-grids and stand-alone renewable energy systems) projects. Output-Based Aid 
(OBA) is a strategy for using explicit performance-based subsidies to support the delivery 
of basic service where policy concerns would justify public funding to complement or 
replace user-fees. The core of the OBA approach is the contracting out of service delivery 
to a third party, usually a private firm, but in some cases not-for-profit operators such as 
NGOs, where payment of public funds is tied to the actual delivery of these services. 
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Affordability concerns for particular groups of users, positive externalities, or the 
infeasibility of imposing direct user-fees represent examples of the types of policy 
concerns that have motivated governments to use public funds to support the delivery of 
basic services.  
 
In January 2003, the United Kingdom's Department for International Development 
(DFID) and the World Bank established the Global Partnership on Output-Based Aid 
(GPOBA), a multi-donor trust fund administered by the World Bank. The goal of 
GPOBA is to provide increased access to reliable basic infrastructure and social services 
to the poor in developing countries through the wider use of OBA approaches. GPOBA 
will demonstrate and document OBA methods of supporting the sustainable delivery of 
basic services (water, sanitation, electricity, telecommunications, transportation, health 
and education) to those least able to afford them and to those currently without access.  
The primary outputs of GPOBA are pilot demonstration projects and related activities to 
identify and disseminate lessons of experience on the design and implementation of OBA 
schemes, including the targeting of eligible beneficiaries, definition of performance 
requirements, the determination of payment structures, and the design of monitoring 
arrangements.  
 
There are two specific types of OBA subsidy schemes for mini-grid service providers: 
Connection subsidies reimburse the service provider for part of the costs of establishing 
new connections once these connections have been verified.   Thus, they allow the 
service provider to lower the up-front connection fee, and they provide incentives to the 
provider to establish and maintain as many customers as possible. 

Transition subsidies bridge the gap between the revenues collected through monthly 
tariffs and the costs incurred in providing service. They are most applicable in areas 
where the general customers’ ability to pay electricity tariffs is well below costs.   These 
subsidies support on-going operation and maintenance costs, but only for a transition 
period and would be phased out over time.  The expectation is that during the transition 
these costs would decline as the service provider improves its efficiency and customer 
resistance to tariff increases would lessen as service improves.  

In Bolivia78, a World Bank Group (WBG) project used OBA principles to provide four 
different types of subsidies: i)  direct up-front customer subsidies on the initial 
investment cost, paid to the supplier on the basis of actual installations; ii) service quality 
subsidies, paid to the supplier against installation and service performance targets; iii) 
market development service subsidies, paid to the supplier against training of local 
technicians, yearly visits, users training, etc.; and iv) indirect market development 
subsidies (aggressive overall promotion activities, support to the formulation of business 
development strategies, training and technical assistance). 
 

                                                 
78 Bolivia ERTIC/IDTR: Decentralized Energy and Information and Communications Technologies for Rural 
Transformation Program. 
http://imagebank.worldbank.org/servlet/WDS_IBank_Servlet?pcont=details&menuPK=64154159&search
MenuPK=64154240&theSitePK=501889&eid=000090341_20030530152957&siteName=IMAGEBANK  
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For another WBG project in Nicaragua79, OBA principles were an integral part of pre-
project design.  Based on the specific demand in rural Nicaragua, the project focused on 
microcredit (to address liquidity gaps of rural users) and targeted business development 
services (to increase the potential for productive uses, which in turn makes the energy 
provider’s business more sustainable).   Approximately two thirds of the IDA credit were 
used for OBA payments to the private sector providers of (i) off-grid electricity services 
and (ii) accompanying microcredit and business development services.    

Subsidies to customers 
Subsidies to customers in mini-grid service areas are best used where there is diverse 
customer set with a wide variation in their ability to pay.  In these situations, grant 
payments may come from poverty alleviation funds or other such mechanisms that may 
be available in the country or region.   Grants to consumer may be used to defer the cost 
of up-front connection fees, or they can take to form of productive use incentives, 
whereby support is provided to qualifying households or micro-enterprises to encourage 
or enable productive uses of the electricity provided through the mini-grid system.    
 
 
 
Tariff Structures 
While cost-recovery tariff structure is essential to ensure commercial viability of the 
service providers for mini-grid systems, in practice, it is usually unrealistic to expect full 
cost-recovery tariff, given the low ability to pay in rural areas. When designing tariff 
structures for rural electrification projects, including mini-grids, a principle should be 
borne in mind that the tariff should at least recover operation, maintenance, and 
management (O&M&M) costs, and preferably partial capital investment costs. 
Worldwide, almost all rural electrification programs involve some form of subsidies. In 
principle, subsidies should be applied to access costs (connections), not to operating costs 
(ongoing consumption). Following these principles, most rural electrification projects 
usually set up a politically and socially accepted tariff level first, and then determine the 
subsidy level to make the projects financially viable.   Almost all rural electrification 
programs, even in industrialized countries, use various subsidy schemes, such as grants, 
cross-subsidies, and concessional loans, to ensure that tariffs are affordable to the end 
users 
 
For renewable energy mini-grids, existing rural electrification tariffs may not be suitable, 
since they do not reflect the specific demand patterns and supply characteristics. 
Renewable energy systems have high capital investment costs and low energy costs. 
Following the principle that tariff should recover O&M&M costs, renewable energy 
mini-grids can be made to be financially sustainable with a capex subsidy80, compared to 
diesel-based mini-grids that are subject to increasing and highly volatile fuel prices.   
                                                 
79 Nicaragua PERZA: Off-grid Rural Electrification Project. 
http://imagebank.worldbank.org/servlet/WDS_IBank_Servlet?pcont=details&menuPK=64154159&searchMenuPK=64
170222&theSitePK=501889&siteName=IMAGEBANK&eid=000160016_20030430102652&isNew=y  
80 A subsidy on capital expenditures (capex) that creates future benefits. Capital expenditures are incurred when a 
business spends on buying fixed assets or on adding value to existing fixed assets.  
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Principles of cost recovery and cost-based tariffs 
Permitting cost recovery and cost-based tariffs is essential to enabling community-based 
organizations and private sector entities to implement renewable energy mini-grid 
systems.  These developers have no ability to cross-subsidize electricity rates and must 
demonstrate financial viability to obtain financing.  The political challenge with this 
policy is the recognition that consumers in different regions will pay different retail 
tariffs, and that the tariffs for some consumers will be significantly higher than for others, 
even after some subsidies have been provided.   These regional tariffs will vary according 
to the cost of service delivery. A principle to set up tariff structures for mini-grid systems 
is to keep a balance between ensuring commercial viability of the service providers 
(sustainability) and meeting rural consumers’ ability to pay (affordability).   
The life cycle costs of the electricity service include the following components: 

• Capital cost incurred to construct the mini-grid project 

• Annual fuel cost (if biomass-based or a hybrid system is used) 

• Annual operations, maintenance, management, and overhauling costs, both labor 
and materials 

• Periodic equipment replacement costs 

Most rural electrification tariffs usually have two basic components: connection fees and 
monthly fees, and each of these components has a different objective. 
 
Connection fees.  In most rural electrification projects, it is necessary to establish a 
connection fee, which should be used to recover part of the upfront investment costs, 
usually covering the costs of meters and connection from poles to households.   
Additional objectives of the connection fee are to ensure a real commitment by the user 
to the rural electricity service and to prevent the users from creating excessive demands 
on the system capacity.   The value of the connection fee should be established in 
reference to the local household income.  For the smallest energy delivery amount, the 
connection fee should not exceed 1.0 to 1.5 times the monthly household budget. High 
initial connection charges are often a far greater barrier to rural consumers than the 
monthly electricity bill. 
 
Monthly fee.   Traditionally, the monthly fee consists of a fixed charge, which usually 
covers basic service to the lowest income group, and a variable charge based on the level 
of consumption. The monthly fees intend to recover the operational costs of the systems 
and partial equipment replacement costs.     

Tariff structures for renewable energy mini-grids 
For renewable energy mini-grids, an adequate tariff structure should: 

 Recover at least O&M&M costs 

 Reflect cost structure – a high fixed charge (higher than typical tariff structures 
applied in large grid systems) to reflect fixed O&M&M costs, a variable charge to 
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reflect fuel costs, and a levelized capital cost charge partially reflect capital 
investment costs 

 Remain below consumers’ ability to pay  

In addition, community involvement and their sense of ownership is critical for 
renewable energy mini-grids. Communities sometimes can pay up to 10-20% of the 
capital investment of renewable energy mini-grid systems upfront in the form of labor, 
material, and cash contributions.  
Following this principle, existing tariff schemes are often not suitable for renewable 
energy mini-grids. In traditional utility grid systems where the electricity generating 
source can be dispatched and fuel costs are significant, a large fraction of the costs are 
related to the amount of energy consumed and a traditional consumption based tariff is 
most appropriate.  However, most small renewable energy and hybrid-based mini-grid 
systems have low fuel costs but high fixed O&M&M costs, which are not strongly 
dependent on whether the energy available is consumed or not by the user. If users pay a 
tariff only for the energy consumed, when the users’ demand lowers, the operator’s 
incomes fall, yet he still has to pay for the maintenance, payback and depreciation costs. 
Therefore, renewable energy mini-grids should apply for a higher fixed monthly charge.  
For renewable energy mini-grids, a fixed monthly fee may be a more appropriate tariff 
since it is more directly related to the costs structure of the service and it provides the 
operator with a clearer financial forecast.   Furthermore, the tariff should collect 
sufficient funds to create a ‘reserve fund’ to be used for replacements and overhauls. 
 
However, a uniform tariff structure is unlikely to be fair or affordable to all household 
customers81.  Therefore, customer segmentation that reflects different consumption 
patterns is necessary in establishing appropriate monthly fee categories.   Sometimes, 
these categories of household customers are also based on the number of lights and 
appliances that the household possesses.   Fixed tariffs also help reduce system operating 
costs. The following factors are important considerations in designing the monthly fees.   
• Consumer ability to pay:  Various assessments have concluded that users can pay up 

to 5% of their monthly household income for electricity.  In many cases, people can 
pay more, and market studies are needed to determine their current level of 
expenditures for energy.  Many studies have documented that un-electrified 
populations are paying significant portions of their household budget for subsistence 
energy supplies, like small replaceable batteries and batteries charging services. A 
survey of the customer ability to pay is a very important project development activity. 

• Satisfaction of basic needs: The poorest users should be able to purchase a minimum 
block of service. A basic PV service, for example, is considered to be two lights and a 
radio for 3-4 hours a day that can be supplied with a 20 Wp PV system (generally 
under 3 kWh per month) for an affordable price.   As the level of service increases, 
the cost to the user should increase in proportion to the user’s ability to pay for the 
increased electricity service.  However, the effective cost per unit of electricity is 
lower in accordance with the principle of decreasing marginal utility. 

                                                 
81 Tariff Structures. A “Universal” PV-Based Rural Electrification Scheme, O. Gavaldà, X.Vallvé, I.Vosseler Trama 
Tecnoambiental S.L.,  Ripollés, 46 - 08026 Barcelona, Catalunya  
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• Increase of productive applications: Although it is extremely important to provide 
basic needs to all the customers in the service area, it is also essential to provide 
appropriate tariffs for small industries and commercial activities so as to stimulate 
productive uses.   

Other pricing schemes such as pre-payment and binary real time pricing as well as new 
solutions for intelligent metering such as energy dispensers and behavior-based charge 
controller have been applied in a few pilot renewable energy mini-grid projects. For an 
example see the proposed tariff structure for a solar PV/diesel hybrid system in Peru.82 

Tariff Types 
Many different types of tariff regimes have been tried with mixed results.    
 
 Free of charge:  People often consider village power systems to be welfare projects 

and argue that the services should be provided free of charge.  This situation often 
arises in pilot or demonstration projects and can be especially true if the local 
community was not fully consulted or is not required to make any financial 
investment in the system.  Clearly, such a tariff arrangement is not sustainable 
without continued financial supports from the government of a donor agency.  
Eventually, these systems all fail, either because there are no funds available for 
system maintenance and repair, or because the operating cost subsidy is stopped. 
Equally importantly, such a tariff leads to over consumption and in a renewable 
energy-based mini-grid that is energy limited, this leads to user dissatisfaction or 
power system breakdown (e.g. unacceptable voltage drops or brown/blackouts). 

 Highly subsidized tariffs:  In this case, electricity tariffs are not a financial burden to 
the customers, but the monthly revenues do not cover monthly operating costs, and 
the system is not operationally sustainable.  Another disadvantage of this level of 
subsidy is that the system operators have no incentive to increase the number of 
customers or the total customer demand.  As before, such a tariff leads to over 
consumption and in a renewable energy-based mini-grid that is energy limited, this 
leads to user dissatisfaction or power system breakdown (e.g. unacceptable voltage 
drops or brown/blackouts). 

 Break-even tariffs: These are designed to ensure that the system generates enough 
revenue to cover all its operating costs and an allowance for periodic maintenance or 
component replacement.  These tariff levels can be designed to be affordable by most 
customers, especially if the subsidy is applied to reduce the system investment or 
customer connection costs.   Break-even tariffs can be applied as a per kWh charge, 
or as a fixed monthly charge. 

 Financially viable tariffs: These full cost-recovery tariffs are designed to allow for 
sufficient return on investment to attract the investors to construct the systems.  The 
private sector participation may result in higher tariffs, or in higher subsidies to keep 

                                                 
82 World Bank Peru Rural Electrification Project: 
http://web.worldbank.org/external/projects/main?pagePK=64283627&piPK=73230&theSitePK=40941&menuPK=228
424&Projectid=P090116   
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tariffs affordable. A financially viable tariff must cover all the following components 
of system cost.  

 Salaries (Management and operating staff) 
 Fuel (In the case of biomass or hybrid systems) 
 Operating and maintenance expenses 
 Replacement costs 
 Administration 
 Taxes 
 Loan repayment 
 Profit 

Differential Customer Tariffs 
Customers of mini-grid power systems can generally be classified into three categories: 

 Residents  (households) 

 Institutions (government offices, schools, clinics, etc.) 

 Businesses (stores, restaurants, shops, etc.) 

Most village power systems charge the same per-kWh tariff to all customer types, but this 
is not an optimal approach.  Mini-grid systems can have a graded tariff regime, just as 
most grid systems have.  This allows the tariffs to be set in better proportion to the 
customer’s ability to pay.  This approach is also justified under subsidy programs where 
the government contributes to the system investment.    The concept of a lifeline tariff 
can also be applied in a graded tariff system, in which some minimum level of 
consumption is provided at a very low rate.  Table 3.1 from an example in China 
illustrates such a tariff regime.  This tariff complexity can only be justified in relatively 
large mini-grids. 
 
 
 
Table 3.1. Graded Tariff System: China 

Customer Type Number Consumption 
(kWh/yr) 

Tariff 
(Yuan/kWh) Total kWh 

Annual 
revenue 
(Yuan) 

Poor Residents* 100 60 1.0 6,000 6,000 

Residents  200 150 2.0 30,000 60,000 

Non-profit 
institutions 1 750 2.0 750 1,500 

Public businesses 1 750 2.5 750 1,875 

Private 
businesses 5 1500 3.0 7,500 22,500 

Total 307   45,000 90,875 

*100 of the total 300 households qualify for the life-line rate for the first 5 kWh/month they consume. 
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Tariff Collection Mechanisms 
Tariff collection can occur through a variety of mechanisms: 
 
Monthly payments:  These are the common tariff collection schedules for urban 
consumers, but they have proven difficult to implement in rural areas where incomes vary 
seasonally based on agricultural sales.    
 
Annual or semi-annual payments:  Rural households engaged in agriculture and animal 
husbandry harvest once or twice a year.  Even residents working for local government or 
public agencies are paid only once or twice a year.  Therefore, tariff collection schedules 
for residential customers should be geared to the local harvest schedule.  Institutions and 
business will have regular income and can pay according to a monthly schedule. 
 
In-kind payments:  Greater customer flexibility can be facilitated by allowing in-kind 
payments, such as marketable livestock or agricultural products.  Of course, additional 
work is required by the system operator to convert these in-kind payments into cash, and 
the system operator may want to both apply a conversion fee and limit the acceptable in-
kind payment methods to those where a trade arrangement can be developed with a 
business or government agency. 
 
Prepayment cards:  Prepayment card meters are cheaper than conventional meters, and 
are becoming popular, especially in newly developed urban areas.  They can reduce the 
costs of collecting tariffs, and they are more cost-effective than conventional meters, 
especially for the smaller mini-grid systems.  In fact, for the smallest systems, even the 
cost of the prepayment meters may be not be affordable.  These are also not effective 
when the fixed charge is a significant share of the total tariff. 
 
Current-limiting devices:  For mini-grid systems with a capacity-limited generating plant, 
it is essential that the demands of all customers can be equitably meet.  The most 
common approach to this challenge is to apply current limiting device to all customer 
connections that are sized to the level of service purchased by that customer.  The device 
will not allow the customer to consume more current than is appropriate to the level of 
service, so that sufficient capacity is available for all customers.   

Customer Ability to Pay 
Market studies associated with World Bank projects have revealed that majorities of low-
income rural households that are not connected to rural electricity grids typically pay $3 
to $15 per month for energy, in the form of candles, kerosene, battery charging and 
disposable batteries.    
 
Switching from kerosene and batteries to electricity from a mini-grid system significantly 
improves the quality of service provided and brings benefits such as increased productive 
time and improved access to education, information and entertainment.  These studies 
have revealed a household willingness to pay for these valued energy services.  
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Country specific data on rural household incomes and energy needs can be used along 
with comparative information from other countries to determine the amount that average 
rural households can pay for energy.  (Typically this is between 5% and 10% of their 
income.)   However, market surveys83 are important for obtaining local data on customer 
ability to pay. The seasonal distribution of rural incomes needs also to be taken into 
account when determining the ability of average customers to pay for the service that the 
system provides.     
 
Studies have indicated that rural customer willingness to accept electricity service is 
largely based in their capacity to pay the connection fee, and methods to reduce or spread 
out the connection fee are effective in gaining new customers.  Allowing for different 
levels of service for different customer categories will improve affordability of the tariff 
for the poorer customers.    
 
 
 

Concessions and Competitive Bidding 
Mini-grids – conventional or renewable energy based – are natural monopolies.  
Therefore, there will always be some kind of concession or license granted to the 
provider by a regulatory agency.   The exception is for community owned and operated 
systems such as the micro-hydro mini-grids in Sri Lanka. As this is a case of “self-
generation,” questions of monopoly or concession award do not arise. The question for 
the responsible local or regional government is whether or not to bid out the concessions.  
It is possible for the government to enter into direct negotiations with an electricity 
provider having the necessary capabilities, or to respond to an unsolicited proposal by an 
interested provider.  This section primarily deals with concession programs that use a 
competitive selection process.  However, many of the issues discussed also pertain to 
non-competitive concessions. 
 
Concession programs have been used to a limited degree as a mechanism to promote 
rural electrification and to lesser degree to promote off-grid renewable energy.  
Concessions are generally implemented by a local or regional government as a low-cost 
method of meeting its social obligations to rural electrification.   Under a concession 
program, governments offer the exclusive rights to provide rural energy services to 
bidders who submit proposals to meet all the service requirements. 
 
Generally, a private company or NGO is selected by a competitive process and given the 
exclusive obligation to provide electricity services to the customers in its service territory 
upon request from the customer.   The rationale for a concession approach is that the 
concessionaires will be able to provide the most cost-effective electricity services 
because they are free to select the most appropriate technology to apply in any given 

                                                 
83 Assessing Markets for Renewable Energy in Rural Areas of Northwestern China,  Tuntivate Voravate, Douglas E 
Barnes, V Susan Bogach, The World Bank, Washington, D.C.  
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situation.   Their choices include mini-grids and stand-alone systems and can be based on 
conventional and renewable energy sources.  
 
The concession approach appears to be particularly effective when rural electrification 
activities are largely complete and only the remaining very remote customers need to be 
served.   In this case, private dealers would be unlikely to be able to sustain viable 
businesses because of the relatively large market area and the low population density.  
Usually a provincial government will oversee the bidding process, and a provincial 
regulatory authority will negotiate the concession contract and monitor its compliance.  
As part of the competitive bidding process, concessionaires can be asked to either 
propose a tariff schedule to serve dispersed rural consumers or a subsidy amount (usually 
on a per customer basis) that it will receive from the government. Criteria for selection of 
winning bids can be divided into three categories: (i) the lowest subsidy (or fee) per 
connection; (ii) the largest number of connections within a fixed budget; or (iii) a 
combination of both.  Projects that have implemented concession programs have also 
developed regulatory and selection/bidding frameworks.   
 
Concessions are usually implemented by a form of energy service company (ESCO).  
They are typically granted for a period of at least 15 years, and the concessionaires must 
make all investments and carry out all necessary maintenance, repairs or replacement of 
components as needed to ensure the continuity of the electricity service to its customers.  
The concessionaire must also provide “state-of-the-art commercial service standards” for 
connection requests, billing, collection and claims handling.   
 
A provincial regulatory agency will regularly monitor the performance of the 
concessionaire and periodically review the tariff schedule or subsidy amount.   Key 
performance indicators include the number of connections by type of consumer and 
method/technology of supply, outages statistics, and financial results.  
Concessions work best in countries with substantial experience with other types of 
concession systems.  For renewable energy systems, Argentina has comprehensive 
experience with concessions.   In China, an ESCO concession model was considered 
unworkable because no appropriate authority exists, in either the electric power or 
agricultural/rural sectors, to regulate concessions.    
 
In Argentina, the Renewable Energy for Rural Markets Project84 (PERMER), financed by 
World Bank and GEF, aims at providing about 35,000 remote rural households, 1,750 
public services (rural schools, health posts) and 500 productive uses with electricity 
through regional “off-grid concessions” that are negotiated or bid out for minimum 
subsidy and regulated by independent provincial regulating agencies.  The majority of 
rural households and public facilities are served stand-alone solar PV systems, which 
receive a GEF grant.  About 10% of the households are served by village-power systems 
using mini-hydro or hybrid systems such as solar/wind, wind/diesel or solar/diesel.   

                                                 
84 Argentina PERMER: The Argentine Off-grid Electrification Concessionaire EJSEDSA. 
http://web.worldbank.org/external/projects/main?menuPK=51521804&pagePK=51351007&piPK=64675967&theSiteP
K=40941&menuPK=64154159&searchMenuPK=51521783&theSitePK=40941&entityID=000076092_200805291258
53&searchMenuPK=51521783&theSitePK=40941  
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Regional concessions are awarded to province-level energy service companies who agree 
to provide electricity services to rural consumers in their concession area.  The 
concessionaires are free to select which technology to apply in any given situation.   

 

Economic Instruments  
 

Determining the least-cost mini-grid optimum system size 
The first step is determining the lowest cost mini-grid option to serve the expected loads 
and load growth. The choices may include diesel genset, renewable energy, or hybrid 
systems. This choice highly depends on the resource availability of diesel fuel or 
renewable energy resources. Diesel genset has very low capital costs but quite high fuel 
costs in remote locations, while renewable energy mini-grids have high capital costs but 
low or none energy costs. Several tools, such as the HOMER model can be helpful to 
determine the least-cost option for village grid systems.  
 
For mini-grid renewable energy systems, determining the optimum size and system 
design is essential to ensuring the financial and technical success of the project.  If the 
system is too small, customer demands and future load growth will not be met and the 
system will get overloaded and be prone to failures.   If the system is oversized, the cost 
of service will be quite high, and financial sustainability of the system can not be 
ensured. In the case of renewable energy/diesel hybrid system, oversize can also lead to 
highly inefficient diesel operations.    
 
The sizing of the mini-grid systems depends on the load of demand, end-user types 
(households or local industry), the daily (and seasonal) variation in consumer demands, 
and the expected growth in consumer demand. Design techniques have been developed85, 
and in many cases, less costly design approaches can be used that recognize the specific 
context for mini-grid systems relative to normal grid-connected systems.   In particular, 
the possibility that the mini-grid system will be an interim measures lasting 10 or 15 
years means that it may not have to be designed to last the 30 or more years that is 
common for conventional systems. 
 
A major factor determining the viability of renewables is the seasonal variability of 
resource availability (the renewable resource during periods of lowest availability must 
be able to meet the forecasted load).  This means that in areas where the seasonal 
variability is high, the power plant may not be fully utilized for a significant portion of 
time, thus reducing its cost effectiveness.  Another important factor is that the renewables 
generator (if there is no energy storage), must be designed to meet the peak load (kW) so 

                                                 
85 Mini-Grid Design Manual, Joint UNDP/World Bank Energy Sector Management Assistance Program (ESMAP), 
April 2000.  

http://esmap.org/filez/pubs/minigriddesignmanual21364.pdf  
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that for a significant period of the day, the plant will be under utilized, again affecting the 
cost effectiveness of the power plant. 
 
 
Market Facilitation Instruments  
 

 

 

 

 

 

 

 

 

 
 

Ownership and Management Options  
Ownership is usually determined by the source of investment in a project.  However, 
when projects rely on government investment or grants from outside donor agencies, 
unless ownership rights, responsibilities and risks are clearly established and transferred 
to local parties, the projects are unlikely to maintain sustainable operation over an 
extended period of time. 
 
It is likely that government investment and grant funding will continue to be used to 
promote wider acceptance of renewable energy mini-grid systems through pilot 
demonstration projects. However, for some donor-funded projects, local ownership issues 
are not clarified from the outset. In general, this should be avoided.  Where a specific 
situation requires the long term ownership arrangement to be left open (e.g., to allow for 
an initial period of system operation and evaluation), it is critical that short term 
management arrangements be clearly assigned.    
 
The following four types of management and operation options have been applied to 
renewable energy mini-grid community power systems in China.  These have all been 
implemented successfully in China86, and would require adequate regulations. 

                                                 
86 China Village Power Project Development Guidebook: Getting Power to the People Who Need it Most, a publication 
of the SEPA/UNDP/GEF project CPR/97/G31, Capacity Building for Rapid Commercialization of Renewable Energy 

Market Facilitation Instruments discussed in this section cover: 
• Ownership and Management Options 

• Business Models: 

o Utility model 
o Community based organization model 
o   Private sector model 
o   Hybrid model 

• Financing Mechanisms: 

o Seed capital 
o   Bank financing 
o   Risk management 
o   Renewable energy finance initiative 
o   Carbon Financing 
o   Capacity building and institutional strengthening 
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 Authorization arrangement:  The power system is managed by the local 

government (a leader or committee) that appoints one or more individuals to 
manage and operate the system.  Under this option, the local government 
generally determines the price for electricity, the salary of the operators, the 
distribution of revenues and the families that get connected to the system if the 
capacity is insufficient to meet all household demands. 

 Contracted operation:  The system owner(s) contract the operation of the system 
to an individual or enterprise that takes full responsibility for system operation 
and maintenance, and may even collect revenues and pay for fuel and other 
consumables. The key to this arrangement is the clarity and completeness of the 
contract that must define the rights and responsibilities of both the owner and 
contactor.     

 Leasing:  The tangible assets of the system are leased to the system operator, who 
can be an individual or enterprise.  The system operator (leasor) takes on a greater 
degree of responsibility for medium-term system maintenance.  The lease 
arrangement will usually set some basic guidelines for revenue collection and 
disbursement, including amounts that must be set-aside for long-term 
maintenance. 

 Ownership transfer:  Instead of the owner(s) making some arrangement for the 
system operation (as in the above three cases), the owner or system developer 
transfers ownership to a specialized enterprise for a fee.   A detailed transfer 
agreement is needed and will usually specify the minimum levels of service to be 
provided, an upper limit to the tariffs that can be charged, and payment terms for 
the transfer fee. 

 

Business Models 
Business models for developing, owning and operating renewable energy mini-grid 
projects must be adapted to the capacities of the remote communities being served.   
Mini-grid systems are generally smaller, more remote and higher risk than most rural 
electrification projects.  Generally, this means that only local promoters are involved and 
they have far fewer resources and capabilities than the more regional promoters of rural 
electrification. 

A key success to mini-grid systems is the local institutional arrangement on who invests, 
develops, owns, and operates mini-grid projects, particularly renewable energy mini-
grids. In general, there are four business models for renewable energy mini-grids: the 
Utility Model, the Community-based Organization Model (including cooperatives), the 
Private Sector Model and the Hybrid Model.    

                                                                                                                                                 
in China, May 2004. 
http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY=0CAEAB9
ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=39AA78C84A5F722B852
570D6006EDDF4&  
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Utility Model 
Utilities are the most common model for rural electrification in developing countries, and 
many of these companies provide mini-grid service based on diesel generators or 
hydropower.  The principal advantages of this approach are the financial resources and 
technical capabilities that utility companies have to develop these installations.  In 
addition, it is generally easier for government to implement a subsidy mechanism when it 
involves transfers within or between public companies. 
 
However, there are several disadvantages in regard to the public utility model for 
renewable energy mini-grid systems.  First, the systems may be a low priority for the 
utility because they are remote and because they generate relatively little revenue.   
Therefore, the utility may not pay much attention to system maintenance and repair, so 
system reliability deteriorates over time.  Another disadvantage is that public utilities in 
many developing countries are inefficient and driven by political agendas.  Fortunately, 
there are several examples of well-run public utilities running rural electrification 
programs, such as in Thailand, Tunisia and Mexico87.  These examples illustrate the point 
that adherence to strict business principle is more important to successful operation of a 
rural electrification system than whether the utility has public or private ownership. 

Community-based Organization Model 
Community-based organizations are the most common business model to develop 
renewable energy mini-grid systems. Compared to the utilities, community-based 
organizations have strong interests, ownership, and presence in managing the mini-grid 
systems. However, they usually lack the technical skills to design, install, and maintain 
the systems; business skills to develop and operate the systems and design the tariff 
structures; and financing resources. This often results in technical and financial failure of 
renewable energy mini-grid system.  
 
Community-based organization-owned systems are vulnerable to the “tragedy of the 
commons,” especially systems without individual customer meters, which are often not 
affordable in renewable energy mini-grid systems.    Appropriate tariff structures and 
administrative controls are required to avoid abuse of the system, which can lead to 
technical and financial failures.   Cooperative systems are also vulnerable to 
mismanagement and take-over by “political agendas.”  In the design of a project using a 
community based business model, the potential for social conflict has to be addressed via 
appropriate sociological assistance and/or socio-technical solutions. 
 
Institutional support and capacity building is a critical requirement for the community 
cooperatives model.  Local communities wanting to form a cooperative need a significant 
amount of guidance and training if they are to be successful.  Support activities need to 
be organized at the national or provincial level, and made available at the local level.   
Specific types of activities include support to: 
                                                 
87 Meeting the Challenge of Rural Electrification in Developing Nations: The experience of successful programs, 
ESMAP Discussion Report, April 2004. 
http://siteresources.worldbank.org/INTENERGY/Resources/Rural_Energy_Development_Paper_Improving_Energy_S
upplies.pdf  
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• Create a cooperative organization - with sample legal agreements, 

• Survey community needs to support system design,  

• Survey customer ability to pay to support tariff design,  

• Assess the renewable resources and design the system, 

• Finance the system construction, 

• Training operations and maintenance staff, and 

• Manage the system to optimize community benefits. 

One organization that provides support for cooperatives around the world, is National 
Rural Electric Cooperative Association (NRECA), a US organization representing the 
national interests of cooperative electric utilities.  NRECA International Ltd. assists rural 
people in developing countries to use the consumer-owned electric cooperative model 
and provides an organizational and operational framework for rural electrification efforts 
(including mini-grid and stand-alone systems) that encourages reliable, sustainable 
service in the challenging circumstances that are present in many developing countries.   
NRECA International typically provides such services in partnership with USAID, other 
agencies of the U.S. government, The World Bank Group, and other multilateral financial 
institutions.    
 
 
 
Rural electric cooperatives, one form of community-based organizations, are consumer-
owned systems that distribute electricity to their members.  The cooperative can purchase 
and resell grid-based electricity, or it can operate an independent mini-grid system with 
its own generating source (very often based on hydropower resources.). Rural 
electrification in the United States has very successfully used the rural electric 
cooperative model that was started in the 1930s.  Several other countries, including the 
Philippines, Costa Rica and Bangladesh have also had considerable success with the 
cooperative model.  One of the main reasons for the success of cooperatives in these 
countries has been the fact that even though rural electrification is a difficult and often 
marginally profitable business, the supervising agencies recognized that cooperative 
companies have to be run according to sound business practices. 
 
Bangladesh has a successful rural electric cooperative model, building on the US 
experience. A Rural Electrification Board regulates the tariff, and a subsidy comes from a 
rural electrification fund, which was set up with funding from IDA, donors, government 
and the GEF (only for the renewable energy component).   
 
Under a World Bank project in Sri Lanka, a community cooperative model is being used 
to help local communities own and operate mini-hydropower systems.  The tariff is 
negotiated with community members, and is based on their ability to pay.  The GEF 
provided a $400/kW subsidy in the form of a one-time upfront grant to the cooperatives 
to develop their mini-grid hydropower system. This ongoing model has been highly 
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successful as indicated by the cumulative number of households served by the village 
hydro schemes having reached 5,129 by the end of 2006.88    
 

Private Sector Model 
Under this model, large private (or public-private) utilities or small rural energy service 
companies are responsible for developing, owning and operating mini-grid systems. 
Many private sector service providers enter into rural energy market through subsidy 
schemes or regional concessions, and would require adequate regulations.     
The principal advantage of private sector model is that they generally have a local interest 
in providing electric power services.  Compared to public utilities, they can also eliminate 
political interference.  However, the private sector cannot be expected to serve poor rural 
populations without some form of public policy supports. 
 
A limitation of private sector model is that local private energy entrepreneurs usually are 
small, have limited technical skills, and lack financial resources.  When developing 
renewable energy mini-grid systems, the financial return may be 10 years or more, and 
most developing country banks will not provide financing with an equivalent term.   
Another financing complication for the rural energy service providers is the perceived 
technical risks of renewable energy and the risk that customers will abuse the systems or 
not pay for service. Generally, most funding for local rural energy entrepreneurs comes 
from either government or multilateral sources.   
 
In a few countries, particularly in Latin American region, such as Chile, private rural 
energy service companies have successfully operated for over 20 years.  In Argentina, the 
winners of regional rural concessions were rural energy service providers and they 
received financing from provincial and federal government sources.  In a variety of Latin 
American countries, governments have used concessions as a way to stimulate private 
sector companies to become the rural energy service providers.  However, initial 
experience in some African countries has shown that it can sometimes be quite difficult 
to find enough interested and qualified bidders for a rural concession tender, especially in 
small economies. Therefore, good market assessment and professional transaction 
marketing are needed even for small rural energy tenders. 
 
In China, local government-owned companies (often at the county level) are nurtured and 
supported by the central government to become independent and self sustaining rural 
energy service providers. In Cambodia there are 600 private operators providing electric 
services in rural areas. However, there is no regulatory system to require licenses or 
control price.  Therefore, both the quality of service and its cost vary quite significantly.   
A similar case has been reported from Bolivia. The lessons learned from the Bolivia and 
Cambodia experience highlight the need to put in place a sound regulatory framework. 

                                                 
88 More details on the project can be found on the Sri Lanka Renewable Energy for Rural Economic Development 
(RERED) website: http://www.energyservices.lk 
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Hybrid Model 
Given the pros and cons for each business model, a combination of the above three 
business models could become an effective local institutional arrangement for renewable 
energy mini-grids. For example, a utility or a private company can own and develop a 
renewable energy mini-grid system, while a community-based organization can manage 
the day-to-day operation of the system, and the utility or the private company can provide 
technical back-up and management advice.   
 
In Peru, for example, a solar PV/diesel hybrid system was set up with donor funding, and 
the community-based organization manages the system. However, given the limited 
technical and business skills of the community organization, the system is not operated 
on a financially viable basis. The distribution utility, on the other hand, is not interested 
in such a small system. An ESMAP study recommended that the distribution utility could 
own the renewable energy hybrid system and provide technical back-up, while the 
community organization would be responsible for on-site basic maintenance and 
administrative duties.  
 
A similar concept was proposed for the UNDP biomass gasification mini-grid systems in 
China.89   One of the barriers to the development of commercially-viable projects for 
village or rural community applications is that village leaders do not possess the technical 
skills and financial resources to develop these projects on their own.    
 
One solution to this problem is to provide organizational, technical and financial support 
to the local leaders to promote the project development process.  The other approach is to 
provide incentives to a private rural energy service company (RESCO) that would sell 
systems to villages using a co-investment approach.  The RESCO invests as a minority 
owner in the project, and it helps the village owner/entity obtain financing to leverage 
their investment funds. 
 
The RESCO would need to invest initially to develop the technical, marketing and 
financing skills necessary to develop the village power projects.  In addition, it would 
train the village operating staff, and provide long-term technical support. The co-
investment approach should make selling systems easier, as the village leaders would see 
the market-making company assuming an important share of the technical and business 
risks.  Because the RESCO has a long-term interest in supporting its projects, it will need 
to develop ways to do this cost-effectively.  In addition, a RESCO would have an 
incentive to pursue long-term cost reductions, improved access to financing, system 
installation risk reduction, training, technical support and information sharing. 
 
The RESCO would generate financial returns in two ways.   Their primary revenue 
sources would be fees for providing systems engineering and construction management 
services and markup on the installed systems cost.  There would also be annual service 
                                                 
89 Modernized Biomass Energy in China: Jilin, SUMMARY REPORT, United Nations Development Programme, 
United Nations Foundation, China International Center for Economic and Technical Exchanges, Jilin Provincial 
Environmental Protection Bureau, UNDP Project Number CPR/99/H01/A/IV/99, August 2004. 
http://www.pi.energy.gov/documents/EWSLchina3.pdf   
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fees for on-going technical support and training.  The secondary revenue stream would be 
the long-term economic returns from the investments made into the village energy supply 
companies.   
 
With this approach the financial returns to RESCO are not strongly tied to the project 
economics.  Rather they are reflective of the markups that can be gained by providing the 
technical and financial services needed to develop these projects.  The incremental capital 
investment gets financed over the project life and does not significantly impact the 
electricity cost.    The villages can be satisfied with a relatively low return on investment 
because of the other social and economic benefits that the project brings.  However, the 
RESCO can achieve a significantly higher return on investment such that private sector 
investors can be attracted. 
This RESCO approach can also be utilized under a regional concession approach, in 
which RESCO could bid to have rights to specific regional markets.   
 

Financing Mechanisms 
Mini-grid renewable energy systems are relatively small capital investments, and they 
require finance mechanisms designed to improve access to capital for local or regional 
developers (both equity and debt) and reduce the risk to financial institutions that lend to 
these projects.   Promising programs are emerging that support rural entrepreneurs and 
community cooperatives with technical and business training in renewable energy 
technologies, marketing, feasibility studies, business planning, management, and 
financing.   

To develop mini-grid rural energy service projects, the service provider (whether a utility 
or a private entrepreneur) needs to access various sources of capital during an investment 
cycle.  Start-up capital is required during business formation and to support project 
development activities90.  Operating capital is required to close the project financial 
transaction, construct and operate the plant.   At each step the sources of financing can 
involve public or private, as well as public/private (or NGO) delivery channels. Each step 
also has its own risk/return profile and generally requires a specialized finance 
mechanism for effective delivery. 

Seed Capital 
Mini-grid renewable energy project developers are often community cooperatives or 
small entrepreneurs with limited capital resources.   Where a rural utility company is the 
project developer, the need for equity support may be less.   But, generally they all 
benefit from interventions that help strengthen their equity base, attract third-party 
investors, or attract public investments.  
 
Mini-grid renewable energy systems can be developed as individual projects (usually by 
community cooperatives and small entrepreneurs) or as part of a rural energy service 
                                                 
90 Mobilising Finance For Renewable Energies, Virginia Sonntag-O’Brien, Basel Agency for Sustainable Energy Eric 
Usher, UN Environment Programme, Thematic Background Paper for the International Conference for Renewable 
Energies, Bonn 2004 http://www.renewables2004.de/pdf/tbp/TBP05-financing.pdf  
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business (rural utilities or energy service companies).  In either case, developing the 
project requires a significant amount of time and capital resources.    In particular, the 
community cooperatives and entrepreneurs need to have support in the areas of the 
capital, technical capacity, and business skills to successfully develop a project even after 
a promising conceptual design has been identified.   Project development grants for small 
and medium size enterprises (SMEs) can provide essential seed capital for such projects.   
For rural utilities and rural energy service companies, business development grants can 
be used as seed capital to support formation of a new business activity, where the critical 
issue is understanding the market need and being able to package a service offering using 
appropriate technology that addresses the need.    
 
These seed capital needs can range from several thousand dollars for a new enterprise to 
simply pilot a new business activity, to a few hundred thousand dollars to take a new 
enterprise from a tested approach to a proven commercial business. Specialized seed 
finance mechanisms, such as those promoted by E&Co91, generally have a willingness to 
take more risk than conventional sources.  A concessional approach to seed-financing is 
to combine grant funds with the provision of enterprise development services that support 
the rural energy SMEs.  
 
In developing countries, donor aid needs to take the lead in the seed-finance area.  
Traditionally, donor agencies have provided grant funding for demonstration projects.  
However, for rural electrification (and mini-grid renewable energy systems), funding the 
up-front costs of developing a new clean energy business may be more successful in the 
long term.   
 
For industrialized countries the risk capital needed to start new companies is generally 
provided by venture capitalists willing to invest both business-development support and 
capital in risky ventures in return for the prospect of high returns.  Although many 
elements of this ‘hands-on’ venture capitalist investment model are very appropriate for 
off-grid developing country SMEs, the potential for very high returns in this sector are 
limited.   Therefore, for the near future, the provision of business formation seed-capital 
will need to be principally donor-supported. 
 

 

Bank Financing 
Debt financing approaches for mini-grid renewable energy projects are currently based 
primarily on the financial strength of the project owner (balance sheet financing).     Non-
recourse financing and standardized finance mechanisms are generally not used.  For 
projects in developing countries, it is generally necessary to engage and leverage local 
financial institutions.    

                                                 
91 Establishing Energy Enterprises: The need for “Patient Capital” Mike Allen, E&Co, Village Power, Washington DC 
Village Power, December 2000.  
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Balance sheet financing 
Mini-grid renewable energy projects, once developed to the point that financial viability 
is established, require long-term debt, which should normally be financed with loans 
from local banks.   However, for many rural utilities and for most community cooperative 
or rural energy service providers, this is rarely possible.  These loans are based on the 
financial strength of the utility, cooperative or SME, which is generally not strong.   
Whether loans are actually accessible depends on a combination of three factors: the loan 
interest rate and repayment term, the collateral requirements, and for larger loans 
involving foreign currency, the exchange-rate risk.  
 
The first two of these factors are based on a risk assessment of the company and the 
project. Very few commercial lenders finance off-grid rural electrification projects in 
developing countries. If they do, they usually provide funds in the form of private or 
corporate finance.   Therefore, access to these loans has less to do with the business 
model than with the size of the owner’s asset base and the owner’s willingness to provide 
these assets as security. 
 
Public and donor funding mechanisms and capacity development are needed to help 
engage commercial lenders and investors in financing mini-grid renewable energy 
systems and rural energy service companies. Typically, these financing support 
mechanisms have taken three forms:  

• Lines of credit, 

• Credit enhancements for loan provision, and  

• SME growth capital funds.  

Lines of credit are a common approach for development finance institutions (DFIs) to 
support the creation of credit windows in national or local banks for specific areas of 
lending, including cooperatives and rural energy service companies. When local financial 
institutions start out in a new sector, this form of refinance is the quickest way to engage 
their participation and provides the most latitude for the donor/DFI to set the financing 
terms. On the other hand, treating local financial institutions only as intermediaries 
eliminates their risk exposure, which can make them less motivated to effectively manage 
the credit portfolio. The key to success for this approach is thus finding ways to align 
donor and DFI interests.  
 
Credit enhancements are a variety of subsidies provided by DFIs or other donor programs 
aimed at softening loan financing, either for the lender or the borrower. The loan 
concessions generally come in the form of risk sharing or interest-rate reductions.   
Partial risk guarantees ensure debt-servicing payments to selected lenders or other 
investors in a project, usually for specific time periods or exposure levels.   Partial credit 
guarantees act to extend loan repayment periods, thus improving the project’s cash flows.  
Both forms of guarantee can motivate banks to lend for projects they perceive as risky. 
Buying down the risk can mean lower costs of financing for the borrower or decreased 
security requirements. Guarantees are most effective at addressing a local bank’s elevated 
perceptions of risk.  Once a bank has gained experience managing a portfolio of 
renewable energy loans, they are in a better position to evaluate true project risks.     
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By assuming the entire credit risk, the bank’s interests are fully aligned with those of the 
donor, both in terms of minimizing defaults and continuing lending activity after the 
donor support has been phased out.    However, this approach generally works best in 
larger renewable energy markets where banks can be confident of building sizeable loan 
portfolios quickly.  For rural energy systems in developing country markets, the 
transaction costs might outweigh the benefits for the bank.  
 
Growth capital funds focused on renewable energy have been established in the past few 
years to help SMEs grow or expand businesses that are still not financeable with 
commercial loans92.   In contrast to seed capital funds, which are generally purely donor 
financed, growth capital funds are financed with a mix of donor and commercial capital.  
This blending is used to either buy down the risks or buy up the returns for commercial 
investors.  Financing is generally provided as debt due to the difficulty of exiting equity 
positions. Experience with these funds has been mixed, as some have not managed to 
meet their investors’ expectations and consequently have been dissolved.  As compared 
with technology support programs, investment funds are usually more technology-neutral 
and can be more effective at responding to a specific market opportunity or need.   As 
with seed capital, a specialized fund manager is essential, and public support to develop 
this area of financial expertise is necessary. 

Non-recourse financing 
In general, non-recourse project financing, in which project loans are backed only by the 
financial strength of a special-purpose company organized for the project only, is not 
used in for rural electrification or mini-grid renewable energy projects.  Non-recourse 
project finance requires that all project risks, such as resource availability, construction 
completion, technology performance, and fuel supply (for biomass or hybrid systems) be 
fully identified and mitigated.  Given the small size and remote location of most mini-
grid renewable energy projects, it is generally not possible to sufficiently mitigate these 
risks. 

Standardized finance mechanisms 
The process of financing mini-grid power projects can be simplified and speeded-up in 
cases where the development of multiple projects with similar characteristics can be 
expected.   In such instances, especially for a rural energy service company, up-front 
work can be done to develop pre-negotiated project financing agreements, based on the 
expected characteristics of typical projects.   If projects meet the expected characteristics, 
they become “qualified” to use the standardized agreement, which uses pre-determined 
terms and conditions for qualified projects and a streamlined approval process, which 
focuses only on areas where there may be acceptably small deviations from the expected 
project terms or characteristics.  
 
Standardized project financing arrangements require an up-front investment to develop 
the standardized agreement and gain the acceptance of financial institutions to accept the 

                                                 
92 Empowerment Through Energy Fund, E&Co, Solar Development Group, PVMTI. 
http://www.hedon.info/goto.php/EmpowermentThroughEnergyFund   
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agreement and the streamlined process.  Because of the emerging nature of the rural 
energy service business and up-front cost of developing standardized project financing 
arrangements, very few reach the development stage. 

Leveraging local financing 
The financial institutions in many developing countries are unfamiliar with renewable 
energy technologies, are structured to require high levels of collateral, and provide 
relatively short duration loans compared to what is required by renewable energy 
projects.  Therefore, special loan programs are used to facilitate lending by these 
financial institutions to qualified renewable energy project developers. 
The key impediments to lending, from the perspective of the local financial institutions, 
must be understood and lending programs designed to address these concerns.  Capacity 
building components may need to be a part of these programs to support development of 
a better understanding of the specific resource, technology and operational risks of 
renewable energy projects and to support development of appropriate appraisal methods 
or loan procedures. 
 
Building renewable energy investment capacity within a financing institution, requires a 
flexible approach, as different institutions follow different ‘product development’ paths.  
To enter a new sector, some financing institutions first focus on creating the right policies 
or strategies, while others focus on training personnel. Other approaches include learning 
‘hands-on’ by taking first investments or developing specialized funds or loan portfolios.  
Pursuing change in a financial institution takes time and commitment at all levels. To be 
successful across the institution, changes in the incentive structure are often needed. 
Although the CEO may be interested in renewable energy investment activity for its 
policy implications, loan officers often focus on narrower targets, such as simply meeting 
the traditional benchmarks of rapid loan disbursement with minimal risk. Without 
stronger incentives, loan officers may pay only limited attention to renewable energy 
investments.   Therefore, changing the way a financial organization considers new 
investments requires both better information and new mandates to combine social and 
environmental factors – both risks and returns - as integral measures of economic 
performance. 

Risk Management 
Risk mitigation is an integral element of financial structuring.  However, in practice not 
many risk mitigation instruments are available to developing country project sponsors.  
Most World Bank programs focus on reducing or better managing the risk exposure of 
lenders.  Better financial risk management is one of the keys elements to enabling the 
greater deployment of mini-grid renewable energy projects.   
 
Financial risk management is often one of the keys elements to enabling the deployment 
of renewable energy projects.  Certain financial risk management instruments can help 
mitigate the perceived risks associated with renewable energy and improve the 
investment terms for such projects.  

• Technology and operational risks  

• Contractual risks  
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• WBG risk mitigation tools  

 

Renewable Energy Finance Initiatives 
Various renewable energy financing support mechanisms have been established, such as 
the UNEP Sustainable Energy Finance Initiative (SEFI), to help financiers consider 
sustainable energy investments.   UNEP is working to create the policy and economic 
framework where sustainable energy can increasingly meet the global energy challenge. 
Changing attitudes and helping mainstream financiers to consider sustainable energy 
investments are key components of the energy work within UNEP and the starting point 
for the  SEFI.  With support from the United Nations Foundation, SEFI's goal is to 
provide current and targeted information to financiers while facilitating new economic 
tools that combine social and environmental factors - both risks and returns - as integral 
measures of economic performance.  
 
SEFI is modeled in part on the UNEP finance initiative as a platform to provide 
financiers with the tools, support and networks to drive financial innovation that 
improves the environmental performance of the energy mix. The overall strategy is to use 
this platform and modest amounts of capital to convene financiers, engage them to do 
jointly what they may have been reluctant to do individually and to catalyze public-
private alliances that together share the costs and lower the barriers to sustainable energy 
investment.  
 
Among other financing resources, is the Sustainable Energy Finance Directory , which is 
a free-of-charge online database of lenders and investors who actively provide finance to 
the sustainable energy (renewable energy and energy efficiency) sector worldwide. For 
lendors and investors in the United States,  the Renewable Energy Finance and 
Investment network prepared by the American Council on Renewable Energy  and the 
Renewable Energy and Energy Efficiency Partnership are important resources. 

Carbon Financing  
Mini-grid systems based on renewable energy should generally qualify as Clean 
Development Mechanism (CDM) projects.  The project baseline and emission reduction 
potential need to be checked before embarking on the CDM application process, but most 
non-electrified areas, where these systems are most likely to be built, often use carbon-
based fuels (e.g. kerosene and battery charging based on diesel generators).  Therefore, 
the carbon reduction potential is significant.   However, most renewable energy mini-grid 
systems are relatively small projects, and the transaction cost for getting them validated 
as CDM projects can be prohibitive.   
 
In 2002, the World Bank in cooperation with the Global Environmental Facility (GEF) 
formed the $100 million Community Development Carbon Fund to extend carbon 
financing to small projects (such as mini-grid renewable energy systems) in poor, rural 
communities.   This fund is one attempt to lead the way in this field. Three approaches 
are incorporated into the CDM process to help reduce the transaction cost for small 
projects.    One approach is the use of simplified procedures (with standardized 
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methodologies) for small-scale CDM projects.  Most mini-grid renewable energy systems 
will fit into the small-scale CDM categories.    The second approach to reducing CDM 
transaction costs is to bundle a number of small-scale projects into a portfolio that can be 
developed as one larger CDM project.  As long as the portfolio is under the limits defined 
for small-scale projects, the developer can benefit from reduced transaction costs 
associated with fast tracking procedures and the spreading of costs across several 
projects. Bundling93 works best for projects in the same CDM category, with the same 
baseline and with the same additionality criteria.  However, projects can benefit from 
bundling during any stage in the CDM process (Design, Validation, Registration, 
Monitoring, Verification and Issuance.)  The third approach includes programmatic CDM 
project activities, where emission reductions are achieved not by one single investment 
but rather by multiple actions executed over time by a number of entities as a result of a 
government policy or a voluntary program. It can increase the participation of 
communities and sectors that would otherwise not enter the CDM, thus increasing the 
volume of mitigation initiatives without compromising sustainable development 
objectives.  It can provide a strong incentive for developing countries to enact emission 
reducing policies and measures, particularly for renewable energy mini-grids that would 
be limited in their scope without a promoting program. Programmatic project activities 
are eligible under the CDM for the current crediting period, and do not represent any 
insurmountable methodological challenges in their implementation. But this approach is 
still new, and a few projects under this category are still waiting for approval from the 
CDM methodology panel. 

 

Capacity Building and Institutional Strengthening 
Capacity building and institutional strengthening should be performed through training 
courses and hands-on advisory services.  Appropriate technical standards for system 
design and customer connections can also lead to significant reductions in construction 
and operating costs.   
 
There are major opportunities for reducing construction and operating costs of rural mini-
grids.  Experience with rural electrification in many countries has shown that, careful 
attention to system design enables construction costs to be reduced by up to 20 to 30 
percent, contributing significantly to the pace and scope of the rural electrification 
program. Where the main use of electricity is expected to be for lights and small 
appliances, typical of many rural areas, there is no reason to apply the distribution system 
design standards used for much more heavily loaded urban systems.  The rural 
distribution system can be designed for the actual loads, often no more than 15 kilowatt 
hours per month, imposed on it by rural households. Although consumption normally 
grows, this is usually at a slow pace and provided the necessary design provisions are 
made, systems can be relatively cheaply upgraded later. 
 
                                                 
93 A Guide to Bundling Small-scale CDM Projects, Developed for the EU Synergy CDM Pool Project, by 
IT Power UK, Energy Research Centre of the Netherlands (ECN), and IT Power India. 
http://www.ecn.nl/docs/library/report/2005/b05002.pdf   
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Each country will have its own cost saving opportunities for rural electrification planners. 
In Thailand, materials were standardized and manufactured locally, reducing 
procurement, materials handling, and purchasing expenses. In Costa Rica, the Philippines 
and Bangladesh, adoption of the well proven single phase distribution systems, used in 
the US rural electrification program of the 1930s, brought major savings over the three 
phase system still widely used in Africa and elsewhere.   
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Stand Alone Renewable Energy Systems 

 
Overview 
There is an important economic niche for stand alone systems within rural electrification 
programs. Stand alone systems – including solar home systems, pico hydro systems or 
micro wind systems - are an effective complement to grid-based power, which is often 
too costly for sparsely settled and remote areas. For such rural conditions, fuel-
independent, modular stand alone systems can offer the most economical means to 
provide lighting and power for small appliances. Individual systems can be cost effective 
compared to grid supply at low levels of electricity use. In general, four main reasons for 
including stand alone renewable energy initiatives in rural electrification programs can be 
identified : (i) least cost economic solution; (ii) environmentally sustainable; (iii) 
contributing to Millennium Development Goals and renewable energy targets; and (iv) 
ability to bring service faster than waiting for grid supply. 
 
Least cost economic solution: A detailed elaboration is provided in the Rationale 
chapter.  
 
Environmentally Sustainable Solutions: Stand alone systems are safer and more 
convenient than kerosene lanterns and dry cell or automotive batteries which are widely 
used in developing countries for lighting and to power small appliances. Kerosene, 
additionally results in significant health risks due to indoor air pollution. Stand alone 
systems are especially attractive to women and children, who rely heavily on household 
energy services for a range of activities. 94As a renewable energy source, these systems 
are also environmentally friendly and reduce reliance on often expensive imported fuels 
and also restrains over-extraction of biomass sources that can be harmful to local 
ecosystems. 
 
Contributing to millennium development and renewable energy goals: Programs 
supporting stand alone renewable energy systems contribute to fulfilling the aims of 
several international treaties and goals.   Stand alone renewable energy programs 
contribute directly to goal 7 of the Millennium Development Goals (MDGs) to ensure 
environmental sustainability. For five of the other MDGs it fulfils a necessary 
prerequisite to achieved these.   The carbon abated by using renewable energy systems 
supports the global combat to reduce greenhouse gasses.  
 
Ability to bring service faster than waiting for the grid: Stand alone renewable energy 
systems can provide modern energy services to end users in rural and remote areas in a 
shorter timeframe compared with grid extension. Even in countries with a fast expanding 
                                                 
94 Douglas F. Barnes (editor), 2007, The Challenge of Rural Electrification: Strategies for Developing 
Countries. Resources for the Future (RFF) and Energy Sector Management Assistance Program (ESMAP), 
Washington, DC. 

Note: Projects and cases mentioned in this chapter can be found on the REToolkit website under the “case 
studies” subsection.  
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grid network constraining factors like financing available to the utility; availability of 
human resources; and accessibility of territory to allow network installation will leave 
significant portions of the population without access to modern energy services. Stand 
alone systems wholly or in part financed by private sources may sometimes usefully 
provide modern energy services years before an electric network is considered. Similarly, 
national utilities have in some instances, such as in Costa Rica, succeeded in providing 
subsidized solar home systems to remote areas.  
 
 
Barriers to Stand Alone Renewable Energy Systems 
 
In most countries, the development of a stand alone power generation industry is in its 
introduction phase where many issues need to be addressed simultaneously. This first 
phase has proven to be the most challenging as expectations for immediate electricity 
service delivery are countered by the often time consuming growth of a conducive 
business environment. The key barriers challenging the development of stand alone 
systems fall in the following categories 
 
Legal and Regulatory: 

• Lack of level playing field and inclusive renewable energy policy to allow stand 
alone system industries to compete fairly with alternate service providers.  

• Lack of industry-wide technical standards to ensure quality, safety, longevity and 
after sales service.  

 
Financial: 

• High initial costs of systems for end users and service providers. 
• Lack of access to finance. 

 
Market Performance: 

• Lack of delivery infrastructure between rural areas and urban based suppliers of 
stand alone systems. 

• Need to scale up capacity building to increase understanding of industry specifics 
for all partners involved.  

 
 
Overcoming Barriers to Stand Alone Systems 
 
Legal and Policy Instruments 
Policies affecting electrification and business development in rural areas play an 
important role in establishing an environment in which stand alone system service 
providers can grow and improve their services. Across the globe, there are three key 
policy areas where regulatory barriers to stand alone systems can be addressed.  
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Inclusive rural electrification policy framework 

 
It is useful for the rural electrification planning framework to clearly define the roles and 
criteria for grid expansion, isolated mini grids, and or stand alone systems. It is also 
useful to ensure a level playing field for the stand-alone service providers to fairly 
compete with traditional utilities in order to find efficient solutions for providing energy 
services. Often the regulated competitive process starts with the commitment by the 
government to pursue this process and is articulated as an integral part of a rural 
electrification policy. A main element is the recognition by the Government of the roles 
of the players: One such typical model may be: (i) Government is a regulator and market 
enabler; (ii) private firms and NGOs are power suppliers to villages, remote communities 
and individual households and (iii) local banks and (micro) finance institutions are 
players in facilitating the uptake of finance for village and household-level renewable 
energy systems. Rural energy plans could benefit from simultaneously addressing grid 
expansion as well as off-grid growth. In the Philippines, the Government in its energy 
plan indicated the areas targeted for grid extension and areas targeted for off-grid 
solutions, which allows the utilities and off-grid project developers to plan ahead and 
coordinate their work.  
 
In remote locations that are situated far from urban or regional grids, stand alone systems 
can be more economically viable than grid extension. Lack of government certainty about 
areas unlikely to be served by electricity grids within 5-10 years raises uninformed 
expectations among consumers, who may believe that grid service will arrive in the 
future. This misinformation can be a disincentive to market stand alone systems.  
Consumers are reluctant to purchase what is perceived to be only a short-term solution. 
Instead, explicit government support of stand alone programs for isolated, or remote 
villages, or unserved portions of electrified communities can help meet low load demands 
and prevent uneconomic extension of the rural electricity grid. Private sector participation 
in such programs should also be encouraged.  The absence of an articulated national 
policy on renewable energy raises awareness and acceptance issues among policy 
makers, financiers and potential beneficiaries.  The problem becomes worse for off-grid 
project developers when grid extension plans are rendered unreliable by politicians 
overriding them through ad hoc decisions.  Some have even stifled solar home systems 
(SHS) and pico hydro project development by making false promises of grid supply just 
before elections.   Increased awareness of stand alone systems as viable options, 
reinforced by success stories, might enlighten politicians.  Two examples from Sri Lanka 

Promotional Policy topics discussed in this section 
include: 

• Inclusive rural electrification policy framework 

• Fiscal policy rationalization 
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are noteworthy.  A provincial council and the ministry for plantation infrastructure 
recognized that full grid electrification was not financially viable.  In response, they 
included SHS in their development plans and linked their respective initiatives with the 
program.  They adopted a market-based approach and made use of the technical, financial 
and marketing infrastructure put in place by the program.  In addition they provided a 
transparent subsidy which when leveraged with the program, improved the sustainability 
of their respective programs.  It is expected that their success will spur other provincial 
councils to also consider SHS technology options as part of the rural energy mix.  
 
It is important that stand alone systems can compete on a level playing field with 
alternative technologies,  be it expansion of the main grid, isolated mini grids or stand 
alone battery systems. Often, this starts with the commitment by the government to 
pursue this objective and is articulated as an integral part of a rural electrification policy 
and reform processes.  In developing countries, most utilities are overstretched in serving 
their existing customers and are risk-averse towards investing in unfamiliar business lines 
in areas that are far from the main service territories. In this light, stand alone systems can 
be effective partners of utilities, working in cooperation to spread electricity services 
without burdening or waiting for the expansion of existing grids. The most immediate 
effect of restructuring on rural electrification programs is that competition between new 
players, created through vertical and horizontal unbundling, serves to make subsidies that 
were previously implicit, more transparent. As such, the relatively high cost of rural lines 
extension can no longer be hidden in implicit cross-subsidies. Furthermore, the roles of 
key stakeholders are fundamentally altered: (i) Government changes from a provider and 
operator of assets in the sector to a regulator and market enabler; (ii) companies spun off 
from incumbent utilities will naturally specialize in their previous functions (such as 
generation or distribution) and will have to manage their new businesses according to 
commercial principles; (iii) private firms and NGOs can become power suppliers to 
villages, remote communities and individual households, where franchise areas open up, 
and (iv) local banks and micro-finance institutions become critical players in facilitating 
the uptake of village and household-level renewable energy systems95. 
 
 

Fiscal policy rationalization 
 
High import duties and discriminatory taxes on renewable energy equipment compared to 
alternative power systems can strongly affect the rate at which a start-up enterprise can 
expand its sales.  Often these imbalances are caused by unfamiliarity with the stand alone 
system and its components. Import duties can be imposed on inaccurately categorized 
components even if they are originally designated as being duty-free.   For example, solar 
PV modules have been categorized as computer components on which substantially 
higher duties are charged than electricity systems.  It is important that authorities 
understand these technical issues, so that custom duty schedules can be adjusted in order 
to minimize negative repercussions.  
                                                 
95 Cabraal, Anil and Kevin Fitzgerald (2002), “PV for rural electrification within restructured power sectors  
in developing countries”, unpublished mimeo, ASTAE, The World Bank, Washington D.C. 
. 
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Duties and taxes on RE system components raise the financial costs of the systems. At 
the same time, subsidies for rural grid service or for kerosene often lower the cost of 
competing energy options to well below their economic value. While subsidies may be 
justified for social or developmental objectives, they can create serious distortions that 
hinder stand alone system use in areas where these systems are the least-cost economic 
option. Experiences in India and Indonesia show that changes to import duties on PV 
modules strongly affected the rate at which the start-up enterprise could expand their 
sales. 
 
Tax policy issues: Tax incentives are not generally used to promote stand-alone systems 
in developing countries because they do not directly address the affordability barrier.   
They have been used successfully to promote stand-alone systems in industrialized 
countries, where affordability of the system is not an issue.  In those countries, a high 
cost can still be a barrier because it results in a long payback time for systems relative to 
conventional energy supplies, and tax credits or deductions can reduce the payback time 
and incentivize system purchases.  
 
 
Financial and Institutional Instruments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Financial and Institutional topics discussed in 
this section include: 

• Accessing finance options 

o Credit 

o Subsidies and Grants 

o Partial Risk Guarantees 

• Business Models 

o Dealer Model 

o Fee-for-Service Model 

 Leasing or hire purchase 

 Energy Service Companies 

o Concessions 

o Cooperatives  
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Accessing Finance Options 

One of the key issues for private entrepreneurs and end users is access to finance 
covering a diverse set of needs. For an energy service company (ESCO)96 longer term 
loans are required to better match the cash flow of the operation; dealers need working 
capital when the business is rapidly expanding; while for end users financing is needed to 
reduce the high initial cost of a system. To address these different needs, three main 
financing approaches can be identified:  
 

(i) Tailored credit provisions which could include easier accessible and/or longer 
term loans offered through local banks; and, household credit specifically for 
stand alone systems through Micro Finance Institutions (MFIs);  

 
(ii) Performance-based co-financing grants to buy down initial capital costs for 

service providers; and, 
 

(iii) Partial risk guarantees to mitigate risk and enhance credit to local banks and 
MFIs. 

 
 

Credit 
 
Affordable and accessible financing is a major consideration in the design of any stand 
alone program due to the high first costs of renewable energy systems. Consumer 
affordability can be increased by 1) offering rural consumers smaller solar home systems 
such as 10-20 Wp systems on a cash sale basis; 2) providing rural households with 
consumer credit; 3) leasing; and 4) charging a monthly fee by ESCOs through the fee for 
service arrangements. Consumer credit is provided through three primary mechanisms: 
dealer-extended credit such as in India, and credit through a micro-finance organization 
such as in Bangladesh and Sri Lanka. In Sri Lanka, a partnership between consumers, 
micro-finance institutions, and dealers is adopted, where dealers are responsible for sales, 
installation and after sales while the micro-finance institution is responsible to client 
appraisal, loan approval and collection. In the case where a client is insolvent, the dealer, 
after a request from the micro-finance institution, is responsible for dismantling the 
system. In Bangladesh, the micro-finance institution, Grameen Shakti, acts as both dealer 
and consumer credit provider. Lessons learned from experience have demonstrated that 
provision of consumer credits requires special expertise and a wide network in rural 
areas, involving high transaction costs and risks. Micro-finance institutions, the 
traditional lenders in rural areas, are better positioned to provide consumer credit for solar 
home systems than commercial banks or dealers. 
 

                                                 
96 An ESCO is a company that specializes in managing energy or water conservation projects. The ESCO may perform 
any or all of the following services: auditing, developing packages of recommended measures, arranging financing, 
installing or overseeing installation of measures, resident and staff education, equipment commissioning, maintenance, 
measuring, verifying, and guaranteeing savings.  
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The inability of borrowers to offer adequate security or collateral for the loan is a major 
constraint to offering term credit. Some approaches to overcome this problem include 
using the energy system as part-security (for example a SHS is allowed as collateral in 
Sri Lanka, Bangladesh and India), seed capital funds (for example E&Co, Triodos Bank 
and others provide seed funding to private organizations selling stand alone systems), 
loan guarantees (for example, in Papua New Guinea and Philippines), supplier credits (in 
several countries suppliers have extended their normal supplier credit to accommodate 
business development), and equity investments or debt financing assistance from the 
government. Pricing and repayment arrangements are able to capture households’ ability 
and willingness to pay. Longer credit terms stimulate demand by poorer households but 
increase risks. In Papua New Guinea, the program has supported a partial risk guarantee 
allowing the credit terms to be extended from three to five years. In addition, experience 
suggests that consumer willingness and capacity to pay is influenced more by the size of 
the down payment for solar home systems than by the number or the size of the monthly 
payments. Flexible payment schemes could be introduced for households with irregular 
income streams.97  
 
 

Subsidies and grants  
 
Almost all rural electrification programs worldwide involve some forms of subsidy. The 
key issue here is how to provide efficient, effective and equitable subsidy schemes98.  For 
many renewable energy programs, it is important to design a subsidy scheme that would 
provide explicit and transparent subsidies with an appropriate exit strategy and that 
increases affordability/commercial viability while retaining cost-minimization incentives, 
with disbursements linked to targeted outcomes/outputs (not inputs). The ideal scheme 
would separate grants from debt finance or the opposite of 'soft' loans which bundle them. 
The notion is that the 'last dollar' should be borrowed on commercial terms. This provides 
a key incentive to minimize costs since the promoter borrows at relatively high rates, 
usually prevailing in developing countries, to finance it.    
 
The co-financing grants for stand alone systems could be permitted to be disbursed only 
after systems have been installed. Normally, at the start of a program the level of co-
financing grant is about 15-20% of the initial capital investment or of the net revenue to 
the industry. With the increasing commercialization of the industry, the co-financing 
grants could be phased out for the products that become commercially viable, while only 
retaining for those systems that are not yet commercially viable for the poorest 
households. In Sri Lanka, it took 7-9 years to complete this cycle from inducement of the 
solar home system industry supported by co-financing grants to full commercialization.     
 

                                                 
97 Case studies of stand-alone systems in Bangladesh, India, Sri Lanka and SELCO, as well as others, can 
be found on the REToolkit website , ‘case studies’ sub-page 
98 Douglas F. Barnes (editor), 2007, The Challenge of Rural Electrification: Strategies for Developing 
Countries. Resources for the Future (RFF) and Energy Sector Management Assistance Program (ESMAP), 
Washington, DC.  
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While much of the discussion often revolves around investment subsidies, non-
investment subsidies can often have a catalytic effect on the growth of the industry. For 
example, cost-shared business planning, capacity building and awareness programs are 
often critical to industry development.  These should be demand driven to be most 
effective.  A good example is the Market Development Support Facility (MDSF) set up 
in China under the China Renewable Energy Development Project.  The MDSF offered 
50% cost sharing (up to $10,000 per year per company), to support capacity building 
priority needs determined by the company. 
 
 

Partial risk guarantees 
 
For most financiers, stand alone investments are new and unfamiliar with a particular risk 
accompanying the investment. Partial risk guarantee funds can help to mitigate these 
specific risks while retaining the normal commercial risks the financier is accustomed to. 
For example, in Papua New Guinea the finance package offered to the financial 
intermediary essentially takes away the risk for the financial institution after the third 
year of the loan. This allows the financiers to extend its tenure from the regular three 
years to five years making the systems more affordable to the end users. The package 
also facilitates enhanced liquidity for the financial intermediary and creates a revolving 
fund, which can be utilized beyond the project period.  
 
One of the lessons learned is that the selection of the implementing agencies and their 
management skills are important to the success of introducing a new finance scheme. Too 
often, organizations with limited or no finance experience have been selected to introduce 
these products. This would lead to a delay in implementation with the organizations 
going through a learning curve, or worse, poor or no introduction of the new finance 
products. Even though it requires more efforts during preparation to identify the right 
implementing agency, it is highly recommended to work with well established 
commercial or development banks and micro finance organizations in a country. 
 
 

Business Models 
An important challenge is to connect the demand for modern energy services in rural 
areas to the often urban based suppliers of stand alone renewable energy systems. The 
dispersed nature of the business provides a profound challenge to build this infrastructure 
when sales are low and the expenses for transportation, communication, training and after 
sales service are high. A successful growth of this infrastructure balances the use of 
existing rural networks with the introduction of easily replicable business models. In 
Kenya the early sales of solar home systems were facilitated by the existing network of 
rural products supply businesses, such as battery companies, sellers of household goods 
and hardware/electronics stores. In Sri Lanka and Bangladesh, market growth was 
achieved through the participation of an existing rural micro-finance institution and 
reputable large scale commercial companies with sufficient investment capital 
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Stand alone system programs must be operated as businesses. They must generate 
revenues sufficient to recover capital investment, service debt, pay for administrative and 
support services, cover payment defaults and, in the case of for-profit operations, provide 
satisfactory returns for investors. In the past, the fees charged under many donor- and 
government-sponsored programs were set at levels comparable to the monthly cost of 
kerosene for low-income households. This was based on the assumption that rural 
consumers have a very limited capacity to pay. Such stand alone programs are 
intrinsically unsustainable over the long term. Experience shows that consumers are often 
willing and able to pay more for highly valued services than has previously been 
assumed. To address this challenge industries around the world have focused on two 
business models: (i) the Dealer model; and (ii) the Fee-for-Service model. 
 
 
 

 
 
 
Dealer Model 

 
A dealer-sales model means that a dealer purchases systems or integrates components 
purchased from manufacturers and sells them directly to households and other customers, 
usually as an installed system. The customer owns the system and is responsible for 
maintenance following whatever warranty period is provided by the 
dealers/manufacturers. Dealers could be private companies or NGOs. This more market-
oriented business model works well in areas in which an existing marketing and 
financing infrastructure is already established. Commercial marketing channels, firmly 
rooted in the private sector, can offer services in a competitive and efficient manner. 
These commercial markets may be more responsive to consumer requirements and can 
offer a broader array of products than ESCOs. Dealers can sell systems on cash or credit 
basis.  
 
With the dealer model, a key issue to address is how to make the systems more affordable 
to rural households. Two main approaches have been tried: 1) offering rural consumers 
low-cost, small-scale solar home systems on a cash sale basis that are affordable for the 
low-income population; or 2) providing rural households with consumer credits. In 
China, which has been the leading example of sales of small size systems, the average 
size of the 40,000 certified systems sold per year in 2003 was 18 Wp, reflecting the low 
buying power in remote areas of Western China. Since then, by 2008, rural incomes have 
risen and with improved product quality and increased consumer confidence, the average 
unit size increased to 45 Wp with annual sales of about 80,000 units.  Total sales by 28 
participating companies have exceeded 400,000 units between 2002 and 2008.  
Supported by the World Bank-GEF Renewable Energy Development Project. These plug 
and play systems are sold over the counter, and thus do not require the costly installation 
by a trained technician as is the case with larger systems. In Kenya and Uganda, 
experience has demonstrated that it is an effective approach to disseminate solar home 
systems in very poor areas or countries by deepening market penetration in the household 
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segment with certified systems by focusing on sales of affordable but also good quality 
smaller size systems.  
 
If the systems are sold on a credit basis an agreement is reached between the dealer and 
the finance organization. Eleven solar companies in Sri Lanka have used a formal 
agreement in the form of a signed Memorandum of Understanding with four finance 
organizations. The key characteristics of the agreements include duties and 
responsibilities of the two organizations; allow parties to exit for valid and good reasons; 
stress importance of consumer satisfaction; allow dealers to work with other financiers; 
potential clients are directed by solar vendor; predetermined processing time for credit 
approval, system installation and releasing of payments to dealers; buy back option with 
the supplies when customer defaults or grid power is obtained; after sales services 
procedure especially during period when finance facility is active; and, reporting 
requirements including model name, number and retail price of SHS. In the case of a 
loan, the SHS is used as collateral together with two guarantors. To select a potential 
client the sales person and the loan officers have a set of criteria in mind. These include: 
size and appearance of house; client as the resident and owner of the house the panel will 
be installed on; clients repayment capacity (main source of income and other sources); 
customer reputation in the area; customer as a holder of a national identify card; monthly 
rental not to exceed 40% of the net monthly income of households; ability to pay down 
payment (15%); other assets of the customer (movable & immovable); and two 
guarantors with same income criteria and in possession of national identify card. The 
average loan is US$450, with an average duration of 35 months, a 14% annual interest 
rate and a monthly payment of about US$12. Under these circumstances more than 
100,000 rural household have taken out a solar loan. In other countries, the MFI can also 
be a dealer. This is for example seen in Bangladesh by Grameen Shakti.  In mid-2008, the 
SHS sales in Bangladesh reached 8,000 units per month with total sales of about 180,000. 
 
Once the dealer model is established, it is robust in many ways. Most importantly the 
dealers’ revenue is directly retrieved from the rural market which requires the companies 
to continue to ensure customer satisfaction. Low customer satisfaction not only 
undermines the long term growth of the industry, but also increases the immediate risk of 
reduced willingness to repay loans by the end users. It also distances the industry from 
political interference even though the industry in many countries seeks a public 
endorsement (possibly with a small co-financing grant) from the government to increase 
trustworthiness of the system.   In countries where the industry is not yet established, 
experience shows that it is enough of a challenge to start a solar business. The idea to also 
sell stand alone systems on credit out of the company has failed in many occasions. 
Providing credit is a separate line of business and is better done by specialized 
organizations.    Successful, long-term establishment of the dealer model requires a 
strong commitment from the parties involved. The learning curve for all parties is steep 
and often requires several years before sales and service provisions have reached a level 
where the companies can break-even or make a profit. Early withdrawal by any of the 
parties could leave substantial investments without returns. In particular, larger scale 
procurements out of government or donor programs could provide the dealers sufficient 
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incentive to make a quick return undermining the building of a rural infrastructure and 
after sales service system.  
 
UNEP has supported the preparation of a Toolkit for Energy Entrepreneurs. 

 
Fee-for-Service Model  

 
A fee-for-service model means that the main system is owned by the leasing or service 
company and the other components are owned by the customer. The service is provided 
by the company through a service agreement with the customer. The systems are acquired 
through a bulk purchase and installed by the leasing or service company. The customer 
pays a monthly fee to the company and the company pays equipment suppliers, admin 
staff and bank loans. Service technicians may be paid by the consumer or an 
intermediary. A few private regulated utility companies have participated in the supply of 
stand-alone systems to remote customers. There are two main fee-for-service models: (i) 
leasing or hire-purchase and (ii) Energy Service Companies (ESCOs).  
 

 
 
 
Leasing or hire-purchase 

 
 Leasing, or hire-purchase, is a fee-for-service arrangement in which the leasing company 
(generally an intermediary company, cooperative, or NGO; not a dealer) buys stand-alone 
renewable energy systems and installs them at customer sites.   The customer makes 
monthly payments, and the leasing company retains ownership of the systems until the 
customer has made all payments over the lease period, which is typically five years. 
Because the leasing periods are longer than most consumer finance terms, the monthly 
fees can be lower and the systems affordable to a larger segment of the rural population. 
A leasing company investment has a longer return and a larger business risk than the 
consumer credit institutions.    During the lease period, the leasing company makes 
monthly collections and provides maintenance service for the systems. Leasing 
companies often utilize seed money from government or donor grants to establish a 
revolving fund to buy an initial batch of systems.  Experience with the leasing company 
approach has seen a few successes such as in China (Gansu Solar Electric Light Fund), 
Laos and Dominican Republic (Enersol) 
 
 

Energy Service Company (ESCO) 
 
An Energy Service Company (ESCO) sells the energy service from a stand-alone 
renewable energy system on a long-term basis and retains ownership of the system.  An 
ESCO, which can be an electric utility, cooperative, NGO, or private company, buys 
solar home systems in bulk, install the systems on customer sites, and retains ownership 
of the systems.  The ESCO collects monthly payments from its customers and provides 
maintenance service as needed.  With good maintenance, systems have lifetimes of at 
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least 10 years.  Therefore, the ESCO model leads to the lowest initial and monthly 
payments to customers, and a larger portion of the market can afford systems compared 
to financed or leased systems. To date, the ESCO model for stand-alone systems has seen 
very limited implementation.  In Morocco, one project failed because of a system 
ownership dispute between the utility company and the private ESCO.  As the utility was 
providing an initial cost subsidy, it wanted to retain ownership of the systems, but 
without clear ownership, the ESCO, which was paying the bulk of the cost of the 
systems, was not able to raise finances to purchase the systems. Utility companies have 
generally not opted for the ESCO approach to rural electrification.  Therefore, ESCOs 
generally need financing, but the financial return to the ESCO may be up to 10 years, and 
most developing country banks will not provide financing with an equivalent term.  
Another financing complication is that the ESCO takes the risk that customers will not 
abuse or steal systems. To date, ESCO financing has come from either government or 
multilateral sources.  In Argentina, the ESCO concessions received financing from 
provincial and federal government sources.  The Sri Lanka ESD project was designed to 
accommodate both dealer-sales and ESCO models, but the ESCO model was abandoned 
early in the project because the firm involved did not have sufficient rural infrastructure 
and standing in rural communities to handle collections effectively and efficiently.  
 
 

Concessions 
 For most fee-for-service operations a concession is signed between the service provider 
and the government. The market concession model is generally implemented by a local or 
regional government that is looking for a low-cost way to meet its social obligations to 
rural electrification. Under a concession model, a private company or NGO is selected by 
a competitive process and given the exclusive obligation to provide electricity services to 
the customers in its service territory upon request from the customer.   The rationale for a 
concession approach is that the concessionaires will be able to provide the most cost-
effective electricity services because they are free to select the most appropriate 
technology to apply in any given situation.   Their choices include mini-grids and stand-
alone systems and can be based on conventional and renewable energy sources. The 
concession approach appears to be particularly effective when electrification activities are 
largely complete and only the remaining very remote customers need to be served.   In 
this case, private dealers would be unlikely to be able to sustain viable businesses 
because of the relatively large market area and the low population density.  Usually a 
provincial government will oversee bidding process, and a provincial regulatory authority 
will negotiate the concession contract and monitor its compliance. As part of the 
competitive bidding process, concessionaires can be asked to either propose a tariff 
schedule to serve dispersed rural consumers or a subsidy amount (usually on a per 
customer basis) that it will receive from the government.  
 
Concessions are usually implemented by a form of energy service company (ESCO), and 
projects that have implemented concession models, have also developed regulatory and 
selection/bidding frameworks.99   Concessions are typically granted for a period of at 
                                                 
99 Sample bidding documents are available on the Retoolkit website under the “Knowledge Document: General” sub-
page. 
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least 15 years, and the concessionaires must make all investments and carry out all 
necessary maintenance, repairs or replacement of components as needed to ensure the 
continuity of the electricity service to its customers.  The concessionaire must also 
provide “state-of-the-art commercial service standards” for connection requests, billing, 
collection and claim handling.  The provincial or national regulatory agency will 
regularly monitor the performance of the concessionaire and periodically review the tariff 
schedule or subsidy amount. Key performance indicators include the number of 
connections by type of consumer and method/technology of supply, outages statistics, 
and financial results. Criteria for selection of winners or the bid can be divided into three 
categories: (i) bidding for the least subsidy per connection (this could also include 
bidding for lowest fee); (ii) bidding for largest number of connections within a fixed 
budget; or (iii) a combination of both. 
 
For renewable energy systems, Argentina has the most experience to date with 
concessions.  The concession model has also been tested in South Africa with mixed 
results. Concessions work best in countries with substantial experience with other types 
of concession systems.  In China, an ESCO concession model was considered 
unworkable because no appropriate authority exists, in either the electric power or 
agricultural/rural sectors, to regulate concessions.     An expansion of the concession 
model was launched in Bolivia which tries to combine the advantages of dealer model 
and concession model for SHS.  
 
The World Bank/GEF-assisted Renewable Energy in the Rural Market project in 
Argentina, supplied  electricity to 6500 households with individual SHS (50 to 400Wp), 
1,800  public facilities with solar PV systems, and installed 115 wind home systems with 
1500 under bidding, by 2008100 Regional concessions are awarded to companies who 
agree to provide electricity services to rural consumers in their service territory. 
Concessions are free to select which technology to apply in any given situation, including 
diesel-only village power systems. Customers who cannot be reached by the grid can be 
served with SHS. GEF grants are given when PV systems are used. Concessionaires are 
obligated to provide electricity services to rural off-grid customers anywhere in the 
province for a period of at least 15 years, upon request. They carry out all necessary 
maintenance, repairs or replacement of components. They are also responsible for billing, 
collection and claim handling and provide the provincial utility regulatory agency with 
periodic reports on the status of the concession such as number of connections by type of 
consumer and method and technology supply, outages statistics, and financial results. 
Concessions are eligible to competitively re-bid for their business every 15 years up to a 
total of 45 years.  The 15-year period was seen as a compromise between the need for a 
short period for the quasi-monopoly and a long period for the annuity calculations of the 
concession.  After 15 years, the government can modify the concession rules to account 
for new technological developments, or may even decide to abandon the concession 
system and open the market to competition.  During the 15 year period, the concession, 

                                                 
100 Case study and project documents with project updates can be found through the REtoolkit website “case studies’ 
sub-page. 
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provincial government and provincial utility regulatory agency renegotiate the tariffs 
every 2 years.101   
 
Sustainable Solar Market Package (SSMP) – A variation on the concession model 
 
The SSMP approach was introduced in the Philippines when it was realized that few 
companies were willing to market, sell and service PV systems in more remote dispersed 
communities.102  Government agencies such as health, education and social services have 
great difficulty in providing services due to lack of electricity.  Another challenge relates 
to the lack of infrastructure in terms of adequate institutional structures for the solar PV 
market, the financial sustainability and the management and support service market. 
Finally, it is challenging to ensure high quality products and reliable after-sales service. 
The SSMP is a delivery model that aims to overcome these challenges and to achieve 
sustainable development impacts by designing contracts that are financially attractive for 
the private sector. The following are the key features of the SSMP approach: 

• Contractual bundling of contiguous local areas (e.g., villages) into commercially 
viable packages that are bid out on a competitive basis; 

• Each SSMP package comprises a contract for supply, installation and 
maintenance of PV power systems and selected end-use appliances at public 
facilities (e.g., health facilities, schools, public/street lights). The system designs 
and specifications are standardized to reduce supply, installation and maintenance 
costs and minimize need for user retraining; 

• Financial incentives and technical assistance to improve affordability and to assist 
firms to address market barriers to support sales to households and other private 
entities; 

• Strong focus on after-sales service and continued marketing to small businesses 
and household customers. 

The winning bidder, the SSMP operator, is obligated to supply and install the solar PV 
systems for public facilities within a specified period and to warrant their operation for a 
fixed period. Furthermore, the SSMP operator is also obligated to market PV systems on 
a commercial basis to households, businesses and private community facilities in the 
SSMP area. The SSMP operator is obligated to electrify a minimum percent (e.g. 20 
percent) of the households, businesses and private community facilities in the area using 
solar PV systems, within a few years of the contract signing. Initially piloted in 76 
villages in the Philippines, it is now being scaled up to 500 villages.  The same approach 
is being adopted in Tanzania and Zambia. 
 
 

                                                 
101 For more information, please see case studies of stand-alone systems in Argentina, Bolivia and Nicaragua on the 
REToolkit website , ‘case studies’ sub-page 
102 Accelerating Community Electricity Services using Solar (Project ACCESS) using the Sustainable Solar Market 
Package Concept. Republic of Philippines Department of Energy. December 18, 2007 
http://www.rpp.com.ph/documents/SSMP2%20Brief_Dec07.pdf  
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Cooperatives: The case of solar lantern leasing in India  
 
The World Bank and GEF-assisted Renewable Resources Development Project103 
provided low interest long term financing for companies and consumers who wish to 
purchase PV systems.  Eligible PV systems range from a solar lantern to grid-connected 
power plants.  Under this project, a PV systems company in association with a savings 
cooperative established a program to provide solar lanterns to its members on a 10-year 
credit terms. The cooperative obtained a loan from the Indian Renewable Energy 
Development Agency (IREDA) at a 2.5% interest which is repayable in 10 years. The 
cooperatives use these funds to purchase solar lanterns from the PV company and then 
leases the lanterns to their members.  The members pay 10% down-payment and Rs. 
1/day (350 VND/day) for 10 years. Since the cooperatives already collect Rs 10/day as 
part of its normal daily savings collection, the collection of an additional Rs. 1/day is not 
burdensome.  The cooperative also provides service and spare parts through their 
technicians based in branch offices. The PV company supplies lanterns, trains 
technicians, gives warranty services.  In order to meet the requirements for the project, 
the company buys quality products to their specifications from manufacturers.  The 
customers who are members of savings cooperative are mainly traders who use the solar 
lanterns during peak sales hours of 6-9pm.  Many of these customers saw their daily 
income of Rs. 50-75/day increase 50-100 percent as a result of the project. The costs of 
lighting have also declined by half compared to using kerosene lanterns.  The PV 
company has sold over 3000 lanterns under this scheme and based on this experience, is 
establishing similar programs with several other cooperatives. 
 
The following matrix summarizes the main business models for stand alone renewable 
energy systems discussed above:  
 
Main Characteristics of Business Models for Stand Alone Renewable Energy System 
Delivery 
Model Ownership Financing Product flows Service flows Money flows 
Dealer Model I: 
Cash Sales 

All components 
owned by customer 

Not applicable Individual purchase 
of system, 
installation by 
dealer or consumer 

Provided by dealer, 
generally on a fee 
for service basis 
through service 
contracts 

Lump-sum 
payment to dealer. 
Servicing paid by 
consumer at time of 
service. 

Dealer Model II: 
Credit Sales  

All components 
owned by customer; 
system could be 
used as collateral 
although other loan 
security might be 
needed 

Provided from 
commercial bank, 
cooperative, micro 
finance institution 
or vendor 

Individual purchase 
of system; 
installation by 
dealer 

Provided by dealer 
as part of after 
sales agreement or 
on fee for service 
basis through 
service contracts 

Proceeds of loan 
used for lump-sum 
consumer payment 
for equipment. 
Monthly consumer 
loan repayment. 
Servicing paid by 
consumer at time of 
service. 

Fee for Service I: 
Leasing 

Main system owned 
by leasing 
company; other 
components usually 
owned by customer 

Provided by leasing 
company through 
lease agreement 

Bulk purchase of 
systems or 
components; 
installation by 
leasing company or 
by supplier under 
contract to 
company 

Provided by leasing 
company or private 
vendor under 
contract to 
company; may be 
included as part of 
leasing agreement 

Monthly consumer 
payments to leasing 
company; company 
pays equipment 
suppliers, admin 
staff and bank 
loans. Service 
technicians may be 
paid by consumer 

                                                 
103 Case study and project documents can be found through the REtoolkit website “case studies’ sub-page. 
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or intermediary. 
Fee for Service II: 
ESCO 

Main system owned 
by ESCO; other 
components may be 
owned by customer 
or ESCO 

Provided by ESCO 
through service 
agreement 

Bulk purchase of 
systems or 
components; 
installation by 
ESCO or by 
supplier under 
contract to ESCO 

Provided by ESCO 
as part of service 
agreement 

Monthly consumer 
payments to ESCO; 
ESCO pays 
equipment 
suppliers, service 
and admin staff, 
and bank loans 

Concession Model All components 
owned by 
concessionaire 

Provided by ESCO 
through service 
agreement 

Bulk purchase of 
systems or 
components; 
installation by 
concessionaire  or 
by supplier under 
contract to 
concessionaire 

Provided by 
concessionaire as 
part of service 
agreement 

Monthly consumer 
payments to 
concessionaire pays 
equipment 
suppliers, service 
and admin staff, 
and bank loans; 
Government grants 
are provided to 
concessionaire after 
competitive bidding 
process 

SSMP All components 
owned by user 

Public sector 
facilities paid for by 
government 
agencies.  Private 
systems paid by 
owners or through 
credit  

Bulk purchase of 
systems or 
components; 
installation by 
SSMP Operator  

Provided by SSPM 
operator 

Government 
contract payment 
for public facilities.  
Private systems 
purchased by users 
for cash on on 
credit. 

Regulated Utility 
Model 

Main system owned 
by Utility; other 
components may be 
owned by customer 

Provided by Utility 
through service 
agreement 

Bulk purchase of 
systems or 
components; 
installation by 
Utility or by 
supplier under 
contract to Utility 

Provided by Utility 
as part of service 
agreement 

Monthly consumer 
payments to 
Utility; Utility pays 
equipment 
suppliers, service 
and admin staff, 
and bank loans 

 
 
 
 
Market Facilitation Mechanisms 
 
  
 
 
 
 
 
 
 
 
 
 
 

Component certification and after sales services 
 
Governments can require component certification in accordance with recognized 
technical standards and after sales service to ensure sustainability and long term customer 
satisfaction with the systems. This could be an integral part of a renewable energy policy, 
for example as a mandatory requirement for getting government support for investments 

Market Facilitation Mechanisms discussed in this 
section include: 

• Component certification and after sales 
service 

• Customer understanding and education 

• Scaling up capacity building 
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or encouraged to be self controlled by industry associations.   The standards would be 
updated from time to time based on experience, and adjusted for innovations and market 
development. Although such technical standards are welcomed by stakeholders, 
sometimes they can slow down growth as dealers need more time to source technically 
certified products.  For PV projects, the World Bank has supported the development of 
quality standards for PV components and systems; their manufacturing; installation; 
testing; and maintenance.  Increasingly, quality marks are being used to help customers 
recognize quality products more easily.  Examples are the PVGAP Quality Mark or Seal 
administered by IECEE or the Golden Sun quality mark administered by China General 
Certification Center.104 
 
The long-term sustainability of a stand alone program depends on well-designed products 
(including proper assembly and installation procedures) that meet consumers’ 
expectations and capacity to pay. Field-tested systems are the best choice for use in stand 
alone electrification programs. If untested stand alone systems are introduced and fail, the 
credibility of these systems as a viable energy source for rural consumers can be seriously 
undermined. Low-capacity, high-quality products accrue the most benefits for those 
potential customers with only a limited ability to pay. Costs should not be reduced by 
compromising system quality or by decreasing support services. Where low-cost systems 
must be used, customers need to be fully aware of and accept a limited level of service. 
Large-volume procurements can also be used to help in the acquisition of high-quality 
products and to take advantage of bulk purchase discounts.   Often the off-grid industry 
does not have technical standards to ensure quality, safety and longevity and thus reduce 
commercial risks. It is recommended that a stand alone systems program introduces 
technical specifications for these systems. These technical specifications have to be 
tailored for the local situation. The wrong set of specifications could lead to over-design 
of the systems increasing the cost for the end user. Technical specifications do not 
prescribe the technology or products used by private developers, NGOs and dealers, 
rather they help define the minimum level and quality of services to be provided. These 
examples serve to illustrate some of the myriad issues faced by technologies striving 
towards large-scale commercialization.  
 
The World Bank Group began financing PV technology at a relatively early stage of its 
commercial use in rural applications in developing countries, when performance and 
quality standards were largely unavailable.  As a result, these early projects were key to 
the development and application of standards for PV components, products and systems.  
Since then, product conformity and certification programs for product safety and product 
quality labeling have become available for a greater number of components. In addition, 
many national and international product and component standards have been developed 
in recent years that seek to ensure that PV technology meets minimum acceptable 
requirements for performance, quality and safety. As it is more efficient and cost-
effective if internationally accepted measures are adopted where appropriate, project 

                                                 
104Sample quality standards include the  Global Approval Program for Photovoltaics: http://www.pvgap.org  and those 
from the China General Certification Center: http://www.cgc.org.cn  
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developers are encouraged to comply with at least one or more of the following as 
specifications: 

 
(a) Photovoltaic quality labeling programs such as the Global Approval Program 

for Photovoltaics (PV GAP), which provides a PV Quality Certificate and 
also a PV Quality Mark or Seal, a visible label observable by an interested 
party, such as the user, the purchaser, the installer, the World Bank, a local 
certification officer, etc. attesting to a product’s quality. The Golden Sun 
Mark developed with support from PVGAP is used in China and has the same 
objective and uses the approach. The PV GAP approval system relies on IEC 
product standards, and in their absence, PV GAP Recommended 
Specifications (PVRS).  PVGAP can also accept national standards as PVRS. 
Components that meet PV GAP requirements will be eligible to bear a PV 
Quality Mark and PV systems are eligible to display a PV Quality Seal as a 
simple visual indication of conformity to relevant product and component 
quality and performance standards. Obtaining and retaining the PVGAP 
Quality Mark or Seal requires that the products must be manufactured at a 
facility that has a quality management system in accordance with ISO 
9001:2000 and that products meet the relevant IEC or PVRS specifications.  

(b) The relevant international consensus standards issued by International 
Electrotechnical Commission (IEC), the International Organization for 
Standardization (ISO), or similar standards of standards development 
organizations with international standing, or PVRS specifications issued by 
PV GAP when international consensus standards are not available;  

(c) A Conformity Assessment Certificate (CAC) issued by the Worlwide System 
for Conformity Testing and Certification of Electrical Equipment (IECEE-
PV); or in the absence of (a), (b) or (c), 

(d) The appropriate national-level standards or project-level procurement 
specification as deemed appropriate by the responsible local authorities.  

 
The latter three are applicable especially for bulk procurements rather than in helping 
consumers to judge the quality of a product directly by referencing a visible mark or seal 
on the product in question. 
 
After sales service: To ensure end user satisfaction, it is not enough to have a good 
product well installed and the customer educated about the use of the product, it is 
important that the end user has access to support after the installation has taken place. 
The better programs have some level of standardized after sales service provisions which 
provides the end user several options to raise their concerns. Initially with the companies 
but if this doesn’t provide the expected results to a more independent organization. This 
could be the program administration unit, an industry association or a regulatory body. 
The after sales provisions also clearly state the period in which the complaint will be 
addressed and the services offered.   
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Customer Understanding and Education 
To address the lack of awareness, the industry or the government can conduct generic 
promotion campaigns on stand alone systems. Such campaigns educate end-users on the 
advantages and limitations of stand alone systems, informed them about service and 
warranty arrangements and about available loan schemes. User education is essential for 
stand-alone system program success.   Information and training in simple maintenance 
and safe operating procedures should be targeted to those persons in the households who 
will have primary responsibility for the system. Users need to understand that good 
operating practices minimize recurring costs and enhance system life. A variety of 
communication channels could be used, including workshops and demonstrations at 
villages.  Dealers of stand alone systems could participate in such village level workshops 
to demonstrate their products.  In Sri Lanka, consumer acceptance of SHS took a leap 
with the entry of a multinational corporation with a well known brand name, and later 
when a local government authority (provincial council) lent credibility to this private 
sector initiative by linking its rural electrification program to the market-based renewable 
energy program.   
 
Initial market surveys and pre-investment studies can scope the market for the new 
technology systems to attract early developers to enter the market. More lessons can be 
identified through detailed surveys, especially in relation to: (i) willingness to pay more 
for modern energy services by the end users, as long as the energy supply is reliable and 
safe. It is recorded that a typical household is willing to pays 3 to 15% of its income on 
energy services (ii) investments for market development to increase success and 
sustainability of a renewable energy program; (iii) local or community participation in, 
and cash contribution for, the implementation and monitoring of off-grid projects to 
ensure ownership on the part of the communities involved, promotion of local 
capabilities, strengthening of community relations, and cost recovery; (iv) technology 
targeted for early adopters, often the middle to upper income rural people. With 
economies of scale a much wider dissemination takes place.  
 
Careful market research can identify which communities or rural areas are best suited to 
service from stand alone systems, and the specific needs of the customer segments within 
those communities or rural areas.   Good marketing studies will first differentiate between 
institutional and household customers within a particular marketing area.  In most Asian 
countries, the density of rural households is high enough to allow viable businesses based 
on stand alone systems.  However, in most African countries the density of rural 
customers is much lower, and off-grid institutional customers became the primary 
customer segment that allowed the household customers to be served as a marginal cost.   
Good marketing studies will differentiate customers by household income, gender and 
age of decision makers, occupation and sources of income.  They will also help to 
characterize the system needs for specific segments of the customer base to allow the 
selection of appropriate systems sizes for standardization.  In Bangladesh and other 
countries, offering smaller systems was instrumental in expanding the number of 
customers willing to purchase systems.  Programs to help promote markets for stand 
alone systems could start with the higher end of the customer pyramid to allow for 
development of the rural delivery infrastructure.  It is not recommended that programs 
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start with the poorest of the poor.    Follow up of market research requires continued 
involvement of the consumers to further understand their needs and addresses complaints. 
The consumers have the responsibility to maintain and operate the systems according to 
operating manuals and trainings provide by the dealers. 
 

Scaling-Up Capacity Building 
All organizations involved in a new renewable energy industry benefit from developing 
new skills.  Project developers must gain knowledge of the technologies, how to close 
deals with the national utility, and how to prepare bankable proposals among others. 
Financiers must be able to analyze risks. The utility and the end-users must be able to 
assess the quality of the product offered. In the initial stages of the market uptake, 
capacity building initiatives are often conducted on a project by project basis. This takes 
time and is one of the reasons for an often slower than anticipated uptake of the industry. 
With the market growing, the industry can start to bundle capacity building efforts 
including: technical training for hundreds of installers of systems through industry 
associations; formal training with integration of curriculum in regular programs; an 
“innovation solicitation” process to stimulate further market growth with the key 
members of the industry; and, establishment of a framework for wholesale capacity 
building initiatives. These kinds of initiatives could quickly train thousands of 
employees.   
 
More targeted and demand driven capacity building support is provided through a 
mechanism such as the Market Development Support Facility.  This approach is now 
being used in China, the Philippines, Tanzania and Zambia. 
 
 

MDSF Application in China 
The Market Development Support Facility provided matching grant assistance to participating PV 
companies to improve their business and market development capabilities. Experience in other countries 
has shown that business and market development support to companies should be demand driven, meeting 
priority needs that the companies have identified and for which they are willing to share fully in the costs.  
The MDSF provides cost share grants to participating companies to support a wide range of activities to 
help participating PV companies in their efforts to overcome barriers to business and market development, 
including international markets. The maximum amount of cost share support available to each company is 
$20,000/year.  Cost shared support was provided for:  

 
♦ Market development activity - market and consumer investigation, training on market development 

staff or sales agents, material design and production, market development and advertisement, PV 
industry promotion activity, consumer financing system. 

♦ Commercial development activity - staff training, commerce planning and financing preparation, 
development on finance and other system.  

♦ Production development - new production physical check, improvement on production line, check and 
ISO certification. 

 
Eligible expenditures 

 Costs of services of independent consultants or consulting firms, including their travel and 
travel-related costs and direct expenses in providing services under their Terms of Reference 

 Costs of services for design of materials (e.g., for training, promotions) and manuals 
 Fees for inspections for ISO certification 
 Fees and other costs of participating in marketing events 
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 Costs associated with capacity building and training activities, customer and market surveys 
 
Ineligible expenditures 

 Salaries of staff or long term consultants of the PV company 
 Expenses of staff of PV companies, including honoraria for attending training courses, 

exhibitions, etc. 
 Salaries and expenses of government, including provincial government officials 
 Expenses associated with routine business activities of companies 

MDSF projects from 2003 to December 2007 supported 31 participating PV companies.  They received 
support for 190 projects with the majority of companies receiving support for 6-8 projects.  The total 
invested in this work was USD 2 million with the MDSF cost share of 0.8 million.  

 
 
A successful stand alone system program needs well-qualified managers and technicians. 
Local recruitment is advisable since people from the community who are known and 
trusted are more effective than workers from a central agency located outside the area. 
This, however, will often necessitate extensive training. Managers need to be proficient 
in business, marketing, and financial operations and to have access to information, 
technical assistance and ongoing training to update their skills. Adequate salaries and 
benefits are also required to retain qualified managers in rural areas. In addition, 
technicians must be trained (and given periodic refresher courses) in order to assure 
responsive repair and maintenance services – an often underemphasized aspect of stand 
alone system programs. Technicians also need appropriate tools and transportation as 
well as locally available supplies of spare parts. 
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Technology Module 

Overview 
This chapter provides brief technical summaries, cost estimates, resource requirements, 
siting and environmental issues, technical standards, equipment specifications and other 
requirements for small hydropower, wind power, biomass power plants, geothermal 
power plants, solar and hybrid systems.   The information contained under each type of 
renewable energy is intended to provide necessary background information for grid-
connected, mini-grid as well as stand-alone systems. Considerations specific to mini-
grids are mentioned in the small hydropower and biomass sections, as well as in hybrid 
systems section. Specific wind energy and solar energy information for stand alone 
systems is provided in the wind energy and solar energy sections, respectively. 
The World Bank performed an economic comparison of 22 power generating 
technologies based on 2005 costs. The objective was to characterize the technical and 
economic viability of electricity generation technologies (both renewable and 
conventional) to serve rural, peri-urban and urban populations in developing countries. 
This work provides a capital cost comparison and an electricity cost comparison for 
renewable energy and conventional energy technologies.105  

Small Hydropower 
Hydropower is currently the most used modern form of renewable energy and is derived 
from natural waterfalls, dams, tidal basins, ocean waves, rivers & streams.  Hydropower 
from large dams and tidal basins requires strict safeguards to avoid significant 
environmental and social impacts such as flooding large tracts of arable land, displacing 
people and wildlife, and drastically changing the local ecosystem.  Small hydropower 
projects generally avoid these problems and can serve rural energy needs. 
There is no universally accepted definition of small hydropower, but in general it means 
that there are low environmental impacts, it uses a run of river design, or it has a small 
impoundment with little flooding of land.   The definition of the upper capacity limit for 
small hydropower varies by country jurisdiction and ranges from 10 MW to 50 MW. In 
general, however, commonly accepted thresholds for Hydropower Systems are those 
outlined below.  

Commonly Accepted Thresholds For Hydropower Systems 

Pico-hydropower < 5 kW 

Micro-hydropower 5 kW - 100 kW 

Mini-hydropower 100 kW – 1 MW 

Small hydropower 1 MW - 10 MW (- 30 MW) 

Medium and large hydropower > 10 MW (> 30 MW) 

                                                 
105 This study, “Technical and Economic Assessment of Off-grid, Mini-grid and grid Connected 
technologies,” completed in 2006 using 2005 data.  Since that time, equipment costs as well as fuel costs 
have risen steeply.  Hence the results should be considered indicative only.  The World Bank ESMAP unit 
is currently (May 2008) conducting investigation of the equipment costs for some power generation 
technologies.  This data, coupled with current fuel cost information needs to be used to update the results of 
the previous study.  
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Global Status  
Small Hydropower capacity and generation statistics published in the REN21 Global 
Status Reports include plants between 1 and 10MW (and plants up to 50 MW in China 
and 30 MW in Brazil, as these nations define and report small hydropower based on those 
thresholds). According to the 2007 Report, worldwide installations of small hydropower 
stations reached a capacity of 73 GW in 2007106. The largest share of these installations is 
in China, a total installed capacity of  41 GW.  Other market leaders in the development 
of small hydropower stations are Brazil, Russia, Canada and the US and EU-25 countries. 
 

Technical Summary 
A typical run-of-river small hydropower plant is illustrated in the figure below.  Water is 
removed from a river at an intake structure, which may be a simple canal outlet as shown, 
or a small diversion may be required to redirect water into a canal leading to a forebay.  
The canals can often be several kilometers in length and may even involve a tunnel.  At 
the forebay, or headworks, the water goes into a penstock, or large pipe, leading to the 
powerhouse where the hydro turbines are located (Figure. 5.1).  After passing through the 
turbines, the water travels through a tailrace to re-enter the river. 
 
There are several issues that are inherent to many small hydropower stations.  First, the 
scale of electricity production is small, and the cost for design, engineering, and project 
financing can be high relative to the overall cost of the project.  Second, there is often no 
reservoir, and the station output is dependent on the water flow in the river, and that can 
vary significantly between the high water seasons and the low water seasons. 
 

Resource Assessment 
Information on mini-hydro resources must generally be obtained through local sources, 
such as forest and water resource agencies.  Several years worth of hydrological data are 
needed to ensure that long-term financial calculations are based on the average 
hydrological year.  Very often, mini-hydro resources are seasonal and highly dependent 
on rainfall in the local watershed, and the system performance can vary significantly from 
one year to the next.   Therefore, the accuracy of the financial assessment will depend on 
the quality of the hydrological data available. 
 
 
 
 
 
 
 

                                                 
106 REN21. 2008. “Renewables 2007 Global Status Report” (Paris: REN21 Secretariat and Washington, 
DC:Worldwatch Institute). http://ren21.net/pdf/RE2007_Global_Status_Report.pdf  
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Figure 5.1. Typical Run-of-the-River Small Hydropower Plant 

 
 
An international database of small hydropower resources is developed and maintained by 
the Small Hydropower Annex of the IEA’s Implementing Agreement for Hydropower 
Technologies and Programs.   The objective of the database is to facilitate the 
development of new small hydro projects of more than 50 kW and less than 10MW 
installed capacity. The web site provides data for potential and developed sites, GIS 
searching capabilities, country profiles, international contacts for small hydro, and a 
world resource atlas. 

Cost and Performance  
The capital cost for most small hydropower projects in 2005 ranged from $1400 to 
2200/kW installed power107.  Costs are very site-specific, and careful investigation of the 
hydrological resource, the geology and civil works requirements, and the electro-
mechanical equipment requirements are needed to develop an accurate cost estimate.  
Operating and maintenance costs in 2005 ranged between  0.7  and 0.5 US cents/kWh for 
small hydropower facilities with capacity factors in the range of 30 to 45%.108   The 
operating life of most facilities is over 40 years.   
The assessment of possible small-hydropower project sites represents a relatively high 
proportion of overall project development costs. A high level of experience and expertise 
is generally required to accurately complete an assessment.  However, over the past two 
decades numerous methodologies and software assessment packages have been 
                                                 
107Technical and Economic Assessment of Off-grid, Mini-grid and Grid Electrification Technologies. 
December 2007, ESMAP Technical Paper 121/07   
108 Ibid. 
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developed in an attempt to reduce the time and cost required for comprehensive 
assessments.  One of these tools is provided by RETScreen International.  
 
Small Hydropower for Mini-Grid Systems 
Hydro-based mini-grid systems most often use mini-hydro or micro-hydro power plants.   
Mini- and micro-hydro plants are often the run-of-river type and generally do not involve 
a dam with impoundment of water.   Therefore, they often avoid the kinds of detrimental 
environmental and social impacts that can be problems for larger hydropower systems. 
  

Technical Summary 
 A mini-grid village hydro system is an isolated water-driven power supply intended to 
provide a village with energy for various applications such as: 

 Electricity for lighting and appliances (radio, TV, computer, etc), in homes and 
public buildings such as schools and clinics,  

 Electrical or mechanical power for local service and cottage industries,  
 Electrical or mechanical power for agricultural value-adding industries and labor 

saving activities, and  
 Electricity for lighting and general uses in public spaces and for collective events. 

 
Village hydro systems are comprised of three elements: 

 Civil works: these consist of diversion works, channels and piping to convey 
river, stream or spring water to the power generation equipment, the power house 
building and water exit channel  

 Power generation equipment: this consists of a turbine, a drive system linking the 
turbine to a generator and/or mechanical devices, a generator, a generator 
controller and switchgear  

 Power distribution system: this involves distribution of electrical power by one or 
more main distribution lines to central points, then by sub-distribution lines and 
consumer service connections to consumption points.   Very small village systems 
may contain a battery charging system to provide energy storage, voltage stability 
and services to remote customers. 

  
  
   Cost, Performance and Project Risks 
The costs of mini-hydro power systems vary considerably as the result of many site-
specific design and performance related factors.   Mini- and micro-hydro systems are 
most likely to be financially sustainable if they have a high load factor, a financially 
sustainable end-use, and costs are contained by good design and management.   The 
greatest project risks are not technical, but business-related.  Management of the 
installation, including the setting and collection of tariffs that keep pace with inflation is 
critical for project sustainability. 
 

Feasibility Study Tools  
  
Guidelines and design aids for the assessment of micro-hydro projects have been 
developed by the Alternative Energy Promotion Center of Nepal under the Energy Sector 
Assistance Programme supported by the Danish International Development Assistance 
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(DANIDA).  The guidelines and aids provide a basis and tools for performing detailed 
feasibility studies, including technical design, for micro-hydro projects between 3 kW 
and 100 kW. 
   
Technical Specifications 
A set of Village Hydro Project Specifications were developed under the Bank’s Sri Lanka Energy 
Services Delivery (ESD) Project.   The specifications consist of the following seven sections:  
(Each item below is a link to a document in the World Bank document library.) 
1.   Introduction 
2.   General Requirements 
3.   Civil Works 
4.   Mechanical Components 
5.   Electrical Components  
6.    Battery Distribution 
7.    Line Distribution 
  
These specifications were intended to provide a fast and practical system for checking 
and promoting the viability of schemes being considered for credit assistance. They are 
not intended to provide comprehensive guidance to design calculations, or to operation, 
maintenance, management, and fault finding procedures. The specifications should 
therefore be used in conjunction with other documents. 
 
 
Wind Energy 
 
Wind resources which can be exploited economically exist on land and off-shore, mostly 
outside tropical areas. In tropical areas special climate phenomena like monsoons or 
mountain winds are necessary to make the use of wind power economic for grid-
connected applications.   Wind power is generated by large modern wind turbines, and it 
is currently the fastest growing renewable energy technology worldwide.  Development 
of modern wind power for large scale electricity generation started in the 1970s energy 
crisis, and over 2000 MW were installed in the 1980s, mostly in California.   In the 1990 
and 2000s there have been major installations in Europe, North America, China, India 
and many other areas.   
 
Global Status 
Annual installations of wind turbines have grown from 200 MW in 1990 to about 20,000 
MW in 2007 for an annual growth of about 27%109.   The global annual market in 2007 
was greater than $37 billion with a cumulative installed capacity of over 94,000 MW 
worldwide.  As of the end of 2007, the top five countries in terms of installed capacity 
were Germany with 22.3 GW, US with 16.8 GW, Spain with 15.1 GW, India with 8 GW 
and China with 6.1 GW. 
Wind development continues in key emerging market countries.  At the end of 2007, 
China had a total installed wind energy capacity of over 6,000 MW, countries of the 

                                                 
109 Global Wind Report:2007, Global Wind Energy Council. 
http://www.gwec.net/uploads/media/Global_Wind_2007_Report_final.pdf  
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European Union had total installed capacity of over 57,000 MW, with Spain leading the 
market with a total installed capacity of 15,000 MW110 
  
Technical Summary 
Wind is a variable but highly regular and statistically predictable resource.   Good sites 
have average annual wind speeds of 6.0 meters/sec (13 miles/hr) or greater, and accurate, 
preferably multi-year wind speed data of a high quality is critical to determining the 
economic feasibility of a wind project.   
Wind is a modular technology and wind farms can be erected quickly.   Most common 
wind turbines in commercial grid-connected operation average 1.5 W in peak power 
capacity.   As shown in the Figure 5.2.  below111, wind turbine sizes have increased 
dramatically in recent years, and this technology development has resulted in continued 
improvements in efficiency and reduced costs.  The newest trend is the development of 
turbines for offshore deployment.   
Wind turbines are very reliable and have guaranteed availabilities greater than 95 percent.   
Wind farm capacity factors range from 20 to percent at average wind sites to more than 
40% at the best sites.   Possible environmental issues include, visual, cultural, land use, 
and bird issues, and noise.   Planning approval and environmental assessment are usually 
necessary. 
While wind is very close to being strictly cost-competitive with conventional power 
generating technologies, its market growth is still mainly driven by special support 
schemes in OECD countries. 

Resource Assessment 
Having high-quality wind resource data is extremely valuable to a wind energy project 
developer or potential wind energy user because it allows them to choose a general area 
of estimated high wind for more detailed examination.  Several wind resource databases 
and maps have been developed in recent years for such purposes.   
In the US, NREL identifies and gathers data for wind resource maps of the United States 
and foreign countries.  This information is maintained by NREL in the National Wind 
Technology Center, which provides the following wind resource data and links: 

• Wind Resource Bibliography  

• National Climatic Data Center Wind Speed Data  

• Wind Maps of the United States including seasonal wind maps 

• Wind Maps for all 50 State and US territories 

• International Wind Resource Maps and databases for 14 countries 

• Wind Resource Assessment Handbook   

                                                 
110 Ibid. 
111 Renewable Energies: Innovation for the future. Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety, Germany, April 2006.  
http://www.bmu.de/files/english/renewable_energy/downloads/application/pdf/broschuere_ee_innovation_
eng.pdf    
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• Wind Energy Potential paper, which describes how much electricity could be 
generated from wind in the United States.  

In Europe, the Database of Wind Characteristics is compiled and maintained by the 
Technical University of Denmark (DTU) together with Risø National Laboratories.   This 
database contains four different categories of wind data: time series of wind 
characteristics, time series of wind turbine responses, wind resource data and wind farm 
data.  
 
 
Figure 5.2.  

 
 
The time series are primarily intended for wind turbine design purposes and the resource 
data can be used for siting analysis.   The database provides wind speed measurements, 
measured under different conditions and terrain types at 55 different locations inside 
Europe, Egypt, Japan, Mexico, Costa Rico and United States.  
The Solar and Wind Energy Resource Assessment (SWERA) provides information about 
solar and wind energy resources in a number of countries around the world. Products 
include data on wind and solar energy potential, plus detailed country energy analyses. 
SWERA is a UNEP (United Nations Environment Programme) project with co-financing 
from GEF. The goal is to provide solar and wind energy assessments to potential 
investors and the public to promote more effective use of alternative energy resources. 
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Cost, Performance and Project Risks 
Installed costs for on shore wind farms typically range between $1800/kW and $2400/kW 
installed112, and for off-shore wind farms the cost is typically about 50% higher. It should 
be noted, however that wind turbines are generally not priced per MW but by swept rotor 
area, since the annual energy production at any given location is largely proportional to 
the swept rotor area, whereas the production varies only marginally with the size of the 
generator of the turbine. 
Operating and maintenance cost typically run about 1.5-2 US cents/kWh.113 
The cost of electricity from modern grid-connected wind farms ranges from 7-12 US 
cents/kWh depending on the site and the strength of the wind resource.  These wind 
farms generally must compete against conventional grid power options, which vary 
widely depending on whether diesel, gas, coal or other primary energy sources are the 
alternative. Wind power will generally replace generation from the more expensive 
marginal medium load generating units on the grid. 
Commercial wind turbines have a proven availability factor greater than 95 percent and 
have very low technical risk if supplied by large, mainstream manufacturers.  However, 
wind farms usually require local permits and project development risks often include the 
need for an environmental impact assessment to mitigate any environmental issues such 
as visual, noise, land use, cultural problems, or impacts on birds.  Finally, a power 
purchase agreement is necessary for grid-connected wind farms, and delays in these 
processes often constitute the greatest risk to a developer. 
There is a potential for local manufacturing of many wind turbine components depending 
upon the volume of the order and the technical capacity of the country. Generally it is not 
economic to manufacture, say, towers locally unless orders are above 50 to 100 turbines.  
Relatively simple components include the steel towers, transformers, wiring and nacelle 
housings. All component manufacturing requires ISO 9000 certification of manufacturing 
quality control systems in order to comply with certification standards. Highly machined 
components include the generator, gearboxes and bearings, and are normally made by 
companies with a very substantial experience.  The most sophisticated components 
include the control systems and blades. These are generally imported, but for large orders 
for a durable market over several years there may be scope for local manufacturing of 
rotor blades, which is generally a rather labor intensive process. 

Standards and Certification 
Design standards and type certification assure that a wind turbine is sound, safe, and has 
been manufactured and constructed with good engineering practice. Wind turbines have 
to be designed for the wind climate in which they are to be installed, i.e. specifications 
vary depending on e.g. mean wind speeds, turbulence and maximum wind gusts on the 
proposed site. It is good business practice always to require that wind turbines be type 
certified as fit for purpose on the site in question.  This certification should be in 
accordance with the latest version of the International Electrotechnical Commission 
                                                 
112 Typical investment including grid connection and substation is around 2400$/kW installed. These 
figures are based on the market situation and exchange rates in May 2008. 
113 The figure includes major overhauls such as replacement of a major component such as a gearbox or 
generator after 12-15 years. Cost level and exchange rates of  May 2008 
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(IEC) 61400 standards series and the certification must be issued by autonomous 
accredited organizations such as Det Norske Veritas (DNV) or Germanischer Lloyd. 
Having internationally recognized standards creates a level playing field in the market 
place and assures that every turbine meets a minimum level of safety.    
International standards for wind turbines are developed by the working groups of 
Technical Committee-88 (TC-88) of the International Electrotechnical Commission 
(IEC), the recognized international body for standards development activities.   These 
standards cover the following topics, and more information on them can be found at the 
American Wind Energy Association (AWEA) web site.  The standards can be purchased 
directly from IEC or through any national standards institute. 

• IEC 61400-1 Wind Turbine Safety and Design  
• IEC 61400-2 Small Wind Turbine Safety  
• IEC 61400-11 Noise Measurement  
• IEC 61400-12 Power Performance  
• IEC 61400-13 Mechanical Load Measurements  
• IEC 61400-21 Power Quality 
• IEC 61400-22 Wind Turbine Certification 
• IEC 61400-23 Blade Structural Testing  
• IEC 61400-24 Lightening Protection 

• IEC 61400-25 Communications for Monitoring and Control of Wind Power 
Plants 

New standards are under development by IEC, IEEE, and the International Organization 
for Standardization (ISO) which will update or create technical requirements and design 
techniques.  
Several certification programs have been established, presently mostly in Europe.   
In Europe, DNV Wind Turbine Certification in Denmark provides certification services 
for both wind turbine types as well as on-shore and off-shore wind farms.  DNV offers 
certification worldwide, and holds a wide range of national accreditations. In the US, 
NREL has set up a certification system in partnership with Underwriters Laboratories 
(UL). 
Because the present standards used in the certification and design evaluation of wind 
turbines contain a lot of sub-optimal compromises the European wind turbine 
certification (EWTC) guidelines were developed to provide a common practice in order 
to overcome the different interpretation of technical and safety requirements for wind 
turbines.  The guidelines are to be used together with the IEC standards and other 
Certification Regulations used by the Certifying Bodies.   The ultimate objective is to 
work towards a uniform wind turbine certification. 

Grid Interconnection 
Much work has been done to develop US and European interconnection requirements and 
standards.  IEC Standards and Definitions do exist and most wind turbine manufacturers 
have technical interconnection criteria called “Electric Grid Data”.   In the US, the 
National Wind Coordinating Collaborative114 (NWCC) is attempting to standardize 
                                                 
114 United States, National Wind Coordinating Committee, “Interconnection Issue Brief,” September 2003.  
http://www.nationalwind.org/publications/transmission/transbriefs/Interconnection.pdf  



 156

interconnection procedures in US, and the US Federal Energy Regulatory Commission 
(FERC) Rule dated 23.07.2003 promotes an interconnection standard for large (>20 MW) 
wind plants.   However, there are many site-specific aspects to grid interconnection, and 
the process for developing grid interconnection is illustrated in Figure 5.3 below115. 
 
 
Figure 5.3. Wind Power Plant Grid Interconnection Process. 

 
Various aspects of the grid interconnection process can be further explored through the 
following links: 

• US Department of Energy Wind and Hydropower Interconnection Standards  

• PJM Generation and Transmission Interconnection Studies, Main Manual,  

 

                                                 
115 Grid Interconnection And Operation For Wind Power Plants in Russia, IFC/GEF 
http://iris37.worldbank.org/domdoc/PRD/Other/PRDDContainer.nsf/DOC_VIEWER?ReadForm&I4_KEY
=0CAEAB9ED9D6672385256D8A004CDDD9E452D4E6717BE271852570D2006396A9&I4_DOCID=4
61CAF8068581C79852570D700607F57&  
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Variability of generation 
Wind is a variable resource, and compared to conventional generators, a wind plant’s 
output is relatively uncontrollable in an upwards direction. Wind production can always 
be curtailed remotely by the grid operator if the proper communication equipment and 
agreements are in place.     However, as wind becomes a larger share of total generating 
capacity, issues related to its integration with utility grid operations and markets are 
becoming increasingly important. On the other hand, if wind farms are dispersed 
geographically, then their output will have a low degree of correlations, and variations in 
generation will tend to cancel out between wind farms.  
Integration of wind is qualitatively different from that for other types of generators 
because wind output depends on whether, when, and how hard the wind blows.   Because 
of these characteristics and because electric-system operators have little experience with 
wind facilities, considerable disagreement can exist regarding the costs of integrating 
wind into electric grids.  
As the total contribution from wind becomes significant (generally believed to be at 
about 10% to 15% of total system load) it can no longer be considered to be largely 
invisible (and therefore cost free) to a large electric grid.   On the other hand, every 
unscheduled megawatt movement of a wind farm does not necessarily need to be offset, 
megawatt for megawatt, by some other resource. In many climates wind generation is 
often positively correlated with electricity demand, and if this is the case, then integration 
of large amounts of wind power will be easier.  
New quantitative methods for analyzing the integration of wind resources into a large 
electric grid have been developed and should be applied when the total contribution from 
wind becomes significant116.    These analyses integrate real-time data on both wind 
resources and the load variability of the electric grid.  It also integrates the impacts of the 
associated short-term competitive market for wholesale electricity, if such a market 
exists.    
A key feature of the new analytical approach is its integration of wind with the overall 
electrical system. It is essential that the uncontrollable and variable nature of wind output 
is not analyzed in isolation. Rather, as is true for all loads and resources, the wind output 
is aggregated with all the other resources and loads to analyze the net effects of wind on 
the power system. It makes no sense to attempt to counterbalance the variations in wind 
production using other generating technologies, what is important is to balance the 
overall supply and demand in the grid. 
Aggregation is a powerful mechanism used by the electricity industry to lower costs to all 
consumers. Such aggregation means that the operator need not offset wind output on a 
megawatt-for-megawatt basis. Rather, all the system operator need do, when unscheduled 
wind output appears on its system, is maintain its average reliability performance at the 
same level it would have without the wind resource. 
The results developed with this new analytical method suggest that a system operator 
need not acquire regulation and intra-hour-balancing resources to counter every change in 

                                                 
116 Interactions of Wind Farms With Bulk-Power Operations and Markets. Project for Sustainable FERC 
Energy Policy. September 2001.  
http://cwec.ucdavis.edu/rpsintegration/library/Wind%20farms%20and%20bulk-
power%20interactions%20Sep01%20Hirst.pdf  
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output from a wind farm.  The system operator should treat wind the same way that any 
time-varying load or generator should be treated, regardless of whether there is a 
competitive wholesale electricity market or not.    
The analysis must be performed for specific wind power plants and the electric grids they 
supply.  However, generalized results from early analyses indicate that:  

 Forecasting wind output ahead of time (e.g., in an hour-ahead energy market) 
yields lower system impacts than having the wind appear entirely as intra-hour 
imbalance energy. 

 There is significant benefit to accurately forecasting wind plant output one hour 
ahead, and that this benefit increases as the size of the wind facilities increase. 
These benefits suggest that the value of accurate forecasts of wind output could be 
substantial. 

 The average cost of integrating wind production into a system, all else being 
equal, increases as the size of the wind facility increases. However, this cost is 
generally a small fraction of the system regulation cost. 

 The magnitude of wind integration cost depends on the correlation between the 
aggregated wind plant output and hourly demand (or spot prices). These results 
suggest that those examining alternative locations for wind farms should consider 
costs, prices and revenues as well as local wind speeds. 

 Market design can affect the operation and revenues of a wind farm. Penalties 
should be related to actual system impacts based on detailed analyses. 

 It is important that time horizons (gate closure times) for bidding in an electricity 
market or scheduling power plant be kept to the technically necessary time span, 
the shorter, the more efficiently can planning be done since in most climates it is 
usually fairly safe to forecast wind a few hours ahead, whereas it is difficult to 
forecast accurately several days in advance. In some wind climates (e.g. around 
the Red Sea, where winds are largely thermally driven) winds are highly 
predictable even days in advance, whereas in other areas (latitudes around 55-60 
degrees with polar fronts moving across the areas), winds may be more difficult to 
forecast. 

Wind Farm Project Development Documents 
A complete set of project development documents were prepared as part of the Medium 
Size Project for Developing the Legal and Regulatory Framework for Wind Power in 
Russia, under a Grant from the International Finance Corporation (IFC) in its capacity as 
Implementing Agent for the Global Environment Facility (GEF).  
These project development documents cover the following aspects of developing a wind 
farm in significant detail: 

• Power Purchase Agreements For Wind Power Plants 

• Wind Power Tariffs 

• Federal Wholesale Market - Wind Power Sector Participation Process and 
Agreements 

• Legislation For Oblast Financial Incentives For Wind Power Plants 
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• General Lease Of Land For Wind Power Use 

• Model For Obtaining Approvals and Licenses At The Oblast and Federal Levels 
For Construction and Operation of Wind Power Plants 

• Grid Interconnection and Operation For Wind Power Plants 

 
Sample wind farm bidding documents are available on the REToolkit website 
Technology Module section for Wind technologies. 
 
Wind Power for Stand Alone Systems 
Micro Wind Systems: There are emerging micro-wind systems for stand-alone energy 
supply, as both wind home systems, PV/wind home systems and battery charging 
stations. These systems provide basic energy services for lighting, radio, television, and 
the operation of small appliances to hundreds of thousands of rural households and 
cottage industries that have no access to electricity grids.  
 
Modern micro-wind turbines are technically sophisticated, high reliability products 
ranging from a few hundred watts to 50 kW.  The turbines generally have only 2 or 3 
moving parts and employ passive controls features, which leads to rugged and reliable 
systems with very low maintenance requirements. Micro-wind systems for water 
pumping, both mechanical-drive and electric-drive systems, are both proven and 
commercially available.   
 
There are emerging micro-wind systems for stand-alone energy supply, as both wind 
home systems, PV/wind home systems and battery charging stations.  Household-size 
wind energy systems have been used most in China, where over 160,000 systems provide 
energy services for nomadic herdsman in Inner Mongolia. The systems consists of a wind 
turbine with direct current generator, charge 
controller, battery, wiring and switches, lights 
and an outlet. Installed capacity can range from 
25 to 100 Watts per household. Wind battery 
charging stations are a viable option to provide 
lighting and entertainment services at a more 
affordable cost than single-household systems.  
The system consists of a larger wind turbine 
(often several kW) with a direct current 
generator, more sophisticated charge controller, 
battery bank, wiring and switches.  Customers 
bring discharged batteries to the station and 
return with freshly charged batteries, which they 
use to power their households lights and 
appliances.    Just like with solar home systems, 
the customer can replace existing household 
expenditures for kerosene, candles, and dry-cell batteries with the fees to pay for the 
charging service.   
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Wind-PV hybrid systems are used for large stand-alone energy systems, such as schools, 
clinics and cottage industries, or for mini-grid applications. 
The wind and solar resources generally complement each other seasonally and can often 
provide facility power with no back-up generator.  These systems can also supplement or 
replace portable generators, and if desired, provide AC output from an inverter.  Typical 
size for a school is 1.5 kWp. 
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Biomass117,118 
Biomass energy (or bioenergy) refers to the use of plant and other organic materials to 
provide energy services such as heat, light and motive power.   Biomass is currently the 
most common form or renewable energy.   Even in today’s fossil fuel era, bioenergy 
provides about 11 percent of the world’s total primary energy supply, with much larger 
fractions in most developing countries and some industrialized countries as shown in the 
table below with data from 2000.119  
Most of this bioenergy consists of unrefined fuels, such as firewood, charcoal, crop and 
animal residues.  Furthermore, it is used in traditional ways with cheap and simple 
devices such as cook stoves and earthen kilns, which are polluting and often not 
sustainable.  Most of this biomass is used for essential survival needs such as cooking, 
space and water heating and crop drying, and it accounts for about one third of all energy 
in less developed countries as a whole, and as much as 90 percent or more in the poorest 
countries.  
Firewood and agricultural residues used for cooking and heating produce indoor smoke 
pollution, which leads to respiratory disease.   Women & children spend much time 
gathering and carrying fuel that could be more productively used for education and 
income generation.  Many under-used biomass resources are waste products, such as 
human & animal manure, garbage, and food processing and other industrial waste.   
Much biomass technology development effort has been focused on converting biomass 
into modern energy carriers, such as electricity, liquid fuels for transportation and 
gaseous fuels for cooking.    Some of these modern forms of bioenergy are inherently 
more efficient, versatile and convenient.  

Table 5.1. Role of Biomass Energy by Major Region in 2000 (EJ/Year) 
Region World OECD Non-

OECD 
Africa Latin 

America 
Asia 

Primary energy 423.3 222.6 200.7 20.7 18.7 93.7 

Biomass (%) 10.8% 3.4% 19.1% 49.5% 17.6% 25.1% 

Modern Bioenergy 9.8 5.2 4.6 1.0 1.9 1.5 

% of primary energy 2.3% 2.3% 2.3% 4.7% 10.0% 1.6% 

Modern Bioenergy inputs to:       

Electricity, CHP & heat plant 4.12 3.72 0.39 0 0.14 0.07 

% of total sector inputs 2.7% 4.1% 0.6% 0% 3.4% 0.2% 

Industry 5.31 1.34 3.97 0.98 1.45 1.44 

                                                 
117 Global Bionergy Partnership (GBEP): Up to date database on global bioenergy information and 
resources: http://www.globalbioenergy.org/bioenergyinfo.html  

Bioenergy Wiki: Online Knowledge Platform for Bioenergy Resources: 
http://www.bioenergywiki.net/index.php/Main_Page  
118 Biofuels for Transportation: Extended Summary, June 2006, Worldwatch Institute. 
http://www.europabio.org/Biofuels%20reports/Worldwatch_biofuels.pdf  
119 Advancing Bioenergy for Sustainable Development: Guidelines for Policymakers and Investors, 
Volumes I, II, and III, ESMAP Report 300/05, April 2005. 
http://www.esmap.org/filez/pubs/30005BiomassFinawithcovers.pdf  
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% of total sector inputs 5.8% 3.0% 8.6% 30.3% 26.0% 6.3% 

Transport 0.35 0.10 0.26 0 0.29 0.03 

% of total sector inputs 0.5% 0.2% 1.1% 0% 6.3% 0.4% 

 
 
 
 
Global Status: 
According to the REN 21 2007 Global Status Report120, an estimated 45 GW of biomass 
power capacity existed in 2006. Biomass co-firing (burning small portions of biomass in 
coal-fired power plants) increased in the UK during this year, as did the use of biomass 
for heating and combined heat-and-power (CHP) in Austria, Denmark, Finland, Sweden 
and the Baltic countires. The use of bagasse (residues after sugar cane processing) for 
power and heat in 2006 showd the most significant growth in Asutralia, Brazil, China, 
Colombia, Cuba, India, the Philippines and Thailand. Europe consumed 6 million tons of 
biomass pellets in 2005, with about half for residential heating and the remaining half for 
power generation. With a typical plant size ranging from 1- 20 MW, the energy costs of 
biomass power were between 5 -12 US cents/kilowatt-hour.  
For biofuels, production of fuel ethanol for vehicles reached 39 billion liters in 2006, 
from increased production mostly in the US (over 18 billion liters) and Brazil (almost 18 
billion liters).  Biodiesel production increased 50 percent in 2006 over the previous year, 
to over 6 billion liters globally. Half of the world biodiesel production occurred in 
Germany with significant production increases in Italy, US and Southeast Asia.  
 

Resource Assessment 
Bioenergy resources take many forms, which can be broadly classified into three 
categories: residues and wastes, purpose-grown energy crops, and natural vegetation. 
Natural vegetation might be a sustainable resource in some situations, but it has not been 
used sustainably on a large scale. For example, sustainable harvesting of forest growth is 
possible in theory, but ensuring that ecological and socioeconomic constraints are 
satisfied is difficult in practice.   Therefore, most sustainable bioenergy resources are 
generally residues from forestry and agriculture, or energy crops.   
Bioenergy systems require sufficient, reliable, sustainable, and affordable biomass 
supplies. These supplies must be grown, harvested, gathered, and transported to the 
energy conversion plant, sometimes from a large number of dispersed suppliers. They 
must usually be stored and perhaps dried to avoid deterioration. In many cases the 
biomass must be chopped, pelletized or otherwise prepared for use as a biofuel.  These 
resource supply activities set bioenergy apart from other renewable resources that are 
freely available.  
While the additional steps in the biomass resource supply chain can bring substantial 
benefits in the form of local employment and income, they may also raise serious 
problems which do not apply to other energy resources.  In large part, these problems 
                                                 
120 REN21. 2008. “Renewables 2007 Global Status Report” (Paris: REN21 Secretariat and Washington, 
DC:Worldwatch Institute). http://ren21.net/pdf/RE2007_Global_Status_Report.pdf 
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occur because biofuel supply and use is embedded in the production and use of all forms 
of biomass, which are in turn embedded in highly complex, dynamic, multipurpose and 
competitive land use and labor systems that form the bedrock of rural economies. 
Critical aspects of these systems vary greatly from place to place and also over time as 
economic, social and environmental conditions change.  Yet these site specific and 
varying conditions govern to a large extent the amounts and kinds of biomass resources 
that can be produced, the costs of production and associated benefits such as farm income 
and rural employment, resulting biomass prices, vulnerability to supply failure, 
environmental impacts (positive and/or negative), and risks of harming existing biomass 
dependent social groups.  
There are thus rarely any “one size fits all” solutions: bioenergy projects must usually be 
tailored to the biophysical and socioeconomic circumstances of each location and must be 
supported by a great variety of stakeholders. These factors must be carefully assessed 
before each project or program can be successfully implemented.  

Technical Summary: 

Biomass Combustion 
Direct combustion systems burn biomass fuel in a boiler to produce steam that is 
expanded in a turbine to produce power.   Nearly all current biomass power generation is 
based on direct combustion in small, biomass-only plants with relatively low electric 
efficiency (20%). 
Combined heat and power (CHP) applications involve recovery of heat for steam and/or 
hot water for district heating, industrial processes, and other applications.   Total system 
efficiencies for CHP can approach 90%.    
Co-firing substitutes biomass for coal or other fossil fuels in existing coal-fired boilers.   
For the near term, co-firing is the most cost-effective of the power-only technologies.   
Co-firing levels range from 5 to 15% of the normal coal input (on a heat-input basis) and 
generally require separate feed preparation and injection systems. 
Biomass co-firing with coal ($50 - 250/kW of biomass capacity) is the most near-term 
option for large-scale use of biomass for power-only electricity generation. Co-firing also 
reduces sulfur dioxide and nitrogen oxide emissions. In addition, when co-firing crop and 
forest-product residues, GHG emissions are reduced by a greater percentage121 (e.g. 23% 
GHG emissions reduction with 15% co-firing). 

Biomass Gasification 
Biomass gasification produces synthesis gas (syngas), which can be burned in 
combustion turbines, and allows a high efficiency (> 40%) combined cycle power plants 
to be used.   Other technologies being developed include integrated gasification/fuel cell 
and bio-refinery concepts. 
Biomass gasification for large-scale (20 - 100MWe) power production is an emerging 
commercial technology.   Once fully commercialized, it will be an important technology 
for cogeneration in the forest-products industries, as well as for new baseload capacity.  

                                                 
121Power Technologies Energy Databook. Edition 4. NREL. March, 2006.  
http://www.nrel.gov/analysis/power_databook/docs/pdf/db_chapter02_bio.pdf 
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Small biomass gasification systems have been used for many years in the developing 
world for electricity generation and industrial process heat.   However, these systems 
have not always been reliable and clean.  Recently, biomass gasification systems for 
village-power applications and for developed-world distributed generation have been 
developed that are efficient, reliable, and clean and range in size from 3kW to 5MW. 

Industrial Biogas 
Large-scale agro-industrial processes often produce waste streams with very high organic 
contents.  These waste streams can be converted to a methane-rich gas in an anaerobic 
digester gas, and that gas can be used to run a combustion turbine or gas engine to make 
electricity or it can be burned in a boiler for heat.  Typical industry sectors with high 
potential waste streams include combined animal feedlots, sugar mills and molasses 
distilleries, breweries and food processing industries. 
In most countries, this biomass resource is generally small from a national perspective, 
but it can represent a high-value opportunity in developing countries where the power 
would be generated in rural areas that currently lack supplies. 

Landfill Gas 
Landfill gas (LFG) is approximately 50 percent methane and 50 percent carbon dioxide 
and results from the decomposition of organic waste materials disposed in modern 
“sanitary” landfills through anaerobic decomposition of the waste.   
Most developing country cities still dispose of their municipal solid waste in open dumps 
creating problems with leachate contamination of surface and groundwater, and the 
uncontrolled release of LFG to the atmosphere.    Because LFG is approximately 50 
percent methane, it is a powerful greenhouse gas (21 times more potent than CO2).  
The more important and prosperous cities in some developing countries (especially in 
Latin America) have begun to improve disposal practice and have introduced sanitary 
landfills122. Notwithstanding this trend, only a few cities in developing countries actively 
collect LFG and utilize its energy value. 
The capital cost of LFG collection and utilization infrastructure and the infancy of the 
carbon and renewable energy markets make the development of these projects most 
applicable to large and deep landfills (generally greater than 1 million tonnes of waste in 
place with a depth of more than 15 meters).   However, each potential LFG utilization 
project should be evaluated based on local conditions including the conditions at the 
landfill, the opportunity to sell carbon credits, the price of energy, available tax credits, 
and available "green" incentives.  
Smaller LFG management projects become more viable as the value of Carbon Emission 
Reduction units (CER’s)123 increase and as the value of energy products increase. In 

                                                 
122 Handbook for The Preparation of Landfill Gas to Energy Projects in Latin America and the Caribbean, 
World Bank, ESMAP, January, 2004. 
http://imagebank.worldbank.org/servlet/WDSContentServer/IW3P/IB/2005/08/09/000160016_2005080913
1543/Rendered/PDF/332640handbook.pdf   
123 A Certified Emissions Reduction unit (CER) is equivalent to one metric tone of CO2 reduced or 
sequestered through a Clean Development Mechanism (CDM) project as defined in Article 12 of the Kyoto 
Protocol.  
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Europe, the energy pricing can support projects of less than 0.5 MW and less than 1 
million tonnes of waste in place. 

Cost and Performance 
More information on the technologies and their cost and performance characteristics can 
be found the following documents: 

 Advancing Bioenergy for Sustainable Development: Guidelines for Policymakers 
and Investors, ESMAP Report 300/05, April 2005. 

 Bioenergy Primer: Modernized Biomass Energy for Sustainable Development, 
Sivan Kartha and Eric D. Larson, United Nations Development Programme. 

Codes and Standards  
Design standards and safety certifications are essential for biomass power generation 
equipment.  Biomass-fueled high-pressure boilers have existed since the beginning of the 
industrial revolution, and design specifications and safety codes are certifications well- 
evolved. 
Many specific codes and standards exist. In Europe, USA and India, boilers and pressure 
vessels must comply with respectively the Pressure Equipment Directive (PED), the 
American Society of Mechanical Engineers (ASME) code and the Indian Boiler 
Regulation (IBR). The boiler and pressure vessel equipment must be certified by an 
independent notified body to ensure compliance with all regulations.   Reputable 
manufacturers of biomass-fired boilers will provide certified equipment.  Other biomass 
equipment, such as fluidized-bed or entrained-flow gasifiers may follow sections of these 
codes, for example sections relevant to material properties for high-temperature service. 
Biomass-handling equipment, such as chippers, dryers, conveyors and screw feeders may 
be designed to other standards.  The critical issue from the systems perspective is that all 
the equipment selected for a power plant should be compatible and well integrated to 
ensure reliable and safe operation of the plant.    

Grid Interconnection 
Power plants using biomass fuels are dispatchable and have operating characteristics 
(from the perspective of the electricity grid) that are similar to conventional power plants.  
Therefore, special grid interconnections requirements do not generally need to be 
considered, as they are in the case of e.g. wind farms. 
 
 
 
Mini Grid Biomass Power Systems 
Mini-grid systems that use biomass resources are generally based on modular 
technologies for either combustion or gasification.  For the best performance, the 
technology specifications and the system design need to be tailored to the characteristics 
of the biomass feedstock.  Direct combustion systems use steam turbines and are 
generally used for only the larger applications. Modular biomass gasification systems 
produce a synthesis gas, which can be burned in a gas or diesel engine to provide 
electricity and motive power and burned in a boiler or furnace to provide heat, are 
applicable at sizes ranging from a few kilowatts to a few megawatts.    As large quantities 
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of solid materials are involved in biomass systems, the system design must accommodate 
the collection, storage, preparation and processing of the feedstock as well as removal, 
processing and disposal of ash residues.     
 Feedstock characteristics that can influence the design and selection of technology and 
equipment include particle size distribution, moisture content, organic and non-organic 
(ash) content, chemical composition and energy content.  Feedstock preparation steps can 
often include size reduction and drying, and one of the common design choices how 
much automation to build into the feedstock handling steps.  Industrialized countries with 
high labor costs tend to build highly automated systems, whereas in developing countries 
where labor is cheaper, much of the feedstock handling is manual or mechanized, but not 
automated. 
 
Biomass combustion for Mini-Grids 
 For mini-grid systems, modular technology is preferred, because it offers relatively less 
expensive systems with higher reliability, because the modules can be pre-assembled in a 
factory and tested before shipping to a remote village site.   The main drawback of steam-
turbine based systems is the relatively high operating pressures and the level of technical 
skills required for plant operation.   Thus, they tend to be used only for applications 
greater than a few MWs. 
Where heat or cooling is a need, either in cold or warm climates or for small industry use, 
combined heat and power (CHP) applications can be cost-effective.    Total system 
efficiencies for CHP can approach 90%.   
 

Geothermal  
Geothermal energy is thermal energy from within the Earth that takes the form of hot 
water and steam.   When brought to the surface, these can be used to produce electricity 
or applied directly for space heating and industrial processes.  
Geothermal power plant development involves geophysical, geochemical, and geological 
exploration to locate permeable hot reservoirs to drill.   The drilling of wells into these 
reservoirs is the largest project development cost and entails significant risk, as the 
resource may not be are large or well located as indicated by the exploration activities.  
Once the geothermal resource is properly tapped, well fields and distribution systems 
allow the hot geothermal fluids to move to the power generation block, which consists of 
either steam turbines using natural steam, hot water flashed to steam, or binary turbines 
using an organic working fluid.  Once passed through the power conversion system, the 
geothermal fluid is injected back to the earth. 
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Global Status124 
In 2006, geothermal energy provided almost 10 GW of power, growing at 2-3 percent per 
year over the previous years. Most of this use occurred in Italy, Indonesia, Japan, 
Mexico, New Zealand, Philippines and the United States. Iceland derived one-quarter of 
all its power as well as 85% of its total space-heating needs from geothermal resources . 
Over 2 million ground-source heat pumps were in use worldwide in 2006.  

Resource Requirements 
The US Geothermal Education Office maintains a database of geothermal resources 
around the world, and the US Department of Energy maintains a database and maps of 
geothermal resources in the US.   For more information go to: 

 Geothermal Education Office:  

 US Department of Energy - Geothermal Technology Office:   

 

Technology Descriptions 
Representative technologies include the following.   

 Dry-steam plants, which use geothermal steam to spin turbines. 

                                                 
124 REN21. 2008. “Renewables 2007 Global Status Report” (Paris: REN21 Secretariat and Washington, 
DC:Worldwatch Institute). For most up to date renewable energy global status information, please visit REN21 to 
access the most recent Global Status Report.  
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 Flash-steam plants, which pump deep, high-pressure hot water into lower-
pressure tanks and use the resulting, flashed steam to drive turbines. 

 Binary-cycle plants, which use moderately hot geothermal water to heat a 
secondary fluid with a much lower boiling point than water. This causes the 
secondary fluid to flash to vapor, which then drives the turbines. 

 A developmental technology called Hot Dry Rocks involves the identification, 
drilling and fracturing of hot dry geothermal reservoirs.  Water is then pumped 
through the fractures to access the resource.  This technology is not yet 
commercially developed. 

 

Solar Energy 
Sunlight can be converted by a variety of technologies into heat and electricity.  Grid-
connected solar technologies consist of solar thermal concentrating systems and 
photovoltaic (PV) systems.  In the US, Approximately 500 MW of solar (thermal) trough 
power plants were built in the 1980s and are still operating in the state of California.  
New solar trough power plants are currently under construction in, Egypt, Morocco and 
Mexico. 
Solar home systems (SHS) currently provide basic energy services for lighting, radio, 
television, and the operation of small appliances to millions of rural households and 
cottage industries that have no access to electricity grids.   A typical solar home system 
includes a 10- to 100-Wp (peak watts) photovoltaic array; a rechargeable battery for 
energy storage; a battery charge controller; one or more lights (generally fluorescent or 
LED); an outlet for a television, radio/cassette/CD/DVD player, or other low-power-
consuming appliances; and switches, interconnecting wires, and mounting hardware (See 
figure 5.4).  Portable solar lanterns are also gaining in popularity, particularly in India 
where the government has promoted its use since the mid-1980s.  Both the module size 
and the sunlight availability will determine the amount of electricity available for daily 
use. In a country such as Indonesia, a 50-Wp system can provide enough energy to 
operate four small (6- to 10-W) fluorescent lights and a small 15-inch black-and-white 
television for up to five hours.. The retail price of a SHS ranges from about US$100 to 
US$500 for 10 Wp to 50 Wp systems, respectively.125 The smaller and cheaper systems 
are tailored for low-income consumers and for cash-sales. The larger systems require 
additional financing. 
 
 
 
 
 
 
 

                                                 
125 World Bank Solar Home Systems Projects: Experiences and Lessons Learnt 1993-2000. Eric Martinot and Anil 
Cabraal Renewable Energy, proceedings of the World Renewable Energy Congress VI, Brighton, UK, A.A.M. Sayigh, 
ed.(Elsevier Science, Oxford, UK, 2000) www.martinot.info/Martinot_Cabraal_WREC2000.pdf  
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Figure 5.4. Typical System Components of Stand Alone Solar Systems. 

 
Global Status 
At the end of 2007, cumulative existing solar PV worldwide reached 10.5 GW, up from 
7.7 GW in 2006126.   The majority of these installations are in grid-connected 
applications. In the industrial nations,  these applications have been driven by strong 
incentives and high retail electricity tariffs.  In Germany, Spain, USA and Japan for 
example, government incentives have driven the growth in capacity of local 
manufacturing industries as a strategy to lower system costs and gain market share.   
 
System cost and performance: 
The costs to consumers for solar home systems vary significantly by country and depend 
on a number of factors, such as sales volumes, dealer margins, maturity of local 
manufacturing and marketing infrastructure, duties and taxes, level of competition, etc.  
Indonesia and China have some of the lowest systems costs because of low duties and 
taxes, high sales volumes and low manufacturing costs.   Typical costs for systems in 
China are shown in Table 5.2 below.127 
 
 
 
 
 
 
                                                 
126 REN21. 2008. “Renewables 2007 Global Status Report” (Paris: REN21 Secretariat and Washington, 
DC:Worldwatch Institute). For most up to date renewable energy global status information, please visit REN21 to 
access the most recent Global Status Report. 
127 Project Management Office, “Market Price Research On China SHS,” China Renewable Energy 
Development Project, March 2008 
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Table 5.2. The factory (retail) price of PV sytems in the first half of 2007 
System Specification 

System 
Power(W) 

Storage Battery 
Capacity(Ah) 

Sample Maximum 
($/Set) 

Minimum 
($/Set) 

Average 
Value ($/Set) 

10 17 21 212.3 60 90.71
18 25 17 228.6 85.7 134.43
20 40 19 331.1 98.6 168.29
40 40 15 534.7 167.1 266
50 80 16 694.1 231.4 425.14

 
 
Costs in other countries may be significantly higher due to a combination of high duties 
and taxes and high dealer margins, as shown from a few samples: 

   

Hybrid Power Systems 
While diesel generation has the largest share of the existing non-grid market for power 
generation, it is often not featured in donor projects. This is due to the fact that (i) 
ongoing fuel subsidies for existing remote diesel systems place a heavy burden on public 
budgets in many client countries and (ii) renewable energy-based alternatives are mostly 
environmentally benign and therefore less critical regarding environmental safeguards. 
However, it is possible retrofit existing diesel supply with RE and/or battery add-ons. 
This is a potentially giant market, and important both for increasing energy access and for 
mitigation and adaptation of the climate change. Incentives for improving the efficiency 
of existing diesel systems (e.g. via better load management or retrofitting with hybrid 
renewable add-ons and/or battery storage) and for implementing innovative RE-diesel-
hybrid-solutions in green field projects should be included in all electrification subsidy 
programs regulatory frameworks128. Hybrid systems, such as solar/diesel, wind/diesel and 
solar/wind have their roots in telecommunications applications for remote sites.  
However, properly optimized hybrid systems can substantially reduce diesel fuel 
consumption while increasing system reliability.   
                                                 
128 Promoting Electrification: Regulatory Principles and a Model Law. Kilian Reich, Bernard Tenenbaum 
and Clemencia Torres. ESMAP, November, 2005.  

Philippines Indonesia Sri Lanka India Kenya
20 Wp System 300 302
37 Wp System 270
40Wp System 520 303 419 307
50Wp System 660 300-408 480 360 822
75-80 Wp 750-1000 686

PV Systems Retail Price Comparisons

Sri Lanka 3 lights (20Wp), 4 lights (40Wp), 6 lights (50Wp), 10 lights (80Wp); India 37Wp has 2 lights 
and 2-year full service; others include 3 lights

Prices include duties and taxes

Philippines units costs are estimated by AED (Ph) Ltd.  75 Wp range: AED (750) and sales price of one 
dealer ($1000, includes inverter)
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While wind, PV, and micro-hydro have been commercial technologies for a number of 
years, their hybridization with fossil fuel generator sets for rural applications are an 
emerging technology.    Such hybrid systems combining renewable energy and fossil 
energy components have their roots in telecommunications applications in remote sites.  
However, the extremely high-value electricity for telecommunication applications results 
in expensive, extreme reliability designs that are inappropriate for rural electricity 
service. Furthermore, the village hybrid market is at a very early stage of development, 
and the design, manufacturing, integration, implementation, and distribution segments of 
the industry are sparse and immature. 
  

Technical Summary 
  
There are a large variety of possible hybrid power systems, but the most common types 
include: 

 PV-Diesel hybrids  
 Wind-PV-Diesel hybrids  
 Wind-Diesel hybrids  
 Retrofit systems 

These systems can be developed a retrofits of existing diesel mini-grid systems or as new 
integrated designs.  NREL has developed a series of pilot village power systems that have 
exemplified these system types.  Other developers that are active in this area include 
Trama TecnoAmbiental, The Fraunhofer Institute for Solar Energy Systems, and ISET 
(Institut für Solare Energieversorgungstechnik). 
 
  
In general, well designed hybrid systems will substantially reduce diesel fuel 
consumption while increasing system reliability.  In addition to the diesel generator and 
the renewable energy generator, hybrid systems consist of a battery bank for energy 
storage, a control system and particular system architecture that allows optimal use of all 
components. 
  
The diesel fuel savings of hybrid systems are associated with a control strategy and 
system architecture that allows shutting down the diesel generator when the renewable 
energy system output is sufficient to carry the load, and uses short-term battery storage to 
reduce diesel generator start-ups.    In northern climates, an added feature is using both 
waste diesel heat and surplus renewable energy to supply space heating to community 
buildings.  
  
Experience from several of the NREL pilot systems indicates that in many cases hybrid 
system: 

 Provided power at lower costs than grid extension  
 Were more reliable than grid power,  
 Provided much higher service levels than diesel-only systems  
 Were very modular and could be assembled from standardized packages  
 Were relatively easy to fully automate 
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 Cost, Performance and Project Risks 

  
Hybrid systems are potentially very cost-effective solutions to rural AC electricity needs.  
 For low load applications (< 10 kWh/day), Wind/PV Hybrid Systems are very attractive.   
For Larger Applications, Wind/Diesel Hybrids are very attractive as long as a reasonable 
wind resource is available.  Bilateral and multilateral finance and market stimulation 
programs should be based on best service at least cost.  
  
The cost of hybrid systems is currently high compared to conventional diesel mini-grid 
systems.  However, as is typical of emerging technologies/markets, systems design and 
industry structure will continue to evolve in concert with the growth in demand and 
technology development funding, and costs can be expected to decrease dramatically. 
  
Wind and solar energy components and Diesels have complimentary technology 
characteristics, as shown in the table below.   Together, they provide a more reliable and 
cost-effective power system than is possible with either wind, solar or diesel alone. 
  

Characteristic Wind/Solar Diesel 
Capital Cost High Low 
Operating Cost Low High 
Logistics Burden Low High 
Maintenance Requirements Low High 
Available On-Demand No Yes 

   
 

Capital cost comparison129 
The World Bank funded Technical  and Economic Assessment of Offgrid, Mini-Grid and 
Grid Electrification Technologies130 developed capital cost estimates in (US$/kW) for 22 
renewable and conventional electricity generating technologies.   The objective was to 
identify, characterize and assess the technical, economic and commercial prospects for 
electricity generation and delivery technologies to serve rural, peri-urban and urban 
populations in developing countries. The study revealed that: 

• Renewable energy is more economical than conventional generation for off-grid 
(less than 5 kW) applications. 

                                                 
129As mentioned at the beginning of this chapter, this study is presently outdated, since costs in the power 
generation sector have grown considerably during the period 2006-2008 and the charts provided here are 
merely an illustration to show the relative economics in 2005-2006. The World bank ESMAP unit is 
currently (May 2008) conducting a new study, which will be referenced in a future edition of this 
publication. 
130 Technical and Economic Assessment of  Off-grid, Mini-grid and Grid Electrification Technologies. 
ESMAP Technical Paper 121/07, December 2007. 
http://siteresources.worldbank.org/EXTENERGY/Resources/336805-
1157034157861/ElectrificationAssessmentRptSummaryFINAL17May07.pdf   
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• Several renewable energy technologies are potentially the least-cost mini-grid 
generation technology.  

• Conventional power generation technologies remain more economical for most 
large grid connected applications, even with increases in oil price forecasts. 

• Integrated Gasification Combined Cycle (IGCC) and Atmospheric Fluidized Bed 
Combustion (AFBC) have considerable potential for developing economies.  

As an illustration of the analyses performed in the report, the renewable energy capital 
cost estimates from this study are replicated in Table 5.3 which includes equipment costs, 
civil costs, installation costs and contingency.  The capital and fuel costs have increased 
significantly since the study and the data presented here is an illustration of the relative 
cost structures in 2005. Further details and analyses are available in the 2007 ESMAP 
report of this study: Technical and Economic Assessment of  Off-grid, Mini-grid and 
Grid Electrification Technologies 
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Table 5.3. Renewable Power Technology Capital Costs in 2005 (US$/kW) 

 
 
 
 
 


