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Chapter-1 
 
 
Sustainable Development and Energy  

  
 
 
1.1 Introduction 
 
Sustainable development is the key for all round growth of a region. There are several 
concepts and approaches of sustainable development adopted at the global level. But, the 
definition of sustainable development referred in Brundtland report is the most frequently 
quoted in the literature: “development that meets the needs of the present generations without 
compromising the ability of future generation to meet their own needs” (WECD, 1987). It 
implies maintaining a delicate balance between the human need to improve lifestyles and 
feeling of well-being on one hand, and preserving natural resources and ecosystems, on which 
we and future generations depend to supply them indefinitely (Figure- 1.1). 
 
 
 
 
 
 

Figure 1.1. Relation between improved lifestyle and natural resources 
 
 
At the macro-level, it discusses about delivering the social, economic and environmental 
benefits to the society while performing various activities. In its social dimension, it covers 
the issues of poverty eradication, economic empowerment of the socially disadvantaged, 
gender equity, conservation of the natural resources, improved living standard through better 
facilities of education, health, safe and potable water, information access and connectivity. 
 
The concept accounts the same understanding in various other sectors such as industry, 
forestry, finance, services, manufacturing and others. But, the aspects of achieving 
development differ according to the sectors and with different stages in the same sector. The 
extent and need of achieving sustainable development vary from country to country, or, 
region to region. It requires an understanding that inaction has consequences and that we must 
find innovative ways to change institutional structures and influence individual behavior. It is 
about taking action, changing policy and practice at all levels, from the individual to the 
international. 
 
At the micro level, the sustainable development covers local issues such as, efficient 
consumption, equity participation, communication, skills development and access to market 
and information. Absence of any such dimension leads to failure and puts a question mark on 
sustainability in future.  These parameters are more striking when considering the energy 
sector because energy, in today’s world, is a means to achieve all developmental goals. 
Poverty eradication, better education, health, income generation and connectivity, all these 
facilities help improving standard of living of a person and access to energy supports 
achieving them all.  

Improvement of 
lifestyles and 
well-being 

Preserving natural 
resources and 
ecosystem 
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Therefore, it is important that each individual parameter, at macro- as well as micro-level, is 
studied when energy planning is carried out.  
 
There is a vast pool of information available, which describes different ways and means of 
achieving sustainable development. Majority of this information is taken over by the issues 
concerning rural development because the people living in rural areas are deprived of better 
quality of life and income opportunities. By improving access to electricity in rural areas is 
considered as an important task by which development is possible to achieve in a sustainable 
manner. Figure 1.2 shows a simple view of parameters of electrification that are necessary to 
be considered for the sustainable development of a region.  
 
 
 

 
Figure 1.2.   Parameters of Sustainable Development 

 
 
 
In the national context, it is important that policies are formulated keeping the development of 
people at the forefront. Each parameter shown in figure 1.2 has its importance but some 
possess extra values if we discuss them in social terms. Good policies, community’s demand, 
local governance, capacity building, participatory approach and micro-finance, all these have 
direct influence to make any initiative successful and acceptable to the people.  
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Pre-assessment works is necessary to match the local demand and with the availability of 
resources before taking the final action. This helps preparing good policies at the national 
level. Once the policies are put is place, then comes the strategies to govern them. 
Governance is the art of public leadership. Good governance puts people into the centre of 
development where people grow and profits grow. This well-tried business rule is applicable 
to development policy as well. There are three distinct dimensions of governance: 
 

• form of political regime 
• process by which authority is exercised in the management of a country's economic 

and social resources, and 
• capacity of governments to design, formulate, and implement policies and discharge 

functions. 
 
The criteria that constitute good governance have been drawn from these three dimensions, 
and include: 

• legitimacy of government (degree of “democratization”) 
• accountability of political and official elements of government (media freedom, 

transparency of decision-making, accountability mechanisms),  
• competence of governments to formulate policies and deliver services,  
• respect for human rights and rule of law (individual and group rights and security, 

framework for economic and social activity, participation).  
 
Other success path of sustainable development is to follow the participatory approach. It is 
well documented that involvement of local people helps raising awareness, capacity building 
and develops a sense of their stake in the entire process. It is equally desired that their skills 
are properly assessed and enhanced through training and skills development programmes.  
 
The lack of security and maintenance is not uncommon. This is particularly true in case of 
initiatives taken for the community development. Experiences have indicated that lack of 
security and the maintenance have led to vandalism and often systems implemented been 
stolen. As long as systems run, beneficiaries show their stake, which disappears instantly soon 
after the systems perceive failure. Thus, security and maintenance are the necessary aspects of 
the long-term sustainability. 
 
Monitoring and evaluation is also important for the long-term sustainability. It is only in 
recent years that this aspect is focused in the national policies. In some cases, where this 
process has been added it has not been seriously analysed to edit the old polices or formulate 
the new ones. Monitoring and Evaluation process is not only necessary but it also creates 
information pool, which helps assessing the efficacy of the policies and offers  opportunity of 
information sharing among other countries/partners. 
 
The availability of finance or micro-credit for any initiative is a pre-requisite to obtain wider 
penetration among the community. It is particularly true for the rural areas where affordability 
is a major issue and lack of income sources restrict households to buy improved and efficient 
systems. For example, the energy technologies used in rural households are less efficient and 
poor purchasing power hinders their wide-scale dissemination. In this situation, the investors 
hesitate to enter into the market as they foresee involvement of risk in the business. In order 
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to make business safe, it is important that availability of bank credit and provision of 
insurance are put in place and act as the risk management tools. 
 
All the above practices will be rewarding enough if they contribute to improve the living 
status of the rural people. Continuous improvement in the policies delivers the effective 
output, which should also be the ultimate goal of the policy makers. 
 
 
1.2 Rationale 
 
It has been recognised that the world is not balanced in terms of economic, ecological and 
social values. Urgency has been declared to make it balanced in many aspects. As per the 
United Nations Millennium Declaration it is said, “We will spare no effort to free our fellow 
men, women and children from the abject and dehumanising conditions of extreme poverty, 
to which, more than a billion of them are currently subjected” (United Nations, 2000). The 
main reference in this context is of the people residing in rural areas of the developing 
countries. 
 
Literatures reveal that the world is divided in the distribution of knowledge, infrastructure, 
income, perhaps most importantly, in access to the basic energy needs. A known fact is that 
about 1.6 billion people are living without access to electricity (World Bank, 1996; IEA, 
1998). Another 2 billion have access to it but to an unreliable extent. Their energy 
consumption is less than 20 percent of the industrialised world (WRI/FAO, 1999). Majority of 
un-electrified population comes under the average daily earning less than $2 US. More the 
poverty more will be dependence on biomass being used as fuel (IEA, 2002). Present rural 
energy consumption scenario shows, women and children, in particular, are more access to 
vulnerability, as they often bear the responsibility of gathering fuels by covering long distance 
(TERI, 2003). 
 
Though enormous efforts have been made to improve the living conditions of the rural people 
but results have not achieved the desired outcome. In overall assessment, energy poverty is 
accepted as a major barrier, which has linkages with rural infrastructure, skills development, 
value addition to local resources, job creation and establishment of enterprises, etc. The actual 
efforts on improving rural energy situation were started in 90s with technical as well as 
financial support by the international institutions and organizations such as the World Bank, 
UNDP, etc and with the changing energy policies at the national level. 
 
Until recently, rural energy programs, whether promoting conventional or renewable energy, 
focus on providing development assistance through the supply-oriented approach to stimulate 
economic productivity and enhance quality of life in rural areas. Very few projects carried out 
in-depth assessment of markets, including the needs of the people to serve. Most rural 
electricity monitoring and evaluation programs measure strictly quantifiable information 
without measuring socio-economic impacts. This incomplete understanding often hinders the 
development of initiatives for meeting rural energy needs to have positive, equitable, and 
sustainable development impacts (World Bank, 2003a). 
 
In a conventional approach, the government of a country mainly focuses on supplying 
electricity through grid. There are thousands of villages, which are difficult to electrify 
through grid in economical ways, where renewable energy technologies (RETs) would prove 
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as the only options. This is because, the power requirement is less thus cost of electricity 
supply becomes higher, which makes grid less economical (World Bank, 2000). Hence, 
technologies, which are renewable and modular in nature not only provide an alternative 
option but also fits into the concept of on-site power generation at lower cost. 
 
For example, in India about 18000 villages have been identified where electricity supply by 
the use of RETs will be more feasible (MNES, 2002-03). Technologies like solar photovoltaic 
(PV), micro-hydro, biomass gasifiers etc., are often used for rural electrification in the form of 
decentralised distributed generation (DG). Benefits have already experienced by the use of 
these technologies in terms of applicability, acceptability, and system viability. But the 
electrification strategies are weak and fail to deliver the synergy benefits to the people. A 
need, therefore, is to have strong rural electrification strategies, which fit well into the rural 
scenario of the developing countries.  
 
The points mentioned above have been justified by showing the linkages of energy with 
sustainable development, Human Development Index (HDI), Millennium Development Goals 
(MDGs) gender, poverty, and environment. Each of these linkages have been explained from 
the perspective of social, economical and environmental aspects to gain synergy benefits of 
the electricity access to the rural people. 
 
 
1.3 Energy and Sustainable Development 
 
Energy for sustainable development has been accepted to have close links to environment, 
social and economic conditions of a region. Providing reliable and secure electricity supply 
for all, which involves economic status but reducing environmental impact has been accepted 
(during the UN World Summit held in Johannesburg 2002) as the key challenge for the 
electricity sector worldwide (E7, 2002). In the past, different dimensions were given to study 
energy in the framework of sustainable development. The Stockholm, Rio de Janeiro and 
Johannesburg conferences have made major headway and links to energy issues to the UN’s 
Millennium Development Goals. 
 
Figure 1.3 explains linkages of three aspects to make energy initiative more sustainable (Adil 
Najam, 2003a). 
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Electricity is a commodity that supports all three pillars of sustainable development – 
economic growth, social development, and improvement of environment. Electricity powers 
economic development by enabling industry and commerce; stimulates social progress by 
catalysing communications, healthcare, and education; and promotes environmental 
improvement by displacing less efficient means of energy conversion. But electricity faces 
challenge of becoming accessible, reliable, and affordable for the people living in energy 
poverty (E7, 2003). 
 
 
1.4 Energy and Human Development Index (HDI) 
 
Standard of living is an arm of deciding Human Development Index (HDI); improving three 
factors1 (equity, empowerment and environmental soundness) would improve HDI of any 
country. The impact of energy on the HDI depends on its end-use applications and the task 
that energy performs. The direct impact of energy is associated with cooking, safe water, and 
lighting. The indirect impact is associated with, and is produced by, electric drivers (e.g., 
motors, pumps, etc.) and process heat (processing industries). 
 
For rural energy systems to advance sustainable rural development, the emphasis must be on 
energy services- not merely on energy consumption (or supply) as end in itself. Rural energy 
systems, therefore, must advance rural economic growth that is economically efficient, need-
oriented and equitable, self-reliant and empowering, and environmentally sound (Amulya K 
N Reddy, 2002). The role that electricity consumption plays in improving the HDI is 
explained in the figure 1.4. 

                                                 
1 Equity based on a marked increase in access of poor to energy services, empowerment based on 
strengthened endogenous reliance, and environmental soundness. 

 

Economic
(Energy is a key motor of
macro-economic growth)

         Social
(Energy is a principle prerequisite
for basic human needs)

Environmental
(Conventional energy use is a major

source of environmental stress)

Figure 1. Energy and sustainable development: Deep linkages. (Adil Najam, 2003b)Figure 1.1  Energy and sustainable development: Deep linkages. (Adil Najam, 2003b)Figure 1.3  Energy and Sustainable development: Deep linkages (Adil Najam, 2003b) 
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This relationship is explained with the help of elastic and inelastic regions. The region with 
higher gradient (δHDI/δE) is referred as elastic slope and the region with lower gradient is 
referred as inelastic slope. In elastic region, large improvements in HDI can be achieved with 
small inputs of electricity whereas in inelastic region even the large electricity inputs result 
only a marginal improvements in HDI. 
 
There is a threshold at about 4,000 kWh per capita, corresponding to an HDI of 0.9 or greater 
(Canada, US, Australia, Japan etc.), in the relationship between HDI and electricity 
consumption. Above 5,000 kWh per capita, no country has an HDI below 0.9. Furthermore, 
as electricity consumption increases above 4,000 kWh, no significant increase in HDI is 
observed. Electricity consumption above 4,000 kWh per person per year is associated with 
increasing GDP per capita. However, the calculation of the UN Human Development Index 
discounts high levels of GDP, increase in HDI beyond the 4,000 kWh level are small (Allan 
D. Presternak, 2000). 
 
 
1.5 Energy and poverty 
 
Poverty is more clearly understood as encompassing both income and non-income dimensions 
of deprivation. The constituents of poverty include lack of income, lower livelihood 
opportunities, poor or no access to education, health services and safe water, and a lack of 
empowerment to participate in the political process. Extreme vulnerability to external stresses 
and shocks (including, but not limited to, climate change) is also one of the major features of 
poverty (World Bank, 2002). 
 
Energy has shown direct linkages to poverty alleviation. In terms of electricity access, it is 
clearly understood that more the earning, greater will be the chances of electricity access. 
Figure 1.5 shows a correlation between percentages of population access to electricity of a 
country with population earning less than $2 a day. Income, however, is not the only 
determinant in electricity access. To be noticed here that China, with 56 percent of its people 

 

Figure 1.4  The UN’s Human Development Index and Electricity use. 60 countries, 1997 
(Allan, 2000) 
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still poor, has managed to supply electricity to more than 98 percent of its population (IEA, 
2002). 
 

 
1.6 Energy and Gender 
 
Women are referred as the best environment manager (Heleen van den Hombergh, 1993). In 
the last two decades, gender issues have attained increased prominence in the debate on 
sustainable energy development. International programs, such as ENERGIA, an International 
Network on Gender and Sustainable Energy; ESMAP, through its Gender Facility; UNDP, in 
its Sustainable Energy and Environment for Development Unit, are engaged to bring critical 
issues of gender equality and efficiency to the focus. The Energy, Poverty and Gender 
(EnPoGen) project, started in 2000, on documenting these relationships in three case study 
countries, China, Indonesia, and Sri Lanka, and in developing both quantitative and 
qualitative methodologies for incorporating poverty and gender in rural electrification 
projects, through a case study in Cambodia. Some gender-energy related findings of the past 
research are described here: 
 

- The main use of energy in rural households is in cooking, lighting, heating and, 
agricultural. Women have involvement in all these activities thus much of the energy 
is managed by them.  

- Poor people have less energy options than do rich and often pay more for it both 
absolutely (pay higher unit price) and relatively (percentage of their income). Poor 
women nonetheless need multiple energy options to manage their daily work and 
time. (Elizabeth Cecelski, 2002) 

- Women’s primary responsibility for energy procurement and management gives the 
energy poverty a particular gender bias. The risk of poverty is greater for women, 
with large number of rural households in developing countries being female-headed. 

- Neither public nor private energy infrastructure provision is gender-neutral. Women 
use energy and electricity differently than men, because of their different household 
activities. 

- Women’s micro-enterprises are heat-intensive (for example, food processing), labor 
intensive, and/or light intensive (weaving, tailoring, etc., with work in evenings). 

Figure 3.   Link between poverty and electr icity acce ss (W orld B ank, 2001)Figure 1.3   Link between poverty and electricity access (World Bank, 2001)Figure 1.5 Link between poverty and electricity access (World Bank, 2001) 
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Lack of adequate energy supplies for these activities affects women’s ability to 
operate profitably and safely. 

- Women spent most of their time in collecting and consuming energy. This hardly 
gives them time for any development activities. Education is most suffered due to 
lack of time available throughout the day and lighting gives possibility to get 
education in the evening.  

 
 
1.7 Rural energy and environment 
 
Added to the socio-economic problems, poor access to energy causes environmental damage. 
For example, the wood and charcoal consumption in Africa bring about a yearly deforestation 
of 2 millions hectares which is causing soil degradation, disappearance of vegetation, animal 
species and the local climate disruption (UNESCO, 2004). In rural areas, people use inferior 
quality of fuels such as low quality fuelwood, dung cake and, crop residues in inefficient 
ways for meeting their energy needs. Analysis shows the global carbon emissions released 
from wood fuels burning equivalent to 500 million tonnes (Biomass Energy, 1998). Annually, 
biomass burning is estimated to emit 22 Mt of methane and 0.2 Mt of nitrous oxides (IPCC, 
1996a). 
 
Kerosene is mainly used for lighting in off-grid areas. Its application is also in the areas where 
supply of electricity is erratic and unreliable (TERI, 1998). The efficiency of devices used for 
lighting (includes kerosene lamps, candles, pressurized kerosene lamps and propane lamps) is 
very low and gives poor lighting, which causes a major indoor pollution. As proper 
ventilation in rural households is not a concern, the smoke generated by kerosene lamps 
remains inside and inhaled. 
 
In agriculture sector, water pumping is energy intensive but often inefficient activity. In off-
grid regions, the main irrigation devices are diesel engines, pedal pumps, river and open wells 
and, a large part of water demand is met from rainwater. Diesel engines although provide 
water on demand but consumes most earning because of high operational cost. Studies 
conducted reveal that a diesel pump (5-10 hp) operates within 5-10 percent efficiency under 
field conditions and consumes one litre of diesel per hour (TERI, 1996). Inefficient water 
pumping also has impact of global warming and climate change through green house gas 
emission (IIM, 2003). 
 
Rural industries are also major energy consumers, which is mainly an unorganized sector in 
terms of energy consumption data availability. Oil expelling units, brick kilns, milk 
processing units, etc., are some of the main energy intensive rural industries. Biomass based 
industries are the significant source of enterprise development, job creation and income 
generation (Renewables, 2004). Other industries like weaving, tailoring, basket making, 
radio/TV repairing shops, etc, require small amount of energy, basically for lighting (TERI, 
2003). Electricity provision enhances their income and also provides flexible working hours 
(Anand Shukla, 2001). 
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1.8 Millennium Development Goals (MDGs) and the role of energy 
 
MDGs are formed to provide better living conditions to the world’s poor. Energy does not 
show direct linkages but supports in achieving them. Electricity, in general, is positively 
associated with development goals. With the help of Figure 1.6, it has been shown how rural 
electrification is important in achieving the MDGs. 
 

 
The individual linkages are elaborated as follows: 
Goal 1: Eradicate extreme poverty and hunger. At the minimum level, eradicating extreme 
poverty and hunger revolves around food, water security, value addition to local resources 
and small income opportunities. Energy is essential for cooking, irrigation and processing of 
agri-products (IISD, 2004). 
Goal 2: Universal primary education. Household electrification improves the quantity and 
quality of lighting, the provision of which is very important for raising primary education and 
standards (IEA, 2002). 
Goal 3: Promote gender equality. Energy accessibility and quality directly affect women, who 
comprise 70% of the world’s poor. Along with children, women are the primary gatherers and 
users of traditional fuels who are most severely affected by fuel shortages and environmental 
degradation. Thus they will be primary beneficiaries in case of both accessibility and 
improved quality of fuels for household energy services (IEA, 2002). 
Goal 4: Reduce child mortality. Long-term exposure to harmful gases increases the risk for a 
child developing an acute respiratory infection; about four to five million childhood deaths 
annually can be attributed to acute respiratory infections (WEC, 1999; IISD, 2004). Improved 
energy services, particularly improved quality fuels and efficient technologies have direct 
impact on health. 
Goal 5: Improve maternal health. A large fraction of women’s labour is devoted to energy 
end-uses. Energy services can create rural livelihood opportunities that also help delay 
marriage age (which are often in early stage) and can reduce child labour requirements for 
water and fuel wood collection, thereby decreasing the rationale for large families (IISD, 
2004). 
Goal 6: Combat major diseases. Malnutrition, poor water and sanitation, and indoor air 
pollution are the main factors generating major diseases spread in rural areas. Provision of 
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Figure 4. Rural Electrification and Millennium Development Goals (IISD, 2004)Figure 1.4   Rural electrification and Millenium Development Goals (IISD, 2004)Figure 1.6  Rural electrification and Millennium Development Goals (IISD, 2004) 
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electricity reduces these risk factors through improved food security by intensifying 
agricultural productivity, increasing water accessibility and security, and reducing the 
exposure to indoor air pollutants. Furthermore rural electrification is also essential for basic 
disease prevention and treatment including refrigerated vaccines, intensive care and 
communication. 
Goal 7: Ensure environmental sustainability. Improved and efficient energy services are 
essential for climate protection. This also requires to shift from extending power conventional 
grid and expanding centralized power generation using fossil fuels, which is not compatible 
with stabilizing atmospheric CO2 concentrations and climate change (WEC, 1998). Global 
sustainability thus also includes energy efficient and nature friendly technologies that plays a 
major role in promoting rural livelihoods. 
 
 
1.9 Energy, Environment and Development 
 
The relationship between environmental management, the dimensions of poverty and the 
Millennium Development Goals have been consolidated and described with the help of Figure 
1.7. The diagram conveys the main pathways between environmental conditions and 
dimensions of poverty, although in reality the linkages are dynamic and interconnected 
[World Bank, 2002]. 
 

 
 
In developing countries, the environmental management and poverty reduction are the main 
driver for wider dissemination of RETs (renewable energy technologies) in the rural areas. 
Mixed results have been observed on RETs implemented in the last decade, however they 
imply that RETs have benefited in several manners. Figure 1.8 illustrates the relationship 
between decentralized renewable energy services provision and the environmental 
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management drivers associated with poverty alleviation. Decentralised energy options 
described in this section are mainly referred to RETs. 
 

 
The linkages described in Figure 1.8 are as follows: 
1. Decentralised energy options serve sound and equitable management of biodiversity 
and ecosystems by reducing pressure on natural resources in many important ways. It helps in 
increasing agricultural productivity by providing energy for water pumping for crop irrigation 
and post-harvest processing. These productivity improvements can in turn reduce pressure to 
convert forest to agricultural land otherwise required to maintain or increase productivity 
[Ravindranath and Hall, 1995]. 
2. Decentralised energy options can contribute to ensuring access to safe water and 
sanitation services. Access to deep groundwater (generally much safer and cleaner than 
surface water sources) is often constrained by a lack of energy for pumping [IISD, 2004], 
[WEC, 1999]. 
3. Decentralised energy options producing electricity for household lighting or bio 
energy (biogas or bio fuels) fuels for cooking, or improved cook stoves to make more 
efficient use of traditional biomass, all limit the exposure to the toxic by-products of 
traditional biomass combustion. In rural areas, traditional biomass provides almost all primary 
energy demands, the largest use of which is for cooking. Despite the widespread perception 
that the worst air pollution occurs outdoors in urban areas, the most severe chronic exposure 
to indoor airborne pollutants occurs among rural women and children due to biomass 
combustion in inefficient stoves. The use of residual biomass fuels such as crop litter and 
dung exacerbate the problem as they generally produce more smoke and require longer 
cooking times. [WEC, 1999; UNDP, 2000]. 
4. Decentralised energy producing bioenergy can reduce and mitigate natural disasters 
such as droughts and floods. If bioenergy feedstock is also produced by afforestation in 
degraded watersheds, floods and droughts can be attenuated by improved watershed function 
through reduced runoff and increased deep percolation [Pal and Sharma, 2001; Perry et al., 
2001]. 
5. Decentralised energy options reduce and mitigate climate variability and change. 
They do not emit greenhouse gases, or in the case of sustainably harvested bioenergy, they are 
“carbon-neutral”. 
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Figure 1.6   Relationship between decentralized renewable energy services and environmental
management drivers with poverty alleviation, (Source IISD, 2004)
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1.10 Resulting research questions 
 
Provision of improved form of energy is vital for overall growth of a region. This issue is 
more challenging in the context of developing countries. In figure 1.4, importance of efficient 
energy, i.e., electricity, is shown by comparing with the HDI of several countries, developing 
countries are representing a lower side. Figure 1.5 depicts a sad picture of world’s poor and 
their access to electricity in developing countries. Poor access to clean energy leads to gender 
inequality and in this case women are the worst sufferer. Absence of electricity hampers rural 
development and also leads to degradation of our natural environment (section 1.7). Access to 
electricity, therefore, helps achieving seven internationally decided MDGs. What is toughest 
is to serve electricity in off-grid areas and development of these regions. 
 
The growth of developing countries has been seen in terms of rural energy environment but 
observed as to have not been able to achieve desired results. It is now recognised to adopt 
sustainable, efficient and environmentally sound technological approaches, which are 
conducive to social and economic situation to achieve faster growth of the country. In 
developing countries, though the governments are keen on finding a sustainable electrification 
solutions but absence of regulatory framework and support and, lack of adequate information, 
investment potential and analytical approach often develop problems in decision making, 
which thus puts a question mark on the sustainability of any initiative taken in the direction. 
Finding appropriate and suitable solution would support the governments and other 
stakeholders to a great extent engaged in the power generation and distribution. Countries 
where the progress has been made, question still remains about the long-term sustainability as 
the systems, which are often seen non-functional after few years of installation due to variety 
of reasons. Therefore, off-grid energy technologies being expensive in initial investment and 
used as decentralised distributed generation, requires due care for long-term functionality. 
 
In the given background, studying three aspects (social, economical and environmental) of 
any technology for power generation is seen as necessary prerequisite for a successful 
implementation and sustainable development. It is more important to find energy solution for 
energizing off-grid regions linking different technologies together, in particular renewable 
energies, with its potential for a more sustainable development of the energy system. Before 
the formulation of the rural electrification strategies, it is important to understand the status, 
scope, analyse the national and international policies and approaches, suitable technologies 
and experiences gained and the technology selection process. The present PhD thesis studies 
all these important issues and delivers its key findings in the form of suitable rural 
electrification strategies for all round development of the rural areas. 
 
 
1.11 Structure of the thesis 
 
From this chapter onward, the present thesis follows the following structure: 
 
Chapter –2 describes the objectives and methodological approach adopted in the present 
research. Since rural electrification is a development issue it is important that recent initiatives 
are incorporated if the research is carried out in this subject. Therefore, focus has been given 
to achieve a pragmatic look, which this chapter explains with the concept of application 
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oriented research and multidisciplinary approaches. Overall methodology of the present 
research has been described which specifically support the balance between desk and field 
research. In the end, limitations of the present research have been discussed. 
 
Chapter- 3 presents the prevailing energy situation in the rural areas of developing countries. 
It discusses about the complexity of rural and urban demographics, energy consumption 
patterns in rural areas of developing countries, general characteristics of rural energy and 
negative impact of using traditional fuels, initiatives taken on rural electrification, drawbacks 
in the current approaches and, initiatives taken to overcome the problems. 
 
Access to electricity is important to study for those areas where grid could not be extended. 
From this perspective, chapter – 4 focuses on various initiatives undertaken in the field of off-
grid rural electrification through DG technologies in developing countries. It aims at assessing 
the current market situation and the financial resources that have been invested. Experiences 
from various regions have been described with some on-going projects initiated by the 
international organisations. In developing countries RETs are mostly adopted as DG 
technologies. Lessons learned in terms of technical, financial and management aspects have 
been summarised and also the drawbacks in the current approaches of rural electrification. 
 
Chapter – 5 examines the understanding of rural electrification in four selected countries 
China, India, Brazil and Ethiopia. Selection of the countries is based upon the representation 
of the unelectrified population (lowest and highest), success achieved in the recent past and 
the availability of information on rural electrification situation. This chapter describes the 
present situation of rural electrification in these countries and looks into the policies and 
strategies adopted at the national level. The national and international projects (completed and 
ongoing) on off-grid electrification are of the main interest to assess the technological status 
and their benefits and acceptance by the people. 
 
Chapter – 6 describes the successful examples of various off-grid technologies and their 
comparative advantages over grid. Technologies such as solar PV, hydropower, biomass 
gasifier, wind turbines and diesel engines have been described briefly in order to understand 
their basic principle. However, emphasis is given to highlight the key success factors for their 
long-term sustainability. Grid option is not completely discarded. Cost economics of grid 
extension is shown in order to study the point where it becomes uneconomical in comparison 
to the DG technologies. Environmental benefits of these technologies have been shown with 
the help of specific examples. 
 
The two country case studies give the maximum insights to the complete study from chapter – 
7 and chapter – 8. Three months visit to both the countries, Vietnam and South Africa, were 
made to assess the rural electrification situation through the literature survey and stakeholders 
analysis with the help of structured questionnaire and discussion process. Particular attention 
was paid on the government policies, projects carried out in rural areas and their impact, 
prevailing barriers and lessons learned in the field of rural electrification. Potential and the 
status of renewable energy technologies (RETs) have been assessed to identify their scope as 
off-grid electrification option for remote areas. Relevant projects have been suggested in 
order to make rural electrification process more effective and a viable business. 
 
The research ends at chapter – 9, which has been written by taking the basis of all previous 
chapters, literature survey, stakeholder analysis, field visit and authors own experience of 
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working in the rural areas of India. Chapter suggests the strategies, which can be adopted for 
the electrification of rural areas. Three different levels – Marco-, Meso- and Micro-, have 
been considered to define the roles and responsibilities at individual stages. Several other 
aspects such as resources assessment, technology selection and management have been 
highlighted to achieve the long-term sustainability of the systems for the implementation.  
 
The chapter – 10 forms the conclusion of the present study. 
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Chapter-2 
 
 
Objectives and Methodological Approach 
 
 
 
This chapter summarises the objectives of the research and its relevance of the distributed 
generation technologies for rural electrification. Various tools that were adopted during the 
study have been described, followed by the detailed research methodology. There will be no 
study, which can be carried out without limitations. There are limitations of the present study 
as well, which have been discussed at the end of this chapter.  
 
 
2.1 Research objectives 
 
The present study describes the good practice examples of the distributed generation 
technologies used for rural and off-grid electrification in the developing countries. Both 
conventional and non-conventional electricity options such as grid, solar photovoltaics, wind, 
hydro, and biomass technologies have been studied in order to assess its applicability in rural 
areas as well as its suitability with the local situation. Three aspects - technical, economical 
and social (Social aspect includes the acceptance of technology by the community, its benefits 
and the effect on local or regional environmental conditions) - are the points of interest.  
 
The specific objectives of the present research are as follows: 
 

• Assessment of the need of electrification in rural and off-grid areas 
• Options for electrification of the areas that are not possible to be able to electrify with 

conventional approaches 
• Status and the impact of the current approaches at the national as well as international 

level 
• Identification of success factors and reasons of failure of the programme  
• Development of guidelines on how success elements can be transferred to other 

regions 
• Institutional structure necessary for the long-term sustainability and faster growth of 

rural electrification 
 
 
2.2 Relevance of the study 
 
Distributed generation (DG) includes the application of small generators, typically ranging in 
capacity of 5 kW to 10 MW, at or near to the end-user to provide electric power needed. As 
applied to in this research, DG includes the complete power generation and distribution 
system for small villages and remote location where extension of grid may not be viable at 
many instances. This includes generation, energy storage, on-site management (i.e., dispatch, 
control, communications), and ancillary devices and services. This study will explore various 
environmentally sound and renewable energy technological options such as solar, biomass, 
wind, hydro, alternative fuels, that can be used for power generation for rural electrification. 
To carry out the present research it was worth reflecting author’s view on showing the 
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relevance of the work.  Following are the major points, which will show the relevance of the 
present research: 
 

• Electricity for all is given a national priority in many countries and it also serves 
purpose of millennium development goals, thus present work will show authors 
devotion over the international objectives and goals. 

• From the author’s own experience of working at grass-root level, it can be said that 
resources (natural and renewable) are often found existing in the region that can be 
used for power generation. There is a need to carry out an extensive country level 
assessment of resources suitable for power generation. 

• In most countries, rural electrification is focussed mainly through the conventional 
approaches of extending grid. However, there are regions where extension of grid 
may not be possible therefore receiving electricity will be a distant dream for 
community residing there. 

• Renewable energy technologies are still considered as new technologies and national 
objectives consider these technologies for pilot scale application. 

• In most countries, there is no separate budget allocated for the development of 
renewable energy technologies. Work is mostly done through scattered approaches 
with the support of international agencies. 

• The present work is expected to provide importance of technologies that can be used 
for power generation in a distributed manner. With this viewpoint, it is also expected 
that the study would help in expediting the process of rural electrification. 

• Examples on DG are very scattered, therefore, present research is expected to be able 
to bring up some consolidated work and successful example highlighted would be a 
source of replication, thus help stimulating rural electrification process. 

• Developing DG technologies are required to develop a sense of ownership and stake 
among local people in its management, operation, and maintenance. There is growing 
global concern on gender issue, environment protection, equity, decentralisation of 
power at local level, demand side management, community participation, poverty and 
sustainable development. Author has a strong feeling that DG works in favour in all 
these issues, thus present study is believed to have an acceptance among researchers, 
development workers, NGOs, bilateral and multilateral agencies. 

• The present study reflects the benefits of DG to be integrated under country’s rural 
infrastructure development programme. 

 
 
2.3 Method and structure of the research 
 
Based on the data collection, a questionnaire-based model was developed and assessment was 
made to identify suitable technologies in terms of technical, economical and social aspects. A 
readymade solution is recommended that can be used to energize the un-electrified location. 
Renewable energies being an expensive technology (like solar, etc.), thus requires due 
importance to be given for its long-term durability. Considering this aspect of RETs, the study 
focused on highlighting parameters for its long-term sustainability. The present study has 
given adequate attention on finding key factors important for future load management from 
demand as well as supply ends. 
 
Accuracy and the validity of the findings/recommendations have been tested through 
developing two country case studies from the developing countries.  



 31

 
This study looks at the present situation in the rural energy sector, some of its more central 
problems and the interventions that have been tried in the past to solve them, and the 
experience gained through these attempts. Hopefully, it will raise the profile of the debate and 
assist in charting new paths for the development of the rural energy sector in developing 
countries. 
 
 
2.3.1 Application-oriented research 
The present research has been put forward with the expectation of delivering the benefits to 
the entire scientific society in general and to the people deprived of improved and convenient 
fuels and technologies in particular. A need was felt for application-oriented research to help 
solving the society-driven problems. Therefore, not a theoretical but a pragmatic approach 
have been adopted throughout the research. The overall approach has been adopted to study 
the prevailing energy situation in rural areas, existing policies at National and International 
level, and the impact of initiatives taken in past.  
 
Deeper understandings have been developed on the issues impeding the rural electrification 
process. To do this, success stories of the existing power generating technologies, which are 
reliable, nature friendly and suits to the economical conditions of the people were collected. 
Stress was given on application of technologies and policies, however, little focus have been 
shown on understanding fundamentals of technologies. Each technology has been explained 
with an example of its application for rural electrification.  
 
The present research has been carried out starting from the perceived need of the “market”, 
albeit that curiosity into the why and wherefores of rural electricity supply has also been a 
motive behind the activity. The research has been approached in such a way that a synthesis 
of academic research and rural electricity practices (conventional and non-conventional) 
could be achieved without jeopardizing the academic standards required for any prestigious 
qualification. To obtain this, due care has been given to balance the degree of attention paid to 
the various subjects. This involve deeper insights in any subject and the risk of a “conflicts of 
Interest”, but in this respect the decisive factor was that the research should properly be 
adopted to the needs of the electricity sector. 
 
 
2.3.2 Multidisciplinary approach 
Until recently, rural electrification projects were frequently treated as solely technical 
activities and separated from other rural mural. Results concerning rural electrification reveal 
that technically, electrification itself is not sufficient and it must be treated within the context 
of rural development at large. Dividing the development problems into more or less 
“autonomous” areas that are considered somewhat interrelated but not interdependent appears 
to be neither efficient nor effective. It is necessary that all consequences and aspects of 
policies and actions studied in detail. To this end, thinking is needed in processes rather than 
in disciplines. 
 
In effect, this research aims at giving an organisational advice in such a form that all 
stakeholders involved can make relevant decision applicable for their particular situation. 
Therefore, an integrated approach has been adopted with priority given to a wide scope. 
However, a number of development needs such as poverty reduction, gender equity, income 
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generation, efficient technologies, etc., have been studied in more in-depth gives the 
multidisciplinary approach challenging, in addition to a requirement. 
 
The energy supply and services, to develop remote and rural locations is an area where 
technology, organisational, social, economical and environmental science should work in 
collaboration. In this context, the present research does not exhibit a new area but support and 
adopts integrated approach to identify the implications of various developments for the 
organisation engaged in electrification of rural and remote areas. 
 
 
2.3.3 Methodology 
The term “rural” in this research has been considered as the areas where electricity supply 
through conventional grid is either technically not feasible or economically unviable. Thus, an 
approach has been adopted to suggest an option, which is technically feasible, economically 
viable, socially acceptable and avoid environmental degradation. However, the definition of 
the term rural differs from one country to the others. 
 
The research starts with identifying and assessing the existing trends in rural electrifications 
and its consequences in future under business-as-usual scenario. Then, to look ahead to 
opportunities for meeting electricity demand and supply in rural and remote areas, and to 
translate the results into recommendations that can be used by decision makers. This study 
therefore looks into rural electrifications issues in the light of past experiences and current 
developments in the electricity supply sector and discusses theoretical as well as practical 
aspects related to electricity supply options considering their environmental, economical and 
social relevance. In the whole process, existing knowledge and personal experiences are 
combined and new strategies have been formulated. The entire work consists of divided into 
three components: the rural market, the available technologies, and institutional aspects. The 
dimensions of the latter theme, and more particularly the relevance of renewable energy, are 
elaborated upon as distributed generation options for rural electrification. Implications of the 
findings for electricity supply organisation are outlined in the practical, or application 
oriented component, for the work. 
 
Following the first step, the central research question and a number of guiding questions were 
formulated. The latter are related to different themes and serve as guidelines for the study. 
 
Next, the specific features of the developments and trends were identified with particular 
reference to the analysis of their possible impact on people.  
 
To answer a number of questions a thorough insight into how and why the electrification of 
rural and remote areas was established in the past is needed. This led to comprehensive 
historical research. A number of cases have been described and analysed, and conclusions 
drawn on the basis of three aspects: available technical solutions, interconnected issues, 
institutional circumstances, and the features of the market. 
 
The information needed for the research has been obtained from: 

• study of literatures 
• survey of policy documents, project assessments and progress reports 
• supervision/monitoring of field studies performed by others 
• participation in on-going international studies 
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• case studies include conducting field research and interviews. 
 
With the help of literature survey, various dimensions of electricity in context of social, 
economical and environmental aspects will be studied and documented. These include 
linkages of electricity with Human Development Index (HDI), gender, poverty, and 
sustainable development. Analysis of national and international approaches is done from the 
sources such as strategy paper, discussion paper, National policy document, assessment 
studies, etc. 
 
Two country case studies have been the important basis for justifying and concretising the 
suggested rural electrification strategies. Interviews of the experts in the field of rural 
electrification and survey of people in villages form the practical approach and highlight 
grass-root realities in this study. Country case studies were important to analyse the selected 
country’s understanding on rural electrification and their compliance with the global 
objectives of the millennium development goals such as poverty reduction, improved health 
conditions, literacy, child education, etc. Electricity has not been considered separately under 
MDGs but an important means for achieving them. Therefore, country case studies were 
planned to conduct through the dialogue process and practical visit in the rural areas of the 
selected country. Differences in rural electrification status, income status of the people, 
political situation were some of the main factors assessed for the selection of the countries.  
These case studies have special importance to the author to gain better exposure and 
understand the under different regulatory framework. A provision of two country case studies 
has been envisaged in order to show sufficient validation of the recommendation made in the 
research. Selection of countries has been a matter of financing to author’s research, 
establishment of contacts, and country’s profile on rural electrification. 
 
The personal experience of author of working at the grass-root level in the application of 
energy technologies in rural areas has been added. A number of case-examples have been 
used throughout the research to provide qualitative information.  
 
 
2.3.4 Desk and field research 
The desk study includes: 
 

• Literature study on issues such as rural development, gender, environment, and RETs 
operations and performance; 

• Analysis of reports on technical facilities for rural energy supply; 
• Review of publications on the institutional developments and arrangements in the 

power sector of different countries and global perspective; 
• Comprehensive research into the rural electrification in various countries; 
• Study of other publications on selected topics. 

 
As part of the research, experiences from rural electrification projects in developing countries 
have been investigated. Interviews were conducted with different stakeholder concerned with 
rural energy systems, energy supply, services, and policy formulation. This was carried out 
with the help of structured questionnaire, informal questions through emails, telephonic 
conversation and direct interaction. The purpose of holding interview is for the verification 
purpose. However it is noted that the validity of the cases based on interviews is not of prime 
importance for two reasons: the cases in themselves are not the subject of statements, and no 
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general conclusions are drawn. The significance of these cases is mainly in terms of 
illustration. 
 
 
2.4 Limitations of the research 
 
This study is confined to the electricity supply to rural and remote areas in developing 
countries. It only considers the scope of energising areas not possible to electrify technically 
and economically through conventional grid electricity. The effects of the developments and 
trends in large-scale electricity supply systems, is beyond the scope of this research study. It 
is to be noted that the problems applicable to large-scale systems differ from those of the 
electricity supply to rural and remote areas in many aspect, therefore study seeks completely 
different rural electrification strategies, which often are not seen in the conventional 
approaches. 
 
The importance is highly valued on renewable energies because it creates the possibility of 
identifying analogies and analysing the experiences gained on rural electrification. That was 
the reason why Chapter 4 and 5 have described the understanding of rural electrification in 
developing countries under national and global perspective. The cases have been selected on 
the basis of the extent and quality of the available information, the diversity, and the 
involvement of the author. From author’s background, most of the cases have been 
highlighted in context to the situation of India and the other neighbouring countries. 
 
Given the scope of this study, past research and the experiences in developing countries, it is 
argued that there is no need for an in-depth analysis of all the aspects of rural electrification. 
For instance such issues as tariff policy, the specific features, which make electrification 
projects feasible, the incremental revenues and internal rates of return are not addressed. In 
the present study, however, economical aspects are covered from the user point of view such 
as income generating possibilities, employment generation, value addition to a product and 
business opportunities. The reality of electricity supply in developing rural areas is very 
complicated and there are many relevant aspects. Therefore the features of the rural market 
have been listed insofar they are needed to draw conclusions regarding the appropriate 
approaches. Section on rural electrification strategies discusses mainly three specific areas: 
the rural market scenarios, the available technology and institutional issues. Any further 
confinement would have the drawback of an increased probability that only part of the 
problems and possible solutions would surface. 
 
Though the characteristics of the rural market and new technical opportunities have been 
discussed but the emphasis is given on integrated approach and the success factors such as 
adopting demand-side approach, institutional set-up, community participation, users training 
and create enabling rural environment for the electricity supply. “General considerations”, the 
socio-economic aspects of electricity supply have been addressed but this is confined to the 
discussion of existing knowledge and few selected country case studies. 
 
An in-depth discussion of the theories of organisational structures and management models is 
not necessary to answer the research questions. But appropriate solutions for organisational 
and managerial questions can be identified and successfully implemented with a proper 
understanding of the nature of the problems and preconditions and of the environment in 
which they occur. This is the reason why considerable attention has been paid to the various 
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aspects of the environment of RET based DG. The theory of organisations, the system theory, 
and social science in this study have been used solely as tools. Consequently they are only 
open for discussion with regard to their selection and the way in which they have been 
applied. 
 
Perspective  
Contrary to most other academic research, this study was initiated from practice. The problem 
under consideration can be approached from various perspectives such as of the rural 
consumers, the specialist and the energy professionals. The study is marked by its width and 
thus requires interdisciplinary knowledge, the technical installations and the demand side 
needs. In view of this requirement, the objective of the work, and the author’s background, 
the research has been performed from the perspective of a professional in renewable energy 
field. This implies certain limitations and, specialists will probably find it regrettable that a 
more profound discussion of their disciplines gets only limited space. The author would not 
claim to be an expert in all of the relevant disciplines. He has used specific publications to 
gain sufficient knowledge for the scope of this research. 
 
The statements contained in the study have been tried to give with a scientific basis. Because 
of the nature of the research, combining theoretical and practical experience, an occasional 
personal view or preference can hardly be avoided. The personal experience of the author is 
used however solely as a complementary and exemplifying role. 
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Chapter-3 
 
 
Rural Energy Overview 
 
 
 
The improved availability of energy services in rural areas gives positive impacts in terms of 
social, economic and environmental aspects. On the reverse side, the poor quality of energy 
availability forces rural people to rely on low quality of fuels and technologies, harming their 
life in all three aspects. The growing concern over sustainable development demands to 
understand the severity of problems in case the current pace of traditional energy 
consumption continues in future. 
 
From this perspective, the present chapter ‘Rural Energy Overview’ discusses the complexity 
of rural and urban demographics, energy consumption patterns in rural areas of developing 
countries, general characteristics of rural energy and negative impact of using traditional 
fuels, initiatives taken on rural electrification, drawbacks in the current approaches and, 
initiatives taken to overcome the problem. The present chapter has been written on the basis 
of detailed literature analysis and author’s own experiences of working in rural areas of India. 
However, broad basis of this chapter has been formed from the report “World Energy 
Assessment: Energy and challenge of sustainability”. 
  
 
3.1 Introduction 
 
More than half the world’s population lives in rural areas of which nearly 90 percent – about 
2.8 billion – are in the developing countries. They are poor and rely primarily on human and 
animal power for mechanical tasks such as agriculture and transport, and use biomass (wood, 
crop residues, animal dung) for cooking and other heat intensive activities, and kerosene for 
lighting. For many, this combination barely allows fulfilment of the basic human needs. 
Indeed, there is direct relationship between the absence of adequate energy services and many 
poverty indicators such as infant mortality, illiteracy, life expectancy and, total fertility rate 
(IEA, 2000). 
 
In a typical household, the daily average biomass consumption varies between 5 kg to 20 kg, 
which is due to the difference in food habits, availability of fuelwood in the region and local 
climatic conditions. Kerosene is used predominantly for lighting, and to a small extent in rural 
industry. Its consumption is of the range of 3 to 16 litres per month, which mainly depends 
upon the availability and affordability of the household (Akanksha, 2002). Small battery-
operated devices such as radios and flashlights are in use for entertainment and information 
access (Goldemberg, 2000). 
 
Energy consumes a substantial portion of poor people’s budget, and collection of traditional 
fuels often absorbs a significant amount of time for women and children. Burning of biomass 
emits pollutants inside house, which cause many respiratory problems. Thus, lack of good 
quality of energy has many consequences, which have been discussed in greater detail in the 
chapter. However, there are several other problems that make rural energy a more debatable 
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issue. The changing dynamics of the rural demography and migration ask for rapid actions to 
be taken to improve the situation. 
 
 
3.1.1 Rural demographics 
Demographic trends differ from country to country. These trends make the task of mitigating 
rural energy poverty more complicated. According to the United Nations population growth 
projections, the world’s population is expected to touch the figure of 8.4 billion in 2030 from 
5.8 billion in 1996. In July 2003 this figure was 6.3 billion (UNFPA, 2003). With the 1.6 
billion people without electricity ever in mind, it requires to have a close look at what this 
number means, today and in the future. 
 
The past trend indicates that increase in population is mostly in developing countries. This 
trend will continue in future and estimated that, in 2030, 86 percent of the total population 
will come from developing countries. As per the World Resources Institute’s assessment, this 
growth in population will be contributed by growth in their urban populations, and only about 
4 percent in rural populations (Figure 3.1). 

 

 
Figure 3.1   Urban and rural population (millions), 1996 and 2030 (WRI, 1999) 

 
 
The detailed analysis of the above situation brings out some other important facts. Table 3.1 
shows the total world population and percentage share of different regional population. It can 
be seen that the percentage share of rural population in the world population is decreasing. 
Large-scale urbanisation will take place, which would possibly be resulted into more area 
under existing cities and large-scale migration from rural areas toward urban settlements. 
Inadequate access to energy in rural areas also exacerbates rapid urbanisation in developing 
countries, by driving people to seek better living conditions. Thus, the explosive growth of 
population in cities makes it difficult for policy-makers to give rural development the 
attention it deserves (WRI, 1999). It is probable that the agenda of rural electrification be 
given lower priority in the national objectives. The need of the day, therefore, is to initiate the 
process of rural electrification on a massive scale through the National and International 
cooperation. 
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Table 3.1   Contribution by regional population to total world population, (WRI, 1999) 
Region Total world population 

(millions) and % share 
 

1996 
 

2030 
 1996 2030 Rural population 

(millions) 
%age total 
world 

Rural population 
(millions) 

%age total 
world 

World 5768 8372 3132 54% 3255 39% 
Developed 20% 14% 292 5% 197 2% 
Developing 80% 86% 2840 49% 3057 37% 
Least developed 10% 15% 456 8% 710 8% 
Asia 60% 59% 2259 39% 2221 27% 
Africa 13% 19% 476 8% 725 9% 
LAC 8% 9% 127 2% 121 1% 

 
 
3.1.2 Energy consumption pattern in developing 
countries 
According to the International Energy Outlook, world energy consumption is expected to soar 
59 percent over the 1999 level by 2020 (Table 3.2). A major share of this growth is expected 
to occur in the developing world, especially Asia and Central and South America, where 
energy demand is expected to rise at 4 percent annually. Most of the additional energy 
demand will come from fossil fuels, thus will create negative environmental impact. 
 
Table 3.2   World Energy Use by Region, 1990-2020 (EIA, 2004) 

Energy consumption (Quadrillion btu) Region 
1990 1999 2010 2020 

Industrialised 182.4 209.6 243.4 270.4 
EE/FSU 76.3 50.5 60.3 72.3 
Asia 51.0 70.9 113.4 162.2 
Middle East 13.1 19.3 26.9 37.2 
Africa 9.3 11.8 16.1 20.8 
Central and South America 13.7 19.8 29.6 44.1 
Total World  346.0 381.8 489.7 607.1 

Note: CO2 = carbon dioxide. MMT = million metric tons. EE/FSU = Eastern Europe and the former Soviet Union. 
 
In rural areas, biomass will remain as the main fuel in the household energy consumption. 
Growing population will deplete natural biomass resources if other efficient fuels have not 
been introduced. Therefore, the study of current biomass consumption in the rural areas has 
become important. 
 
Biomass dependence and projections 
About 2.4 billion people in developing countries use biomass as their primary energy source 
(IEA 1998). Biomass also has close linkages to poverty - more the poverty more will be 
dependence on biomass consumed as a fuel. This is more true in case of traditional biomass 
energy which is collected and consume free of cost by the people (Karekezi and Kithyoma 
2002; Karekezi and Ranja, 1997). Available statistics indicate that the share of biomass in the 
global energy consumption has remained roughly the same over the last 30 years. As shown 
in Table 3.3, biomass consumption at the global level is 14 percent comparable to that of 
electricity (15 percent) and gas (16 percent). 
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Table 3.3   World Final Energy Consumption, 2001 (IEA, 2003) 
Fuel %age share 
Electricity 15 
Heat 3 
Biomass 14 
Gas 16 
Oil 45 
Coal 7 

 
 
At regional level, however, the share of biomass in total energy consumption varies 
significantly (Table 3.4). Developing region (Asia, Africa and Latin America) records high 
level of biomass energy consumption in comparison to developed regions (IEA 2002). 
 
Table 3.4   Biomass supply as a % to total primary energy supply, 1971 and 2001 (IEA, 
2003) 
Region 1971 (%) 2001 (%) 
OECD 2 3 
Non-OECD Europe 4 5 
Latin America 31 18 
Asia 48 25 
Africa 62 49 

 
 
The proportion of the population in developing countries relying on biomass energy is 
expected to increase. Africa and South Asia (excluding India) are expected to see highest 
increase. Latin America will see a sharp decrease in total number of people using biomass. 
Table 3.5 shows the projected increase in the number of people dependent on biomass energy.  
 
Table 3.5   People relying on biomass in developing countries (million) (IEA, 2002) 
Country/region 2000 2030 2000-2030 (%) 
China 706 645 -9 
Indonesia 155 124 -25 
Rest of Asia 137 145 6 
India 585 632 7 
Rest of South Asia 128 187 32 
Latin America 96 72 -33 
Africa 583 823 27 
Developing countries (Total) 2390 2628 10 

 
The proportion of biomass consumption is projected to increase in future but not in 
comparison to conventional fuels. Its share will remain same in total global energy supply and 
maintain the figure of 11 percent (IEA, 1998). In contrast, the share of biomass in total final 
energy supply in developing countries as a whole (Asia, Africa, and Latin America) is 
expected to decrease in the same time period particularly for Asia and Latin America to 
register a substantial reduction (Table 3.6). Africa, on the other hand, is expected to increase 
roughly at the same rate as population growth rates (IEA, 1998). 
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Table 3.6   Projected biomass consumption in relation to total energy use, 2000 and 2020 
(IEA, 1998; IEA 2002a) 
Country/Region 2000 (Mtoe) 2020  (Mtoe) 
 Biomass Conventional 

Energy 
Total Share of 

Biomass (%)
Biomass Conventional 

Energy 
Total Share of 

biomass (%)
China 214.48 943.4 1157.9 18.50 224 1524 1748 13.00 
Asia 343.20 467.74 810.94 42.30 394 1336 1730 22.80 
Latin America 69.34 284.96 354.30 19.570 81 706 787 10 
Africa 221.10 157.37 378.47 58.40 371 260 631 59 
Total non-OECD 859.65 2417.86 3277.51 26.23 1097 5494 6591 17 
OECD 126.17 3551.32 3677.49 3.40 96 3872 3968 2 
World 985.2 5969.18 6955 14.20 1193 9365 10558 11 

 
 
Traditional fuels for lighting 
Kerosene is mainly used for lighting in rural un-electrified households. It has very limited use 
for cooking, which is a matter of affordability. Even the electrified households regularly use 
kerosene for lighting because of erratic electricity supply, long black outs and its absence 
when it is most needed. Devices generally used are, kerosene lamps (often made of re-used 
glass bottles with an inserted cotton wick), hurricane lanterns, or candles. Light produced 
from these devices is very low, which is of the range of 10-15 lumens in kerosene lamps and 
40-50 lumens in hurricane lanterns. Doubling the number of lamps yield double costs but 
hardly any incremental lighting benefits. This kind of light is mainly used to see things inside 
the house and prevent people from bumping into each other (Robert, J, World Bank, 1997). 
Present situation has been described with the help of a case example of India. 
 

A case of India: According to the 1991 census of India, 31 percent of rural 
households were reported as being electrified, which has been increased to only 
55.8 percent in 2001. All rural households that do not have electricity use 
kerosene for lighting. Even for those rural areas, which are electrified, there is a 
tremendous shortage of power supply so households often use kerosene for 
lighting using traditional devices. Commonly used kerosene lighting devices 
include wick lamp or diya, hurricane lantern and kerosene petromax. These 
devices consume large amounts of kerosene and produce light of a poor quality 
adversely impacting the quality of life. The difference in hours of usage 
between electrified and non-electrified households was greater in the winter 
(ranging from 1.4 to 2.5 hours) than in summer (ranging from 0.5 to 1.6 hours) 
(TERI, 2001).  

 
 
The consumption of kerosene in a region varies with its affordability and availability. Table 
3.7 describes the data on kerosene consumption in different countries, which shows a large 
variation in kerosene consumption. One possible reason for this variation could be the 
difference in methodology and how precisely the measurements have been taken on kerosene 
consumption.  
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Table 3.7   Kerosene consumption at households level in some countries  
Country Kerosene for lighting (Litre/month) 
Argentina 15.2 - 21.3 
Indonesia 16.4 
Srilanka 10.02 - 13.4 
Togo 3 - 11.7 
India 4 - 10 

 
 
Batteries for lighting 
In rural areas, dry cell batteries have also been used to run portable black and white television, 
tape recorder, radio and some basic lighting. Use of batteries depends upon the accessibility to 
market for recharging. If the market is far, the recharging of a battery becomes more 
expensive thus less number of houses used it. As electricity is a basic necessity, therefore, use 
of batteries has become a flourishing business in many countries, as locally made batteries are 
cheaper and therefore affordable to the people. A suitable case of Bangladesh has been 
described in order to show the importance of battery-based lighting.  
 

A case of Bangladesh: A case of battery-operated lamp in Bangladesh is an 
example, which has shown the social, economical and environmental benefits. 
This unique effort was made by an NGO in southern region of the country called 
Char Montaz for improving the lighting situation of the households with the help 
of women group. This area has been recognised as poor and also has not been 
considered under National electrification plan for next 20 years. Before the 
starting of this project, people were using kerosene lamps as the only lighting 
source. A business model was created in 1999 with the international support 
aiming to reduce poverty and gender equity. Manufacturing of battery operate 
lamps gave women chance to earn better livelihood and also given an option of 
better lighting to the people. This effort shifted many people in the area from 
kerosene lighting to battery based lighting. This effort has saved households 
kerosene expenditure and also removed soot and emissions that comes out from 
kerosene lamps. It has improved quality of life through improved lighting, and 
raised their status in the community. 

 
 
3.2 Rural electrification in developing countries 
 
Among other fuels, electricity is at top of the energy ladder. It is highly efficient and a 
convenient way of meeting energy needs of a location. In rural areas, it is mainly used for 
lighting, communication, refrigeration, and mechanical applications. But electricity is 
unlikely to be practical for general cooking for many years to come. Steady progress has been 
made in rural electrification in the last three decades but still a large part of the population is 
away from electricity access. It has increased from 23 percent in 1970 to 57 percent in the 
year 2000 (Table 3.8). 
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Table 3.8   Global population and access to electricity, 1970-2000  (E7, 2002) 
Population/Year (millions) 1970 1980 1990 2000 
World population (millions) 3600 4400 5300 6140 
Rural population (millions) 2600 3000 3200  
Without access to electricity 
(millions) 

2000 2000 1800 1640 

%age of rural population with access 23 33 44 57 
 
Access to electricity does not necessarily mean that most households are hooked up to 
electricity. For example, in India, out of the total inhabited villages only 87 percent village 
have been declared electrified by October 2002 but only 45 percent of the rural households 
having access to electricity (Census, 2001). About 78000 villages still remain to be electrified 
(GOI, 2003). There are a number of villages in the country, which have hamlets (part of the 
village) at a distance of about 1-3 kilometers from the main villages, which are often not 
officially listed as villages and are not electrified (MOP, 2002). 
 
The World Bank estimated that the number of people without electricity has fallen, but not in 
a straight-line decline. Aggregate data for the year 2000 shows that the number of people 
without electricity today is 1.64 billion (27 percent of the world’s population). More than 99 
percent of people without electricity live in developing countries, and four out of five live in 
rural areas. This ratio has remained constant over the past three decades. Despite all efforts, 
South Asia and sub-Saharan Africa show a sad picture where more than 80 percent people do 
not have electricity (Figure 3.2). 
 

Figure 3.2   Electrification Rates by Region, 2000 
 
The region’s poverty is one reason, but so the low population density, which increases the 
cost of extending grid. Sub-Saharan Africa has the lowest electrification rate in the world with 
8 percent in rural areas and 23 percent total population electrified (Table 3.9). In South Asia, 
30 percent of the rural population has electricity. The rate of electrification of the past decade 
indicate it would take more than 40 years to electrify South Asia and almost twice as long for 
sub-Saharan Africa. 
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Table 3.9   Urban and Rural Electrification by regions, 2000 (%) (IEA, 2002) 
Region Urban Rural Total 
North Africa 99.3 79.9 90.3 
Sub-Sahara 51.3 7.5 22.6 
Africa 63.1 16.9 34.3 
South Asia 68.2 30.1 40.8 
Latin America 98 51.5 86.6 
East Asia/China 98.5 81 86.9 
Middle East 98.5 76.6 91.1 
Developing countries 85.6 51.1 64.2 
World 91.2 56.9 72.8 

 
 
3.3 Rural electricity projections2 
 
The WEO Reference Scenario projections show that 1.4 billion people will remain un-
electrified by the end of 2030 (about 17 percent of the world’s population), despite taking the 
assumptions of more widespread prosperity and use of advanced technologies. This number is 
200 million less than today’s un-electrified people. Electrification rates and the number of 
unelectrified people will continue to diverge significantly among regions. Those without 
electricity will decline throughout the projection period in China and the rest of East Asia, 
North Africa, Latin America and the Middle East. They will continue to rise slightly in South 
Asia, turning down after 2010. Figure 3.3 shows the trend of population access to electricity 
in different regions. 
 

Figure 3.3   Number of People without Electricity, 1970-2030 (WEO, 2002) 
 
 

                                                 
2 The text have been taken from the publications of World Energy Outlook, 2002 where it has been 
added from IEA’s World Energy Model to generate projections of electrification rates. The projections 
are based on many factors, including incomes, fuel prices, demographic trends, technological advances 
and electricity consumption. 
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Number of unelectrified people in sub-Saharan Africa will reach at its peak around 2025. 
Most of the people without access to electricity in 2030 will still be in sub-Saharan Africa 
(650 million) and South Asia (680 million). In all other regions, including North Africa, the 
overall electrification rate will exceed 96% (Table 3.5) and is likely to reach 100 percent in 
urban areas. On average, 75 million people will gain access to electricity each year for the 
next 30 years (Figure 3.4). 

Figure 3.4   Annual Average Number of People Gaining Access to Electricity (IEA, 2002) 
 
In sub-Saharan Africa, the population without electricity will increase steadily until 2025 in 
line with projected trend of the number of people below $2 per day poverty line. Number of 
the unelectrified is expected to stabilise after 2025, mainly because of migration to towns and 
cities, where access to electricity will be easier. The region’s population is projected to double 
in the next three decades of which three-quarter increase will occur in urban areas. By 2030, 
roughly half the population will have electricity (http: //www.developmentgoals.org/Sub-
Saharan_Africa.htm, for income projections). 
 
The unelectrified people in South Asia are expected to peak and level off in this decade and 
start declining from then on. Affordability and reliability are the main factors in this region. 
Two out of three people will have access by 2030. If the efforts to reduce poverty show 
positive results, electricity access would expand farther and faster. These projections are 
highly dependent on assumptions about incomes and electricity pricing, which together 
determine the affordability of electric power, and about the rate of investment in expanding 
electricity supply. 
 
Table 3.10   Electrification rates by Region (%) (IEA, 2002) 
Region 1970 1990 2000 2015 2030 
North Africa 34 61 90 98 99 
Sub-Sahara  16 23 33 49 
Africa 14 25 34 43 56 
South Asia 17 32 41 53 66 
Latin America 45 70 87 94 96 
East Asia/China 30 56 87 94 96 
Middle East 36 64 91 97 99 
Developing countries 25 46 64 72 78 
World 49 60 73 78 83 
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3.4 Characteristics of Rural Energy Poverty and Implications 
 
Living standards in rural areas can be significantly improved by shifting direct biomass 
combustion to efficient fuels such as electricity (WEA, 1999). The patterns of energy 
consumption are site-specific, which depends on type and availability of the fuel and, its 
affordability to the people. Some important observations drawn from various studies on 
energy poverty have been described below. 
 

 Energy poverty basically refers to the use of biomass and kerosene for cooking and 
lighting. While some additional benefits are associated such as space heating, drying 
and small business. Except cooking, electricity has easier acceptance in other 
applications. It is because cooking is the most energy consuming activity thus use of 
electricity becomes unaffordable to the people, and biomass is freely available. 

 Relation between household size and energy consumption indicates that consumption 
per capita in larger families is lower than smaller ones. As biomass is collected at no 
cost, therefore the consumption patterns are hardly affected by income levels. 
Consumption is affected by the availability of wood fuels, other biomass fuels and 
conventional fuels, and the availability of labor to collect fuel wood. 

 Kerosene is mainly used for lighting. Its availability is irregular in rural areas and also 
rising cost of conventional fuels increasingly absorb maximum share of household’s 
monthly income for lighting. International studies have indicated that rural people 
spend more than urban people to get same lighting. Kerosene burning generates black 
soot, which is a harmful for human health. 

 Fuel switching from wood to other fuels moves up and down with income levels. 
Higher incomes can lead to increasing wood fuel consumption, or to conventional 
fuels (e.g. kerosene, LPG gas, etc.) when these are available. Low-income households 
switch to other biomass fuels such as crop residues and animal dung. Switching over 
to electricity will be possible when it is accessible and affordable and, biomass fuels 
are priced. 

 Rural people generally use cook stoves of poorer quality with lower efficiency, which 
cause environmental damage and fuel wastage. Use of crop residue and animal waste 
as fuels can be the detriment of soil quality and agricultural and livestock 
productivity, as these resources often have alternative applications as soil 
conditioners, organic fertilisers and animal feedstock. 

 Lack of access to electricity reduces the potential for the major structural changes in 
rural economies that could lead to enhance income-generating activities and poverty 
alleviation. 

 
 
3.4.1 Social Implications 
Adequate proof is available on the use of traditional fuels and the associated problems of 
respiratory and other illnesses. Women and children are particularly affected because cooking 
is confined to indoor settings, to which they are exposed for extended period of time. 
Generally house construction in rural areas consists of multiple-use construction, where the 
same rooms are used for cooking, sleeping and working. 
 
In most developing countries, the staple foods are grain and legume combinations that require 
long cooking times. In Kenya, for example, preparation of the staple maize and bean dish 



 46

requires several hours and slow cooking that can consume wood at the relatively high rates of 
1.5 to 3.0 kg/hr (WRI, 2002). The long-term exposure to biomass smoke elevates the risk of 
acute respiratory infection by 100 to 400 percent. The World Health Organisation estimates 
that 1.5 billion people in the world live under conditions of unhealthy air. Every year 4-5 
millions childhood deaths are attributed to acute respiratory infection. 
 
Rural energy consumption and production revolve around as a basic unit of rural economic 
activity. Changes in the availability of fuels can have significant impacts on the allocation of 
women’s time, their need to earn income, household nutritional levels and the household’s 
use of biomass resources. 
 
 
3.4.2 Economic implications 
Economic implications are mainly concern with agriculture and rural industries where 
majority of households earn their livelihood. Agricultural energy needs, in direct application, 
are for the land preparation, cultivation, irrigation, harvest, post-harvest processing, storage 
and the transportation. Indirect energy needs are in the form of fertilisers, herbicides, 
pesticides and insecticides. However, for rural electrification it concerns with the direct 
energy needs.  
 
According to the FAO, there is a close correlation between the quality and quantity of food 
produced with the quality and quantity of energy used in agricultural production. In many 
developing countries, it is precisely the low quality and the meagre amounts of energy 
available for the food production chain, which are the root cause of food insecurity. Food 
losses are high due to the lack of energy for processing, preparation for storage or for 
transportation. 
 
Rural industries can be broadly classified into agro- and non-agro-based industries. The 
energy needs of rural industries comprise lighting, process heat, mechanical power and, 
increasingly, for communication. In the absence of electricity, lighting requirements are met 
either from diesel or petrol generators, or by kerosene. Motive power requirements are met by 
diesel engines or human and animal power. The principal supply sources for process heat are 
woodfuels and other biomass. In agro-based facilities, the use of biomass is widespread. 
 
The use of energy in income-earning activities is often substantial. Examples include beer 
brewing, boiling sugar from cane, pottery, tobacco and copra drying, blacksmithing and 
baking. Often these goods are produced for own-consumption as well as for sale. With 
increase in rural electrification and greater availability of other commercial fuels, a steady 
transition from traditional to commercial energy sources has been noticed but traditional fuels 
remain the major source of process heat in all developing countries (WRI, 2002). 
 
Fuel wood is extensively used in enterprises such as brick making, lime production, dying, 
food processing and many others. These industries contribute significantly to the income 
generation and socio-economic development in rural areas. However, the processing 
technology and the energy conversion devices are generally poor and inefficient, which 
means that there is a large scope for energy conservation and the value addition to the 
products by enhancing the technical efficiency (RWEDP, 2004). 
 
Electricity demand curves in many rural areas are characterised by high peaks in the early 
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evening hours and a low overall consumption, which means high investment in peak capacity 
installations and low returns. 
 
 
3.4.3 Environmental Implications 
It is difficult to quantify the environmental costs of traditional energy sources, but 
nevertheless substantial. Impact on environmental and the natural resource base would 
involve scarcity in wood energy supply, degrading soil fertility and polluted water resources. 
The growing population in last decades and increasing demand of land, water and energy, 
rural energy systems have in many areas begun to exert pressure on these resources thus 
threatening to their sustainability. 
 
Current pressures on biomass resources and cultivable land in a deteriorating environment are 
jeopardising the long-term sustainability of the fluctuating economies of some developing 
countries, in Sub-Saharan Africa, for example. Desertification is a reality that endangers the 
foundation of the least industrialised countries' economies, with the direct consequences for 
the rural poor and particularly women.  
 
Use of biomass energy reduces agricultural productivity, because agricultural residues and 
decomposed dung are also widely used as fertilizer. The more biomass is put to household 
use, the less is available for fertilizer. For example, dung used as fuel in India would be worth 
$800 million per year if it were used as fertilizer (TERI, 2000). Since cutting of crop residue 
needs an extra efforts, in the absence of knowing its proper use farmers burn in open field 
without any productive use. 
 
 
3.5 Energy Planning and Management 
 
Energy supply strategies for rural areas are closely linked to the economic, social and 
environmental concerns of mainstream rural development. In most developing countries, 
inadequate attention is given on rural development in general and to rural energy needs in 
particular. In reference to this, several barriers contributing to rural energy poverty have been 
described below.  
 
 
3.5.1 Poor data 
The reliable data on rural energy consumption often suffers from numerous gaps and 
inconsistencies in most developing countries, which creates problem for rural energy 
planners. This is largely due to the diffuse nature of energy use by very large numbers of 
people who do not maintain any records. Classifying this data, there will be several types of 
data sources that provide information on rural energy use and related variables, but the quality 
varies widely and each has its own advantages. General types of sources with the possibility 
of finding data on rural energy are: 
 

National energy balances: records domestic production, trade, conversions losses and 
delivered energy consumption for the major commercial energy sources. 
 
National household budget surveys: determine patterns of household expenditure or 
demographic, educational and other socio-economic trends. 
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National energy surveys: variables include types of energy using equipment, measures 
of fuel abundance or scarcity, and whether fuels are gathered or purchased.  
 
Local micro surveys: main objective is to understand the social, anthropological and 
micro-economic complexities of household energy demand and supply. 

 
Most survey information on end-uses is not given in terms of energy shares, but rather as the 
proportion of households that use certain energy sources to satisfy different end-uses. For 
example, in India it was observed that large amounts of energy used in village and local 
industries contribute to the production of goods that are exported, but this value of energy is 
not reflected in the country’s gross domestic products (GDP) (WRI, 2002). Data of this kind 
cannot be used to estimate actual consumption for each energy source or end-use accurately.  
 
It is understandable that the end-use consumption is often difficult to define because one 
appliance frequently provides several end-use services. For example, stoves used for cooking 
often serve as a source of space heating, water heating and also lighting. In particular, the 
extent of use of traditional fuels, usually gathered by the users themselves, is difficult to 
ascertain in the absence of systematic surveys. Often, the main sources of consumption data 
are the supply companies and utilities, but the data is seldom broken down by the end-uses.  
 
For inter-country comparisons, these problems are compounded by significant differences in 
the practices employed in individual countries in terms of the time period and frequency of 
data collection, methodologies and coverage of rural energy surveys, conversion factors used 
to arrive at the energy contents of traditional energy sources, and the level of dis-aggregation 
achieved in analysis. 
 
 
3.5.2 Institutional failures 
In developing countries, the task of ensuring adequate energy supplies is being left to the 
private sector. This is primarily the result of structural adjustment programmes, central to 
which are the privatisation of public-owned utilities and the elimination of subsidies. These 
adjustments may result in the prices of commercially traded energy prising, forcing up the 
prices of lower cost rural energy sources such as woodfuel and charcoal, thus exacerbating 
existing energy shortages in many areas. 
 
In the absence of carefully defined contractual relationships between the new private utilities 
and the state, reliance on the private sector to provide energy services to the rural poor may 
result in their continued neglect, since potential returns on investment in rural areas may be 
lower than in other areas, or nonexistent. 
 
 
3.5.3 Subsidies and substitution 
The urgent need of dealing with rural energy poverty is to provide a minimum amount of 
energy to meet people’s basic needs, irrespective of their ability to bear the costs of supply 
and delivery. In the longer term, it is necessary to accelerate the ‘modernisation’ of the rural 
energy sector, to facilitate and sustain productive economic activities in rural areas, which 
ensures economic and financial sustainability, increase rural people’s self-reliance and ensure 
mitigating environmental emissions. Perhaps, one of the most critical issues in rural energy 
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development is the nonmonetised nature of many aspects of the rural economy, in particular, 
the bulk of energy supplies in the form of woodfuels and other biomass fuels.  
 
The limited cash that rural people do have needs to be spent on a variety of goods. Because 
energy has traditionally been considered a free resource, electricity may not enjoy the highest 
priority. At the same time, moving beyond basic needs satisfaction towards higher levels of 
economic productivity does mean the introduction into rural societies of modern energy 
sources, all of which carry a cash price. However, the merits of government subsidies 
designed to accelerate substitution are debatable. Whether intended or not, it is inevitable that 
some of the subsidies will benefit higher income status and commercial establishments rather 
than disadvantaged households. 
 
 
 
3.6 Renewable Energy Technologies 
 
Renewable energy technologies (RETs) in developing countries are mainly driven by 
improved energy access, energy security, lowering health costs, and energy independence. 
The initiative undertaken on RETs so far in developing countries provides both failure and 
success examples. Some countries such as China and India have shown a remarkable success 
but many others have yet to start the process. However, RETs have already shown offering 
economic and social benefits. Therefore, RETs are shifting from the fringe to the mainstream 
of sustainable development.  
One basic advantage in rural areas is that it provides improved energy services over 
traditional devices by the use of solar photovoltaic (PV) devices such as solar lanterns, solar 
homes lighting systems, solar street lights, stand-alone wind electric generator, biomass 
gasifier, and biogas plants in remote and off-grid locations. A brief overview on RETs used in 
rural areas is shown in Table 3.11. 
 
Table 3.11   Renewable energy situation in developing countries (Martinot, 2002) 
Application Indicators of existing installations and markets (as of 2000) 
Rural residential and 
community lighting, TV, 
radio, and telephony 

Over 50 million households are served by small-hydro village –scale mini-grids. 
10 million households get lighting from biomass. 
1.1 million households have solar PV home systems or solar lanterns. 
10,000 households are served by solar/wind/diesel hybrid mini-grids. 

Rural small industry, 
agriculture, and other 
productive uses 

Up to 1 million water pumps are driven by wind turbines, and over 20,000 water pumps 
are powered by solar PV. 
Up to 60,000 small enterprises powered by small-hydro village scale mini-grids. 
Thousands of communities receive drinking water from solar PV-powered 
purifiers/pumps. 

Grid-based bulk power 48,000-MW installed capacity produces 130,000 GWh/year (mostly small hydro and 
biomass, with some geothermal and wind) 
More than 25 countries have regulatory frameworks for independent power producers. 

Residential commercial 
cooking and hot water 

220 millions households have more-efficient biomass stoves. 
10 million households have solar hot water systems. 
800,000 households have solar cookers. 

Transport fuels 14 billion litres per year ethanol vehicle fuel is produced from biomass.  180 million 
people live in countries mandating mixing of ethanol with gasoline. 
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Most initiatives on RETs were taken in 90s. Large initiatives taken in developing countries 
include ethanol use for transport in Brazil, household biogas for lighting and cooking in India 
and China, grid connected with power in India, and small hydropower in China and Nepal. 
Some success of market penetration of solar home systems began in Kenya by the private 
sector in 1990s. Common to these experiences is the customisation of technologies according 
to the user needs and practices (Mortinot, 2003). 
 
 
3.7 Conclusion 
 
We have seen that a large portion of world’s population still lives in the absence of electricity. 
Their energy needs are met by the use of fuelwood, agriculture residues, animal dung, 
kerosene, and diesel based devices. Large dependence on biomass will remain, which will 
create catastrophic effects of desertification, depleting natural resources, fuel scarcity and 
many others. Rapidly changing rural demographics are also demanding for serious action and 
long-term approach to be taken on rural electrification. This is also justified by the fact that 
energy consumption will increase rapidly in the coming three decades.  
 
Considerable work has been done on rural electrification but work is not adequate to match 
with the requirements. There will still be 1.4 billion people living without electricity in 2030 
if rural electrification is carried out with similar pace. Most un-electrified households will be 
in Africa and South Asia where maximum population is gripped under poverty. However, this 
equation is liable to change with sharp changes in the countries economic situation. 
 
In the present scenario, there are many shortcomings in the rural electrification process. 
Social, economic and environmental implications have been understood under the lack of 
electricity access. Lack of adequate data, insufficient institutional arrangements and poor 
financing are observed as the major barriers to expedite the process. Therefore, it is 
appropriate time for the steps to be taken to explore all technological options and formulate 
appropriate policies to achieve universal access to electricity. Appropriate policies will have 
to be found to encourage the private sector, or alternative institutional structures such as local 
co-operatives, to become involved in improving the provision of energy in rural areas. Above 
all it is important to have strong political will and motivation among the key stakeholders. 
 
The Chapter-4 of the present study deals with the initiatives undertaken related to rural 
electrification and improving energy situation in the developing countries and later, the 
impact of those technological initiatives in terms of social, economical and environmental. 
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Chapter- 4 
 
 
Renewables and Rural Electrification: 
Status Quo and Experiences 
 
 
 
In the present thinking on electricity access it is more important to study about remote areas 
where conventional grid extension is difficult. In order to search for appropriate options, new 
technologies and fuels have been put on trail, which are conducive to rural energy 
requirements and environment (ESMAP, 1999). As a result renewable energy technologies 
(RETs) have gained importance and found eligible to supply electricity in off-grid regions of 
developing countries under social, economic and environment aspects of global concern. 
 
Enormous financial resources have been spent in this direction via cooperation and 
partnership at national as well as global level. Pilot demonstration, capacity building, expand 
manufacturing base and, market development have been carried out to improve the poor rural 
energy situation. Some developing countries have formulated the national rural electrification 
strategies focussed on institutional capabilities, and adopted RETs as distributed generation 
(DG) technologies for off-grid rural electrification. On the other hand, some countries are still 
predominantly adopting conventional approaches of electrification. 
 
From these perspectives, the present chapter focuses on various initiatives undertaken in the 
field of off-grid rural electrification through DG technologies in developing countries. The 
main aim was to assess the current market situation and the financial resources that have been 
invested and the output noticed in the end. Experiences from various regions have been 
described with some on-going projects initiated by the international organisations. In 
developing countries RETs are mostly adopted as DG technologies. Lessons learned in terms 
of technical, financial and management aspects have been summarised and also the 
drawbacks in the current approaches of rural electrification. 
 
 
4.1 Current Market Situation and Perspectives 
 

Significance of RETs have been measured by looking into the investments and market 
developments. About US $22 billion have been invested in RETs worldwide in 2003, which 
has grown almost fourfold from US $6 billion in 1995 (Figure- 4.1). In comparison, total 
investment in the electricity sector was in the range of US $120–160 billion annually with 
substantial yearly variation. 
 
 
 
 
 



 52

   (Eric Martinot, 2004)  
 
In the renewable energy sector, the 2003 investment share was roughly 38 percent for wind 
power, 24 percent for solar PV, and 21 percent for solar thermal hot water. Small 
hydropower, biomass power generation, and geothermal power and heat made up the 
remaining 17 percent (Figure- 4.2). 
 

 
 
As of 2003, the total power from RETs generated was roughly 140 GW, excluding large 
hydro (Table- 4.1). This represents slightly less than 4 percent of the world’s total capacity. 
Of the total, about 40 percent has been installed in the developing countries. Individually, 
wind capacity increased by 26 percent and grid-connected solar PV capacity increased by 
incredible 50 percent (365 MW). In 2004, the increase in PV capacity alone was in the range 
of 300 MW. These growth rates far outpace those for conventional electric power, currently 
1-3 percent in most countries, except China where it is growing at the rate of 7-9 percent. 

Figure 4.2   Investment Share in Renewable Energy 
(in %age)
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Table 4.1: Grid-based renewable power capacity as of 2003(Eric Martinot, 2004) 

Generation type Capacity in all 
countries (GW) 

Capacity in developing 
countries (GW) 

Small hydrob 56 33 
Wind 40 3 
Biomassc 35 18 
Geothermal 9 4 
Solar PV (grid-connected) 1.1 < 0.1 
Solar thermal 0.4 0 
Total renewable capacity 142 58 
For comparison 
Large hydro-powerd 
Total electric power capacity 

 
730 
3700 

 
340 
1300 

[a- developing countries are non-OECD countries plus Mexico, South Korea and Turkey, excluding countries with economies in 

transition Table included economies in transition in these totals, reflecting all countries eligible for World Bank development 

assistance, b- definition of small hydro vary by country. They usually cover hydro up to 10 MW, although this figure is up to 25 

MW in India and up to 30 MW in China- thus global total can differ greatly depending on what is counted, c- Biomass power 

figure excludes municipal solid waste combustion and landfill gas, d- published hydro power figures assumed to include both 

large and small hydro, except in China, where these are reported separately. Total hydro is sum of small and large hydro.] 

 
 
Two-third of all wind power capacity in developing countries exists in India with China 
catching up now. Half of the global small-hydro capacity exists in China. Biomass power 
capacity is largest in the EU, the Philippines, Brazil and China. Leading geothermal countries 
meanwhile are the US, the Philippines and Mexico, which together accounts for more than 
half of the capacity installed worldwide. 
 
 
4.1.1 Potential Future Energy Markets 
Some of the driving forces that enforce the development of RETs to be used as DG options 
are, Millennium development goals (MDGs), climate protection issues, commitment of 
national governments to increase the share of RETs in total energy generation, business 
opportunities and employment potential in rural areas through RET. These forces provide 
enormous market potential in the developing countries in the future. 
 
After adopting MDGs, it is clear that without the provision of modern energy services it is 
difficult to improve the living standards of poor people in developing countries. Health, 
education and other goals will not be possible to achieve under the conventional approaches, 
thus need is to adopt alternative and quick options. DG technologies fulfil this desire and are 
able to offer the benefits of electricity for households lighting, drinking water, education, 
needs of scattered rural industry, etc.  
 
Climate protection issues envisage every country to curb down the pollution level, both in 
rural and urban areas. Off-grid rural areas where households rely heavily on traditional and 
inefficient fuels paint a good future of RETs to be used as DG options. For example, in India, 
18,000 villages have been identified as difficult for electrification through grid, where RETs 
have been the alternative option for providing electricity. Similarly, countries in need of rapid 
rural electrification will encounter with identical situation. 
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There is also political commitment to increase the share of renewables in the total energy 
supply. For example, India and China have proposed over 10 million additional PV systems 
in next 10 years. China, in particular, plans to generate 60 GW by 2010 and 121 GW by 2020 
by RETs, which shows a huge market for renewables (IAP, 2004). New business/policy 
models for regulated rural energy concessions employing solar home systems (SHSs) are 
emerging in several countries. South Africa, concessions (local implementing organisations) 
would install 300,000 SHSs, and Argentina plans for 60,000 new systems. Concerning 
biomass, most of the resources are in developing countries.   
 
Some private sector studies claim 25-50 percent of rural households currently without 
electricity, would be able to afford systems under different financing option such as fee-for-
service or consumer credit arrangements (GEF- 2000). If appropriate financing mechanisms 
are put in place, there will be a big opening of market in rural areas. Also, institutional 
mechanism have a major role to play, adequate arrangements will give rise to confidence 
building among the people who, at present, are sceptical about the long-term sustainability of 
the RETs for off-grid electrification. 
 
 
4.1.2 Global Electricity Situation 
Although enormous efforts have been made to provide electricity at the global level but the 
number 1.6 billion still remains same since last several years. Also, the level of electrification 
differs from country to country and the priority of rural electrification varies across regions. 
This is a clear indication that the efforts made so far is far from the desired pace. This truth 
can be seen with the help of a picture taken by NASA on electricity situation in various parts 
of the world (Figure 4.3). 
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Figure 4.3 The World in Light, A satellite image from NASA 

 
 
In this picture, the three main areas that appear dark in the map are South Asia region, Latin 
America and Caribbean region, and, Africa. It is interesting to note that the World Bank 
projects in renewable energy and energy efficiency have been located where electricity is seen 
as absent. A large number of renewable energy projects- many with lighting components- 
were located in the parts that appear dark on the figure above. In order to assess the larger 
picture of their poor performance, key findings have been described in the further section. It 
also describes the key initiatives that are underway to improve the situation in the region. 
 
 
4.1.3 South Asia Region (SAR) 
Level of access to modern energy in SAR varies widely- from a low of 5 percent in 
Afghanistan to around 65 percent in Sri Lanka. Rural urban disparities within countries are 
also high (Figure 4.4). Many challenges exist in enhancing and expanding sustainable energy 
sources in the SAR. Across the region, utilities lack financial viability, exhibit high level of 
losses averaging above 25 percent in many countries and they face tariffs that are highly 
skewed, which fall well short of covering cost. Non-viable power utilities also impose a large 
fiscal burden, for example 1.5 percent of gross domestic product (GDP) in India. 
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Challenges and Priorities 
The international focus in SAR through collaboration is to identify and implement ways to 
improve the overall efficiency, responsiveness, and reach of modern energy services. These 
efforts have been coordinated to expand access and mobilize renewables in the broader 
context of sector and governance reform. The challenges remain significant, however, notably 
in the areas of tariffs and subsidies, improving collections, reducing theft, and improving 
demand-side management and energy efficiency. 
 
 
Sustainable energy projects 
Several sustainable energy projects have been initiated with the help of international support 
through a combination of sectorial dialogues and policy advice, investment lending, and 
structural adjustment operations. The focus is given on regional priorities for improving the 
efficiency and expansion of modern energy services through efficient mobilisation of 
renewables (Table 4.2). 
 
In Bangladesh, the focus is given on rural electrification program by exploring renewable 
option for providing access in more remote areas. In India, the support is on reducing losses 
and improve services through dialogue, adjustment, and investment lending to step up support 
for rural electricity access, both on- and off-grid. In Nepal, support focuses both on the 
strengthening of the formal utility sector and on the expansion of access in rural areas through 
micro- and village hydropower. In Sri Lanka, on-going project are mobilising institutional 
solutions to expand the use of renewables to serve rural areas. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.6  Energy Access in South Asian Countries

0

20

40

60

80

100

India Bangladesh Nepal Sir Lanka%
 o

f h
ou

se
ho

ld
s 

w
ith

 a
cc

es
s 

to
 

el
ec

tri
ci

ty

Rural access

Urban access

Figure 4.4   Energy access in South Asian countries 



 57

 
Table 4.2   International support in South Asia Energy and Infrastructure 

Country Projects Approval 
FY 

Net 
commitment 
(US $ m) 

Comments 

Bangladesh Rural electrification 
and renewable 
energy development 

2002 191 Mobilization of rural 
cooperatives to expand rural 
access (supplemented by $ 8.2 
m GEF) 

India Orissa Power sector 1996 255 Support to utility reform 
 UP power sector 

restructuring project 
2000 150 Support to utility reform 

 Power Grid II 2001 450 Enhancement of the capacity 
and efficiency of the national 
grid 

 Rajasthan Power I 2001 180 Support to utility reform 
 Second Renewable 

Energy  
2000 130 Piloting to enhanced use of 

renewables 
Nepal Power development 2003 76 Micro hydro for service 

expansion 
Sri Lanka Renewable energy 

for rural economic 
development 

2002 75 Mobilization of renewable for 
access expansion 
(supplemented by $ 8m GEF) 

 
 
4.1.4 Latin America and Caribbean region 
Latin American countries are relatively successful in attracting a large share of private 
investment in the energy infrastructure. This significantly relieved the fiscal pressure on 
governments and allowed them to focus on other critical issues, such as the improvement of 
access and sustainability. However in the late 90s, macroeconomic shocks and overall 
political and economic instability dramatically undermined the prospects of investment and 
private participation in infrastructure. The power sector was particularly affected by the 
decline with many developers suffering a tremendous increase in their cost of capital and 
subsequently being forced to pull back from the power sector created social and economic 
repercussions. The energy challenge for the region now is to maintain the momentum of 
scaling up access to affordable and clean energy services, fostering economic recovery in the 
region. 
 
 
Challenges and priorities 
The international support in the LAC region is being provided for developing clean and 
efficient energy. It aims at fostering greater diversity in the supply of energy services by 
establishing institutional structures to maximise the scope for competition and incentives for 
sectoral investment. In rural areas, the focus is on increasing the access to energy services of 
low-income people and mitigating the adverse impact of energy use on the environment. The 
LAC energy strategy is based on the following priorities: 
 
Energy access to poor: Priorities have been given on expanding energy access for poverty 
reduction through multi-sectoral interventions that emphasise economic and socially 
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productive uses. International assistance is provided that promotes access to electricity in 
Argentina, Bolivia, Brazil, Mexico and Nicaragua aiming to provide improved energy 
services for clean water, better education, and improved health services at the community 
level (Table 4.3). 
 
Improve macro-economic and fiscal balances: By explicitly linking the energy sector and 
macro-economic objectives, such as in the energy sector adjustment operation in Brazil and 
Dominican Republic that support sector reform. 
 
Protecting the environment: Carbon finance projects have been prepared in more than 10 
countries to develop the market for emission reduction transactions by supporting 
development of the legal, regulatory, and institutional frameworks and by supporting market 
penetration of renewable energy technologies. Sound environmental regulation and 
management in the energy sector have been supported by projects in Equador and Uruguay. 
 
Table 4.3 International Assistance trough World Bank Assistance in LAC Countries 
Sector/Fiscal year 1999 2000 2001 2002 2003 Overall lending 

(1991-2004) 
General energy 
sector 

6.6  1.8  70.2 208.4 

Power 
 

11.6 92.2 105.7 400.2 10.3 2675.8 

Renewable energy 35.6 4.4 5.1 23.0 18.5 106.0 
Total (include. 
Others) 

53.9 98.7 256.7 447.6 99.1 4004.5 

 
 
Sustainable energy projects 
The Columbia Jepirachi Carbon offset project aims to reduce greenhouse emissions of the 
power sector by promoting a 19.5 MW wind based electricity generation facility. The project 
is expected to support social program that will contribute to improvements in the welfare of 
the local indigenous community. 
 
The Nicaragua off-grid Rural Electrification Project supports the provision of electricity 
services and associated social and economic benefits in selected rural sites and strengthening 
government’s institutional capacity to implement a national rural electrification strategy. It 
engages the private sector in commercially sustainable activities, in the provision of 
electricity, rural micro-finance, and business development services. This offers a strong 
potential for nationwide replication in Nicaragua and other Central American countries. 
 
 
4.1.5 Sub-Saharan African region 
African region has wide array of countries with large variation in the per capita energy 
consumption. The region is least electrified in the world, with rural electrification below 5 
percent (Table 4.4). The major constrain in the electrification process is that a large part of the 
population (68 percent) lives in rural areas and people are poor with poverty figure ranges 
from 50 to 70 percent (World Bank, 2000). 
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Table 4.4 Rural Electrification in selected Sub-Saharan countries 
Country % Of population living 

below poverty line 
Rural electrification level 

Ethiopia 76.4 0.20 
Malawi 54.0 0.05 
Mozambique 78.4 0.70 
Uganda 55.0 1.00 
Tanzania 51.1 1.00 
Zambia 86.0 2.00 
Kenya 47.0 2.00 
Eritrea NA 2.00 
Botswana 33.0 8.00 
Zimbabwe 41.0 18.00 

 
 
Challenges and Priorities 
Poor people reside in dispersed rural settlements therefore electrification through grid is a 
costly option for most rural Africa. Renewables are often recommended as the most 
appropriate energy technology choice for much of rural Africa. Though there is a trend 
suggesting that income-generating activities have greater impact in promoting the delivery of 
modern energy. The dissemination components common in most Sub-Saharan countries are 
appropriate financing mechanisms, training and capacity building, maintenance, and the 
appropriate institutional arrangements (AFREPREN, 2004). In today’s situation, most 
governments do not have clear policy for the development of RETs. This is in contrast to the 
conventional energy sector, which has a better-developed policy and development plans. 
RETs and rural energy policies are often subsumed in energy policy documents, which have 
been briefly described in the Table 4.5. 
  
Table 4.5  Rural energy policies in Sub-Saharan Africa (AFREPREN, 2004) 

Country Dedicated 
rural/renewable 
policy 

Coverage of rural energy/renewables in main energy policy 

Botswana None Emphasis on solar energy development 

Eritrea None Broad support for the development of renewables without 
specific targets or interventions 

Ethiopia None Broad support of harnessing of renewables, with no 
specific targets or interventions 

South Africa None Specific policies of biomass sector 

Broad support for harnessing of renewables, with no 
specific targets or interventions 

Zambia None Specific policies of biomass sector 

Specific support to awareness creation on other RETs 

Zimbabwe None Specific policies of biomass sector 

Broad support for economic harnessing of other 
renewables 
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On-going Sustainable Energy Projects 
In the United Nations Conventions to Combat Desertification (UNCCD), electricity is given 
due importance to combat desertification in rural areas of Africa. The nexus, Energy-
Desertification-Poverty is addressed in terms of water and fuelwood supply, processing and 
conservation of farming products, stock breeding, as well as mechanisation of rural 
development. It has been understood that any attempt to improve access to energy services 
within a perspective of combating desertification and mitigating the effects of drought 
requires indeed an increased use of renewable energies (UNCCD, 2004). Thematic 
programme network on renewable energies was launched in May 2004 with the action plan of 
capacity building, capitalisation of local, sub-regional and regional resources through 
resources identification, information and experience exchange, mobilisation of financial 
resources and contribution to sub-regional and regional initiatives. 
 
Wind Energy Application in Eritrea 
This project aims at transforming the market for wind energy applications in Eritrea. Key 
components are the installation and operation of a wind park (750 kW) connected to the grid 
as well as eight decentralised wind stand-alone and wind –hybrid systems in rural villages. In 
additions, project envisages strengthening country’s capacity in terms of personnel, know-
how, governmental institutions, and private companies with regards to wind energy 
utilisation. Decentralised wind stand-alone and wind hybrid systems are expected to promote 
socio-economic development as well as improve quality of life of the rural population and 
also help reducing greenhouse gases stemming from existing diesel generating facilities in the 
country. The project is expected to ensure the application of wind energy for the future 
national electrification plans, particularly in wind favourable regions by demonstrating it as a 
cost-effective technology, which can be replicated in other regions. 
 
 
4.2 Lessons learned 
In developing countries, RETs and diesel generators have been mainly applied as the DG 
technologies. Diesel generators are mainly driven under private initiative, whereas RETs are 
supported through national as well as international initiatives. Environmental benefits, fuel 
freedom, and the modular nature are some advantages of RETs over diesel generator so are a 
reason why RETs have received more support. In past few years, RETs have received 
enormous support, which have been analysed in the following section. 
 
4.2.1 ESMAP focus: a case of developing countries 
ESMAP, the Joint UNDP/World Bank Energy Sector Management Assistance Programme, 
alone had funded approximately $8 million on renewable energy activities in different 
developing region during the year 1993-98 (Table 4.6). 
 
 Table  4.6  ESMAP Renewable Energy investment by Region, 1993-98 (ESMAP, 1999) 

Region Number of projects Combined budget (US$) Percent of $ Total 
Latin American Countries 8 3 819 235 48 
Africa 14 2 668 271 34 
Asia 5 1 103 629 14 
Global 5 351 800 4 
Total 32 7 942 935 100 
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The strategies applied by ESMAP have been described through three inter-locking circles, 
which highlight the overlap between each strategic direction in order to meet the goals of 
promoting sustainable energy services to the poor (Figure 4.5). On balance, the strategy has 
been instrumental in focusing the program on the sustainable energy- poverty reduction. It has 
been very effective in mobilizing broad consensus that achieving progress on the delivery of 
sustainable energy services is a priority for economic and social development in developing 
economies. 
 
Under this strategy, the actual outcome of projects however reveals both success and failure. 
Depending upon the performance and the results obtained, certain shift was observed in late 
90s in the approach on energy sector management. The analysis of the ESMAP management 
is that the objectives fixed under the process have been achieved with a much stronger 
technology focus but with a lesser emphasis on market development. It became clear that 
there was a demand for several other activities with more focus on institutional and financial 
issues. This would allow market expansion and the emergence of a broader range of 
affordable technologies rather than promote these technologies through pilot projects, which 
result in very limited impact or replicability. 

Figure 4.5 Energy Program Strategic directions (ESMAP, 2002) 
 
In rural areas, various technological options (solar lanterns, SHSs, gasifers, etc.) have been 
pushed through project-based initiatives in several countries. However, only a few have 
reached to the commercial status with less external support or subsidy. Experts hold the view 
that in order to achieve a “level playing field” subsidies for RETs should continue since they 
exist even for conventional energy, at least in terms of externalities. 
 
 
4.2.2 Energy for Productive Application  
Under the agenda of sustainable development, Food and Agriculture Organisation of the 
United Nations (FAO) considered energy as a major driver for overall food security in every 
country. As part of the follow-up of the Earth Summit in 1992, the FAO was designated task 
manager of Agenda 21 - Sustainable Agriculture and Rural Development (SARD). The main 
objective was to increase food production and food security, with emphasis on enhanced 
income generation where the availability of energy is considered as a key factor (FAO, 2000; 
FAO, 2004). 
 

 
 
 
 

 
 
 
 

Program Strategy
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It is clearly stated that renewable energies together with other environmental technologies3, 
increase labour efficiency and diversified economic activities in rural areas (Source: 
http://www.fao.org/sd/en2_en.htm). Energy touches on many aspects of its rural development 
activities: watershed management, irrigation, household improvements and community 
development and education (Source: http://www.fao.org/sd/2001/EN0601a_en.htm). 
Therefore, projects were carried out in many countries with activities focussed on capacity 
building, information dissemination and implementation of demonstration projects (GEF-
FAO, 2002). 
 
As part of the development process, FAO under its rural development objectives initiated 
projects on irrigation systems community water supply projects with solar energy, battery 
charging. Other technologies such as small-scale hydropower projects initiated for community 
electrification in remote areas. Lighting in schools, adult education, community centers, 
education through computer application in isolated locations is facilitated by solar PV 
technology. Experiences have shown encouraging results as the systems can be easily 
managed, operated and maintained by the community 
(http://www.fao.org/sd/2002/EN0601a_en.htm). 
 
 
4.2.3 Emerging lessons from the International 
Initiatives 
Enormous efforts have been made for the advancement of technologies and their 
implementation in developing countries to improve modern energy access in rural area. The 
global initiatives have put forward several lessons, which are important for executing the 
future activities. 
 
Management 

• Institutional arrangements for project implementation can greatly influence the value 
of the project in terms of demonstrating viable business models and achieving 
sustainability. 

• Rural electrification policies and planning have a major influence on project outcome 
and sustainability must be explicitly addressed in project design and implementation. 

• Encouraging the use of renewable energy through appropriate technology, scientific 
excellence, social responsibility, and global communication. 

• Bringing together industries, individuals and institutions in support of energy 
technologies – through communication, co-operation, support and exchange. 

• Applying practical projects, technology transfer, education, training and support 
to the issue of global energy development. 

• Rapid access to information through tailor-made communication and 
exchange platforms utilising modern technology.  

 

Technical 
• Viable business models must be demonstrated to sustain market development of 

RETs 

                                                 
3 Environmental technologies in agriculture are the technological means for ecosystem management that aim at 
improving agricultural production and post-production while conserving the regenerative and reproductive 
capacity of the natural resource base.  

http://www.fao.org/sd/en2_en.htm
http://www.fao.org/sd/2001/EN0601a_en.htm
http://www.fao.org/sd/2002/EN0601a_en.htm
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• Substantial implementation experience is still needed before the success of the service 
approach can be judged (Source: GEF, 2000) 

• Stimulating and encouraging both fundamental and applied research. This includes 
sound manufacturing base, establishing technical standards and micro-level research 
of the technologies. 

 
Financial 

• Projects must explicitly recognize and account for the high transaction cost associated 
with marketing, service and credit collections in rural areas. 

• Consumer credit can be effectively provided by micro finance organisations with 
close ties with the local communities if implementing organisations have a strong 
presence and cultural niche in the specific country. 

• Ensuring individual and community growth through support of private enterprise and 
empowerment in the area of Renewable Energy. 

 
 
4.3 Drawbacks of the current electrification approach 
In last 25 years, most people in developing countries who are connected to electricity are 
mainly in urban areas. In rural areas, the rate of electrification has been lacking with the rate 
of population growth. It is mainly because of people migrating to urban areas, the number 1.6 
billion un-electrified people have not been changing since the last decade. Lack of long-term 
planning, thus, hinders to achieve universal electrification. It is also a poor thinking when 
most developing countries economy is based on agriculture but rural electrification has not 
been given adequate attention. 
 
The overall approach of rural electrification is grid based. However, there are remote and 
isolated locations, called off-grid locations, where alternative means of electrification are 
necessary to adopt. At present the main restriction for off-grid electrification is their high 
investment. This makes many energy experts to raise their voice of creating a level-playing 
field for conventional and non-conventional energy technologies as electricity through 
conventional grid is often subsided. 
 
Rural electrification has been carried out mainly under supply-driven approach, which led to 
incomplete electrification, or electricity not able to supplement for all possible applications. In 
many cases, the main village is electrified but other parts, called hamlet located at some 
distance from the main part, have not been electrified. It is equally important that demand-
side approach is adopted to assess the present and future energy demand along with the stake 
of consumers developed in the process. 
 
Many government programs have been initiated to extend energy supplies in rural areas, but 
often failed to deliver benefits to consumers and the electricity supplier. In the early 1990s 
average electricity tariffs in most developing countries were less than the average cost of 
supply. Such subsidies proved harmful in a host of ways, which constituted a huge financial 
drain for the power utilities. Poor financial conditions restricted the utilities to extend 
electricity in the rural areas.  
  
Where supplies have been extended to rural areas, subsidies often undermine the efforts of 
businesses to provide cheaper ways of generating electricity. In remote rural areas, for 
example, diesel engines or solar photovoltaic (PV) systems may provide electricity at a lower 
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cost than grid supplies. But consumers will neither opt for them if grid supplies are 
subsidized, nor will investors come forward to develop least-cost options to serve rural 
consumers. (World Bank, 2000)  
 
A key parameter that is frequently neglected is the addition of energy efficiency. It is author’s 
experience that rural households are not trained to consume electricity in productive ways and 
use efficient equipments and devices. For example, crop irrigation is a large electricity-
consuming sector that is carried out by using locally assembled pumpset, which are quite 
inefficient in operation. It is extremely necessary to use precious electricity in efficient ways, 
which helps reducing household electricity expenditure, save environment and improve the 
efficacy of the utilities. 
 
 
4.4 Barriers and Key Challenges 
 
Whatever the core drivers are- poverty alleviation, increase living standards, environment, 
infrastructure requirements, energy security or rising conventional fuel prices- the energy 
markets are set to change. International organisations such as the World Bank or others and 
some governments are seeking new policies and implementing innovative strategies. The vast 
market potential of DG technologies is now unquestionable but some major challenges still 
remain. The diversity of challenges, resource opportunities, as well as financing and 
marketing conditions among and within regions and countries implies that different 
approaches are required (Renewables, 2004). Some of the key challenges and barriers have 
been described below. 
 
 
4.4.1 Policy and Regulatory 
Most projects related to rural electrification and renewable energy are developed by the power 
sector without involving other sectors, and at times supply oriented. Projects did not take into 
account the energy requirements thus are viewed as “black box”. Rarely do the energy and 
other sectors join their efforts to effectively promote energy for sustainable development 
(http://www.fao.org/sd/2001/EN0601a_en.htm). 
 
Many of the policies, programs and institutional development activities sought to promote the 
use of RETs have largely focussed on technologies instead of attempting to integrate them 
into the exiting energy frameworks and markets (Heinrich Boll Stifftung, 2004). Institutional 
obstacles and existing policies can severely limit the opportunities for investment in both 
grid-connected and off-grid RETs. In many countries renewable energy development is a 
subject of institutional and legal patchwork with many different and often contradictory laws, 
regulations, policies and administrative procedures (Renewables, 2004). 
 
 
4.4.2 Technical 
Utilities are mainly working with grid extension. Alternative technologies have not been 
focussed under the mainstream of rural electrification. It is a major challenge to expand the 
application of new technologies and fuels and make them accepted among various energy 
stakeholders, which otherwise will create unwillingness among utilities to provide off-grid 
electrification services. 
 

http://www.fao.org/sd/2001/EN0601a_en.htm
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Dissemination of RETs face high transaction cost and maintenance problems when being used 
as distributed generation in rural areas. Safety is another problem, which hinders the system 
operating in long-term. When systems are not implemented in bulk amount, it does not offer 
enough business in the market therefore availability of spare parts and repair often becomes a 
problem. 
 
One utmost problem is that, until now, every DG project developer writes his own 
specifications and industries must adapt their offer. The experience of numerous projects in 
the past shows clearly that projects omitting standards is a cause of failure (Schmitt, 2003a). 
Therefore, technical specifications are important for standardising the technologies. 
 
 
4.4.3 Financing 
The challenge of financing is significant to scale-up the application of technologies, mainly 
RETs, which is also a central theme of several international conferences. In most developing 
countries, Government focuses on the development of renewable energies but the issue of 
financing mainly hinders the wide-scale applications of DG technologies. Some of the 
financing barriers are: 
 

• There are key gaps in what is called the ‘financing continuum’- the supply chain 
needed to get from project development to commercial reality (O’Brien, 2004).  

• The conventional calculation of risk and return does not resolve in favour of these 
energy technologies for the most part 

• Due to the lack of appropriate policies and poor investment environment, barriers and 
disincentives exist within deregulated markets 

• On the other side, the mainstream financial community still lacks necessary 
knowledge of assessing the risk and opportunities associated with the technologies. 
Part of the financial barriers is the result of a conventional power ‘hangover’ from the 
rash of failed independent Power Producer investments in many markets in the 90s, 
which has left investors particularly risk-averse to the power and utility sector (SEFI, 
2004). 

• The finance sector investment, thus, have emphasised the critical importance of the 
strength and stability of government policy frameworks at this stage of market 
development (REEEP, 2004). It has been envisaged that policies must affect cash 
flow if businesses expected to respond. If a policy is based on aims, then the 
government is, in effect, asking investors to speculate on political delivery, and that 
speculation, in financial terms means high venture capital level returns are expected, 
due to the risk that policy aims are not backed by political commitment, and the 
investment environment changes. RE and DE technologies, which are in many cases 
still not yet fully cost competitive, look even less attractive under these circumstances 
(www.defgllc.com). 

• There is a series of risk assessed for any project. The new energy technologies have a 
higher perceived risk, as investors still working their way up the learning curve. Risk 
assessment experience, as well as risk management and insurance tools, should start 
to reduce this risk, but this will only follow actual investment experience, and 
commercial track record. A further issue for investor and lenders is project scale, 
which has special concern to small and medium-sized project developer. For 
example, 20 million euro is the minimum size of project that a bank like Fortis is 
likely to consider, because of transaction costs. 

http://www.defgllc.com/
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Even in industrialised countries, there is also a set of technical issues that increase uncertainty 
and perception of risk in the medium term. In UK, for example, the capacity of the electricity 
grid and the distribution network to ‘take’ a growing contribution from DE, and cope with 
different voltage characteristics is a case in point. It is still not clear who is going to pay for 
any required upgrades or configuration of grid and network. This adds to the concern that 
there may be future additional costs that could reduce project returns (Kirsty Hamilton, 2004). 
 
 
4.5 Way forward 
 
The Renewables 2004 conference held in Bonn clearly suggested that those who want to wish 
to combat poverty and facilitate development must invest in decentralised and renewable 
energy sources’. 
 
The year in 90s proved that technology is mature and ready for widespread use. Nevertheless, 
it must become cheaper if it is going to be used in such a wider scale. Considering cost cutting 
does, however, require economies of scale- that is, the mass production of systems such as 
solar. Though largely said for the solar PV technology but it applies to all renewable energy 
sources for electricity generation. It is necessary to establish market, develop the technology, 
support the industry and reduce the costs of technology. This process will take several 
decades, and has to start very soon if renewable electricity is to be available in time, in 
sufficient amounts, and acceptable costs. 
 
Until the private capital is mobilized to a significant extent the public sector must come in and 
hedge or share some of the risk. Whatever the technology is used, returns must be 
commercially attractive, and risk should be clearly understood and minimised through risk 
management tools, such as insurance (Source: UNEP, 2004). 
 
The investments in RETs, as off-grid rural energy technologies in developing countries, and 
capital goods do contribute to the economy- new jobs are created, and technological know-
how is further developed. This increases international competitiveness and improves the 
ability of companies to compete effectively in world energy technologies market, which 
should grow substantially in the future. 
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Chapter-5 
 
 
Understanding of Rural Electrification 
 
 
 
Global consensus suggest that energy strategies, policies and programmes should be 
consistent with, and contribute to, the solutions that make energy an instrument to help realize 
the broader goal of sustainable development. This fact has been justified in previous chapter 
by showing relationship between HDI and per capita energy consumption of a country. At the 
country level, energy is directly related to the most pressing social, environmental, economic, 
and security issues such as poverty, employment access to social services, gender equity, 
population growth, agricultural production, health, environment quality, and energy security. 
Therefore, it has been extremely desired to study the current understanding of rural 
electrification at a country level and its various dimensions. 
 
The present chapter is important, which focuses on the current understanding of rural 
electrification, electricity accessibility in rural areas and options adopted for providing 
electricity in remote areas. The importance of basic understanding of research should not be 
underestimated, because it generates the possibility of identifying analogies, analyses the 
polices and strategies of rural electrification and impact of technologies adopted in off-grid 
regions. Countries covered in this chapter are China, India, Brazil and Ethiopia. Selection of 
the country is based on the representation of unelecrified population (lowest and highest), 
success acheived in the recents past and availability of the information.  
 
In some stages, it might show inconsistency in the text due to the extent and quality of the 
available information, the diversity, and lack of data availability.  Therefore, the selected case 
studies are based on available literature, which refers to both grid-based and decentralised 
systems. Together they provide a cross-section from which indicative conclusions can be 
drawn.  
 
 
5.1 Case- 1: China 
 
5.1.1 Status of Rural Electrification 
China has shown big success in the field of rural electrification. It has considered as a serious 
issue, which is also interesting to study through current policies and achievement made in 
recent past. According to the State Development Planning Commission, 98 percent villages in 
the country are electrified and it has covered 97 percent households among 1.3 billion people. 
The growing electricity demand and to retain economic growth, power generation capacity 
has been planned to raise upto 550 GW by 2010 from the present installed capacity of 380 
GW (GTZ, 2004). 
 
The electricity expansion program was started in 1980 with rural electrification given a large 
focus. Until 1998, rural electricity tended to be much higher in comparison to urban areas. 
Since then, providing the same pricing system for both rural and urban areas has formed part 
of the reform process. Renewable energies were given the focus to electrify remote areas. 
Through the reform process, electricity consumption in rural households increased by 15-20% 
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in several provinces (ERI, 2003). However, rural electricity demand structure in different 
applications vary considerably year-wise, which is roughly categorized in table 5.1: 
 
Table 5.1. Composition of rural electricity consumption in China (Xialei, 2005) 

Percentage of various load  
Period Irrigation & 

Drainage 
Agro/sideline 
processing 

Township 
Industry 

Household 
Lighting 

Others 

1980-85 23-38% 20-23% 19-32% 17-21% 4.1-4.5% 
1989 19.8% 13.7% 38.9% 17.9% 9.7% 
1990s 9.3% 13.7% 44.7% 23.3% 8.8% 
2000 7.7% 12.0% 44.2% 27.0% 9.1% 
2001 7.1% 11.4% 42.3% 30% 9.2% 

 
 
Electricity supply is mainly through integrated network of grid both in urban and rural areas. 
But the complexities exist in remote settlements to reach through grid where power is 
generated through diesel generators or mainly hydropower stations. At present there are 600 
counties (30% of all China’s counties) that rely mainly on small hydropower accumulates the 
total installed capacity of 30 GW. Apart, RETs based on solar, wind and biomass resources 
are also given focus for off-grid village electrification. 
 
The need of rural electrification is felt not just for household lighting but it is accepted as vital 
need for rural economic development. It create options for running heavier equipment such as 
saws, pumps, refrigerators, grinders, sewing machines to name a few. Rural electrification is 
not new, of course, but requires a major effort to tackle some major challenges. 
 
 
5.1.2 Challenges 
Remaining 2 percent unelectrified population accounts to about 30 million people (or, more 
than 29000 un-electrified villages) (ERI, 2003; Maria 2004). It is unlikely that utility 
companies will be able to supply electricity through grid in the near future as these are 
mountainous locations and population is sparsely settled. Table 5.2 describes some areas with 
low access to electricity. Two regions that face acute lack of electricity are the northern and 
western part of the country and coastal island region. The characteristics of these regions 
include: i) low population density and disperse over a large land area, ii) high percentage 
minority of populations, iii) difficult to access via grid, and IV) variable income levels, with a 
large number of people living at or below the national poverty level. In most of this region, 
the existing electrical generating capacity is based on hydropower and coal-fired plants but 
supply is mainly to the urban centers. 
 
Table 5.2. Provinces with electricity accessibility in China (Beijing, 2002) 
Province People without electricity % of  population 
Tibet 1,374,000 52.8 
Guizhou 4,839,000 13.8 
Yunnan 3,741,000 8.9 
Hainan 658,000 8.2 
Qinghai 399,000 8.0 
Gansu 1,949,000 7.8 
Xinjiang 1,173,000 6.5 
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Ningxia 244,000 4.9 
Inner Mongolia 831,000 3.6 
Guangxi 1,461,000 3.3 

 
There is a large population throughout China, which is difficult to quantify, that live in 
electrified regions, but are not connected to the grid because of electricity shortages and other 
access problems. This population plus 2 percent in remote locations thus leave the ideal 
conditions for distributed generation technologies to be used for providing electricity. 
 
With rapid expansion of RE program, the major challenge exists in the management and 
maintenance of technical and compliance with the environmental standards with the provision 
of adequate social and economical benefits. For example, the un-orderly development of 
hydro stations in China has led negligence of comprehensive planning of river basin and 
actual hydro potential. Some projects with the benefits of irrigation, flood control and 
ecological benefits have been explored as a pure commercial units while some reduced the 
installed capacity defying the actual hydro potential but working with their own financial 
resources. Design, equipment and construction markets also required strong regulations. 
Some institutes, factories, workshops participate in designing of rural hydropower that do not 
qualify the technical capacity but pulls a large equipment manufacturing work. All above 
causes severe hidden safety trouble for rural hydropower (HRC, 2005). 
 
 
5.1.3 Administration, Laws and Regulations 
National Development and Reform Commission (NDRC) is allocated with the overall 
responsibility for the energy sector including renewable energy sources. China Electric Power 
Regulatory Commission (CERC) was set up as a separate regulatory authority for the 
electricity sector. The Energy Research Institute (ERI) is formally attached to the NDRC 
works independent in its research strategy and role in the debate on energy policy. The 
Ministry of Science and Technology (MOST) participates actively in formulating and 
implementing the energy policy with research and demonstration projects. Under this set-up, 
the process of rural electrification is administered through two important laws. 
 
Electricity Law 
The nation has amended the Electricity Law in 2003 for the first time since its introduction in 
1996. The Law reveals construction, production, supply and utilization of electric power shall 
protect the environment, adopt new technologies, minimize discharge of poisonous waste, 
prevent pollution and other public hazards. 
 
Concerning rural electrification, law envisages the central development plan to be 
incorporated into local electric power development plan as well as also in the national 
economy and social development plan. Clearly, provincial governments, autonomous regions, 
and municipalities directly come under the Central Government. Preferential policies for rural 
electrification have been suggested to adopt with the special support to rural power 
construction in minority nationality areas, frontier and remote and poverty-stricken areas.  
 
The Law advocates the exploitation and construction of medium and small size hydropower 
stations. It encourages utilisation of solar energy, wind energy, geothermal energy, biomass 
energy, and other energy resources to develop in order to increase the rural power supply. 
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Electricity is given the priority for rural floodwater drainage, combat drought, and seasonal 
agricultural production. 
 
Renewable Energy Law 
In 2005, the renewable energy law was prepared to promote the development and utilization 
of renewable energy with a view to improve the energy structure, diversify energy supplies, 
energy security, environment protection, and sustainable development of the economy and 
society. It supports the construction of independent renewable energy systems in areas not 
covered by the power grid to provide power services for local production and living. 
 
Under the Law, energy authorities are given the responsibility of preparing renewable energy 
development plan for the rural areas. The proposed law offers discounted loans to renewable 
energy products and offer tax waivers for energy equipment and product.  
 
To enforce the law forcefully, a set of penalties has been fixed for those found guilty. Grid 
operators have been instructed to purchase the full amount of energy generated by registered 
producers in their areas. The government will calculate the price of power generated from 
renewable energies, which utility will be obliged to pay, and will be shared out in the power 
network’s overall price. Thus, it can be concluded that in case of access generation of 
electricity than the required amount there will be a possibility of feeding into the grid to make 
the business more lucrative. 
 
 
5.1.4 Country Initiatives 
The Chinese Government has undertaken several national programs based on both 
conventional and non-conventional energy technologies. Some of the programs that have 
shown big success include the comprehensive Rural Planning and Construction Program; the 
Rural Electrification Program with focus on the development of Small Hydro; The Brightness 
Program; The Township Program; The Township Electrification Program; Wind Power 
Concession Program (China Village power, 2004). 
 
The major initiative was taken in 1996 by the formulation of “The Brightness Program”. It 
aimed at using solar PV and wind technologies to provide power for daily needs of the 
population without access to electricity. It targets to serve 23 million households in remote 
areas by 2010. 
 
In 2001, the Government allocated a big budget of about US$ 240 million for the National 
Township Electrification Program. Phase One projects to electrify 1 million people in more 
than 1000 townships, primarily in western provinces (ERI, 2003).  The program relies heavily 
on hydropower (90% of planned capacity but only 1/3 of the projects) but also involves a 
significant amount of photovoltaic solar power (10% of planned capacity and 2/3 of the 
projects) (Table 5.3). 
 
Table 5.3. Power Sources distribution in the Township Electrification Program (ERI, 2003) 
Type No of Systems MW 
Small Hydro 378 200 
Solar Power 666 20 
Solar/ Wind Hybrid 17 0.8 
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The project emphasizes hybrid systems (combination of more than one power source 
generally Wind or PV), with battery storage, and some times include diesel generators as 
backup. Besides developing technical skills, project demonstrates a business model that 
identify productive uses of electricity to increase people’s income and support the 
sustainability of renewable village power systems, including consideration of micro finance. 
 
Initial success in productive application is evidenced by Xinjiang pilot project. It has 
stimulated small-scale enterprises in tourism, gem polishing, weaving & electronics repair. 
Electrification has also had a positive impact on social services, with the local hospital 
expanding its capacities. 
 
 
Target setting for Renewables 
The Government of China is in the process of formulating its medium and long term 
Renewable Energy Development Strategy of 2020. The basic principle of the energy strategy 
is closely related to the realization of achieving China’s goal of a basic level of comfort for all 
citizens. The technologies, which can resolve the basic need for electricity in rural areas is 
given a major thrust. The plan proposes to generate power from renewables about 10% of 
China’s total installed power generation capacity by 2010 and 12% by 2020 (Table 5.4). 
 
Table 5.4. Renewable Energy Targets in China 
Technologies By 2010 By 2020 
Small-Scale hydro will account 50 GW 80 GW 
Wind Power 4 GW 20 GW 
Biomass Power 6 GW 20 GW 
Solar Energy Power 450 MW 1 GW 

 
In the recent past, China have already shown big success on renewables for being used as off-
grid option of electrification in rural areas. Some project initiatives undertaken in last eight 
years through various partnership are described her under (GTZ 1997; NREL, 2003): 

Gansu Solar Home System Project 
Began in 1998, this project equipped 320 homes and 10 schools with PV solar system. Gansu 
solar electric light fund installed an additional 460 PV systems through a revolving credit 
fund. Now Ministry of Agriculture has expanded its Solar Home System project to 10,000 
households in 6 provinces. Until 2002, about 5000 solar home systems have been installed 
(Prof. Ma Shenghong, 2004). 
 

Hybrid Renewable System for Inner Mongolia 
In 1997, a partnership between the University of Delaware, and the Inner Mongolia Science 
and Technology Commission initiated the installation of hybrid PV/Wind system in four 
Inner Mongolia counties. The Mongolia Govt. assessed that the systems work well enough to 
warrant the installation of 60,000 over five years time, with a small end-user subsidy. At the 
end of 2002, there have been 5275 hybrid home systems installed in the region (Ma 
Shenghong, 2004). 
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China Renewable Energy Scale up Program (CRESP) 
CRESP was set-up by the Government of China in cooperation with the World Bank and the 
Global Environment Facility (GEF). The objectives were to Scale up of power generation 
using renewable resources, improve China’s energy mix and promote sustainable 
development in the western region. It aims to remove barriers to the introduction of cost 
effective renewables, and improve the performance of small hydro, wind and selected 
biomass technologies; and increase the market penetration of renewables. 
 
Capacity Building for Rapid Commercialisation of Renewable Energy in China 
In March 1999, the internationally supported six years project was launched on “Capacity 
Building for Rapid Commercialisation of Renewable Energy in China”. The project targeted 
on capacity building activities with an aim of widespread commercialisation of RETs 
applications through market driven mechanism. The UNDP has been the international 
implementing agency of the project, which received co-financing support from GEF, the 
Government of Netherlands and the Australian ‘Aus Aid’ program.  
 
Recent uptake 
The on-going Sino-German technical assistance program “Renewable Energy for Rural 
Areas” focuses on decentralised electricity supply by wind, solar and micro-hydropower. This 
has been set under the national priorities defined by the government. 
 
 
5.1.5 Key Findings 
To achieve universal electrification and meeting the growing electricity demand, it is an uphill 
task in front of China. The recent progress has shown electricity provision is not just thought 
as an option of lighting but also for economic as well as environmental reasons. The country’s 
understanding on rural electrification reflects that there is a need to explore all resources for 
power generation. Grid could not be the only option for rural electrification, therefore 
renewable energies have been given wider support through strict enforcement of laws and 
regulations.  
 
Till date, small hydro has been adopted mainly for rural electrification, which has set 
examples for other countries. To avoid the costly nature of RETs, the government has fixed 
equal tariff policy with equitable distribution of burden in the electricity sector. Recognizing 
the sustainability of renewable for electrification needs, the government of China has recently 
embarked upon the World’s most aggressive renewable energy based rural electrification 
program. China’s most rapid increase occurred with the advent of market-oriented reforms 
resulting in electrification levels of 98 percent in the country. 
 
 
5.2 Case- 2: India 
 
5.2.1 Status of Rural Electrification 
India, the second most populated country after China, has accepted rural electrification 
necessary to achieve a sustained economic growth. Electrification has been accepted to offer 
profound impact on village life in terms of better quality life, spreading irrigated farming and 
expands the productive and social hours in the day. However, after investing enormous efforts 
and allocating hefty budget, picture shows only 43.5 percent rural households have access to 
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electricity (CoI, 2001). In August 2003, installed power generating capacity of the country 
amounted to 109 GW.  
 
Since 1988, poor households were provided electricity through the Kutir Jyoti (light in hut) 
programme. This programme was initiated on a 100 percent grant basis, which later charged 
for electricity on a monthly fixed amount. Until March 2003, this program was main target 
oriented which has provided electricity to about 5.7 million households. Year-wise growth 
pattern of KJP is shown in Figure- 5.1 (REC, 2003). 
 

 
There are several facts that can be drawn from the electrification programme in India. Village 
electrification dropped from 100 000 in the 7th Plan Period (1987-92) to a mere 18,500 in the 
8th Plan Period (1992-97) and less than 10,000 villages in the 9th Plan Period (1997-02). The 
poor financial health of the electricity department, which is increasingly reluctant to move to 
rural areas because of high costs and low returns, are largely responsible for this trend 
(Gokak, 2002). In 2001–2002, households made up a share of about 22 percent, with 
agriculture, industry, other sectors  (including trade and transport) as 29, 29, and 20 percent 
respectively. 
 
In recent years, India’s ongoing efforts have identified health, education, agriculture and 
infrastructure as crucial areas that require topmost priority (SES, 2004). Setting the target of 
7-8 percent economic growth, hard decisions have been accepted as a must to achieve this 
goal. A mid-term review of the 10th Five-Year-Plan (2002–2007) has indicated that though 
there is a policy framework for the development of infrastructure, a conducive environment of 
public-private partnership is required to achieve the desired level of infrastructure in the 
country (PCI, 2004). 
 
5.2.2 Challenges 
The major challenges in the country are that there are 80,000 villages yet to be electrified and 
about 77 million households still lack access to electricity. A recent assessment indicated that 
about 18,000 villages would not be suitable for grid due to the remote and difficult locations. 

 
Figure 5.2   Year-wise growth pattern of KJP
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In addition to this, there is also a reverse trend of electrification, i.e., de-electrification. Many 
villages, which were once electrified have been de-electrified but due to insufficient returns, 
lack of maintenance and poor security. Information available reveals that the domestic 
consumer perceives highest weightage towards accessibility (40 percent), followed by 
availability (34 percent) and affordability (26 percent) of electricity (CII, 2002). 
 
In 2002, there was about 7.5 percent power deficit in the country, which indicates Indian 
electricity sector need heavy investments to match the demand with the supply of power. 
Realising this fact, government has fixed some targets to overcome this situation. It has been 
planned to add 100 GW to the present capacity by the year 2012. Other major challenges are 
the Transmission and Distribution losses, which is of the figure of 18 percent and the problem 
of power theft. The need of the day is not only the capacity addition but also efficient 
management from the generation to the end-user applications. 
 
Renewable energy is key in providing electricity in off-grid locations. Recently, Government 
of India has taken strong steps to develop off-grid technologies. However, economics, 
management and maintenance are often a problem in such systems. Because of poor 
affordability of the consumers, systems often do not get sufficient returns, thus regular 
financing is needed to sustain the systems in long-term. 
 
 
5.2.3 Administration, Law and regulations 
The Ministry of Power (MoP) owns the main responsibility of the power sector in the 
country. The major actors in the Indian power sector are the states where power supply is run 
by 17 State Electricity Boards (SEBs) and 12 Electricity Departments. The Rural 
Electrification Corporation (REC), which works under the Ministry of Power, has been given 
the responsibility of grid extension in the poverty driven areas. The Ministry of Non-
Conventional Energy Sources (MNES) is responsible for renewable energies implementation 
and policy formulation. 
 
The Electricity Act 
The New Electricity Act came into force in June 2003, which aims at doing away with the 
SEBs’ monopolistic position in the past. It has consolidated the laws relating to generation, 
transmission, distribution, trading and use of electricity. It has taken measures conducive to 
development of electricity industry, promoting competition therein, protecting interest of 
consumers, and supply of electricity to all areas rationalization of electricity tariff, ensuring 
transparent policies, regarding subsidies, promotion of efficient and environmentally benign 
policies. 
 
Self-generators and actors in the rural regions in particular, are expected to benefit from the 
law. They no longer require permission for power production and transmission. Along with 
industry, commercial enterprises (e.g. hotels and hospitals) and cooperatives can generate 
electricity for their own use. Power producers and traders can obtain open access to 
transmission and distribution grids against payment. Power generation no longer requires 
licensing (apart from hydropower) for trading, transmitting and distributing electricity for 
locally active organisations in rural areas (municipalities, cooperatives, concessionaires, non-
governmental organisations, etc.) (The Electricity Act, 2003, GoI). 
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Under the Act, the states are obliged to specify rules for rates charged for power from 
renewable energies. So far Ministry (MNES) has not succeeded in stipulating demand for 
obligatory quotas and preferential tariffs for generating electricity from renewable energy 
sources.  
 
 
5.2.4 Country initiatives 
Under the national plan, ‘Mission 2012 – Power for all’, all villages have been planned to 
electrify by 2007 and all households electrified by 2012 (GOI, 2001). 
 
The Pradhan Mantri Gramodaya Yojana (PMGY) 
PMGY was launched in 2000-2001 in all the States and the Union Territories (Uts) in order to 
provide basic minimum service for sustainable human development at the village level. The 
components of PMGY are Primary Education, Rural Health, Rural Drinking Water, Rural 
housing, Nutrition and Rural Electrification. The Central Government accords financing 
through loans (90 percent) and grants (10 percent) and also envisages allocations of 
Additional Central Assistance (“ACA”). The States have been accorded the flexibility to 
decide the inter-reallocation of ACA amongst the six basic services, and can thus enhance the 
allocation of funds for the village electrification to expedite the process. 
 
Minimum Needs Program (MNP) 
MNP draws funding from Central Plan Assistance and is made available to the States for 
village electrification by way of 100 percent loan for last mile connectivity. The Program is 
designed for States that have rural electrification of less than 65 percent. 
 
Accelerated Rural Electrification Program (AREP) 
The AREP covers electrification of un-electrified villages/hamlets/tribal villages, and 
electrification of remaining households in electrified villages. The interest subsidy is offered 
to the State Government/Power Utilities on loans availed by it from financial institutions like 
Rural Electrification Corporation (REC), Power Finance Corporation (PFC), National Bank 
for Agriculture and Rural development (NABARD), etc. for carrying out rural electrification 
programs (GOI-10th Plan, 2002). 
 
Rural Infrastructure Development Fund (RIDF) 
RIDF operates by NABARD, funds for systems improvement such as new transmission and 
distribution systems, as well as generation projects, with the thrust on micro/mini/small hydel 
projects. Under the scheme, loan is provided to the State Governments, which in turn may 
provide the same to the implementing body including a State Government/Public Sector 
entity and private sector agencies including IPPs, CPPs etc. 
 
Rural Electricity Supply Technology Mission (REST) 
REST Mission takes rural electrification vital for socio-economic development of rural areas. 
The mission has been constituted in September 2002 with the objective of providing 
affordable solution for making electricity available in rural areas. The objectives set out for 
REST are ‘Electrification of 10 million households and 100 000 villages through 
Decentralized Distributed Generation Systems’ (REST, 2002). 
 
The mission is designed to ensure electricity for all by 2012, by identifying and adopting 
technological solutions. It envisages for an affordable solution in making reliable power 
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supply available to rural areas and effecting its implementation through distributed 
generation. The objective is to trigger economic development, generate employment by 
providing electricity for productive uses in agriculture and rural industries, and improve the 
quality of life of the rural people through lighting in rural homes, shops, community centres 
and public places in all villages. 
 
Target setting for Renewables 
In India, renewable resources potential provides enormous opportunities for the power 
generation. The assessment of potential and the achievement made so far is given in table 5.5. 
 
Table 5.5.  Renewable sources of energy potential and achievements (MNES, 2002/03) 

 Potential Achievement (as on 31.12.03) 
Wind 45000 MW 1702 MW 
Small Hydro 15000 MW 1463 MW 
Biomass power/ cogeneration 19500 MW 468 MW 

Solar PV 20MW/sq.km 25 MWe 
Waste to energy 25 MWe 25 MWe 

 
Most of the renewable resources indicated in table 5.5 are located in remote, hilly and coastal 
regions of the country. For the 18000 remote villages, it has been planned to electrify all of 
them by 2012 using these technologies. During the 10th plan period (2002-2007) about 5000 
unelectrified villages have been proposed to electrify. 
 
Considering the fact that the remote villages are economically backward, a subsidy of about 
90 percent is given with 10 percent share from the users (GOI-MNES, 2001). For example, a 
subsidy of Rs 3,50,000 ($ US 7778) has been allocated per watt peak of solar PV plants. 
Similarly, subsidy on biomass gasifier is $ 33300 US per 50 kW capacity (MNES, 2003-04). 
Subsidy varies according to the capacity of the system, technology used and with regions 
across the country.  
 
The Renewable Energy Plan for 2012 largely support electricity supply in rural areas has the 
following objectives: 

• 10 percent share (about 12 GW) of national power supply from renewable energy 
sources 

• electrification of 4,500 villages (25 percent of 18,000 un-electrified villages) by PV 
systems 

• installation of 5 million solar-powered lanterns and 2 million solar home systems for 
lighting 

• supply of optimised wood-burning ovens to 30 million households 
• installation of small biogas facilities for 3 million families 

 
Following section highlights some of the renewable energy programmes initiated by the 
Indian government for rural electrification. 
 

Solar home system for household electrification 
A programme was started in September 2001 to electrify a region of 170, 000 inhabitants 
along the border of Tibet by using PV systems within 5 years. On a fee-for-service basis, the 
systems are leased to the residents on a monthly charge. MNES is contributing to strengthen 
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personnel and organisational capabilities at the local level in order to involve local actors in 
planning power supply. 
 

Renewables for Islands 
Village Chhottomollakhali is situated in Sunderbans Islands of the state West Bengal. It has a 
population of about 28,000 where it is difficult to extend grid due to prohibitive cost involved 
in crossing of various rivers and creeks. In the absence of electricity, the economic activities 
of the Island were suffering. The installation of 4x125 kW Biomass Gasifier based Power 
Plant in 2001 has changed the life of the inhabitants. The plant is meeting electricity needs of 
domestic, commercial and industrial applications and for common needs such as users 
drinking water, hospital, etc. Plantation has been done over a land of 40 hectares in order to 
get sustained supply of fuel (MNES, 2002/03). 
 

Solar PV pumping in Agriculture 
Punjab is a rich agriculture state in India and one of the major energy consumers through the 
use of agriculture pumpsets. During 2000-01, Punjab Energy development Agency (PEDA) 
has deployed 500 solar pumps (1800 Wp) for agriculture and related uses. The successful 
implementation of the pumps has satisfied the farmers and has encouraged other states like 
Haryana, Uttar Pradesh, Gujarat, Bihar, and Andhra Pradesh etc. for similar projects. As the 
large part of the agriculture sector still depends upon rainwater, it reduces crop productivity 
and creates the risk of availability of water for irrigation. Due to this reason MNES has taken 
up national SPV pumping programme under which about 5000 SPV pumps have been 
installed. 
 
 
5.2.5  Key findings 
Realizing that social infrastructure is equally important as physical infrastructure for 
enhancing welfare, the Government of India has given priority to education and health in its 
National Common Minimum Programme. It has been understood that without the provision of 
adequate electricity it will not be possible to achieve these goals. The government has clearly 
given a push to attain rural electrification in wider scale. 
 
Power generation capacity has increased in many folds in the last few decades. But still 
80,000 villages in the country are un-electrified, which is a major challenge in front of the 
country. The electrification of remote locations by the grid have been a major concern for the 
policy-makers therefore distributed generation technologies mainly renewables are being 
taken an option. 
 
The ambitious plan of renewable reveals the commitment of the government to achieve 
universal electrification. Depending upon the location, economic status and resources 
available in the region, financial incentives are given. It has been noticed that that plans are 
ready, electrification strategies have been formulated and some success has also been 
observed but to sustain this attitude in long-term, a consistent approach is yet to be seen in the 
future. 
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5.3 Case - 3: Brazil 
 
5.3.1 Status of rural electrification 
Brazil is interesting to study because rural electrification differs widely with the geographical 
situation and the share of hydropower in the total power generation is highest in the world.  
Brazil uses different forms of energy for its power generation and recognized by large 
integrated grid network. Hydroelectric generating capacity is 67534 MW in the total installed 
capacity of 85.3 GW in the year 2003. The electricity supply mix in Brazil is shown in figure 
5.2.  

GTZ. 2004 
 
 
The overall levels of access to electricity by Brazilian household grew from 89 percent in 
1992 to 96 percent in 2001 (IBGE, 2003: ESMAP, 2000). The degree of electrification in 
cities is 99.8 percent, whereas it is only 65 percent in rural areas. Comparison of income with 
access to electricity indicates it is directly related to purchasing power in which rural areas 
comes at the lowest levels. 
 
The government of Brazil has a commitment to supply energy to all communities for their 
social as well as economic development. The Government has supported large-scale rural 
electrification and developing the legal and regulatory framework. However, there are several 
policy, technical and financial barriers and challenges at the forefront to achieve the universal 
electrification. 
 
 
5.3.2 Challenges 
The electrification level in Brazil has major geographical differences. States with highest 
level of electrification are served by integrated grid extension. The Northern region, which is 
difficult and less developed, is served by small local grid and off grid systems mainly using 
diesel generators. Rising fuels cost and poor affordability of the people drives the government 
to adopt sustainable measures to meet overall requirement of the rural people. 
 
The sector reforms in 1995 increased the electricity price by 130 percent for the domestic 
sector (IBGE, 2003). Other factors that hindered expansion of electricity services is the drop 

Figure 5.1   Electricity supply generation mix in 
Brazil
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in average income by 5 percent of the working population, which had badly affected the poor. 
Therefore, maintaining the electricity cost according to affordability is important even in the 
already electrified areas. 
 
A combination of factors such as droughts, increasing electricity demand and lack of long-
term investments led to a sever power crisis in 2001. An emergency power program was 
initiated 10 to 250 MW of thermal power plants were installed, primarily to overcome the 
deficit in demand and supply of electricity. Hydropower stations are vulnerable to weather 
change. Small variation in the water availability makes large difference in the power plant 
overall performance. Thus, the major task will be to identify risk management tools in order 
to reduce the vulnerability. 

 
The obstacles in the process of expanding the use of RET (installation, operation and 
management) is the unawareness of the utilities or negative reputation of the �technologies. 
The financing mechanism of the program for the necessary initial investment and the 
difference between the monthly amount paid by consumer (electricity bills) and real running 
cost is a national subject and clear cross subsidy. The greatest challenge for universal 
electrification is to integrate several other activities such as specific technical assistance, 
micro credit, and market development to effectively bring development to the rural poor in 
the country. 
 
 
5.3.3 Administration, Laws and Regulations 
The Ministry of Mines and Energy formulates laws and policies of the electricity sector and, 
coordinate the capacity building process of utilities under the regulatory framework. ANEEL, 
the regulatory body established in 1996, defines supply system, the minimum service (in kWh 
/month), quality of supply, and electricity tariff (price per kWh). 
 
The restructuring in 1993, little attention was paid to expansion of services to low income and 
rural groups. In 1997, legislation stipulated national energy program must aim to identify the 
most suitable solution to supply electricity to the different regions. It also established a 
national council for energy policy (CNPE) one of whose responsibilities given was to propose 
measures to supply energy to remote & hard to reach areas. 
 
A law passed in 2002 enforces universal service obligations on concessionaires. It also 
provides a definition of low income consumers, extends ANEEL’s role, allows to use either 
grid or renewable solution, establishes an energy development account to promote universal 
access and, provide new customers a partial connection cost subsidy. 
 
In the law, poors are explicitly defined and classified into two categories: the low-income 
consumer up to 80 KWh and “customer under special condition” for those with monthly 
consumption of up to 220 KWh, distinction helps in ensuring that the poor receive special 
benefit such as discount on their electricity tariffs. Brazil government has undertaken several 
initiatives to execute the recommendations of the law. Some of these initiatives have been 
described in the section of country initiatives. 
 
5.3.4 Country Initiatives 
Various initiatives by the government to electrify the rural areas, achievements and impacts 
have been described in the following section. 
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“LUZ NA CAMPO- (LUZ PARA TODOS)” LIGHT FOR ALL 
Luz Na Campo (Light in the Country Side) program was specially designed to supply 
electricity in remote and rural areas. Although program mainly focused on grid extension, but 
some specific projects have also been carried out by the use of renewable energy 
technologies. An example is the program led by utility in the Bahia State, under which 9,000 
solar home systems have been installed. In 2003, the program was converted into Luz Na Para 
Todas (Electricity for All), including urban communities as target. 
LUZ PARA TODAS consider three different alternative approaches for electricity access: 

• Grid Extension: Under the conventional approach where it is economical electricity 
will be supplied by the grid extension. 

• Distributed Generation: When the location of electricity consumers comes under 
remote and complex conditions or load is comparatively small where grid is not seen 
as difficult and uneconomical, electricity will be supplied through the distributed 
generation options. 

• Individual (household) Generation: This is considered particularly suitable for the 
scattered and isolated settlement. 

 
Under this program a total of approximately US $ 2.4 billion of investment has been targeted. 
However, funding is to be raised by the Federal Government (72 percent), State and 
Municipal Government (14percent and, the utilities (14 percent). With such a huge amount of 
Federal funding the ambitious target of 20,00,000 household in five areas, least cost 
electrification process & flexibility of supply are accepted as the crucial issue to success. 
 
Target settings for Renewables 
The Brazil government is taking large steps to increase generation by new investments in 
hydro power plant, incentives to the electricity from biomass and concrete programs for other 
renewable energy utilization. The targets achieved in the last few years have been described 
in Table 5.6. 
 
Table 5.6.  Expansion of electricity generation in Brazil (MW) (“Energia Brasil” Program) 
Source 2002 2003 2004 
Hydro 3050 2421 3122 
Thermal 2530 3928 3622 
Small Hydro 134 119 N/a 
Cogeneration 83 500 N/a 
Wind 261 394 393 
Total 6058 7361 7137 

 
 
The specific target of using renewable energy technologies until 2005 is described in Table 
5.7. 
 
 
Table 5.7   Targets set to achieve in renewable energies in Brazil 
Resources Target 
Solar 50 MW in PV 
Solar thermal 3 mi m2 
Wind 1000 MW 
Small hydro 2.500 MW 
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Biomass 3 MW electricity from Sugarcane 
250 Mwe electricity from managed wood farms 
150 MW electricity from bio-oils  
18 bi litres/y alcohol fuel  
20 mi litres/y bio diesel  
80.000 m3 biogas  

 
Solar PV, Biomass (oil) and small hydro play an important role in the “Electricity for All” 
program. In remote or difficult areas they are only viable option. This has been shown by 
various initiatives carried out in the country. Some of the major programs carried out in the 
field of rural energy provision have been described in the following text. 
 
Appropriate Energy in Agriculture in Minas Gerais  
This program was started way back in 1992, which ended in 2002, with the joint efforts of 
power utility CEMIG (Companhia Energetica de Minas Gerais), agriculture extension 
company EMATER –MG and GTZ as an international support. This project is of utmost 
significance as it draws important lessons for the future activities. 
 
The State Minas Gerais has the largest land area suitable for irrigation in Brazil and contribute 
as much as 10 percent of the Brazilian gross domestic product (GDP). Electrification has 
given a boost for productive activities and enhanced the productivity of the farmlands. These 
were not only aimed at raising energy efficiency, but also made use of potential of renewable 
energy sources. Among other things, collectively used machinery houses were installed for 
small farmers and renewable energy system such as Solar Home Systems & Solar Dyers were 
put in place and training was provided to the staff. However, as far as the power utility 
CEMIG is concerned, which holds the license to supply 97 percent of the entire state, rural 
electrification means very high installation, maintenance and repair costs. It is difficult to 
obtain high revenues on account of the week economic situation in rural part of the state. 
 
The joint project achieved a high level of acceptance among users. About 80 percent of 
residents benefited from the project indicated improvement in their quality of life. With the 
aid, 230 villages received the machinery houses and 200 new community based irrigation 
systems were built, farmers were able to boost their income by the range of 57 percent to 86 
percent. Two-third of the farmers informed about the increase in the area of land under 
cultivation. Seeing the positive results, government is disseminating more systems after 
adopting the program as a reference models. 
 
PROFINA (Alternative sources for Electric Energy) 
PROFINA is a program launched by Brazil government in 2002 to increase availability of 
electricity from renewable sources. A financial mechanism has been created to assure that all 
energy generated will be purchased. Another aim was to ensure that the share from renewable 
in additional generation reaches 10% minimum by 2020. PROFINA was designed to 
stimulate development of biomass cogeneration, wind, and small hydro generators by 
guaranteeing power sale contracts to the first 3300 MW of projects, which adopt these 
technologies.  
 
PRODEEM (Program for the energy development of States and Municipalities) 
PRODEEM directed by the Ministry of Mines and Energy, is the largest program in terms of 
installed capacity. In 2002, the program had cumulative installation of more than 8700 
systems with the total capacity of 5200 kW. The main objective is to make electricity 
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available to the rural and remote population in order to promote social and economic 
development. Although the program allows the utilization of any energy source but for the 
most part photovoltaic systems were bought and installed for power generation, public 
lighting and water pumping. 
 
The program initially faced several difficulties, which include long-term maintenance and 
operation. It was strongly felt that the use of alternative energy options should also have the 
component of productive use of energy. As an outcome, the Brazil government plans to test 
business models, financial mechanism and implement training activities, as well as a network 
to disseminate information using intermediate agencies such as industrial and commercial 
associations, cooperative, small entrepreneurs, NGO, universities and suppliers.  
 
 
5.3.5 Key Findings 
The case of Brazil provides evidence that explicit and pro-poor measure required to ensure 
that energy reforms protect the interests of the poor. Although the energy reform process is 
not yet concluded in the country but initiatives undertaken by the Brazil government signifies 
the importance of providing electricity in rural areas. The agriculture sector is given due 
importance to be improved for which electricity is a prime pre-requisite. Effort have shown 
success but government has made its impressions clear on supplying electricity by all means 
adopting different approaches for difficult and remote locations. 
 
With the implementation of the renewable energy incentive program PROINFA, Brazil has 
become the leading market for renewable energies in Latin America. The PROINFA provides 
the opportunities for a large-scale expansion of RETs in the country. Other government 
programs such as PRODEEM, “Luz para todos” (Light for all) not only open the market for 
solar energy technologies but also is a major step forward to cover all households’ access to 
electricity (GENI, 2004). 
 
 
5.4 Case- 4: Ethiopia 
 
5.4.1 Status of Rural electrification 
Utilization of modern fuels in the rural area of Ethiopia is among the lowest in the world. The 
per capita energy consumption of modern energy was about 287 kgoe (World bank, 2001), 
whereas per capita electricity consumption was estimated to be 21 kWh in 1997 equivalent to 
about 1 percent of the world’s average. Electricity consumption is limited to about less than 1 
percent of the rural population and nearly 13 percent in the urban areas (Table 5.8). This 
shows electricity is largely unknown among the vast rural population (currently over 56 
million as in 2003). The national energy issues in general, and the rural energy problem in 
particular are just beginning to be considered as the core hindrance to poverty reduction. 
 
Table 5.8   Electricity Access in Ethiopia (IEA, 2003; Wolde- Ghiorgis, 2003; Teferra, 2003) 

Region 
Population 
(Millions) 

%age access to 
Electricity 

%age of total energy 
consumption  

National 65.4 2.1  
Urban 9.9 13.0 83 
Rural 55.5 0.2 6 
Agriculture - - >1 
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The national electricity utility in Ethiopia operates under two systems: the interconnected 
system (ICS), and the self-contained system (SCS). The ICS has an installed capacity of 453 
MW, with seven hydropower stations with 444 MW and diesel stations with 9 MW 
capacities. Isolated areas out from the reach of ICS are supplied by the SCS, 84 percent of 
which is provided by diesel-powered stations (Teferra, 2002). 
 
Rural electrification schemes implemented have benefited to those connected at a subsidized 
cost. Even so it could not be said that the program have been successful. The two reasons: 1) 
cross subsidy is borne by a larger-scale hydro power source (450 MW) vis-à-vis a smaller 
scale (50 MW) diesel generators and, 2) maintaining the fuel supply in remote sites along 
with the non availability of spare parts, are the major hindrance. 
 
There are small power plants operating in the rural areas, built and maintained by the private 
suppliers. With few exception of donor driven installation of photovoltaic units, all 
decentralized electric supplies use diesel generators in the capacity range of 10–15 kW. 
However, the remote rural towns, both market and administrative centres have not been 
considered financially viable targets for electrification by the utility. 
 
5.4.2  Challenges 
The dependence on traditional energy sources have shown alarming trends of desertification 
in many parts of the country. The key indicators and measures of development associated 
with poverty alleviation strategies reflect the negative impacts of the absence of rural 
electrification. Having the poor electrification status in the country, Ethiopia faces number of 
challenges for improving the social status, economic conditions of the people, environmental 
safety. Lack of technological base hampers the development of energy sector. Large 
renewable energy potential exists but without any productive utilization. Absence of adequate 
energy policies makes the sector less rewarding and develops insecurity among private 
companies to enter in the energy business.  
 
Majority of electricity production is from hydro resources. But extended draughts reduces the 
water availability thus makes the plant dysfunctional. Ethiopia recently endured more than six 
months of power cuts due to low water levels in dams around the country. Initially blackouts 
were scheduled once a week, but as the drought wore on, customers lost power for 15 hours 
two days a week, a situation that strained the resources of many businesses in urban centers. 
 
Electricity access has been shown deep linkages with average daily earning (shown in 
chapter-1). In Ethiopia large population is living below poverty level. In 1998, there total 
population living below US$ 1 a day was 81.9 percent. Of the 65.4 million, about 84% lives 
in rural areas with majority facing extreme poverty. Under these circumstances, the major 
challenge in front of the country is of guaranteeing energy security in parallel with food 
security for a large and growing population (AFREPREN, 2003; WorldBank, 2003). 
 
 
5.4.3 Legal and institutional framework 
Ministry of Energy and Mines (MME) is a lead agency in policy formation, development and 
planning of the energy sector. The Ethiopian Electric Power Corporation (EEPCO), the state-
owned firm is responsible for electricity generation facilities in the country. 
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The current energy policy in Ethiopia, formulated in 1994, supports the expansion of 
electricity network through grid with large scale harnessing from hydropower resources. It 
does not support electricity being produced by diesel generating sets as diesel importation 
burdens to country’s economic conditions (Wolde Ghiorgis, 2002a). With a view to 
expanding energy supply, the government has revised the legal and regulatory framework for 
power generation, transmission and distribution, and foreign investors are now particularly 
sought to set up hydroelectric power plants. 
 
Arrangements have been made with the Ethiopian Electric Power Corporation (EEPCO) for 
bulk sales of electric power for transmission and distribution. Construction of Ethiopia’s first 
Independent Power Project (IPP) was set up in early 2002. In April 2001, Ethiopia signed 
agreements to export electricity to neighbouring Djibouti. Negotiations were ongoing and 
exports were expected to begin in 2004, following the interconnection of the countries’ 
electric grids (the present situation of the deal is not known). 
 
5.4.4 Country Initiatives 
A Public Initiative has been taken for the grid extension by using hydropower based ICS for 
rural electrification. In several regions (eastern, central, southern, north-western & northern) 
of the country, rural electrification through grid extension using 15 Km lines has been 
implemented. Rural towns within 50 km of the grid have been connected, and a new 33 kV 
medium voltage is being implemented to extend electrification up to 100 km from the grid. 
Several other options have also been considered but the scheme is yet to show successful 
implementation. This scheme, which has been the foundation for industrialisation and 
urbanisation, managed to improve the national electrification consumption only at 27 kWh 
per capita per year. 
 
The key factors like population size (more than 5000 inhabitants), domestic and industrial 
load and, street lighting have been the selection criteria to estimate demand and load 
projection. The criteria of population size have excluded many rural settlements and villages 
because many rural communities do not have more than 1000 inhabitants. In such cases, the 
cost of grid extension, equipments and transmission would not be justified at that level of 
uptake. This reasoning has also hindered the progress of the overall national electrification 
programme. 

Rural Electrification Master Plan Strategy 
The rural electrification master plan has been envisaged to carry out in three phases. The 
specific activity of each phase is as follows: 
 
Phase- 1: Preparation of Agenda for Actions. 
Phase- 2: Capacity Building, Business Development and initial investment are in full swing 
with organizational support of Governmental agencies. 
Phase- 3: Establishment of full commercial process. 
 
The development of small hydropower projects and commercialization of PV systems and 
capacity building have been underway. It designs, monitor and evaluate for tracking and 
support solar business development. 
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Plans For Diesel Generation in EEPCO’s Rural Electrification Program (2001-
05) 
In the first phase of the Rural Electrification Program (2001-04), 59 rural towns or settlements 
were proposed to electrify by the diesel generators. Table 5.8 shows the generation units at 
the different locations. 
 
Table 5.9 Initial phase of the five years Rural Electrification program, 2001-05 
Administrative Region Generating Station Unit 
Gambella 4 
Benshangul Gamuz 11 
Afar 11 
Somali 20 
Oromiya 09 
Amhara 02 
Southern Nations & Nationalities State 02 
Total 59 

(Wolde- Ghiorgis, 2002) 
 
From the maintenance point of view, while EELPA had built in the past a very successful 
training program for electro-mechanical specialist that would be assigned to each SCS station. 
Lack of guaranteed provision of spare parts has remained a constant source of dissatisfaction 
and dispute between EEPCO and its relatively few customers. The issue of attaining optimum 
load factors is still not fully resolved, however as connection fees to be paid by prospective 
customer have been soaring beyond the expectations and financial capabilities of the rural 
communities. From June 2002 onwards, the rural electrification program has been greatly 
expanded through the support of financing institutions. 
 
 
Regional Energy Bureaus (RBEs) 
Agriculture development led industrialization (ADLI) strategy is aimed at benefiting the vast 
rural population of Ethiopia through accelerated agriculture and industrial development. So 
for this reason alone the legal authority of the Ethiopian Rural Energy Development and 
Promotion Center (EREDPC) has established Regional Energy Bureaus (RBEs) to provide 
support at all rural and local levels. Within the current ADLI strategy, there are no known 
legal frameworks that promote modern energy services to rural areas through centralized and 
decentralized options. A five years program, started from 2000 for ongoing and committed 
hydropower projects has been launched to increase existing generating capacity by 126 
percent. 
 
Target settings for Renewables 
In Ethiopia, there is general lack of commitment for the use of RETs in the rural areas. There 
is an absence of appropriate policy for rural energy development and a lack of fully-fledged 
institutional framework. A competent technical capacity and financing sources. 
 
The country possesses immense hydropower resources amounting to 30 000 MW, out of 
which less than 1.5% has been harnessed. There are also abundant solar and wind energy 
resources, but these have remained un-utilised (Wolde- Ghiorgis, 2003). The only noticeable 
development has been in the building of a relatively small and simple hydro power plant 
system with a current capacity of about 430 MW. 
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Off-grid rural electrification schemes have also been attempted by using diesel generation and 
few mini-hydro power plants. But in proportion to the natural resource availability, very little 
efforts have been made to promote renewable energy based schemes. The basic constraints 
have been the lack of energy policy measures and absence of appropriate institutional 
framework to promote access to modern technologies. For the rural electrification schemes, 
equipments are mainly imported from other countries. 
 
Ethiopian Rural Energy Development & Promotion Center (EREDPC) and Rural 
Electrification Secretariat Director are the leading players in the renewable energy 
development program. However, involvement of other actors comes in different phases of the 
program. The main objectives of the National Energy programs are: 
 

• To provide electricity generated by renewable sources for use in rural areas (Off-
Grid) 

• To improve quality of life and level of service in health, education & water sector. 
• To improve productivity and income generating activities as well as private sector 

and entrepreneurial development 
 
The entire RETs program has been proposed to carry out in three phases, which have been 
described below: 
 
Phase- 1 (2003): Ethiopian Electricity Agency, NGOs, Ministry of Education Health & Water 
& Key Stakeholders. 
Phase- 2 (end of 2008): Govt., Private Sector, EEA, REF & key stakeholders 
Phase- 3: Secretariat of the Rural Electrification Fund 
  
A US$ 20 million fund is secured to support projects but co-financing for the investment 
projects still awaited through private equity and other financing sources. Private sector & 
financial organization including commercial banks and micro-finance organization are 
participating in the process. The program is providing support for investment in renewable 
energy activities by providing loan finance and technical support, the client signature has 
been provided to the REF. 
 
 
5.4.5 key findings 
Ethiopia depicts a dark picture of rural electrification in the entire world. It has a major 
challenge of meeting energy needs and also developing alternative options for meeting the 
energy demand in off-grid areas. Absence of adequate energy policies makes the sector less 
rewarding, which would develop insecurity among private companies to enter in the energy 
business. Without electricity access, agriculture suffers thus situation also occurs when 
country faces food scarcity. 
 
The national energy issues in general, and the rural energy problem in particular are just 
beginning to consider as the core hindrance to poverty reduction. But, lack of technological 
base hampers the development of energy sector. Large renewable energy potential exists but 
without any productive utilization. Renewable energy sources for serving rural settlements do 
not appear economical than conventional grid. Rural communities in scattered settlements 
will have no chance of receiving electricity access within the foreseeable future. RETs based 



 87

decentralised power generation such as micro/mini hydropower, wind generators and PV 
systems sees a good potential but are as yet non-existent in the rural areas of the country. 
 
Ethiopia represents to a situation where so much needs to be done. Strong energy policies are 
required along in financial and technical support. This requires lesson to be learned from 
other countries and utilize the possibilities of leap-frogging. 
 
 
5.5 Conclusion 
 
From the rural electrification scenario of the four countries, it has been clear that the growing 
demand of electricity is a big challenge by the national government.  The countries covered 
under the present chapter show a mix picture of rural electrification, plan for universal 
electrification and RETs for power generation (Table 5.10). 
 
Table 5.10.  Renewable and Rural Electrification Commitments in the Countries 
Country Rural electrification 

status 
Universal 
electrification plan 

Renewable energy 
plan 

China 98% 2011 10% by 2010 
India 54% 2012 10% by 2010 
Brazil 96% 2011 - 
Ethiopia 1% - - 

 
 
Countries with large population, China and India, have bigger challenges as the power 
demand in future is expected to grow at higher pace. The challenge is not only to enhance 
power generation capacity but also reduce environment degradation, increase energy 
efficiency and utmost, maximum the use of RETs. 
 
China has shown large success in the sector, thus taking lead and showing examples to other 
countries. India as well is a leading example in this sector. Plan and strategies to achieve 
universal electrification considers all aspects, such as technical, social, economic and 
environmental. It focuses on incorporating electricity access in all rural development 
programs operating in the country. Ambitious program has been formulated to electrify 
difficult region (for grid) by the use of RETs. Brazil is an example of most power generation 
through hydro resources. However, country also is quite vulnerable to climate change as the 
resources are quite possible to alter with the climate shift. Ethiopia is facing huge task of 
electrification posing the poorest electrification status in the world. Country’s poor economic 
situation is adding further to restrict the electrification process. 
 
From the analysis it has been found that every country is serious towards the issue of rural 
electrification, however extent and pace differs country-wise. In each country several 
programs have been initiated but often lack in long-term approach and planning. In 90s, so 
many programs on rural electrification have been initiated by adopting conventional and non-
conventional energy technologies, but very little focus have been given to electrify regions 
that could not be electrified through conventional grid. 
 
There are thousands of villages in the world suitable to electrify through grid but are 
unelectrified thus diminishing the hopes off-grid settlements to be electrified. This is also a 
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reason why distributed generation technologies have not attained optimal focus of the policy 
makers. Provision of electricity for social benefits such as better lighting, lighting in school 
and rural clinics, have been focussed but productive application is still lacking in the overall 
commitments. This is particularly true in case of RETs, which needed consistent government 
as well as international support in various activities. 
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Chapter- 6 
 

 
Current Distributed Generation Technologies 
for Off-grid Electrification 
 
 
 
Rural electrification in developing countries have typically been carried out by the expansion 
of national grid- often owned and operated by a public utility- with the tendency to extend it 
incrementally, reaching towns and then villages. Remote areas with small and scattered 
populations were either not focussed or, are likely to be the last one to receive electricity.  
Off-grid regions are often not discussed in national policies. It is only recently that off-grid 
regions, not convenient to electrify through grid, have been focussed. 
 
Understanding of rural electrification also differs country-wise. Country case studies 
described in chapter-5 show difference in the status of rural electrification. This is due to the 
factors such as resources availability, socio-economic status of the people, technical expertise, 
manufacturing base and financial strength of the electricity sector. For example, China 
focussed more on micro-hydro in the previous years, whereas in India, solar PV systems were 
given major thrust to electrify off-grid regions. However, the overall efforts made on 
alternatives energy options are still limited. 
 
The technologies used as distributed generation (DG) are mainly RETs and diesel generators. 
Other technologies such as micro-turbines and fuel cells show up an option but are new and 
under testing phase, therefore have been described only in terms of their current status. 
Assessment made in developing countries reveal that technology itself is proven but 
sustainability depends upon several social, economic and environmental factors. Successful 
examples of each technology justify the scope of wide-scale application and show a quick 
option for off-grid electrification.  
 
In this context, the present chapter describes successful examples of each technology and their 
comparative advantages over grid. Technologies such as solar PV, hydropower, biomass 
gasifier, wind turbines and diesel engines have been described briefly in order to understand 
their basic principle. However, emphasis is given to highlight the key success factors for their 
long-term sustainability. Grid option is not completely discarded. Cost economics of grid 
extension is shown in order to study the point where it becomes uneconomical in comparison 
to the DG technologies. Environmental benefits of these technologies have been shown with 
the help of specific examples. 
 
 
6.1 Distributed Generation (DG) Technologies 
 
In this section, various DG technologies have been described with the help of specific case 
examples. 
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6.1.1 Small-scale hydro power (SSHP) 
The basic principle of SSHP is the conversion of kinetic energy of flowing water into 
mechanical power with the help of transmission mechanism, i.e., turbine. The power 
generated can be used for mechanical applications or electricity generation. The basic 
construction of SSHP is harnessing water resource by constructing a small dam or diverting 
water through a diversion structure into the cannel, which led to the forebay to store water. 
From forebay water is delivered through pipe (penstock) to the turbine to rotate, which, then 
rotate the shaft of generator to produce electricity. Depending upon the power generated, 
SSHPs have been classified into various categories (Table 6.1). 
 
Table 6.1  SSHP classification depending on the capacity 

Size Unit size Installation 
Micro Less than 100 kW 100 kW 
Mini 101 to 1000 kW 2000 kW 
Small 1001 to 6000 kW 15,000 kW 

 
Experiences with SSHP Technology 
Today SSHP technology has achieved a mature stage. Successful examples exist in China, 
India, Vietnam, Philippines, Kenya, and many others, where SSHP is used for rural 
electrification. Operated as off-grid system, it meets energy requirement of the people in hilly 
and inaccessible remote areas. At the village level, small water sources are also a source of 
livelihood through grinding and milling processes, saw mills and cutting etc. Efforts have 
been made by the national as well as international level to improve the efficiency and the 
material used in the system (TERI, 1999; Paish, 1997; Poudel, 2002; CRT, 2001; Boiling 
Point, 2001).  
 
Small water resources are mostly found in hilly areas where grid extension is often technically 
difficult, uneconomical, and tedious for management and maintenance. SSHP is a good option 
for electricity production near the source of consumption, thus, avoids laying down extensive 
transmission and distribution lines and hence, transmission losses. Specific cases have been 
described below to show the reasons of success and failure of this technology and important 
aspects that are necessary for long-term sustainability. 
 
 
Case- 1: SSHP in Tibet 
A project on rehabilitation of 28 SSHP in three districts (Lhasa, Shannan, Linzhi) of Tibet 
was carried out with the support of GTZ (German Technical Cooperation). Local technology 
was optimally utilized in the process, which worked out as securing jobs. The major challenge 
was to run and maintain cost-effectively all plants through continuous operation and 
electricity distribution with sufficient demand in the households. This work was carried out in 
cooperation with the local authorities and villagers participation. 
 
About 95 percent households received electricity connection in the catchments area of the 
plant. In comparison to purchasing candles and paraffin, it now bears 95 percent less for 
lighting. The productive use of energy have changed the economic behaviour and enhanced 
the income of people. In better lighting, spinning machines and carpet knitting is efficient and 
faster. As women are mainly involved in this work thus mainly benefited. Some women have 
set up small village stores, enabling them to generate extra income. Use of electric oil press 
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and grain mills have benefited people for grinding their agriculture produce into marketable 
products, e.g., rapeseed into rapeseed oil. 
 
The successful application of SSHPs has convinced Tibetan Government to introduce this 
model in all districts i.e., for more than 700 SSHPs. In many places, local people have started 
rehabilitating the abandoned irrigation systems. Effective irrigated agriculture is now possible 
through electric pumps. Among the peripheral issues, the increased use of electrical 
equipments created a demand for qualified artisans who can repair domestic electrical wiring, 
pumps and other domestic appliances. (This case example is taken from the Impact report of 
Environment and Infrastructure division, GTZ, Germany) 
 
 
Case- 2: Example from Peru 
A 200 kW plant was commissioned in 1980 in Pedo Ruiz town of Peru to provide electricity 
in 722 households. In actual, this plant provided about 140 kW, which led to shortages in 
supply with the growing electricity demand. As per the Intermediate Technology 
Development Group (ITDG) study, there was no return when the plant was financed by 
relatively soft loans. The analysis suggests that this is mainly due to the high capital cost and 
relatively low tariff. Attention was not given on having the skilled operators for the plant. For 
the maintenance, one operator with relatively long experience trained other operators despite 
the fact that he was not well trained. Therefore, the plant has consequently rapidly 
deteriorated. Theft of posts and cables were also reported for which no fine was made against 
such offence. 
 
This case was also highlighted in another study with the some conclusion (SAREP, 2003). 
The initiative of the local authorities to take over the plant changed the quality of service in a 
significant manner. In spite of technical and economic limitations, the funds are adequately 
managed, and this concludes that the current management system has been successful. The 
state settled the new legal and institutional framework managing the utility sector to promote 
private investment as well as quality. Due to the state initiative, several municipalities are 
expected to handover the entire electricity service to concession companies with legal, 
financial and economic guarantees that will help to meet the electricity demand from users in 
remote areas. 
 
 
Case- 3: Example of Zimbabwe 
A 20 kW plant was commissioned in 1995 in Nyafaru to provide electricity in shops, schools, 
and farm staff houses. Before receiving benefits from SSHP, people depended on paraffin and 
candles for lighting. After receiving the electricity, about 80 percent of the households now 
have radios and televisions. The main benefit received is improved standard of life for women 
and children, by better service at the clinic and providing lighting at the school and the 
weaving shop where women are mainly engaged. The electricity use for refrigeration also 
played an important role in increasing the sales to a larger number of customers (SAREP, 
2003). 
 
The available records show that the plant has experienced down time of about 50 days per 
year. It also shows that the load factor for nine months (as of 1997) was around 43 percent, 
against the estimated annual electricity consumption of 57,000 kWh. In the load pattern, the 
significant difference between initial plan and practical use is seen (at the planning stage, 
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peak demand was estimated as 17.5 kW with an average of 6 kW). However, the planned 
demand included 2 large users, a mill and a trout farm, which have not yet been connected. 
 
 
Important lessons 
The key factors in the success of SSHP are local participation and leadership. It is important 
to transfer knowledge, expertise, access to fund and also to develop ownership in all 
activities. Good community cohesion is required in order to secure investor confidence. The 
adequate finance and local technological base does guarantee project sustainability. The tariff 
system based on meeting operation, maintenance and depreciation costs is important. More 
prospects of sustainability can be developed through diversifying energy consumption 
towards productive activities, and not just for domestic lighting.  
 
Financial and economical sustainability of a plant will be adversely affected where there are 
high costs associated with plant installation (for instance to over design, wrong selection of 
equipment). Although no conflicts is shown over the use of water, it is necessary to establish 
a water utilisation system for low water stages, which does not limit the power generating 
capacity. This is because water is also used for irrigation in rural areas. 
 
 
6.1.2 Solar Photovoltaic (PV Technology) 
The fundamental power unit of a PV system is solar cell, which converts sunlight into Direct 
Current (dc) electricity. Several cells are connected together to form a string, and are then 
laminated into a module to increase the power output. Depending upon the requirement it can 
be converted into Alternate Current (ac) electricity with the help of inverter. A complete PV 
system has an array of suitably connected modules, power conditioning equipment and the 
required load with or without provision for energy storage. 
 
PV technology is uniquely attractive as an energy source to provide basic services, such as 
lighting, drinking water and power for income generation. Countries with good solar radiation 
have the advantage of using solar PV systems for electrification in off-grid areas. Solar mini-
grid for village electrification, solar home system for households lighting, streetlights and 
solar pumps are the main systems used in developing countries. Systems meeting household 
electricity requirements, acceptability and other major issues have been described with the 
help of case example. 
 
 
Case- 4: Off-grid Solar PV Mini-grids in Sundarbans, India 
Sundarbans’ is the world’s largest inter-tidal delta with 3.5 million people living in 54 islands 
in India. Electricity supply in this region is difficult through conventional grid. Until recently 
households were depending on expensive and erratic kerosene supply for lighting. In some 
villages, small diesel generators were used for electricity needs. Through innovative 
approaches, the first solar mini-grid was commissioned in 1996 in Sagar Island to supply 
power in 50 households and local shops in two villages. Currently there exist 11 PV mini-
grids supplying electricity to over 1000 consumers.  
 
The mini-grids were set up with 100 percent capital subsidy, whereas the post installation 
expenditures are covered from the electricity revenues ensuring that the power plants are self 
sufficient and sustainable. Consumers pay fixed monthly tariff in two-way system. One group 
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of consumer pays monthly fee of 130 rupees (2.6 US$) for a maximum load 120W and other 
group pays 75 rupees (1.5 US$) for 60W. One-time fee of 10-20 US$ was taken as start-up 
connection, which includes household wiring. 
 
The power from PV-modules is stored in batteries and distributed during evening hours. The 
distinguishing feature of the installation is the integration of power and water supply system. 
When the connected batteries are full, power is diverted to the pumps to supply drinking 
water. A survey carried out found significant positive impacts on health, education, 
entertainment, more socialization in the evening, communication and access to information 
after receiving power from the PV mini-grids. The betel leaf cultivators benefited as a 
significant part of their work, which involves packing of the leaves for shipping, irrigation of 
the fields and more work can now be undertaken at night. 
 
Women reported that they save 1.5 hours of cooking time at night. However, about 470 
households benefited from different mini-grids claimed that the supply of power significantly 
help to their children’s’ studies. Major acceptability of the system can be appreciated by 
willingness to pay by the consumers for the new electricity connection. Extension of 
electricity has done away with purchase of kerosene for lighting to the extent of 50 percent in 
households and by nearly 100 percent in the case of shops. The quantification of benefits will 
be much larger via considering that carbon emissions when compared to electricity generated 
from coal based power station. Management of the system rests with local cooperative 
organizations thereby ensuring the responsible involvement of the local people. 
 
Seeing as an effective way of rural electrification, more solar mini-grids are currently in the 
planning stage. The successful projects in Sundarbans have shown replication possibility in 
thousand of remote villages worldwide (Bhattacharjee et. al., 2003; Bhattacharjee, 2004; 
Chakrabarti, 2002). 
 
 
Solar home systems (SHSs) 
SHSs are widely used in rural households to meet the basic energy needs for lighting. SHS 
consists of a PV module (18-75 Wp), deep discharge lead acid battery, charge controller, 1-3 
CFLs  (compact fluorescent lamps) and a DC power point for appliances such as radios and 
tape recorders. The module generates energy that is stored in the battery, which can be used 
later on. Cost varies from US $ 150 - 500 depending upon the capacity and quality of system. 
There are about 1.2 million SHSs providing electricity in rural households of the developing 
countries (PVSDC, 2004).  
 
Several countries such as India, China, Mexico, Kenya, South Africa, Indonesia, Bangladesh 
and, many other have shown large acceptance of SHSs with adequate push given by the 
national governments and private initiatives (TERI, 2000; BMZ, 2004). Some specific 
experiences have been shown with the help of case examples. 
 
Case-5: Example from Indonesia 
Indonesia is a convincing example having 17500 islands where provision of electricity 
through grid worked out economically unviable. Assessing the situation, Indonesian 
government launched a program in 1997 on household electrification known as “One Million 
Homes PV Rural Electrification Program” to be implemented within 10 years duration. 
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In district Kolaka, about 2270 SHSs were installed between the years 1998–2000. A survey 
was carried out in 2001 to assess the performance and acceptance of these systems. The 
results indicated that household lighting is the most preferred choice for buying SHS. Several 
other benefits were informed such as education, entertainment, productive application, etc, 
but in different proportion (Figure 6.1).  
 

Figure 6.1  Benefits of SHSs in Indonesia 
 
The performance of the system is also seen as satisfactory. Nearly 99 percent users found 
were satisfied with the system performance. Only 1 percent said that the system is expensive. 
The main success reason that can be attributed is the provision for the payment of systems in 
monthly installments in the duration of 10 years (WREC, 2002). 
 
 
Case- 6: SHSs in Kenya 
In Kenya, more than 95 percent people live without access to grid electricity. Only 2 percent 
(or 62,000) of rural households have been connected to grid power. Major obstacles are high 
capital costs, high revenue collection costs, low returns from the existing operation and high 
connection cost for scattered households. Kenyan entrepreneurs realised that solar electricity 
could meet electricity demands for rural households, often at lower cost than grid 
connections, generators and batteries. Transformation from donor driven approach to 
commercial market took place during 90s. Today, Kenya is a successful case of mobilising its 
local entrepreneurial skills in the development of PV industry. 
 
In the year 2001, cumulative sale was in excess of 150,000 units with annual sales of over 
20,000 systems. Over 85 percent of the system were used for television, 84 percent have 
lights, while 70 percent have radio. There are hundreds of PV businesses in terms of 
manufacturers, venders, installers, and after sales provider active in the market, which are also 
employing people. The market grew as rural based artisans formed business agreements with 
urban solar companies based in Nairobi (15 companies at present), thereby increasing the 
outreach and accessibility to PV equipments. However, maintaining quality standards of 
SHSs is a major issue in the business (NRW, 2001). 
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Solar Lantern (SL)  
Similar in principle with SHS, SL gives the light for 3-4 hours at one stretch. SL is a portable 
system, which is also widely used for small lighting application in off-grid regions. It is a 
low-cost alternative for whom SHS is expensive. It is ideal for mobile applications such 
outdoor activities during the evening hours and for the house who continue using kerosene 
and candles. It reduces considerable cost to the poor households budget, danger to their 
homes and health, and gives better lighting results. A case study published by Intermediate 
Technology Development Group (ITDG), highlighted a practical example of Kenyan 
household: 
 

“I used to buy kerosene more frequently than now, so my costs have gone down. Unless I 
use my small lamp for the kitchen, I don’t need kerosene any more. In a month we would 
spend 120 Ksh on around five liters of kerosene. Now I spend only about 40 Ksh per 
month. My children are doing their homework it helps them too- they get about two hours 
of work to do (ITDG, 2004)”. 

 
This example not only shows lighting benefits of the solar lantern but also highlights 
economic, social and environmental benefits to the households. 
 
 
Findings of Other Studies 
The EuroSolar estimates the global market for SHSs are 200 million families. Based on 
market studies in India, China, Sri Lanka, Zimbabwe, South Africa and Kenya conducted 
over the last few years, the consensus is that approximately 5 percent of most rural 
populations can pay cash for an SHS, 20 to 30 percent can afford a SHS with short or medium 
term credit, and another 25 percent could afford an SHS with long term credit or leasing 
(UNDP/Yale, 1998). 
 
In PV, it remains a difficulty, where production is still not developed in many developing 
countries. This contributes to sustainability, as back-up services must be made locally. As the 
remote and off-grid locations lack in basic infrastructure of roads, it becomes difficult not 
only for transport but also gives a major hurdle for maintenance and management of the 
systems. Lack of users training is often highlighted as led to major failure of the programme. 
 
Despite showing enormous success by the SHSs, high initial cost is the major barriers 
observed for the poor households. Provision of micro-finance or the payment of the system in 
installments, is seen as a suitable solution and large-scale acceptance by the households. 
Financing of system need to be in consonance with appropriate technical advise altogether 
coordinated locally. The biggest challenge for spreading the SHS market to rural remote areas 
is related to the after sales service and availability of spares, particularly charge controller and 
luminaries. Subsidies are given on specific capacities of the systems, which prohibit the 
customisation of the system according to the households need. Provision of subsidies restricts 
the open market competition. 
 
 
6.1.3 Biomass Gasifier 
The basic principle of gasifier technology is that biomass is burned under controlled 
conditions, characterized by low oxygen supply and high temperatures, to convert it into a 
gaseous fuel known as producer gas. The producer gas has a calorific value of 1000-1200 
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Kcal/Nm3, which consists of carbon monoxide, hydrogen, carbon dioxide, methane and 
nitrogen. The technology is also environment-friendly, because of the firewood savings and 
reduction in CO2 emissions. 
 
Since the last two decades, gasification technology is under intensive development, and has 
been tested in commercial units worldwide. The technology has a variety of applications such 
as for thermal use (cooking, water boiling, steam generation, drying etc.), motive power 
(using producer gas as a fuel in IC engines for water pumping), and electricity generation 
(using producer gas in dual-fuel mode in diesel engines).  
 
In locations, where biomass is readily available at lower price or where industries use fuel 
wood, gasifier offers definite economic advantages. In developing countries, the technology 
has shown applicability in many rural industries such as silk reeling, cardomom curing etc. 
Gasifier has also shown success for village electrification, the experiences gained have been 
described in the case example. 
 
 
Case-7: Example of Hosahalli Village in India 
Hosahalli was an un-electrified village in Tumkur district of Karnataka State in India. In 
2003, village had the population of 218 in 35 households. In the absence of electricity, 
households were using kerosene-based wick lamps for lighting. Women carried water from 
open tank nearly 1 kilometer away from the village. Farmers depended on rain-fed agriculture 
subjected to vagaries of monsoon, with low crop yields and occasionally hired diesel engines 
to pump water for irrigation. 
 
In 1998, this poor situation changed after the installation of 20 kW gasifier-based 
decentralized power systems. The gasifier system provides electricity for lighting, drinking 
water, irrigation and flour-milling services. Total load is distributed in a way that the 
irrigation is performed during daytime and other activities in the evening hours. The flourmill 
operates 2-3 times a week. Except in few occasions when gasifier run on diesel mode, system 
operated on biomass fuel. The problems in few occasions were the non-availability of 
processed wood or problems with the gasifier system or non-availability of trained operators. 
 
In order to sustain the entire effort, effective community participation and meetings were held 
to explaining the technology, roles and responsibilities were defined, and benefits of the 
project elaborated. As a result, the village community agreed to participate and help in raising 
and protecting an energy forest with mixed species for the regular fuelwood supply. Local 
youth were trained for operation and management of the system, supervision, protection of 
the forest and ensuring payment for the services provided. 
 
It was assessed that in the developing countries utilization is critical for the financial viability 
in case of decentralized system. The main activity observed was the potential to generate load 
as well as income to farmers is irrigation. After the assessment, the rate charged per irrigation 
is Rs 40/h (Rs 45 = US $ 1), based on the current rate charged for diesel based pumping, 
which is affordable to farmers. During 1998–2003, the system has performed for over 90 
percent days except in year 2000, where it was below 300 days (Figure 6.2).  
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Figure 6.2  Operational Performance of the Gasifier System 
 

Reliable water supply at the doorstep has reduced the drudgery of women to carry water from 
a long distance. Lighting in households has helped school going children in their studies and 
women in their household chores. Long walk of women to the neighbouring village for 
milling grains is no more due to the flourmill installed in the village itself. Employment, 
income generation and increased crop production are giving the economic benefits. 17 
farmers irrigate 20 acres, growing labour-intensive cash crops such as vegetables and 
mulberry, thus generating income. Establishment of energy forest, harvesting, transportation, 
wood-fuel chips, preparation and operation of the gasifier system has created employment for 
two persons on most days and many more during different seasons. Raising multi-species 
energy forest has led to soil and water conservation in the lands subjected to degradation. 
Mixed species forestry is contributing to biodiversity conservation at wastelands. 
 
However, there were some specific problems encountered during functioning of the system. 
These included some disagreement among the members of the management committee, some 
time unauthorized removal of trees from the forest, grazing of livestock in the forest, 
attempted encroachment of the forestland. It is no surprise that the village communities in 
Hosahalli are divided over political affiliations, castes, land ownership, etc. But what is 
surprising is that despite the social and political problems, the gasifier system is functioning 
almost uninterrupted.  
 
The biomass gasifier in Hosahalli has shown technical and operational feasibility and the 
acceptability among the rural community. It shows the potential of sustainable biomass-based 
decentralized power generation system in villages, which dominate the larger part of 
developing countries. At present, gasifiers are available in different capacities of 5, 20, and 
100 to 500 kW for decentralized applications. In countries with low technology base, there is 
a scope of technology transfer and establishment of local manufacturing base.  
(The source of this case study is personal communication and paper as a reference, Ravindranath, 
2004), 
 
 
Other experiences 
Experiences from other regions reveal that the problems with the application of gasification 
technology have been economic, more than technical. In the past, the product from 
gasification has been electricity and heat, and low value of these products in today’s market is 
insufficient to justify the capital and operating cost. However, if gasification is coupled with 
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the production of a higher liquid fuel, the combination could be viable alternative energy 
technology (Bassam, 2004). 
 
India, Brazil and Philippines have been experimenting with gasification system for several 
decades. However, in United States, wood based electricity generation is in the capacity of 
6000-7000 MW, and Scandinavian countries have large-scale wood based power plants 
(REFOCUS, 2002). According to rough estimates made in India, the cost of installing 
biomass-based power generation units for village electrification is around Rs 3 crore (US $ 
666 000) per megawatt against Rs 4-4.5 crore (US $ 888 000 to US $ 1 000 000) for mini 
hydel units (Hindu, 2004). 
 
 
6.1.4 Wind Turbines 
The basic principle of wind energy systems is to harness the kinetic energy of moving air 
masses with the help of wind turbine blades into mechanical or electrical energy. The power 
generated from wind turbine is theoretically related to the cube of the wind speed therefore, 
the availability of good wind speed is critical to the feasibility of any wind turbine/project. 
Experiences with the wind technology have shown it competitive with solar PV systems, 
biomass-based power systems and diesel generators, but more expensive than micro-hydro 
power systems. 
 
The present status of the technology is that some countries have reached at the status of 
maturity, while some are gaining experiences from others. Achievements, in terms of the total 
installed capacity indicate Germany is, by far the largest, with 16600 MW followed by Spain, 
United States, Denmark and India (IEA, 2002; REW, 2005). China has planned to expand the 
use of wind energy on a massive scale, whereas, in African countries initiatives are still 
limited. 
 
For off-grid applications, the technology is proven and used sufficiently. In Morocco, the 
government has supported application of wind-electric pumping systems to replace diesel 
pumps, which are too expensive for the local people to operate. In Naima Rural Commune, in 
northeast Morocco, two 10 kW wind turbines are supplying water in four villages even more 
in volume than previously pumped by diesels pumps. Similarly, the technology is used 
successfully in many other countries. However, major success is seen in Inner Mongolia, 
which is described in case-7. 
 
 
Case- 7: Successful deployment of Wind turbines in Inner Mangolia 
In 1998, the estimated population of Inner Mongolia Autonomous Region (INMR) was 23.45 
million, 2/3 of which live in rural isolated settlements (IMSY, 1999). The average distances to 
the grid are 21.5 km in the region. The region is endowed with abundant wind resources with 
the wind speed of 6m/s for more than 3,000 hours per year. This offers wind systems 
profitably compete with conventional gensets to meet the energy needs of off-grid rural 
people. Of various systems deployed in rural areas, wind generators are the least cost option 
for household electricity. In 2001, estimated 140,000 households-scale wind turbines were 
installed in China, mainly in IMAR in last 6-7 years. 
 
Small wind generators in the 100- 200- and 400- W size capacity range are manufactured 
locally in IMAR to meet the customised need of the household sector. Manufacturing is done 
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by over 25 firms, with over 10,000 turbines produced in 2000- also the largest production 
volume in the world. 
 
According to a survey, households prefer decentralized off-grid energy systems in their 
houses. Surveys revealed that most families consume 300-600 Wh per day, mainly for 
lighting and to power radios or portable black and white television. No households preferred 
to buy genset or other energy systems that require fossil fuel. This is attributable to high 
delivered fuel cost and maintenance requirements of genset, which in the perspective of rural 
energy users, make them less reliable than renewable energy systems. Twice a year the 
nomadic Mongolian herdsmen pack up all their belongings, including the wind turbine, and 
move to new pastures. 
 
Significant demand of wind-generated power exists which is supported by the local 
government and through several financial incentives. Maintenance issues, especially battery 
malfunctioning and short battery life, affect attitudes and the decision for buying RETs. 
Improved batteries, market development strategies that address after-sale services, and policy 
interventions to improve system affordability appear as crucial for expanding the renewable 
energy market. As the assessment reveal, the dedicated actions would encourage positive 
attitudes toward renewable energy options and improve the socio-economic conditions of 
rural life. This type of equipment provides great opportunities for paving the way for wind 
energy in many unserved areas of the world (Eric Martinot, 2001; NREL, 2000; Delaware, 
2001). 
 
 
6.1.5 Small Hybrid Systems 
In many places, combination of solar PV or wind systems with diesel offers potentially 
greater benefits than stand-alone renewable systems. Hybrid units, (combination of 
Wind/PV-Diesel Gas) gives greater reliability, especially for remote applications, while at 
the same time minimize the use of diesel fuel. Power generated by wind turbine or PV array is 
stored in batteries, which in turn can be converted to electricity for later use. The diesel/gas 
generator can be used either to charge the batteries or to supply electricity directly. Studies 
carried out says that developing hybrid power plant of the capacity range of 5-30 kW enable 
the electrification of over 90 percent of remote villages in developing countries, in order to 
meet basic electricity services (Schmitt, 2003). 
 
Hybrid system requires more technical skills to have control mechanisms to make system run 
efficiently. Control mechanism permit turning off the diesel generators whenever the 
renewable energy technologies can supply the load. In hybrid systems that supply electricity 
to small villages, the electric power is produced in AC and fed directly to the load. Storage 
systems (such as batteries) act as "buffers," maintaining a stable output during short periods 
of time, such as when low winds occur. In much smaller hybrid power systems, with outputs 
at the household level, the energy is produced in DC and sent entirely into a battery bank that 
in turn feeds a DC load, or an AC load through an inverter. 
 
 
Case- 8: Hybrid system in Brazil 
The Amazon region in Brazil is sparsely populated, with 17 million people living in five 
million km2. Electricity generation in the region, where it exists, comes mainly from isolated 
diesel systems. Still, more than 30 percent of the population lives without electricity. The cost 
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of remote electricity is high and is largely dependent on system size. As estimated, diesel 
systems smaller than 100 Watts cost more than $ US 0.50/kWh and the system operate for 
only 6-12 hours per day. The electricity costs and limited availability are primarily due to 
system operation and maintenance problems, low capacity with high demand, and high fuels 
costs. The US Department of Energy and the National Renewable Energy Laboratory initiated 
with Brazilian utility providers to bring renewable wind and PV electricity to region’s energy 
mix. 
 
One option to reduce diesel consumption observed was the introduction of PV-generators in 
the supply scheme. On micro-economic scale, however the competitiveness of PV with diesel 
generator is proven for systems in the power range of a few kW. To gain the respective 
knowledge, the Brazilian national electric energy agency has, therefore, encouraged tests of 
the option to use PV-generators in systems with a power range of upto 100 kW. An option 
aiming at the best ratio of investment efforts to fuel savings – however confining itself to a 
limited share of load coverage by PV – is tested in the village power supply system at Araras 
in the Brazilian federal state of Rondonia. In this system, which has currently to cover a load 
of about 700 kWh per day, a PV-generator is added to the diesel genset without storage. To 
what extend and by which means of incentives the range of the microeconomic feasible 
system capacity can be extended is still the subject of analyses (Oliveira, 2003). 
 
 
6.1.6 Small Diesel-Power Generators 
Diesel generator, under conventional technologies, is the widely used technology in remote 
and isolated settlements. It is mainly used for lighting, water pumping for irrigation and 
productive applications such as in flourmills and Oil expelling units. The main advantage of 
diesel generator is its reliability and quick installation. In several countries, electricity 
produced from generator is directly fed into the grid or used as a solution for power shortages 
and blackouts. Depending upon the load requirements, generators are available in various 
capacities from few watts upto megawatt range. 
 
On the other hand, the costs associated with this technology (initial investment, fuel, 
transportation) are not suitable for low-income rural areas. In some cases, this cost is enough 
to make a diesel generator as unsustainable energy source. However, in few cases, they have 
shown field success and considered as a viable option for decentralized electricity in rural 
areas, when used for multifunctional applications. However, diesel burning generates high 
CO2 emissions, engine generates noise and frequently causes soil and groundwater 
contamination. Investment decisions generally fail to accept these environmental effects as 
long as no statutory or regulatory pollution control requirements impose measures that drive 
costs upwards. 
 
 
6.1.7 Fuel Cells 
Fuel cells are a promising future technology. Unlike batteries, they are almost endlessly 
charged. They run on hydrogen, which can be extracted from natural gas, propane or any 
other hydrocarbon source. The hydrogen reacts with oxygen from air and voltage is generated 
between two opposite electrode fixed in the fuel cell. Power generated by the fuel cell is 
relatively emission-free, which depends upon fuel input. The present status of technology is 
that it is available in the capacity range of 5 to 2000 kW. 
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Problems as yet, all the fuel cells show high efficiency degradation during operation time. The 
main barrier fuel cell facing today is the high installation cost, which of the order of US$ 
3000 – 4000 per kW. Electricity cost today as indicated in the studies varies between 10 to 15 
US cents. However, it is predicted that the cost will come down to as low as US $ 1000 in the 
coming few years as production volume increases and developed successfully for several 
applications. The downward trend in cost of fuel cells gives a hope to be used as off-grid 
option for village electrification within the next decades. The main advantage with fuel cell is 
its modular nature, which means the system capacity is possible of enhance in stages. 
 
 
6.1.8 Microturbines 
Microturbines are also proving as a promising future technology. These are very small 
turbines contain essentially one moving part and use either air or oil for lubrication. In present 
situation, units under development range from about 25 kW to 75 kW. It can run on variety of 
fuels, including natural gas, landfill gas, sewage gas, propane, and fuel oil. The widespread 
application of the technology still needs some time. According to current estimates, 
microturbine unit costs around US $1000 to US$ 1500 per kW and the cost to make 
electricity appears today to run between 7.5 and 10 US cent (DOE, 2000). 
  
Under the present thinking, this could lead to niche applications in areas with high-energy 
cost for power quality, peak shaving or replacement energy. However, the barrier facing the 
technology is efficiency, which is around 30 percent. At half load it drops rapidly to 10 to 15 
percent. Tests on efficiency improvement are carried out that shows the promising future of 
the technology to see the commercial operation. For example, McDonalds, giant of fast-food 
chain, is already testing a microturbine. If the application proves successful, the company 
could deploy this technology at thousands.  Once the technology is strongly proven, it can 
also be used for off-grid applications. Meanwhile a lot of good applications are available and 
will be proven. 
 
 
 
6.2 Economic Analysis of DG Technologies 
 
It is generally preferable to supply electricity through grid when it is technically possible and 
economically viable over the other technologies. It also offers additional benefits to the 
communities unable to afford electricity for common applications such as public lighting. 
Normally better environmental protection is possible in a bigger and central unit. However, 
grid extension has been justified as not economical for far distances where off-grid 
technologies are comparatively cheaper option. In off-grid locations, the cost of electricity 
supply goes in upward trend with increasing distances and lower existing loads. 
 



 102

Figure 6.3  The cost of Grid connection in rural areas (Source: UNDP/WB, 2000) 
 
 
Figure 6.3 shows the effect on average investment cost per customer connected of distance to 
the grid and number of households in the community cluster. An analysis undertaken on a 
sample of 92 percent conventional rural electrification projects in Brazil concludes the 
following: 

• Beyond about 7 Km from grid, the average cost per customer exceeds US $ 1,000 
when the number of household in the cluster is 60 or less. 

• Within 7 Km from the grid, a cluster of 35-60 houses may be connected for US $ 400 
– 900 each, the lower being for zero distance from grid. 

 
The analysis, therefore, provides the basis to support the application of distributed generation 
technologies for the off-grid regions. Prioritising the application of DG technologies, the 
centralised systems with the high costs of transmission and distribution network can be 
omitted. On the other hand, the cost of electricity from DG technologies varies location-wise. 
It is mainly because of resources availability, topography of the region thus changes civil 
works cost, labour charges, and load factor. However, in order to gain general understanding, 
Table 6.2 shows the cost of electricity of different DG technologies having 10 kW capacity 
implemented in a remote locations. 
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Table 6.2 Unit cost of production at 10 kW capacity in remote areas (Bassam, 2004; OTA, 
1992) 
Micro-hydro ∼ $ US 0.21/ kWh (or EUR 0.17/kWh 
Windmill ∼ $ US 0.48/ kWh (or EUR 0.40/ kWh) 
Solar PV ∼ $ US 1.32/ kWh (or EUR 1.10/kWh) 
Diesel ∼ $ US 0.80/ kWh (or EUR 0.66/kWh) 
Grid Extension ∼ $ US 1.02/ kWh (or EUR 0.85/kWh) 

Note: With reasonable assumptions concerning discount rates, capacity factors, and fuel costs, micro-
hydro and wind turbines can have the lowest life cycle costs in locations where the resource is 
sufficient. (Currency Exchange: 1 Euro = $US 1.2)  
 
With the help of Figure 6.4, it has been explained why renewable energy based electrification 
is more viable than grid. Explanation is given with varying electricity cost with changing 
demand density. The fundamental point arises is that the costs of grid-connected electricity 
supply rise steeply with declining demand density (Figure 6.4, curve 1). For sparsely 
populated areas beyond public grids, this means that alternative solutions based upon RETs 
can be cost-effective options in two ways. It is at first, for isolated supply systems not linked 
to the main grid and then, with further declining density, also for stand-alone installations for 
individual consumers. 
 

 
For stand-alone multi-purpose installations of a capacity - 1 kW or more - RETs and engine-
driven small-scale generators shows direct competition with each other. Cost comparisons 
show that the diesel generator is a strong competitor to RETs. RETs designed to provide 
electricity for several consumers within a small supply system - and thus competing with 
power generation from diesel generators – include mini-hydropower, small wind generators 
and photovoltaic (PV) village power systems. The diesel generator has particular advantages 
compared to solar panels for example – wherever in addition to meeting base load, it is used 
to operate equipment requiring a higher output for short periods, e.g. for farming and in small-
scale businesses. Consequently, the cost-effectiveness, reliability and environmental 
acceptability of RET systems altogether is must to be measured against those of diesel 
systems. 
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In off-grid isolated regions, the unit cost of electricity by diesel-fuelled systems is generally 
above 0.4 USD/kWh (Figure 6.4, curve 2). These costs often compare to grid electricity tariffs 
are below but, implications are that it does not suffice to meet the operating costs of diesel-
fuelled installations, therefore, a permanent support through subsidies or other options are 
needed. Operating cost plus fuel availability posses more intense problems in the hilly and 
Island regions, which most often face problems such as landslides, rains, flood, etc. This 
directly puts up question over the management and maintenance of the technology. 
Consequently, its use is only worthwhile if the electricity generated is utilized optimally. 
 
Figure 6.4, curve 3 presents a least-cost curve for hydropower systems. Small-scale 
hydropower is more cost-effective than diesel systems in the regions with adequate water 
availability, good storage capacity and other preconditions such as low construction costs, 
short inflow channels, local turbine production and long utilization times are also favourable. 
Hydropower plants between 100 kW and several megawatts are appropriate to supply power 
to small-area systems. Indeed, some installations are exemplary cases of environmentally 
sound design, for example the 720 kW Matutinao power plant on the Philippine island of 
Cebu, which generates power and the beauty of waterfall attracts as a recreational centre and 
source of income. 
 
The unit cost of PV power is significantly higher. Even where insolation (the amount of 
sunlight reaching an area) is high, the electricity costs about USD 0.8 per kWh (Figure 6.4, 
curve 4). It is thus only competitive compared to a diesel-fuelled village system if the 
procurement costs of fuel are very high, as for instance, in remote regions of Tibet. The Solar 
Home System (SHS) is a promising variant on-site power supply for private households. A 
peak output of 50 watts (at full insolation) from SHS generates about 0.25 kWh electricity on 
a sunny day. At this capacity, electricity supply with an SHS costs about 6 to 8 USD per 
month. This corresponds to an electricity price of about 1 USD/kWh (Figure 6.4, curve 5). 
 
It becomes clear that SHSs cannot compete with the subsidized tariffs of rural grid 
electrification schemes in many countries. A number of energy supply companies have now 
recognized that SHSs can be used to complement the existing grid supply in order to extend 
the service coverage. SHSs can be used to avoid uneconomic grid extension while at the same 
time complying with the frequent political demand to supply electricity to rural households. 
 
Commercially marketed SHSs compete with traditional power generation – kerosene, candles, 
dry batteries and various forms of used car battery. Where SHSs replace them, they can make 
a high specific contribution to climate protection – some 9 tonnes CO2 equivalent within a 20-
year service life of a single SHS with 50 watts peak output (GTZ, 2004). The expenditures of 
some households frequently exceed the monthly costs of an SHS. But for poor households, 
the issue of financing remains. On the other hand, cost comparisons of SHS have the 
limitations of energy being used for production purposes. From the environmental concern, 
the only real environmental problem with SHS is the disposal of spent batteries in situations 
where no recycling schemes are in place.  
 
A wind turbine operating under very favourable wind conditions and with low technology 
costs (local, high-quality production) runs at a kilowatt-hour cost under 0.3 USD. 
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6.3 Conclusion 
 
DG technologies are clearly the option for supplying power in off-grid regions. The case 
example of specific DG technologies at least provides a general appraisal of advancing 
development processes. RETs are an opportunity to valorise local energy resources. However, 
to do this there must be sufficient capital in order to set in train a dynamic development, 
leading to goods and services being developed in the rural areas. No matter what type of 
technology is used, electrification will have different effects from one village community to 
the other.  
 
In many developing countries, high initial cost and lack of financial resources restricted the 
large-scale dissemination of these technologies. Due to this, some countries still lack adequate 
skills and need cooperation through financial and technical support. 
 
Projects undertaken in Inner Mongolia indicate that development processes have been 
triggered the course of electrification through RETs. Kenya has shown big success in the 
commercialisation of PV systems (Case-6). Well-designed isolated mini-hydropower systems 
can be drivers of the local economy. Building and operating the systems creates new jobs, 
while their maintenance requires technically trained personnel. Community participation is a 
key for successful implementation of the technologies. The example of Hoshalli village 
(Case-7) shows that the social disparities can be exacerbated if equal access to electricity 
supply does not exist. The rationale could be that the village community, particularly women 
obtain crucial services. 
 
In some cases, even though mature technologies are available, implementers and 
disseminators do not have the technical know-how to install and maintain them This leads to 
system breakdown, disrepair and finally, rejection by users. The end result is the 
condemnation of the whole technology. This highlights lack of training of operation and 
maintenance of technology (Case- 2). The Sundarban Islands have been considered a 
successful deployment of solar technology in rural areas especially the island communities. 
This shows PV is a cost effective method for providing electricity on a very small scale to 
rural areas where there is no access to grid electricity and where the electricity demand is at 
such a low level that diesel electricity cannot compete. 
 
Poor people with low purchasing power face difficulty to improve their living conditions 
through DG technologies. They do, however, profit indirectly from improved social services 
and, ideally, from intensified local economic activity. For the wealthier groups of the rural 
population, access to modern technologies means an effective reduction of household 
expenditure for energy. Therefore, financing is crucial and a major issues for access to 
modern technologies for the poor people. On the other hand, the productive use of energy also 
changes the economic behaviour of the households. RETs cannot contribute in themselves to 
rural development or poverty reduction. 
 
The data on absolute or relative magnitude of the impacts of different kinds of interventions 
in the energy sector is not easily determined since any changes impact welfare at several 
levels in complex ways (ESMAP, 2000). Greater use of energy services result in benefits 
particularly in health, education, higher productivity, and the easier entry in labor markets 
(ADB, 2000). Therefore, access to modern energy can be categories into direct and indirect 
effects on poor households. 
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Under the direct effects (Table 6.3), studies have revealed that access to energy for the 
delivery of basic human needs – potable water, sanitation, primary health, and basic education 
– and improved employment opportunities have a positive welfare impact on communities. In 
the context of employment and income-generation opportunities, the beneficial results of 
providing modern forms of energy are more visible. Agricultural implements, including 
pumped irrigation, have helped increasing productivity and output. If a region has natural 
resources and other factors of production, the availability of electricity has shown examples of 
entrepreneurs to establish manufacturing facilities and provide formal employment to a larger 
number of people. The availability of electricity offered communities to develop cottage 
industries, for earning higher incomes. At the household level, as lighting extends working 
hours, refrigeration allows stocking of a wider range of goods, and services like repair shop, 
weaving, stitching etc. Electricity helps improving communications that bring communities 
closer. 
 
Table 6.3 Direct Effects of Improved Energy Services in Reducing Poverty (ESMAP, 2000) 
Direct Effect on Well-Being Direct Effect on Health Direct Effect on Education 
Improved access to lighting, heat 
and refrigeration 

Improved indoor air quality 
through cleaner fuel 

Improved access to lighting, 
allowing more time to study 

Savings in time and effort (due 
to reduced need to gather fuels, 
e.g., Kerosene from the market) 

Reduced fire hazard Improved 
quality of health services 
(through better lighting, 
equipment, and refrigeration) 

Savings in time and effort, 
releasing time and energy to 
channel toward better education 

Improved access to information 
(through radio, television and 
telecommunications) 

Easier establishment of health 
centers Better Education 

 

 

The indirect effects (Table 6.4) of improved energy services generally arise from two sources: 
improved efficiency of the sector resulting in larger national wealth, and savings from cuts in 
poorly targeted, non-transparent subsidies. Their impact on the poor depends on the way the 
benefits will be distributed. Initially poor households face the obstacle of high upfront costs of 
connections, fixtures, and appliances in switching from traditional to modern forms of energy. 
Once households gain access, their energy consumption depends on affordability. The poor 
generally spend a much higher portion of their income on energy than the rich do. Use of 
financial instruments to defray the upfront costs and well-targeted subsidies can help mitigate 
this disproportionate cost burden. 
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Table 6.4 Indirect Effects of Improved Energy Services in Reducing Poverty (ESMAP, 2000) 
Indirect effect on economic 
opportunities for the poor 

Trickle-down effect of 
increased productivities 

Fiscal effect (coupled with pro-
poor policies) 

Easier establishment and greater 
productivity of businesses that 
employ the poor 

Easier establishment and greater 
productivity of business in 
general (including through 
positive impact on the 
environment) 

Smaller fiscal burden and higher 
fiscal returns from more efficient 
services 

Creating of employment in 
infrastructure service delivery 

 More benefits to the poor if 
government spending is 
effectively �radiation toward 
welfare-enhancing services 

Improved health and education 
and savings in time and effort, 
increasing individual 
productivity 

 Higher fiscal returns associated 
with higher growth 

 
RETs under DG option present not always an economic win option. In economic terms they 
have to compete hard with the already available diesel-generator technology. From an 
environmental standpoint RETs as DG technologies are the clear winner. On balance, the 
option for renewable energy is undisputed wherever it is the most cost-effective option over 
the lifetime of the investment, because this amounts to an economic and environmental win-
win situation. Storage battery recycling needs to be resolved, however. For this ‘external’ 
environmental damage to be integrated into the calculation, there would need to be 
quantifiable links. The fundamentals for such calculations are largely lacking, as is a political 
consensus to integrate these external costs into investment appraisals. 
 
All projects measures always need to be adapted to the situation in different villages, for the 
socio-economics conditions (natural resources, the mode of production, existing 
infrastructure) differ considerable. Such processes should only be launched if the natural, 
social and cultural preconditions for economic development are in place. For these 
applications (e.g. for private users) and for dissemination approaches aimed at the institutional 
level (as in social infrastructure) commercialising RETs is to be supported. For all systems, 
whether diesel-fuelled or renewable-based, a viable solution is only possible when a well 
functioning management of the overall system is in place. Inadequate management, poor 
maintenance and repair, and a lack of expertise in administration, marketing, billing and 
collection of payments are more likely causes of project failure than functional deficiencies of 
the technology. 
 
In short the key points for a sustainable and successful electrification:  

• Conducive to local environment and available resources 
• Quality of manufactured products 
• Quality of implementation of projects 
• Quality of operation, maintenance and replacement 
• Community involvement 
• Productive application of interventions. 
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Chapter- 7 
 
 
Understanding of Rural Electrification in 
Vietnam 
 
 
 
The case study of Vietnam has been conducted in order to concretize the findings of each 
chapter. Visit to the country was made, which helped to bridge the information gap and 
deepening the understanding of rural electrification. Case study focuses on rural 
electrification situation in the country with a particular focus on government policies, projects 
carried out in the past, its impact and lessons learned. Scope and the status of RETs in the 
country have been described to assess its applicability for off-grid rural electrification. 
Stakeholder analysis was carried out to collect current thinking and the future of rural 
electrification in the country. Existing barriers have been discussed and relevant investment 
projects are identified, which have been described in the conclusion of the case study. 
 
Case study examines rural energy demand structure in the villages and summarizes the grass-
root realities, which were collected from the literature survey and field visits to the villages. 
Field visits were made in order to gain grass-root realities. Interviews and survey were carried 
through the discussion process and structured questionnaire.  Present case study was carried 
out in association with the institute named SOLARLAB in Ho Chi Minh City and partly with 
the Institute of Energy, Hanoi. 
 
 
7.1 Introduction 
 
Vietnam, located in South East Asian region, is concentrated in two main regions: Red River 
Delta in the North and Mekong River Delta in the South. In 2004, country crossed over a 
population of 80 million with 1.4 percent of average annual growth rate in the last few years. 
The urban and rural population accounts for 25 and 75 percent respectively. Development of 
cities is a major focus under government plans whereas rural areas have been focused mainly 
in terms of enhancing the agricultural productivity.  
 
Growth in agriculture sector has resulted Vietnam the second largest rice and coffee exporter 
in the world. But, this growth is not evenly divided in the rural areas. One of the reasons is the 
absence of electricity, the lack of which lowers the income opportunities of the people. The 
difference in rural and urban income and expenditure shows an unacceptable picture of 
increasing gap of the people (Table- 7.1). The ratio between the urban and rural incomes as 
well as expenditure indicates rural electrification will be required on a rapid scale to stabilize 
and bridge the gap. 
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Table 7.1.  Difference in Urban and Rural expenditure/income and ratio* 
 1993 1998 
Per capita expenditure in urban areas 3,058,229 4,874,854 
Per capita expenditure in rural areas 1,692,291 2,206,269 
Per capita income in urban areas 3,180,279 5,133,113 
Per capita income in rural areas 1,656,874 2,352,494 
Urban-rural expenditure ration 1.81 2.21 
Urban-rural income ratio 1.92 2.18 

* Average per capita expenditure and income (VND) in Vietnam, (Le Trung Kien, 2004) 
 
Economy: Between the years 1992-97, the Gross Domestic Product (GDP) of Vietnam had 
grown at the rate of 9 percent annually, but seen the downward trend during 1997-1999 due to 
the negative impact of the Asian crisis. However the average economic growth recovered 
between the years 2000-2002. The growth was 6.8 and 7.04 percent during 2001 and 2002 
respectively (PREGA, 2004). 
 
The GDP per capita in 2002 is estimated at 410 USD. In 2002, agriculture rose by 4 percent 
and in industry, by 9.4 percent. The service sector growth rate has increased by 6.5 percent in 
2002 (VN agency, 2003). In total, the growth in rural areas depends on agriculture and small 
businesses such as brick and tiles, agro-processing, food-processing units, carpentry etc. 
 
 
7.2. Rural Electrification in Vietnam  
 
The term rural electrification is mainly referred to the areas located far from the cities in 
mountains in north, Highlands in center and Mekong delta in south. Like many other 
developing countries, Vietnam also faces a major challenge of meeting the growing electricity 
demand. This is particularly true in rural areas where the demand is growing and people 
intend to improve their living standard. From the government side, poverty reduction is a high 
priority in the 5-year plan and 10- year strategy. Government recognizes that provision of 
electricity is important to help rural people improve their living standard and augmenting 
income. 
 
In the beginning, electricity in rural areas was mainly supplied for irrigation with the least 
focus on domestic lighting. Later, an ambitious investment program was initiated in 1994 to 
improve electricity access in rural households. Focus has also been given to supply cheap 
electricity, reduce distribution losses and improve end-use efficiencies. 
 
The Annual report of Electricity of Vietnam (EVN) reveals that rural electrification ratio in 
Vietnam is higher than several other countries of the region. Until 2003, 511 out of 521 
districts (or 97.7%) had access to the national grid. In 2004, there were 258 communes 
electrified in which most of them located in mountains, remote areas, old bases of revolution 
and resistances. In terms of rural households, about 83.5 percent have been connected to the 
national grid (Figure- 7.1).  
 
Many of un-electrified households are not expected to touch through grid due to large 
investment and technical reasons. Un-electrified households also exist in electrified 
communes that could not be economically connected by the grid because of sparsely settled 
far away from the main village and sparsely settled. As per the estimations, substantial share 
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of these households could be served by renewable energies at a cost similar of grid connection 
(US $ 400 – 500 per household) (REAP, 2000). This justifies the scope of RETs for being 
used as decentralized distributed generation technologies. 

                    (EVN, 2003) 
 
As per the rural electrification master plan, up to the year 2010, 95 percent of communes and 
90 percent of the households will be supplied with electricity. 
 
 
Administrative structure of electricity supply 
Following is the administrative structure responsible for the rural electrification program in 
Vietnam: 
 

1) Ministry of Industry (MOI) provides overall planning, guidance and supervises 
implementation 

2) Ministry of Planning and Investment (MPI) together with the Ministry of Finance 
(MOF) prepares an annual investment plan (from state budget, confessional credit and 
Official Development Assistance (ODA) funds) 

3) EVN (Electricity of Vietnam) is the state owned enterprise works on Generation, 
Transmission and Distribution of electricity in the country. 

4) Provincial people’s committees (PPCs) prepares investment plans and manage rural 
electrification programs in their territories 

5) The State Bank instructs commercial banks to provide confessional loans to poor 
households. 

6) Institute of Energy is a consulting organization of the MOI and EVN. 
 
New Electricity Law 2004 
Vietnam’s Electricity Law 2004 envisages rural electrification to be taken up on large-scale, 
but mainly through the grid extension. For electricity supply in rural, highland and island 
areas, it suggests to attract every manpower and financial resources for investment, 
construction of electricity infrastructure. Anyone generating, distributing and trading 
electricity in rural areas with difficult socio-economic conditions will enjoy the preferential 

 
Figure 7.1  Rural Electrification Ratio 
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investment, finance and other preferences according to the law on encouraging the 
investment. 
 
People living under particular difficult social-economic conditions will have access to 
electricity for lighting and productive application. It gives priority for the sufficient and 
timely electricity supply to the irrigation pump-stations for watering, de-watering and fighting 
against droughts and water-logging. It encourages agencies and individuals in construction 
and investment of electricity grid or power stations using the power on the spot, renewable 
power in order to supply electricity to rural, highland and island areas. Act says that the 
investment projects on developing the power plant using the renewable sources of power will 
be enjoyed the preferential investment, electricity price and tariff. 
 
People’s Committee at all levels shall have responsibility for giving the favourable condition 
for agencies and individuals in investing, improving and upgrading the electricity grid in rural 
areas. However, it is difficult to project that the plans will achieve sufficient success in the fix 
time. The main reason is the absence of appropriate strategies for the implementation of plans. 
 
Electricity Tariff  
There is a uniform national residential retail ceiling tariff of 4.5 US cents per kWh for 
communes connected to the grid. On exceptional basis, government allows flexibility in rural 
tariff, to allow the recovery of distribution cost by the local authorities selling power. This has 
been allowed under a government decree that permits peoples’ committees (PCs) to decide on 
exception to the 4.5 US cents per kWh rural residential tariff rule. Under the flexible tariff 
system, about 7 percent of consumers paid more than 5.8 US cent, 32 percent paid 4.5 – 5.8 
US cents, and 61 percent paid 2.9 – 4.5 US cents per kWh. The PCs sell electricity to the local 
rural distribution company at a wholesale price approved by the government 2.3 US cents per 
kWh, which is less than the cost of generation. This implies that there is cross subsidy to rural 
consumers from the other consumers. However, general electricity tariff applied in the 
domestic sector is shown in table 7.2. 
 
Table 7.2. Year-wise change in electricity tariff in urban and rural households of Vietnam*  
Urban Households 1990- 92 1992- 94 1994- 95 1995- 96 1996- 97 1997-99 1999-2002 
< 100 kWh 230 450 450 450 450 500 500 
101 – 150 kWh 230 450 450 550 600 650 704 
151 – 200 kWh 230 450 600 650 800 900 957 
201 – 300 kWh   800 850 1000 1000 1166 
> 300 kWh      1250 1397 
Rural households 184 360 360 360 360 360 360 
*Price indicated in Vietnamese Dong (VND), (PREGA, 2004) 
 
7.3. Rural Energy Demand Structure in Vietnam 
The energy demand varies according to local climate, living standard and local energy 
resources. Based upon the survey conducted by various agencies, Vietnam can be split into 
three different regions: North, Central and Southern. From the interviews and various studies, 
a sample of energy demand in villages is presented in figure- 7.2. It was found that the energy 
use-pattern is divided into 4 categories activities: rural households, agricultural, rural 
industries and community services. This energy demand structure was also presented by the 
Vietnamese delegation in a World Bank workshop on Energy-Poverty held in Cambodia on 4-
5 May 2005. 
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Figure 7.2  A Sample Structure of Energy Demand in Villages of Vietnam 
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ii) Lighting: Lighting in households has clear linkage with affordability. In surveyed 
electrified villages, 93.2 percent households had electricity. Remaining had no electricity 
due to poor economic situation and use kerosene for lighting.  

iii) Space Heating: About 27 percent of households used fuel wood for space heating 
with the total average time of 40 days in the winter season and consume about 10 kg 
wood fuel per day. 

iv) Water requirement: Open wells are the main source of water. Only few households 
(with high income) have electrical pumps for lifting water. Besides, some common wells 
exist in the villages. 

v) Refrigeration: Refrigerators for preserving food and ice making are in use but only 
in few households. 

 

Agricultural Production 

Agriculture is the main source of income in villages. Consumption of energy in 
agriculture are described in the following sections: 

i) Crop Production: Two energy consuming end-use are irrigation and land 
preparation. Farmers get water from the irrigation channel or lift through diesel 
pumps. Land preparation is mainly done through animal power. In case of big land 
size, tractors are used. 

ii) Harvesting: About 50 percent households use electricity for threshing rice and 
remaining perform the activity by the use of diesel threshers. 

 

 

Small and Cottage Industry 

i) Agro-processing: Rice milling is a major activity in agro-processing. 
Households mainly use electrical machine for milling rice at the small scales. 
Another major energy consumption is in tea processing units for drying purpose. 
However, this activity has been existed only in specific location. 

ii) Food Processing: Food-processing in mainly small-size noodle and tofu-
making units. Stoves used are similar as used in the households but in larger size. 
Grinding of rice for noodles and soybean for tofu making is manual. Type of fuel 
use varies with its availability, however wood and coal are mainly used. 

iii) Bricks and tile making are the largest energy consumers that use different 
types of kiln depending on the type of fuel used. Coal-fired kilns have been used in 
the north region and wood-fired kilns are mainly used in the south-central and south 
part of the country.  

iv) Carpentry shops are often operating at a small-scale by 3-5 person. 
Electrical devices are used for sawing and cutting of wood. 

 

Community Services 
Electricity is also used in community services such as vaccine refrigeration, lighting for 
clinic, schools, cultural houses, seat of community committee and rural water supply. Lifting 
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of water from the common wells is often done manually. Its application is also in commercial 
services such as repair and maintenance shops, small mechanical workshops. 

 

7.4 Alternative Energy Source in Vietnam 
 
In Vietnam, the two main alternative energy sources harnessed for electricity generation are 
solar and micro-hydro. Others such as wind energy and biomass energy are still in research 
and demonstration stage or have been used for limited applications. The availability and 
application of all four resources have been described in the following section. 
 
 
Solar Energy 
 
Vietnam is situated in tropical zone from northern latitude 8 to 23 degrees. As a result, 
country has rich solar energy potential, especially in the southern part. Availability of solar 
energy in Vietnam can be divided into five zones (table- 7.3)  
 
Table 7.3  Solar radiation in different zones of Vietnam (Thong, 1999) 
Region Radiation 

kCal/cm2/yr 
Average annual 
sunshine hours 

Availability 

Northeastern zone 100-125 1500-1700 Intermittent 
Northwestern zone 125-150 1750-1900 Intermittent 
North and Middle of Central 
Vietnam 

150-160 1700-2200 Continuous 

Western and Southern 
Central of Vietnam 

150-175 2000-2600 Continuous 

Southern Vietnam 130-150 2200-2500 Continuous 
 
 
In total, solar power in Vietnam is high and it can be exploited. However, it can be more 
effectively utilized in southern part than that in Northwestern region. The most important 
factor is that solar radiation in central and south of Vietnam is continuous whereas it is 
discrete in northern provinces especially during winter and autumn. 
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Micro-hydro resources 

Vietnam is endowed with rich hydropower resources. Technical potential of small 
hydropower (less than 10 MW per site) ranges from 800 to 1400 MW, mainly in North and 
Central regions of the country. There are about 300 commune- level small hydropower 
systems between the capacity of 5 to 200 kW reaching the total installed capacity of 70 MW. 
At the country level it was estimated that 45 percent of 700 un-electrified communes have 
hydropower potential, which can be technically and economically developed. Most of these 
sites are in Northern and Central region. The map of micro-hydro potential sites is shown in 
figure 7.3. 

Figure 7.3.  Micro-hydro potential sites in Vietnam 
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Biomass resource availability 
Vietnam has abundant biomass resources, which can be utilized to substitute an important part 
of the fuel and electricity needs of the country. The major biomass sources in Vietnam include 
(i) wood residues and firewood, (ii) crop residues. 
 
Wood residues and firewood: In 2002, the gross output of lumbered wood logs was around 
2.43 million m3. Most logs (locally lumbered and imported) are processed in sawmills. In this 
year, about 1.51 million m3 of lumber was produced. With an average volume ratio of wood 
residues to log to be 0.6 for the sawmills in Vietnam, the total wood residues generated in 
sawmills was about 2.27 million m3 or 1.59 million tons (about 0.27 million tons of sawdust 
and 1.33 million tons of wood chip). 
 
Crop residues: Crop residues can be classified into two main groups: agricultural wastes 
after harvesting (rice straw, cane trash, peanut shell, etc. and agro-industries’ residues after 
processing (rice husks, bagasse, cassava peels, peanut shells, coffee husks, etc). The 
production of paddy in 2002 reached 24.1 million tons reveals that 6.8 million tons of rice 
husk and 64.7 million ton of paddy straw has been generated. These waste residues 
concentrated mainly in two delta regions: Mekong River Delta (51.3%) and Red River Delta 
(19.6%). In these areas, the residues are used mainly used as fuel in brick making (rice husk), 
household cooking (rice husk, paddy straw) and burning on fields to produce fertilizer (ash). 
 
In 2002-2003, 5.5 million tons of bagasse was extracted from the production of 16.8 million 
tons of sugar cane. Moreover, other biomass sources such as sugarcane, cassava stem, cane 
trash, maize husk, coconut shell and leaves are also available due to their high production, and 
table-7.4 summarizes the quantity of these biomass sources. Applications of these biomass 
resources vary from area to area many of which are either used as fuels for household cooking 
or as burning material in brick factories. 
 
Table 7.4  Availability of major biomass sources in Vietnam (2002) 
No. Agro-Industries residues Amount (Million tons) Primary Energy Content 

(GJ) 
I    Wood residues and fire wood  
1 Saw dust 0.27 3132 
2 Wood chips 1.33 19950 
3 Firewood 12.4 186000 
II   Crop residues 
4 Paddy straw 64.7 905800 
5 Rice husk 6.81 77634 
6 Maize husk 5.8 72500 
7 Cassava stem 1.25 15625 
8 Cane trash 1.68 21000 
9 Bagasse 5.5 39655 
10 Peanut shell 0.12 1500 
11 Coconut shell and leaves 5 90000 
12 Coffee husk 0.28 4359 
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Wind energy 
Wind has an overall potential of 390 MW measured at 10 sites (on higher side with lowest 
wind speed at the site of 6.1 m/s). However, till date, wind energy in Vietnam has been taken 
up only at the demonstration level and not been adopted under the rural electrification 
program. Presently, there are few organizations working in this field but so far results are not 
convincing, which can be used for the large-scale implementation. A map of wind energy 
potential sites is shown in figure 7.4. 
 
There are few sites identified in the country where wind potential is currently under 
measurement. Discussions held with the experts at the Institute of Energy, Hanoi reveal that it 
will take another few years to come up with an accurate wind resource data based on which 
large-scale implementation can be proposed. 
 
 

 
Figure 7.4 Wind energy potential sites in Vietnam 

 
 
7.5. Renewable Energy Action Plan (REAP) 
 
In 2000, the REAP was prepared by the team of experts from the Ministry of Industry, The 
World Bank and the Electricity of Vietnam (EVN). It was estimated that about one million 
households in the country are located in remote and isolated areas where provision of 
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electricity will not be feasible through national grid. Supportive policy framework, financing, 
capacity building have been written as important factors for large-scale deployment of RETs 
for rural electrification and grid supply in Vietnam. REAP clearly indicated the priority to be 
given on providing energy services in poor communes and villages, with particular attention 
to stimulating income generating activities through electricity provision. 
 
REAP has suggested the implementation to be carried out in two phases: 1) capacity building 
phase 2) Implementation phase. Several components that are focused to develop have been 
described below. 

- Renewable energy policy and Development: Building on the rural electrification 
policy, technical assistance will be provided to a) prepare decrees and regulations 
needed to encourage off-grid rural electrification and small power producers to sell 
to the grid, b) improve assess to financing, c) investigate tax incentives, and d) 
provide training and business development assistance to business and government at 
all levels. 

- Individual households/Institutional Renewable Energy Systems: It aimed at 
supporting the sale and after-sales service and support systems (improved pico-hydro 
and solar PV) for use by individual households, schools and other institutions that 
could not be connected to the grid. 

- Community based isolated Grids: It envisages for providing support to 20-80 
communes in northern provinces to build and operate mini-grids based on hybrid 
systems. Technical assistance will be provided to develop community electricity 
cooperatives or mini-utility businesses, as well as stimulate income-generating 
activities. 

 
The document suggests the strategies of management and coordination, financing strategies, 
international assistance and risk and management tools. Special attention is envisaged on 
organizational set-up and financial sustainability of commune based systems. Deeps concerns 
were that phase –1 will allow learning through pilot projects, before scaling up activities in 
phase – 2. 
 
Prevailing barriers: The REAP document elaborated the prevailing barriers in the 
development of RETs in the country. These are: 

- Lack of reliable data on renewable energy technologies 
- Limited access to financial sources for investment 
- Absence of “concrete” government policy on renewable energy 
- Lack of manufacturing base- (all equipment must be imported which is expensive) 
- Lack of wider international co-operation 
- No private funds for user access, complicated bank-assisted schemes. 
- The market for private players is limited due to the low income of the villagers and 

the absence of any subsidy or institutional financing apart from the (fragile) revolving 
credit facility organized by SELCO with the Vietnamese Women Union and the Bank 
of Agriculture (for PV pilot project). 

 
 
7.6. Status of RETs 
 
Started in 1985, the activities on RETs application in the country have reached to a stage 
where its sustainable deployment and long-term functionality needs adequate policies. Until 
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now, the efforts made are mainly through international support and some from the 
government end. As a result, various technologies such as solar PV, solar thermal, micro-
hydro, wind turbines have been installed for different applications. The total installed capacity 
of these technologies has been shown in table- 7.5. 
 
Table 7.5. RETs installed in Vietnam (SOLARLAB, 2005) 

Technology Installation 
Solar Home system 
Solar Community center 
Solar Rural school 
Solar Rural clinic 
Solar vehicle 
Solar Power plant 
Solar Ambulance 
Solar Boat 
Total (including others) 

2902 
19 
7 
4 
1 
1 
1 
1 
~ 800 kWp (as on 2004) 

Wind  2 MW 
Micro-hydro 70 MW 
Biogas 
Biomass Gasifier 

1600 
1 

 
From the table 7.5, a fact can be drawn that solar PV is seen as a most promising technology. 
The growth of solar PV systems has been shown in figure 7.5. Although, other technologies 
have not been adopted on a wide-scale but surely provide large scope for their dissemination 
in the country. RETs have a major role to play in the rural health clinic, micro-irrigation, rural 
schools, navigation system and boats, which are the major tourism attraction in the central 
part of the country. 

 
 
7.7 Experiences on RETs in Vietnam 
 
Large part of the Vietnamese population lives in rural and mountainous areas. They consume 
tremendous amount of biomass (crop residues, fuel wood, etc) for their domestic use. The 
proportion of other fuels is very low in household daily energy demand. As shown above, the 
alternative energy technologies have been pushed in the country but they show marginal 
presence in comparison to overall national energy scenario. Based on the literature survey and 

Figure 7.5   Development of Solar PV installations in Vietnam
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discussion with the energy experts, key challenges and lessons learned for the implementation 
of RETs have been extracted which are discussed in the following section.  
 
Small Hydro Power 
A commune based small hydropower system is a promising option for providing electricity in 
difficult locations of Vietnam. It is accepted as economical option when a sufficient load 
exists in a stand-alone network. In Several locations, small hydropower system is providing 
sufficient electricity for productive loads (such as irrigation, rice husking, sawing, etc), 
common services (schools, health service centers, street lighting) and households depending 
on capacity of generator. Typical range of small hydropower systems in Vietnam range from 
1000 to 1200 kW, however, systems have been installed at the household level of 5 kW 
capacity.  
 
It is estimated that half of the installed systems do not operate due to variety of reasons. In 
many cases, it is not clear about the ownership of the system and responsibilities of operation. 
Lack of clarity in allocating maintenance responsibility, cost for repair and financial 
management led to failure of several systems. Inadequate training and poor income of 
operator gave poor operation. Poor quality of components and lack of supervision are other 
reasons of failure. In few cases, poor site selection has led the system operate only for several 
hours or operate only during rainy season. 
 
Some hydro stations were installed for spot supply without considering the proper match 
between reservoir and capacity. Careless design and construction caused leakage in dam and 
water shortage in dry season. Consequences are limited operation and low electricity 
production in dry season. Average load factor of some stations are low (only about 0.15) with 
daily operation time of few hours in dry season. This is common in case of systems supplied 
power for irrigation. 
 
Domestic ability of manufacturing of small hydro equipment as well as spare parts is still 
weak. Domestic generators have low efficiency and often fail due to poor quality. System that 
operates successfully works under strong and well-controlled management. End users and 
owner of projects participate in project designing and have suitable financial management 
system. In few cases, operators were technically trained and paid equivalent income to 
operators in bigger cities. 
 
Lessons learned:  

Some lessons have been drawn from the experiences on Hydro systems in the country, which 
are addressed below: 

- It was observed in several cases that where community members were part of the process 
from the beginning, routine maintenance was better performed, the willingness to 
maintain the system was higher and financial contribution was greater and more reliable. 

- The community should be committed to make a financial contribution to the investment 
cost to ensure ownership.  

- A blend of financing is required, including subsidies, contribution from the community 
and commercial loans at lower interest rate.  
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- The commune or cooperative should be responsible for the continued operation of power 
plant. Operation, maintenance and repair costs must be covered from revenues by selling 
electricity at an affordable cost to the rural households. 

- Productive loads should be under priority from the first day of the operation. Productive 
load development and income generating activities must be promoted through a targeted 
dissemination program.  

- Access to technology and technical assistance is necessary. For repair and replacement of 
parts, support from district or provincial level should be made mandatory based up on 
annual plan. 

 
 
Photovoltaic Applications 
The main component of PV system i.e., PV module, is imported, whereas country has 
manufacturing skills on auxiliary devices such as: battery, charge-controller, charge 
controller, and compact fluorescent lamp. PV systems in Vietnam include solar home system, 
battery charging station, stand-alone mini-grid (table-4). Limitations so far of PV system are 
its high initial cost and low productive applications. 
 
Vietnam began using PV systems in the 1990 when Solarlab- Institute of Physics, Vietnam 
Institute for Scientific Research initiated a project to set up PV systems around HCM City. 
Since then, country has approximately 800 kW installed solar PV systems main used in 
navigation and telecommunications, institutional systems such as institutions, hospitals, 
cultural centers and battery charging stations, and household systems. Design and installation 
expertise is available in Solarlab and the Institute of Energy. A private company Solar 
Electric Light Company (SELCO) is involve in marketing channel in the country. 
 
It is estimated that over 4000 solar home systems have been installed, mostly in Southern 
Vietnam. Most of these installations received foreign assistance and some through 
government funding, without much concern of any returns. Experiences show that PV 
systems operate stably, but technical problems are faced in battery and controller units mainly 
because users don’t follow operation guidelines. In many cases, when battery was nearly 
empty, controller was disconnected. To continue getting electricity, users often connect wires 
directly to the batteries without using charge controller. This resulted in capacitance of 
batteries reduced over acceptable level, exhausted and failed in a short time. Therefore, 
guideline and technical services after installation are required for households PV systems. 
 
 
Commercialisation of PV systems:  
In 1995, the first solar electricity service model was implemented by SELCO- Vietnam, a 
private US based company. SELCO-Vietnam has received assistance from International 
Finance Corporation (IFC). It works in collaboration with the Vietnam Women’s Union 
(VWU) and Vietnam Bank for Agriculture and Rural Development (VBARD). SELCO- 
Vietnam is responsible for supplying products, installation, technicians training. VWU is 
responsible for promoting SHS to villages and collecting instalments from the users. The 
VBARD extends loan through a complex process, which is difficult for poor families to 
adopt. SELCO receives 100 percent of installation payments in the first year. Villagers pay 25 
percent of the initial cost in advance and repay the balance in 3-4 years. 
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But the real process of commercialisation of PV systems is in a primitive stage and the work 
done so far could not be marked as successful. This is mainly because of absence of 
government support structure and lack of risk management tools. Since 1998, SELCO has 
installed over 2,300 SHS systems. 
 
In overall, the situation reflects that only affluent households can afford SHS. As per the 
SELCO’s estimates, upper 15 percent of rich farmers in Southern Vietnam can buy SHS on 
cash payment and 15 percent buy on loan basis. Remaining 70 percent farmers cannot buy 
SHS. Therefore, financial incentives by the government such as subsidies will help surging 
PV market and systems affordable to the poor families. Also, poor credit facilities through 
banks restricts the families to afford a PV system.  
 
 
Lessons learned: 
The most critical barrier to dissemination of PV systems is high cost in comparison with low 
income in rural areas. Hence, the commercial services on PV systems need to be aimed at 
improving the affordability of the poor households. In order to enhance PV application in 
poor areas, it is required to have provision of subsidy from the government. 
 
In addition to financing, successful commercial deployment requires effective service 
delivery mechanism. Early experience from the SELCO-Vietnam and Vietnam Women Union 
initiative shows a 90 percent loan repayment rate, indicating that users are satisfied with the 
service delivery. The following elements have been identified as critical for effective service 
delivery that lead to high rates of cost recovery; 
 

• Client must be screened for meeting loan terms. Loan repayment procedures must be 
clear and enforced - and infrastructure for collecting payments must be present 

• System needs to be of higher standard - designed for easy operation and low maintenance 

• Communes selected for SHS development must have a reliable solar profile and should be 
limited to those unlikely to be connected to the rural grid 

• After sales service and maintenance must be available locally to ensure that system 
operates well 

• Users must be trained on the capabilities and the limitations of the system 

 

Biomass and Wind technologies 

In 2002-2003, 5.5 million tons of bagasse was produced with the production of 16.8 million 
tons of sugar cane. Out of 16.8 million tons of sugar cane processed, 67 percent was fed into 
44 small and medium scale sugar mills (>500TCD). In these mills, the bagasse has been used 
as fuel in the cogeneration plant to generate electricity and steam, satisfying the demand of 
the factory. The remaining (33 percent) sugar cane has been processed by small, hand-made 
mill. In these mills, bagasse is used as fuel for juice condensation, which is very inefficiently 
utilized.  

Biomass gasifier, which is presently passing under testing and demonstration phase shows a 
good scope of being used as decentralised electrification technology. These technologies are 
yet to gain experiences and applied on a wider scale. Similar is the case with wind energy 
technologies. Currently there are several site identified where the date is measured. Due to 
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incomplete availability of data, wind technology is expected to take some more years for 
being accepted as the alternative energy technology. 

 

7.8. Stakeholder Analysis 
 
The stakeholder analysis was carried out to obtain the present thinking of energy experts and 
key challenges in the field of rural electrification in Vietnam. Assessment is made on 
government policies on rural electrification, status of RETs as off-grid electrification option 
and issues of management, maintenance and, finance. Fourteen experts were interviewed from 
the ministry, electrical company, consultancy, research organizations, NGOs and, business 
enterprise (Figure 7.6). Survey was also conducted with the help of structured questionnaire 
(See annex–1).  
 

 
 
Following section describes the result of the analysis. Views presented are conclusion of all 
discussion except in few cases where individual impressions have been highlighted. 
 
 
Results of the analysis 
 
Importance of rural electrification  
Rural electrification is considered as a serious issue at all administrative level because a large 
part of country’s population resides in rural areas. It is accepted as a tool to reduce the gap 
between urban and rural areas in terms of social and economical status. Environment in rural 
areas is not seen as a serious issue but provision of electricity will help conserving traditional 
fuel through fuel switching process for the future. 
 
Access to electricity means meeting the domestic requirements and productive application, 
which is mainly irrigation. Rural industries and other possible commercial activities are given 
least focus. Remote villages are sparsely settled therefore the cost of electricity supply is 
higher in comparison to the urban areas. Therefore, least cost option is needed to exercise. 
 

Figure 7.6  Interview with energy experts in Vietnam
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Future of rural electrification 
Government is committed to electrify 95 percent of rural households by the year 2010 by 
adding both grid as well as renewable energy technologies. But, the challenge is to electrify 
settlements in mountainous, highland and islands regions. Experts indicate that it will take 
another 20 years or even more (for now on year 2005) if the country continue going with the 
current pace of electrification. They say that the efforts made and work executed so far to 
achieve such commitment are lower than required. 
 
The process of RE will not be successful if the government lacks to provide supportive rural 
electrification policies with suitable financial mechanism. The provincial governments do not 
have stake in the finance part, it is all controlled by the central government, which sketches 
the boundaries for any initiatives in the province. Equally important is to draw lessons from 
neighboring countries such as Philippines, Indonesia, Thailand and China where work has 
been carried out on a massive scale. 
 
Drawbacks in Government policies 
Policies on rural electrification exist but they perform well in the discussion. In practice, they 
face several barriers to carry out implementation work. 
- Lack of guidelines and strategies on implementation of rural electrification program 
- No performance appraisal of the existing policies 
- There is no provision of subsidies on renewable energy technologies. 
- Investment from the government is limited (or, lack of financial resources) 
- Private players do not find adequate support to develop the market. 
- Lack of credit facilities keeps RETs unaffordable to the people. 
- Management mechanism of the process is still week. 
 
There is a need to develop policies in detail and also the guidelines of the rural electrification 
implementation strategies. In principle, the provincial and district government have rights to 
take individual decisions. But in practice this is not true because the fund (finance) depends 
on Central Government. 
 
Technology and Management 
The overall approach of rural electrification is mainly target oriented. The management of 
technology is given minimum focus. In the present approach of electrification, extension of 
national grid is largely focused. It is therefore a matter of big concern for electrifying 
remaining 5 percent households, which are difficult to connect by the grid. Off-grid 
technologies are mainly RETs but experiences are mainly through stray activities carried out 
by various organisations. Efforts made so far show some success but it has not been canalised 
and widely disseminated. Because the country lacks in manufacturing base, technologies are 
mostly imported from other countries. 
 
Selection of technology in the government is based on cost factor whereas social benefits that 
a technology can offer are not considered in detail. For example, field visit to An Lac 
commune, which is electrified by solar PV in 2002, in Dak Lak province gives a picture that 
the commune is still isolated even after electrification because telecommunication was added 
in the planning process. Although PV systems are delivering enormous benefits but village 
still lacks proper connectivity with the main town. This is one example that indicates the 
provision of electricity has not been carried out in an integrated manner. Lack of knowledge 
about the new technologies among government authorities also failed to generate confidence 
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for their large-scale dissemination. Thus, social benefits of technology are also as important 
as economical benefits and this should be embedded into the process of technology selection. 
 
Management of technology is also poor in the maintenance terms. Except in few cases, little 
focus has been imparted on long-term sustainability after the systems had been installed. 
Maintenance is particularly important for mountainous, highlands and island regions where it 
is difficult to provide quick energy options. Experts say that community stake is important in 
the Implementation process and thus should be developed by system some share for the 
maintenance cost to come from the community. Technician training, redress consumer 
appraisal, revenue collections and local maintenance should be the components of every 
project. 
 
Finance 
The budget for rural electrification In Vietnam is mainly to support grid extension. There is 
no separate funding for off-grid electrification technologies, which is restricting to country to 
adopt a systematic approach. Lack of financial incentive such as subsidies, tax rebate, low 
interest loans from the government side making RETs unaffordable to poor families, stops 
private player to enter into the markets and expand the technology base. Therefore, RETs 
(discussed as off-grid technologies) despite having a large renewable energy potential, have 
not been able to gather adequate push in the country. Activities carried out to develop off-grid 
technologies are mainly through pilot projects funded by the international support. These 
projects have not been able to attract government attention because work done so far has 
shown a collective effort. 
 
Private electricity power producers in Vietnam are mainly the sugar mills, which are facing 
difficulties in investment capital. Their main objective of the investment is to improve 
equipment in order to enhance product quality and to reduce operational costs. The possible 
emergence of new entrepreneurs is difficult because most of the companies have a very 
limited possibility of investment. 
 
Publication  
The real insights of RE in Vietnam was found in the Rural Electrification Master Plan 
document, which was published in 1998. In this document, RE was clearly understood as a 
necessity for the overall development of the country. After seven years, this document is 
frequently used as a reference material despite the fact that much of the RE situation of the 
country has been changed. Today, there is a need to establish new studies based on which 
rural electrification strategies can be developed and further research can not be carried out. 
 
The documentation of successful examples is very important aspect for the replication and 
improvement in the present approach. Experts say that data availability and up-gradation is 
important for research and future projections on demand and supply. At present, availability 
of updated data is not.  
 
 
Specific barriers to decentralized Energy technologies 
There are several barriers towards successful dissemination of improved energy services and 
technologies in Vietnam, which have been described below. 
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Policy makers have a general approach that electricity supply through grid and the 
construction of big central power plants are the economical ways for development of power 
sector in Vietnam. Therefore, rural electrification has shown large success under the 
conventional approaches. But this is a clear indication that the distributed technologies, 
mainly RETs, have not been planned to promote in the country. 
 
Lower electricity prices: Electricity purchase from the private companies priced less than their 
average tariffs. For example, the EVN’s average tariff is about 5.5 US cents/kWh, but the 
selling price of electricity from private small power producers to the EVN is only around 4US 
cents/kWh. The low selling price of power leads to longer payback period of power projects, 
which is often a case with biomass, based power plants. 
 
Lack of adequate policies and regulations to purchase power from small power producers: 
Although Electricity of Vietnam (EVN) is purchasing electricity from several private 
companies, but the regulations to purchase power have not been issued. The power 
purchasing contracts are negotiated case-to-case basis. The policies, regulations and 
procedures for encouraging renewable energy require a level playing field with conventional 
generation. 
 
Lack of the technical knowledge and skills to implement renewable energy power project are 
also the reasons for limited application. Besides, there is a lack of production capabilities in 
the country to carry out projects and also a lack of contractual vehicles to facilitate the project 
financing and implementation. For example, solar modules are imported from other countries 
such as Japan, Australia and China. Import of expensive equipment leads to higher investment 
cost while the selling price of electricity is still low leading to prolonged payback period. 
 
Lack of cohesiveness: Experts say that there is a lack of awareness about the policies to the 
people working in the ministry. People working in various ministries such as health, 
communication and transport have equal responsibility of rural development as that by the 
ministry of Power. It is important that electricity should be considered in an integrated 
manner if we are serious about the overall development of the rural areas. 
 
Absence of technical standards:  Off-grid technologies are new in Vietnam and have been 
demonstrated only through the pilot scale projects. Poor manufacturing base is also leading to 
poor technical standards of the energy systems. The technologies, which have been imported, 
meet the international technical standards. There is a need to work on technology specific 
manual to develop the technical standards in the countries. 
 
 
7.9. Conclusion: Relevant Investment projects 
 
Like several other developing countries, Vietnam is also developing the process of rural 
electrification. Government has recognized the importance of rural electrification by giving it 
a high priority in the country’s 5-year plan and 10- year strategy. At present, the country has 
better rural electrification status than many other countries in the region. But, the challenge 
that still remains is to provide electricity in 5 percent of households where grid will not be 
possible to extend. 
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The experts in Vietnam have understood economical and social aspects associated with the 
provision of electricity. REAP document suggests use of RETs as an alternative mode of 
electrification in off-grid regions. Tools and instruments have been suggested for its adoption 
in the country, but current situation reveals that RETs are still new in the country and 
experiences available are the collection of stray activities. The renewable energy potential 
indicates that small isolated hydro-power plants can supply electricity in the north and central 
regions. While solar PV systems could serve several thousand households in the south and 
center. Wind resources are not adequately identified but expected to feed good amount of 
power to the national grid. 
 
From the stakeholder analysis, following are the relevant projects, which may help in 
improving the rural electrification situation in the country. 
 
Proposal- 1: Assessment of resource availability at micro-level 
The available data on energy resources does not say any specific technology, which will be 
suitable for off-grid electrification. To electrify remote villages, there is a need to create 
energy resource data based on which appropriate technology can be selected. 
 
Proposal- 2: Customisation of technology 
The specific requirement is of the customisation of technology, which fits to the need of 
people. For example, solar home systems have fixed capacity, which often does not consider 
the affordability of the households. Customizing a technology according to the need and 
affordability of the households will help increasing the penetration of SPV systems in the 
rural areas. 
 
Proposal- 3: Matrix for technology selection 
Most of the RETs are new in Vietnam and have been imported when decided to implement. 
At present, selection of any technology is based on ministry’s instruction and the availability 
of funding. The lack of technological base does not offer open options for choosing 
appropriate technology according to the resource availability. It is imperative that a matrix of 
technology is prepared to identify a best option in economic, environmental and socially 
accepted terms. 
 
Proposal- 4: Public-private partnership, market access, incentives, and risk management tools 
Inadequate support from the government structure restricts wide-scale dissemination of off-
grid technologies. This also keeps the private sector away to participate in the process. 
Absence of risk management tools such as insurance for new energy technologies generate a 
sense of high insecurity in the business. There is a need to develop risks mitigation options 
with the involvement of government and private partnership. 
 
Proposal- 6: Capacity building 
Selection of RETS in Vietnam is decided by the upper level management systems who are not 
well aware of the technologies. Poor knowledge leads to lack of interest and low-level efforts 
on management, repair, and maintenance of technologies after the installation. Therefore, 
capacity building measures are needed at all level to sustain technologies in long term. 
 
Proposal- 7: Decentralization of administrative structure 
In Vietnam, the responsibilities for rural electrification are divided in different administrative 
levels but financial power is mainly under the control of the central authorities. Local 
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authorities at the province or district level are bound follow the instructions given to them, 
which takes away research component and local initiatives. It is therefore, a need to involve 
provincial as well as district authorities in the decision making process, which in turn, will 
boost the efficacy of the implementation process.  
 
Proposal- 8: Establish crosscutting projects 
Mere supply of electricity is incomplete for the complete development of villages. Equal 
importance has to be given on other sectors such as health, education, transport and 
communication to synergies the benefits of electrification. Establishment of crosscutting 
projects is important to bring together the synergic benefits of electrification. 
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Chapter- 8 
 
 
Understanding of Rural Electrification In 
South Africa 
 
 
 
The present case study “Understanding of Rural Electrification in South Africa” has been 
conducted as part of the PhD research to fulfil the requirement of two country studies. A three 
months visit to South Africa was made to assess the rural electrification situation through the 
literature survey and stakeholders analysis with the help of structured questionnaire and 
discussion process. 
 
During this process, particular attention was paid on the government policies, projects carried 
out in rural areas and their impact, prevailing barriers and lessons learned in the field of rural 
electrification. Potential and the status of renewable energy technologies (RETs) have been 
assessed to identify their scope as off-grid electrification option for remote areas. Relevant 
projects have been suggested in order to make rural electrification process more effective and 
a viable business.  
 
 
8.1. Introduction 
 
The development process in South Africa started in 1994 after decades of struggle in the 
apartheid era.  In order to evolve out from the divided infrastructure, revolutionary 
reconstruction and development programmes were initiated with major emphasis on better 
living standards, equity, economic empowerment to historically disadvantaged, poverty 
alleviation, and several more. Rural electrification was considered as one of the prime-movers 
for the development of rural areas. 
 
The process of rural electrification was seriously taken up in 1994 when electricity was 
accepted a basic need for all. The term “Rural” was defined as all areas not proclaimed as 
urban, including commercial farms, small settlements, villages and other areas, which are not 
part of proclaimed towns and cities (NER, 2001). According to the Census 2001, about 21.5 
million people (approx. 47 percent) live in rural areas with poor infrastructure, insufficient 
basic amenities, low incomes, lack of human skills, etc (NER, 2002). 
 
In the first phase of National Electrification Programme (NEP), between 1994-1999, more 
than 2 million houses were electrified with greater access to the previously marginalised 
population (only 30 percent of the black population had access to electricity). After achieving 
the target one year ahead of schedule, more houses were electrified - 256023 in 2000 and 
209535 in 2001. In 2002, the Department of Mineral and Energy (DME) launched Integrated 
National Electrification Program (INEP) with more concerted efforts on improving the socio-
economic condition of the people.  
 
In the past 10 years electricity has benefited up to 65 percent population from a mere 30 
percent in 1994. In 1999, a large-scale off-grid (Solar home system, SHSs) program was 
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initiated for the energisation of the remote settlements. Tremendous efforts have been made to 
make electricity accessible to the people but quantitative assessment could not be justified in 
qualitative terms. Marked improvements such as better lighting, information access and 
entertainment through television and radio, have been observed but electricity remain 
unproductive for majority, which means electricity is unaffordable to the poor. 
 
To understand rural electrification process in South Africa in greater detail, this case study 
describes the importance of rural electrification, growth, impact of the initiatives undertaken, 
barriers and some useful suggestions. Both grid and off-grid approaches have been covered in 
order to paint a complete picture. The overall assessment has been done under three broad 
dimensions - social, economical and environmental – of the sustainable development. 
 
 
8.2. Importance of Rural Electrification  
 
South Africa’s economy is by far the largest in sub-Saharan Africa - about 35 percent of the 
total sub-Saharan African Gross Domestic Product (GDP). According to the world fact book 
2005, the country’s GDP is $ 11081.51 per person and ranks 75th in the world (CIA, 2005). 
However, the slow growth averaging 3 percent per year over the past decade has not been 
able to reduce high unemployment (more than 26 percent), poverty, and inequality. Rural 
electrification is considered important to achieve the growing national endeavour of reaching 
6 percent economic growth in the future. 
 
Aggregate income masks extreme differences between the White (GNI per capita of about 
US$26,000) and non-White population (similar to many low-income African countries, with 
GNI per capita under US$825). About 50 percent (22 million) people live in "third world" 
conditions of which only one-quarter of households have access to electricity and running 
water, half have a primary school education, and over a third of the children suffer from 
chronic malnutrition (World bank, 2005). Electrification can play a major role to change this 
rural mural by improving the household income and basic services that energy can provide.  
 
Energy comprises about 15 percent of country’s GDP with coal providing 75 percent of the 
fossil fuel based energy supply (DME, 1999). Energy industry generally use less efficient 
technologies, mainly due to abundance of coal and relatively low energy costs. This has 
resulted South Africa one of the highest carbon dioxide emitters per capita in the World. 
Secondly, 9 percent of South Africa’s energy mix is renewable energy, largely in the form of 
fuelwood, which is harvested in an unsustainable manner. This is particularly true in remote 
rural areas, where people rely on wood for cooking. Therefore, improved and efficient energy 
services are a need of the day. 
 
Electricity peak demand has been rising at 15 percent per year. Demand will exceed supply if 
actions are not taken before 2007. By 2010 additional base-load capacity will be required in 
the country (Cape Time, 2005b). Therefore, diversification to other energy sources such as 
renewable energies will be important to reduce dependence on coal based power generation 
and meeting the increased demand in the future. Renewable energies are decentralised in 
nature, which offers the advantage of installing in remotest part of the country. 
 
Access to electricity has a major role to play in reducing migration. Securing livelihood along 
with better economic, political and social opportunities, are the root cause of this migration. 
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Johannesburg is one of the major magnets offering a variety of economic opportunities to 
newcomers. On an average, about 25000 new families migrate to Johannesburg city every 
month (Sokopo, I. 2005). Many of these migrants are involved in informal business such as 
selling vegetables, clothes and other goods on street pavements or municipal markets. Others 
run small business such as welding, hairdressing, tailoring and retail shops (NEPAD, 2004). It 
is imperative that some of these businesses be developed in rural areas by the provision of 
electricity, which could help reducing the migration. 
 
The key points highlighted above justify rural electrification an extremely pertinent issue in 
the national context. In reference to this, it was of interest to assess the current national 
policies and the initiative undertaken at the grass-root level, which has been described in 
Section-8.3.  
 
 
8.3. National Commitment and support initiatives 
 
The Constitution (Act No. 108 of 1996) of South Africa states that Government must ensure 
national energy resources are adequately tapped and delivered to cater the needs of all 
citizens, irrespective of geographic location. The Department of Minerals and Energy (DME) 
is responsible for managing electricity sector in the country. It is responsible for the allocation 
of financial resources, formulation of national policies and Electricity Acts and amendments.  
 
In order to meet the Government’s obligations in this regard, the White Paper on Energy 
Policy (DME, 1998) was prepared, which recommended to strengthen existing energy 
systems, development of renewable energy technologies (RETs), improvement of 
underdeveloped systems and to bring about extensive change in a number of areas. The 
Electricity Act (Act no 41 of 1987) gives the National Electricity Regulator (NER) 
jurisdiction over energy industry and to regulate market access through licensing of all 
producers (greater than 5 Giga watt-hours per annum). The same applies to govern the 
renewable energy implementation. Eskom (the major utility company) and municipalities are 
responsible for electrification in the country. 
 
The Government has shown a sense of urgency and committed to achieve access to basic 
electricity for all by 2012. The Central Energy Fund Act (Act 38 of 1977) has been created, 
which enables legislation to impose levies on liquid fuels and products to extend the 
operational support to the implementation of renewable energy in the country. Several support 
programmes have been initiated to make electricity affordable and accessible to the South 
African people, which have been discussed in the following section. 
 
 
8.3.1 Free Basic Electricity (FBE) and Tariff 
Structure 
In 2000, the South African government had announced the ‘free basic services’ in order to 
alleviate the negative impact of poverty on communities. In this process, the provision of free 
basic electricity (FBE) of 50 kWh per month was decided for all poor households legally 
connected to the national grid. This quantity of FBE was motivated on the basis of 56 percent 
of total households connected to the national grid in 2000 were consuming less than 50 kWh 
of electricity per month. 
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The allocation of 50 kWh per month was accepted will serve electricity for lighting, 
television/radio, small water heating and some basic cooking. Supply of FBE is mainly 
controlled by the installation of pre-paid meters. In case of extra need consumers have to buy 
pre-paid cards to charge the electricity meter. In other approach, electricity has been provided 
through credit metering system where consumers can pay after the consumption of electricity. 
However, consumer’s preference is for pre-paid meter as they find it easier to control their 
monthly electricity consumption. 
 
In order to assess the impact of FBE, a survey was conducted in Garagapola and Antioch 
areas, by a team of the University of Cape Town. The results of the survey are shown in Table 
8.1. 
 
Table 8.1.  Load research sample households at Garagapola and Antioch (UCT, 2003) 
Before FBE (kWh) After FBE (kWh) Change (%) 
0 37 N/A 
25 52 108 
50 67 34 
75 82 9 
100 97 -3 

 
From the Table 8.1, it can be seen that the introduction of FBE has increased the energy 
consumption of households in different percentage. The consumption of the smallest 
customers increased substantially and larger customers by a small extent. 
 
A need was felt to search a cost effective way of supplying electricity in rural area while 
meeting the needs of customers. This was because rural households are often sparsely settled 
and consume less electricity thus making the cost of electricity supply higher. The first step to 
supply electricity at an affordable rate was made by introducing a 2.5-amp “starter pack” 
supply option in 1998.  This approach is still continuing in the Eskom’s (major electricity 
utility) supply network, as the demand in rural households found is sufficiently met. 
 
In 2004, fears that electricity was becoming unaffordable for the poor forced the government 
to set the tariff increase of 2.5 percent below the rate of inflation to ensure that electricity is 
affordable for everyone (EIA, 2005). Currently, the general municipal practice nationwide is 
that the service charge is taken from the households, which are consuming more than 450kWh 
per month. The level of 450kWh or more is individually determined for every household after 
the average use for the preceding 12 months. This has been explained with the help of an 
example below. 
 
Example: Cape Town 
On 1 July 2005, the City of Cape Town increased its electricity tariffs by an average of 2.5 
percent, which are as follows (CCT, 2005): 
 
Domestic 1 (High Consumption above 450 kWh per month) 
Service Charge: R1.46 per day (incl VAT) – Old charge R1.24 per day (incl VAT) 
Energy Charge: 33.28 c/kWh (incl VAT) - unchanged from previous year 
 
Domestic 2 (Low Consumption below 450 kWh per month) 
No service Charge 



 133

Energy Charge: 45.99 c/kWh (incl VAT) – Old charge 44.22 c/kWh (incl VAT),  
 
Only those households that consume 450 kWh, or less, on average in a month will be eligible 
to receive the free basic supply of electricity. All consumers using 451 kWh per month and 
more will be automatically converted to Domestic 1 from their current Domestic 2. 
 
 
8.3.2 Off-grid rural electrification policies 
The understanding on off-grid regions in South Africa is the areas where electricity through 
grid network will not reach for some years to come. To provide electricity in these areas, 
renewable energy technologies (RETs), mainly Solar home systems (SHSs), have been 
pushed in the country. In 1999, the Shell Foundation had commissioned an investigation 
report to identify the role and form of regulations for off-grid electrification in South Africa. 
Two other documents were prepared during the course of the study are “International Review 
of Regulatory Approaches to Non-grid Electrification” and “Comments on Non-grid 
Electrification Concession Agreement”. A set of recommendations such as market access, 
service standards, price controls, and, monitoring and evaluation, were suggested in this 
study. It was suggested to award temporary concessions for 5 years to disseminate SHSs and 
review the performance every 4th year (ECON, 1999). 
 
A major support for large-scale application of RETs was given through the Renewable 
Energy White Paper. The paper recommended a target of 10 000 GWh renewable energy 
contribution to final energy consumption, which is approximately 4 percent (1667 MW) of 
projected electricity demand for 2013 (41539 MW). This is mainly to produce from biomass, 
wind, solar and hydropower sources. The outcome expected from the White Paper were 
renewable energy for rural communities for enhancing human resource development and 
promoting socio-economic development in areas far from the national grid, remote schools 
and clinics, energy for rural water supply and commercial applications. Some pilot scale 
projects have been introduced on decentralized mini-grids and hybrid systems that are 
expected to promote micro-enterprises in rural areas. 
 
Government has recently announced the provision of 20 percent subsidy on all renewable 
energy technologies in the country. One can avail this subsidy under specified circumstances 
such as preparation of pre-feasibility report, financial stability of the remaining amount, use 
of commercially proven technology, cost of project less than R100 million and 25 percent of 
Black Economic Empowerment ownership. This will be applicable during the period of 2005-
07 (Hedon, 2005). 
 
8.3.3 Energy Efficiency Strategy  
The energy efficiency in South Africa is focussed only in recent few years, which is driven by 
the commitment to sustainable development and cleaner energy utilisation (DME, 2004). 
Main focus has been given in industries, commercial building and urban households. A sound 
basis has been given through the “Energy Efficiency Strategy” document, which has set the 
target of 12 percent for energy efficiency improvement by 2014. However, there are major 
barriers to implementing energy efficiency such as low cost of electricity and the lack of 
knowledge about the benefits of energy-efficient technologies. By the international standards, 
the South African economy uses a relatively high amount of energy per unit of GDP.  
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One recent achievement is a project to make low income houses in Khayelitsha more efficient 
is the first in Africa to be registered by the Clean Development Mechanism (CDM). A R23 
million Kuyasa housing project is under proposal stage to construct 2300 houses with solar 
water heaters, insulated ceilings and compact fluorescent lights (Cape Times, 2005c). But, 
energy efficiency in rural areas of South Africa is given negligible attention. Rural households 
supplied with limited electricity often use inefficient appliances. They opt for low cost option 
thus compromise with the quality of appliance (Muller, J. 2005). 
 
 
8.4. Energy Situation in Rural Areas 
 
The energy sources in rural areas of South Africa are very diverse and are used as per their 
availability and convenience. The most energy consuming activity in rural households is 
cooking. In the un-electrified households, cooking is mainly done by using fuelwood. In 
electrified areas as well, very few people use electricity for cooking. It is mainly because of 
limited electricity supply and low capacity to pay for electricity consumption. The 
government planned to introduce energy package (SHS and LPG cylinder) to reduce 
environmental stress and diversification to better fuels. But LPG could not penetrate in rural 
households due to low affordability, free availability of fuelwood and the lack of interest 
among service providers. Biogas plants have been constructed but in few houses through 
independent efforts or, supported through small projects. 
 
Electricity is mainly used for lighting and entertainment/information access through television 
and radio. In un-electrified households, paraffin and candles are mainly used for lighting. Use 
of gas and solar PV systems is rare, which depends upon the income status of the family. 
Table 8.2 summarises various lighting sources in rural households of different provinces. 
 
Table 8.2. Lighting sources in rural areas (No. Of households) (Census, 2001) 

 

Eastern 

Cape 

Free 

State Gauteng 

KwaZulu-

Natal Limpopo Mpumalanga 

Northern 

Cape 

North 

West 

Western 

Cape 

Electricity 749092 545266 2142070 1281415 752690 500750 156779 654918 1032292 

Gas 4913 1108 4984 7593 2072 2244 410 892 2849 

Paraffin 354538 34689 76116 53502 90420 30449 8349 28021 83739 

Candles 392926 148632 420665 730533 325835 195834 37761 241783 51569 

Solar 4066 2109 3635 5178 3168 1191 2156 1311 1355 

Other 7129 1502 3776 8029 5778 2664 1387 2078 1501 

 
In the past 10 years, government has made several efforts to supply electricity to as many 
people as possible. Both, grid and off-grid approaches have been adopted in the country, 
which are described here under.  
 
 
8.4.1 Grid based rural electrification 
The overall growth in household electrification was observed at 30 percent between 1995-
2003, which was 157 percent in case of rural household electrification. In 2003, the national 
electricity access rate reached 69 percent and rural areas received 55.1 percent of all the new 
electricity connections made during this year (NER, 2003). This is a clear indication that 
electrification is considered instrumental to bring about development in rural areas. The year-
by-year growth of electrification in rural, urban and at overall country level is shown in 
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Figure 8.1. It can be seen that the national electrification rate in 2000 went below the previous 
year. This is largely due to disintegration of families and large number of immigrants from 
other African countries. 
 
 
 
 
 
 
  
 
 
 
 
 
 

 
 

Figure 8.1. Trends in households electrification in SA (NER, 2003; Moholola, K. 2005) 
 
 
Within the country, the rate of electrification differs across regions. In 2001, rural 
electrification in Gauteng Province was 80.7 percent and it was only 49.5 percent in Eastern 
Cape Province. The reasons for such gap, as informed by various stakeholders, are the 
difference in planning process, allocation of funds and capacity to implement at the municipal 
level, economic status of people and geographical factors of the region. The difference in rate 
of rural electrification in different provinces has been shown in Figure 8.2. 
 
 
 
 
 
 
 
 

21
27

38
43

46 46
49 50

76
79

74
77

80
74

77
80

50
55

60
63

66
63

66 68

0
10
20
30
40
50
60
70
80
90

1995 1996 1997 1998 1999 2000 2001 2002

Year

Rural
Urban
National



 136

 
Figure 8.2. Map indicating provincial population, percentage rural population, total rural 
households and rural household access to electricity (Census, 2001).  
 
 
8.4.2 Off-grid rural electrification 
There are many regions in the country where extension of grid may not be technically and 
economically feasible. To provide electricity in difficult locations, in 1999, government 
initiated off-grid electrification programme as stand-alone power generating option. However, 
it was mainly SHS, which has been promoted in the country. The 50 Wp systems with 4 light 
points were distributed after a pre-determined once-off deposit of R100 and a monthly service 
fee set at R 58 (in 2003). In 2000, a further R40 were added to subsidy in monthly service fee, 
which reduced the service fee to R18 per month. Work is executed via three stages of 
administrative chain such as head office (DME), regional office (Municipalities) and 
Concessionaires (a private entity). The NER administers the capital subsidies on behalf of the 
government. The concessionaires are the primary access point for consumers, which have 
been located mostly in towns. 
 
In the beginning, a plan was prepared to distribute and maintain 350 000 SHSs in 20 years 
time. It was decided to establish seven concessionaires with each one responsible for 
distributing 50 000 SHSs in first five years and, maintain them in rest of the time. Until 2004, 
only about 20399 SHSs had been installed through five concessionaires. A variety of reasons 
were found for this shortfall in the SHSs installation through stakeholder analysis, which have 
been described in section 7.2. The number of systems distributed have been summarised in 
Table 8.3. 
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Table 8.3. Concessionaires, locations and total number of installations, 2004  

 (Prasad, G. and Visagie, E., 2004) 
 
Concessions were decided after a complicated process of bidding, selection, identifying 
public sector signatories, formalising contract, and regulation. After the concession were 
awarded and the necessary finance secured, the concession holders were required to invest the 
necessary resources to build up the entire marketing-supply-delivery-maintenance chain. In 
each concessionaire area, a single organisation typically controls most aspects with sole 
responsibilities. Government and other stakeholders have relatively little to do but watch and 
monitor. Concession is however unable to respond to requests from customers beyond 70 km 
from the access point. In this case, customers must wait until the concession moves to their 
region. South African experience certainly indicates their complexity, it was a long process 
before reaching to an agreement (Banks, D. 2003). 
 
Other examples of off-grid power generation include the Eskom schools programme in which 
more than 1000 schools were equipped with PV systems. Recently, two hybrid systems have 
been commissioned for Lucingweni village electrification and replacement of diesel generator 
in the guesthouse of Hlulaka Nature Reserve. 
 
The ongoing electrification process, whether through grid or renewables, is progressing in an 
outward direction from the main grid. In this case, settlements, which are far from the main 
grid, will be the last one to receive electricity. To supply electricity in these areas, quick 
options are needed, which require careful assessment of alternative energy sources that can be 
used for off-grid electrification. From this perspective, Section- 8.5 assesses the potential and 
the status of renewable energy sources in the country. 
 
 
8.5. Renewable Energy Sources: Potential and Status 
South Africa is endowed with rich renewable energy sources, which, if harnessed on a large-
scale can enhance country’s energy base in an environment friendly way. Renewable energy 
is mainly driven under climate change response strategy and diversification to alternative 
energy sources. Until now, initiatives undertaken in the country have been on pilot scale. In 
order to assess prospects of RETs in South Africa, Potential and Status of various renewable 
energies sources such as wind, biomass, hydropower, solar and hybrid systems have been 
described in the following section. 
 
8.5.1 Wind Energy 
South Africa has abundant wind resource potential, which coupled with its vast tracts of open 
land makes it a "wind powerhouse". Eskom, the major electricity utility, estimated that the 

Concessionaire Concession Area Total number 
of installations 

Nuon-Raps (NuRa) Northern Kwa-Zulu Natal 6541 
Solar Vision Northern Limpopo 4758 
Shell-Eskom Northern parts of the Eastern Cape 

and Southern Kwa-Zulu Natal 
5800 

EDF-Total (KES) Interior Kwa-Zulu Natal 3300 
Renewable Energy Africa (REA) Central Eastern Cape 0 
Total  20 399 
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practical usable wind resource on South Africa's coastline is about 1 000 megawatts. Figure 
8.3 shows various locations of wind energy potential in South Africa.  
 

 
Figure 8.3. Wind Energy Resource potential in South Africa (DME, 2003) 

 
Historically, the main application of wind energy is taken for water pumping and farms 
energisation through independent initiative. At present, there is a complete lack of organised 
support for wind energy application for off-grid power generation. The main focus is on grid-
integrated wind farms, but until date, there is no large-scale wind farm in operation yet. Only 
two pilot wind power projects are operational at Klipheuwel and Darling, both in the Western 
Cape Province. Klipheuwel is the biggest wind farm in sub-Saharan Africa. It was a three-
year experimental project expected to deliver 1.75 megawatts of electricity for 2500 
households. The second wind power project is located at Darling - the country's first 
commercial wind farm. The Darling wind farm project consists of four wind turbines capable 
of producing 13.5 gigawatt-hours a year (SA Info, 2005). One of the major problems 
associated with wind power generation is it costs which is three to four times as much as coal-
generated power (ignoring the costs associated with pollution from coal) (EDRC, 2003). 
 
As indicated in Table-8.4, South Africa has done far less than the estimated potential of wind 
energy. Remote settlements and farmhouses show a large-scale potential and market for small 
size wind turbine as off-grid electrification option. 
 
Table 8.4. Wind Energy Implemented Capacity and Estimated Annual Production in SA 

Type Capacity Estimated Annual Production 
National Grid 3160 kW 5000 MWh 
Rural Mini-Grid 45 kW 111 MWh 
Off-Grid 510 kW 1117 MWh 
Borehole Windmills 12000kW 26000 MWh 
Exploited Wind Energy in SA 16000 kW 32000 MWh 

(DME, 2003a) 
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8.5.2 Biomass resource 
One-third of South Africa’s population depends on firewood for space heating and cooking 
needs. Firewood collection is from the forests as well as wastes from sugar and lumber 
processing.  
 
There are five relatively small power stations in South Africa that use process waste (bagasse) 
mixed with coal as fuel. These are all cogeneration facilities located at the sugar mills, and 
produce steam and electricity for captive use by those sugar mills. They produce about 0.2% 
of the electricity consumed in South Africa. The potential of biomass power generation in the 
country is shown in Figure 8.4. 

Figure 8.4. Biomass resources potential in South Africa 
 
Household level biogas plant shows a good potential in the country. At the household level, 
the data extrapolated from rural KwaZulu-Natal to the rest of South Africa indicates that over 
400,000 households could make use of the technology. This is based purely on those families 
with 2 or more cows, and without electricity. Other opportunities exist in the cattle and 
livestock industry, a market that is being increasingly tapped in Europe, USA and Australia. 
In South Africa, the potential energy output from dairy farms and beef cattle feedlots is of the 
order of 3.9 GWh (Giga Watt-hours) per year (Agama, 2005). 
 
 
8.5.3 Hydropower 
The US department of energy estimated that there are 6 000 to 8 000 potential sites in South 
Africa suitable for small hydro-utilisation below 100 megawatts, with the provinces of 
KwaZulu-Natal and the Eastern Cape offering the best prospects (Figure 8.5). The best 
opportunities for small hydropower have been found mainly on eastern side of the 
Drakensberg Mountain (ERC, 2003). A large number of dams have been constructed to 
conserve water for use in agriculture and urban water requirements. Relatively few of them, 
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however, have been used for power generation. Thus, the country represents moderate 
potential for electricity production. 
 

Figure 8.5. Micro-hydro potential in South Africa 
 
 
In terms of achievements, the largest hydropower plant is the 1000 megawatt Drakensberg 
Pumped-Storage plant and the second-largest plant is situated on the Palmiet River outside 
Cape Town. Table-8.5 gives the summary of hydropower plants in South Africa with location 
and the capacity. 
 
 
Table 8.5. Hydroelectric Generating Plants in South Africa (2 MWe and more*) 

Generating 
Facility 

Owner Location (River) 
Capacity 
(MWe) 

Drakensberg Eskom Tugela Vaal 1,000 
Palmiet Eskom Palmiet 400 
Gariep Eskom Orange 360 
Vanderkloof Eskom Orange 240 
Steenbras Cape Town Electricity Dept. Steenbras 180 
Collywobbles Eskom Mbashe 42 
Second Falls Eskom Umtata 11 
First Falls Eskom Umtata 6 
Friedenheim N/a N/a 3 
Lydenburg N/a Spekboom 2 
Ncora Eskom Ncora 2 

*Represents 99% of hydroelectric generating capacity, N.A. - not available, (NER; US DoE, 2005) 
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The capacity of installed hydropower and the future potential for developing feasible 
hydropower in South Africa are summarised according to the relevant categories in the Table-
8.6.  
 
 
Table 8.6. Hydropower installed capacity and potential for future development in South 
Africa  

Potential for 
development 

Hydropower category 
(Power output range) 

Installed 
capacity 
(MW) Firm 

(MW) 
Long-term 

(MW) 
Pico (up to 20 kW) 0,02 0,1 60,2 
Micro (20 kW to 100 kW) 0,10 0,4 3,8 
Mini (100 kW to 1 MW) 8,10 5,5 5,0 
Small (1 MW to 10 MW) 25,70 63,0 25,0 
Subtotal for pico/micro/mini and small hydro 33,92 69,0 94,0 
Large conventional hydropower (> 10 MW) 
• Run-of-river (e.g. direct intake or weir) 
• Diversion fed (e.g. pipe, canal or tunnel) 
• Storage regulated head (e.g. barrage or dam) 

 
- 
- 

653 

 
1 200 
3 700 
1 271 

 
150 

1 500 
250 

Total for renewable hydropower in SA 687 5 160 1 994 
Large pumped storages (> 10 MW) 1 580 7 000 3 200 
GRAND TOTAL FOR ALL HYDROPOWER IN S.A. 2 267 12 160 5 194 
Imported macro hydroelectricity (> 10 MW) 800 1 400 35 000 (+) 

(Source: DME, 2002)  
Note: The values for long-term potential of hydropower development account for both 
conventional and unconventional potential 
 
As the Table-8.6 indicates, there is very low potential exist of micro- as well as mini- 
hydropower, which can be used for power generation.  Large hydropower plants are mostly 
preferred to integrate with the grid. The point to highlight is that South Africa is arid country 
in terms of hydro resources for off-grid electricity production.  
 
 
8.5.4 Solar Energy 
South Africa receives relatively higher annual daily hours solar radiation average of about 
220 watts per square meter compared to about 150 watt per square meter in some parts of 
United States and about 100 watts per square meter for Europe. Most areas in South Africa 
average more than 2500 hours of sunshine per year. The annual global (sum of direct and 
diffuse radiation) solar radiation in different parts of South Africa is shown in Figure 8.6. 
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Figure 8.6.  Annual Global Solar Radiation in South Africa 

 
In terms of achievement, it is mainly SHS, which has been focussed in the country besides its 
large potential in other aspects of rural life. Rural health clinics, schools and households often 
see the potable water scarcity and conventional supply in the remote and dispersed locations 
difficult due to technical and economical reasons. Many houses in rural area use conventional 
batteries for lighting application. According to a field report of ERC, in rural areas of Inxuba 
Yetemba municipality of Eastern Cape, farm workers travel several kilometres carry the 
batteries and wait for 3 days to get them back after charging in nearest town (Gothard, E. 
2005). Thus, other solar PV systems, such as PV pumps, solar battery charger have a large 
potential as off-grid power source. 
 
 
8.5.5 Hybrid Systems 
Application of hybrid system is a new initiative in South Africa. Large potential is projected 
if adequate success is achieved at the pilot stage. Mini-grid hybrid systems have been piloted 
in two sites, namely, Hluleka Nature Reserve for guesthouse and the Lucingweni community 
with about 220 households in the Eastern Cape. Both installations are the combination of 
solar and wind technologies, which have been completed in 2004. 
 
The mini-grid system in Hluleka, that replaced the diesel generator, consists of a hybrid of 
two 2.5 kW wind generators and three SPV arrays with 56 modules of 100 Wp each. In 
Lucingweni, the system is a combination of 560 SPV panels (100 Wp each) and 36 kW wind 
generators. Both the installations are new therefore it is early to comment on their 
performance. At this stage, major challenges such as appropriate service delivery, 
maintenance, and ownership arrangements, are still at the forefront. Only recently, the District 
Municipality (Olver Tambo) has taken the responsibility to support the community with 
solutions to these challenges (NER, 2005). 
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In a nutshell, the initiatives on hybrid system can be concluded as new, which need to be 
supported by some more installation and time before being accepted as mature enough for 
large-scale dissemination. 
 
 
8.6. Impact Assessment 
The massive electrification programme in South Africa has resulted in marked improvement 
in the quality of life of millions of people. The most important benefits are the better quality 
of light and access to television and radio as chief source of information and entertainment. 
Only a small percentage of population have benefited in economic terms. As a result, 
electricity has given more social benefits than economic. To discuss in more specific terms, 
the case of Maphephitheni in KwaZulu Natal Province has been highlighted to show the 
impact of electricity provision from Solar Home Systems (SHSs) and when the same houses 
connected to grid. 
 

Case example: Grid and off-grid 
In Maphephetheni household energy needs were in cooking, lighting, entertainment, water 
heating and refrigeration. 50 Wp SHSs were installed in 50 households in 1996, later when 
grid arrived same houses took connection in different years (1998-2002). 10 families who had 
experience with SHS and grid were surveyed to assess the shift in devices used, electricity 
consumption and their preferences. SHS provided electricity for 3-4 lights for 5 hours, radio, 
B/W television. Cooking was done by using fuelwood, gas or, paraffin.  
When the grid arrived, three families mentioned owning an electric stove, but hardly used it 
because it would consume too much energy thus expensive. Therefore, cooking was 
continued by using gas, paraffin or, fuelwood. Five households possessed a refrigerator on gas 
before the grid connection and then connected to electricity. Only one family bought a fridge 
in the period after accessing the grid. Other new equipments purchased since they accessed 
the grid were kettle (4 families), a cell phone charger (4 families), an iron (2 families) and a 
video recorder (1 family). All families used paraffin or fuelwood for water heating in the past. 
All the other households still used paraffin to heat water except three, which use an electric 
kettle to boil water for tea. 
The people often can not afford to pay for the use of electricity, use very little electricity 
monthly (<50 kWh). More electricity consumption incurs financial burden (if more than 50 
Rand/month), as the family’s income is limited. Especially the iron and kettle consumes a lot 
of energy. The problem is that these appliances are relatively cheap but consumes a lot of 
energy compared to more expensive like TV, so that in the long term these appliances are 
more expensive than they seemed. 
There were mixed preferences toward both energy options (SHS and grid). SHS is a one-time 
investment and gives free electricity later on. Other reason to prefer the SHS was that the grid 
does not always function well. When it rains, or when there is bad weather sometime grid 
fails to work. There are even power cuts, which can take up to a week to be restored. 
Important lessons can be drawn from this case. SHS is obviously a transition technology and 
will be a preferred option for lighting if other activities are performed by using better quality 
fuel such as gas and its reliable availability. Other technologies, such as biogas plants, will 
require to be integrated mainly for cooking during the rural energy planning. It is obvious that 
grid will be the preferred option for households as it opens several options for using devices 
such as iron, colour TV, refrigeration, etc. One crucial factor is to work out small businesses 
at the local level, which will help improving the paying capacity of households, thus also 
financial viability of electricity provider (Green, J M. and Zwebe, D. 2005). 
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The electrification of rural areas also meant goods that need electricity to run, such as kettles 
and televisions, has been bought at faster rates than before. This not only generates business 
for the manufacturers of such appliances but also gives income options through retailer 
network in rural areas (Cape Times, 2005). However, it is to be noted that job creation is seen 
among those working directly with the electricity provider and business development is 
noticed in already established entrepreneurs.  
 
Energy sector, as a whole, is one of the major sectors under its employment statistics 
(Business report, 2005), which accounts for creating employment for about 250 000 people in 
the country (SA Fact book, 2005). It offers employment in construction, local manufacturing 
industry to provide materials required, in marketing, and administration functions in newly 
electrified areas. Research shows that between 10 and 20 new economic activities have been 
started in every 100 houses electrified (ESKOM, 2005). However, electricity Consumers are 
least benefited in economics terms. 
 
 
8.7. Barriers and Constraints 
 
The rural electrification in South Africa face several barriers and constraints at the different 
stages of implementation. These barriers have been categorised under various headings such 
as policy, socio-economic and, management and maintenance, which are described in the 
section below. The sources of information have been the research papers, government 
documents and discussion with various stakeholders in DME, NER, CSIR, ERC and SHS 
Concessionaire. 
 
 
8.7.1 Policy 
The energy services in the country are based on centralised development around conventional 
sources of energy, specifically electricity generation. There is a lack of non-discriminatory 
open access to the national electricity grid. On the generation side, Eskom owns about 95 
percent share and remaining by the local municipalities and private players.  
 
The FBE policy targets only the electrified households, leaving poorest unable to access the 
benefits because they are not electrified. Several issues have been highlighted, which 
influence the implementation of FBE policy (DME, 2003b): 

• Level of free basic electricity allocation: 50 kWh free electricity has been allocated 
for all poor households. But, in a number of municipal areas, difference in the level of 
allocation was noted from 20 kWh to 100 kWh. The lower side of subsidy represents 
the lack of financial resources and capacity of the municipality. On the higher side, 
the municipalities are financially stronger and have allocated extra funding from their 
internal resources. 

• Identification of recipients: Selection of beneficiaries is based on “Self-Targeted 
Approach” in which, households previously consumed less than 50 kWh are eligible 
for FBE connection. This restricts extended families to use more electricity or either 
pay for extra electricity consumed. In other sense, one could argue the social 
implications of FBE that it does not support extended families. 

• Cost implications and sustainable source of funding: There were 6.8 million 
customers connected to the national grid in 2000. The cost to provide FBE was 
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estimated to be of the range of R600 million. This cost will increase with more 
households are added to the new connection. Questions have been raised on how long 
the government will continue this subsidy and whether households will be able to pay 
if government decides to phase out the present subsidy on electricity.  

 
A survey conducted by ERC in Eastern Cape indicated that grid and SHS is affordable to 
those having regular source of income. Regarding off-grid electrification, there is no long-
term policy exists in the country. Until now, SHS is mainly focussed as off-grid option 
although some other RETs possess promising alternatives. Even the SHS programme, less 
than 10 percent target (20399 out of 350 000) was achieved in the planned period. Several 
reasons for this shortfall can be put forward: 
 

- The target of 350 000 SHSs was fixed without a detailed assessment and long-term 
strategy.  

- Seven concessionaires were initially planned but only four are operational at present. 
- SHSs have been pushed as a temporary electricity option, a regular payment for such 

option was not able to attract many rural households to buy a system. In many cases, 
customers do not want to invest in SHSs, as they think the grid might arrive. In other 
areas, customers that have SHSs have stopped paying when they see the grid nearby. 

- Most rural households have this impression that government is not keen on providing 
electricity through grid and they have remained historically disadvantaged section of 
the society. 

 
SHSs program, as a whole, has not been spread in the entire country. Focus is given in areas 
where the potential is higher. Also, the centrally controlled approach does not offer open 
market access and access to subsidy to the private players if willing to work in other areas. 
Even the future of already operational concessionaires is not certain. The latest example is 
Shell-Eskom concessionaire, which has pulled out from the business. 
 
 
8.7.2 Socio-economic 
Although NEP is rolling out electrification connections, it will take more years before 
electrification of existing backlog reaches universal access. The main reasons for this shift 
will be due to the formation of new households and disintegration of extended families 
(DME, 2003b). 
 
Some literatures defined limited supply of electricity (50 kWh) as a limitation of FBE policy. 
Limited supply does not cater the cooking needs thus households still rely on fuelwood. Only 
few households use electricity for cooking. SHS does not have enough power, which can be 
used for cooking. This was also a reason that restricted people to buy SHS. On the other hand, 
it was argued that SHS provides sufficient electricity if grid electricity is used only for the 
limited purposes (Banks, D. 2005). 
 
Electricity from the renewable energy systems cost much more than conventional grid supply. 
This is a major limiting factoring for the large-scale deployment of the renewable energy 
system (EDRC, 2003). For the same cost as the SHS tariff (about R58/month, depending on 
supplier), a grid connection will supply more than 150 kWh, instead of less than 10 kWh 
available from a SHS (Gaunt, T. 2003). In view of the costly nature of SHS, the take-up was 
very slow and as a result, only those households that can afford the installation deposit and 
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monthly fees have applied for connection to the concessionaires. The result of this programme 
has consistently failed to meet the energy needs of the poorest of the poor. 
 
SHS and FBE supply do not offer adequate options for income generation. Absence of 
income opportunities affects consumer’s ability to pay for electricity consumption. 
Employment and opportunities for business development are for the people associated 
directly with the electricity sector and/or managing already established businesses. 
 
 
8.7.3 Management and Maintenance 
In South Africa, the active grid electrification programme and a strong national grid is 
regarded by some as the most serious impediment to off-grid electrification. Households that 
are fortunate to receive the grid, no longer need the PV system, care for it less and effectively 
loose the value of their investment (Gaunt, T. 2003).  
 
The inconsistency in the provision of subsidy by the government and difference in public 
statements by the policymakers raised confusion amongst the potential customers (Mapako, 
M and Prasad, G. 2005). There was a provision of capital subsidy on SHS until the year 2002, 
which was dismantled afterwards. Lack of consistency and clarity has slowed down the 
electrification process and created trouble for the service provider to face community’s 
reaction (Banks, D. 2005). 
 
Use of subsidy on electricity by the municipalities is not always in line with DME’s policies. 
In some cases, municipalities have diverted the subsidy amount in other local priorities. In 
view of this, the goals set to achieve by the provision of subsidy will not be able to reach.  
 
Also, the provision of subsidy found was also not effectively communicated. According to a 
survey conducted by ERC, in some areas households continued paying R58 till the year 2003 
when FBE was announced in 2000. Whereas in Limpopo Province households initially paid 
R58, but later in 2004 found to be paying R18 when they got R40 FBE subsidy. 
 
The major concern with the SHSs is their functionality and performance. The international 
experiences reveal that major constraint in long-term sustainability is the lack of maintenance 
facilities and security. In South Africa as well, lack of planning and finance for the 
maintenance often led to systems failure. Several of the installations have been vandalised and 
the panels have been stolen. Need is felt to have a clear plan for maintenance – whether it be 
the actual maintenance itself or the financing of this maintenance (Visagie, E. 2005). 
 
 
8.8. Grid vs. Off-grid electrification 
 
The main purpose to compare the grid and off-grid electrification approaches is to assess the 
commitment and financial support given at the national level. The comparison is done in 
terms of the number of households electrified through grid and SHSs, average expenditure 
and cost of supplying electricity. 
 
The first phase of NEP had electrified about 2.74 million households at a cost of about R7 
billion (Okese, Y and Muller, J. 2004). In March 2004, government announced that since the 
inception of FBE in 2000, the overall amount spent on providing households with FBE 
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electricity was R12 million (excludes capital expenditure for connections) whereas an amount 
of R62 million was spent on non-grid electrification in 2003-04 (South Africa Factbook, 
2005). Electrification through grid is much faster than off-grid. Grid reaches about 200 000 
households every year with some variation. Whereas there were only 20399 SHSs 
disseminated between 1999-2004 (as shown in table 2). Grid has been expanding in all areas 
and directions thus shows a brighter picture in comparison to off-grid electrification, which 
has been operated through four concessionaires. It is therefore evident that electrification 
through grid is given a major thrust to achieve universal access to electricity in the country. 
 
Under the off-grid electrification, the government awards a subsidy of R3500 to the 
concessionaires towards the capital cost of installation of each SHS. After the announcement 
of FBE, each non-grid household has become entitled for more subsidy of R40 towards 
monthly service fee, which is paid directly to the service provider. Grid electrified households 
on the other hand qualify for a free amount of 50 kWh which amounts to approximately R18 
per month. 
 
The average expenditure incurs in extending the grid line is about R60 000 per kilometre 
(EDRC, 2003), which varies considerably with the location in the country. Similarly, the cost 
per household connection differs with settlement of the houses, topography and the electricity 
load in the areas. The average cost per connection in 1995 and 2001 are shown in Table 8.7. 
 
Table 8.7.  Average cost of electricity connection in rural and urban areas  

 Cost/connection (Rand current 1995) Cost/connection (Rand current 2001) 
Province Rural Urban Rural Urban 
Eastern Cape 4397 2082 2644 2695 
Free State 4088 1194 2018 2624 
Gauteng Na 2475 Na 2626 
KwaZulu Natal 5055 6942 2533 2639 
Limpopo 3010 2146 2783 2777 
Mpumalanga 2653 1681 2632 2644 
North West 3063 2712 2740 2746 
Northern Cape 4437 1301 1447 2701 
Western Cape 1474 Na 3453 2655 
National 3568 2170 2622 2674 

 
 
The Table 8.7 shows that the costs of rural connections have been brought down considerably, 
especially by taking into account (approximately 35 percent) inflation taken over the period. 
At the same time, the average cost of rural electrification decreased by 40 percent in current 
terms and a massive 70 percent after inflation. The cost of urban electrification appears to 
have evened out, but this is largely due to an underlying figure ascribed to the municipal 
urban connections of R2600 for all provinces (Gaunt, T. 2003). 
 
 
8.9. Conclusion 
 
To form a conclusion, the rural electrification initiatives in South Africa have been 
categorised into three broad aspects of the sustainable development - social, economic and 
environmental. All three aspects have been discussed by considering their main drivers at the 
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macro- as well as micro-level stages (Figure-8.7). At the macro-level, these aspects are 
country’s MDGs (Millennium Development Goals), economic viability of rural electrification 
and climate policy on environment improvement. At the micro-level, these are social benefits 
to the people, income opportunities and mitigation of local environmental pollution. It was 
important to assess if rural electrification is a viable business while achieving the national 
goals and objectives of the sustainable development. Key points highlighted and the 
suggestions made have been verified through stakeholder analysis before arriving at any 
conclusion. 
 

Figure 8.7.  Macro- and Micro- level approaches of the Business Model 
 
 
Main driving forces at the macro-level: 
 
Electricity in the rural context has been considered important to achieve the national goals of 
providing better life for all and expanding the services that energy can provide. In the past 10 
years, several options have been opened to make electricity accessible and affordable to the 
poor people. As a result, the national electrification status has improved from 50 percent in 
1995 to 69 percent in 2003. This remarkable achievement has set an example for other 
African countries, which are in desperate need of making electricity accessible to the people. 
However, the assessment of overall rural electrification in South Africa indicates that the 
benefits it offer to the people are difficult to sustain in the long-term. A further refined 
understanding is needed that productive use of electrification is important for enhancing the 
affordability of the people to pay for electricity they consume. 
 
At the national level, the economic dimension of the rural electrification is seen in terms of 
economic viability for the service provider, whereas it has been neglected from the consumer 
point of view. This can be noticed by assessing total jobs created, migration toward urban 
areas and skills developed in the rural areas. Jobs created are mostly for the people engaged 
directly under the electricity sector, large population is migrating towards the urban areas and 
rural people are recognised having poor skills.  
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Environmental dimension is mainly associated with the diversification towards clean 
fuel/technologies and use of efficient devices. The target to generate 4 percent (1667 MW) of 
the projected electricity demand by 2012 is expected to expedite the implementation of RETs 
in the coming years. The off-grid electrification programme was initiated when most 
countries started to experience the benefits of RETs as clean energy technologies. In South 
Africa, this program still needs high subsidies to make systems affordable to poor people. 
Presently, the provision of subsidy is to make rural electrification viable business in order to 
attract investors and service providers. The FBE policy considers that basic cooking is 
possible within 50 kWh electricity supply but in actual practice it was not possible. Experts 
say, cooking should be considered as a separate issue from electricity. As cooking is a major 
energy consuming activity, strong steps are needed to penetrate improved quality fuels, such 
as LP gas, in rural households. 
 
Off-grid electrification approaches have been considered mainly as a temporary option. In this 
situation, the task force (technical skills) that has been developed in the country may not be 
able to create sustainable business in the near future. On the other hand, grid has occupied 
much of thinking of the policy makers and is given a major push if we look at the past trends. 
From this perspective, it should be logical to state that the experiences gained and skills 
developed in the field of off-grid electrification need to be transferred to other African 
countries. To keep the business running, it will be useful to invite people from other African 
countries for transferring the suitable policy initiatives, research outcome, technical skills and 
management aspects in those countries. 
 
Increase in the number of concessionaires in all province of the country will be a rewarding 
step. At present, only 4 concessionaires are operational, which could not meet the demand 
beyond the periphery of 70 km. More decentralised approach and easy licensing process 
through municipalities will be useful to attract small investors and rural entrepreneurs as well. 
Small outlets for technology dissemination will gain better outreach among the people in 
remote areas. 
 
For a service provider, rural electrification is not a viable business and incorporating energy 
efficiency further adds cost to a single connection, which in turn makes it less affordable to 
rural households. In response to this, it is important to carry out case studies at the national 
level to identify various alternatives of using electricity in efficient ways without increasing 
the cost. 
 
 
Main driving forces at the micro-level 
 
Electricity in rural households has shown a remarkable improvement in their living standard. 
It has given better light, information access and entertainment. Intelligent approaches have 
been adopted, such as pre-paid meter, credit meter and, low ampere supply to meet the power 
demand at affordable and economical ways. Provision of FBE has obviously enhanced the 
accessibility of electricity in rural households. 
 
At the household level, electricity is mainly used by the people with regular monthly income 
or relatively wealthy. Poorest of the poor is not able to afford the electricity connection and 
operational cost. However, there should be a clear understanding that without adequate 
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earnings to the customers, there will always be a constraint of affordability. This would 
require proper assessment of all areas to identify income opportunities for the rural 
households and, it is not an impossible task.  
 
The concessionaire approach of off-grid electrification is attractive in a situation where 
affordability is an issue because the customers do not make a major personal investment in 
the system. But the limitations occur when customers stop paying installment and service 
provider then have to take the system back. Mini-grid systems have some advantages in this 
context, in that the reticulations system can often simply be connected up to the main grid 
(Banks, D. 2003). 
 
Rural household often use inferior quality of fuels and consume in an inefficient manner. This 
causes serious health and environmental problems and diminishes fuel availability in future. 
Provision of electricity would be appropriate to diversify from traditional fuels and reduce 
environmental degradation. Assessment of the impact indicates that electricity is used for 
lighting and entertainment but cooking is still performed by using fuelwood. Also electrical 
appliances used in rural households are not of high efficiency standards. In this case, one can 
say, environmental dimension is not adequately covered in the process of rural electrification. 
Incorporating efficiency by using efficient appliances will provide electricity for more 
lighting hours, more entertainment and money saving to buy pre-paid cards to charge electric 
meter. 
 
It is to be noted that electricity in South Africa is mainly produced from coal, which is a 
major source of carbon emission. Applications of RETs have substantial potential in South 
Africa, but its application is still in primitive stage in comparison to the present state of art of 
the technology. Therefore, fuel diversification for producing electricity has a major role to 
play for saving environment. Implementation of RETs need significant initial investments, 
therefore need support for relatively long periods before reaching profitability. Though 
government has recently announced the provision of subsidy on all RETs, but its impact is yet 
to be seen in the future. 
 
Assessment of macro- and micro-level impacts of rural electrification indicates that electricity 
has offered many social benefits but economic and environmental benefits are relatively 
weaker. Based on this assessment, some relevant investment projects have been suggested, 
which is expected to enhance the efficacy of the rural electrification process. 
 
 
Relevant investment projects 
The productive application of electricity in rural areas is most desirable. Here, productive 
application of electricity does not necessarily mean income generation, employment and small 
businesses it also adds education, health, drinking water and other basic services. However, 
the income aspect needs to be focussed more in order to make rural electrification an 
economically viable business. This will, in turn, enhance the affordability of the households 
and also help service providers to get sufficient financial returns on their investments. 
Innovative policies are needed that are conscious enough to assess productive activities in 
rural areas, which could help tackle the issue of energy poverty. It would be equally desired to 
have market access, connectivity, improved technical skills and access to bank loan to 
enhance the impact of this initiative. 
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In the context of African countries, economic advantage of electricity can be understood from 
the following example: 
 

About 200 million African eat fish as a main part of their diet, but the continent is the 
only region in the world where fish supplies are falling. The main reason for this decline 
is the stagnation in ‘capture fish’ production combined with the fast growing population. 
Small-scale farms are relatively cheaper and easy to set-up, and offer poor families a 
source of protien. Aquaculture, which has grown explosively in other regions, now 
provides 38 percent of fish production worldwide but less than 2 percent in Sub Sahara 
African, although the continent’s potential for fish farming is immense (Cape Times: 
2005a). (Worldfish center, NEPAD, UN food and agriculture organisation). 

 
The location specific micro-level studies in all areas, electrified as well as un-electrified, will 
be important to assess the economic viability of the rural electrification process. An effective 
training program on small business development, value addition and skills development, can 
help generate economic activity and employment in the area. Utilities must recognise the need 
of such assessment before entering into a new area for electrification. National banks could 
play a vital role in expediting the process and materialising the initiatives if taken at the 
community level. 
 
Renewable energies could be a cheaper option in remote areas. In view of this, it becomes 
imperative to investigate what technologies are appropriate for villages to be electrified in 
near future. Preparation of technology matrix to narrow down to a suitable technology will be 
a useful initiative. Presently, Off-grid programme in South Africa provides single system with 
a fixed capacity, which may be under- or over sized of the actual household requirements. 
Customisation of technology will be a useful initiative to meet the electricity demand 
according to the households need.  
 
Other technologies such as biomass gasifier (for thermal as well as power generation), gives 
an option of developing the community owned systems. It offers ample opportunities of 
employment generation during biomass collection, transportation, processing and operation. 
India is a leading example in the field of efficient biomass utilisation, therefore, lesson can be 
learned and joint activities can be initiated in cooperation with other countries. 
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Chapter- 9 
 
 
Rural Electrification Strategies  
 
 
 
When the off-grid technologies have been proved, the immediate challenge is to have strong 
policies with strategies directing to achieve sustainable development. In the present scenario, 
developing countries are sharply divided in terms of rural electrification status mainly because 
of strong and week government policies. For example, China with strong commitments have 
shown remarkable success, whereas, Ethiopia reflects poor picture of rural electrification. 
Although financial strength is an important factor but the strong strategies play significant 
role for the long-term sustainability of the rural electrification. 
 
The assessment of rural electrification situation indicates that the developing countries have 
been involved, to a greater or lesser extent, to achieve transition to modern energy systems. 
However, one of the difficulties in developing an approach to energy transition is that each 
country has a very unique set of circumstances and conditions that promote and hinder energy 
development. Therefore, readymade strategies will not be a solution, therefore, are bound to 
fail. This is particularly true in case of off-grid electrification. 
 
Rural electrification strategies should not be concerned only with the technical questions of 
balancing the demand with the range of conventional and new energy supply options. To be 
effective, they should be more sensitive and responsive to, and thereby, fundamentally 
integrated with other parallel rural development interventions. In the past, many of the 
policies, programs and institutions (PPI) were sought to promote the energy technologies but 
focused as an end in itself without giving an integrated piece of work. Sustainable 
implementation policies are the one that weave social, economic and environmental 
dimensions in an integrated manner. It is extremely important that some grass-root level 
studies be carried out in the country before concretising the national level policies. 
Availability of local resources, technological skills, social dynamics, existing institutional 
strength, financial flows and most important end-user needs etc. are some parameters that 
require to be studied through an in-depth assessment. 
 
From this understanding the present chapter has been written, which gives a blueprint of rural 
electrification policies and strategies. A broad framework is developed, which holds some 
possibilities to wear with little changes conducive for many countries. The broad basis of the 
strategies is:  1) case studies in Vietnam and South Africa 2) discussion with key players 
working in the energy sector 3) understanding the rural electrification in China, India, Brazil 
and Ethiopia from Chapter- 5 and 4) authors own experience of working in rural areas of 
India and engagement in projects related to rural energy and electrification. The strategies 
have been suggested keeping in mind that countries consist of different resources, diverse 
socio-economic situation, difference in support structure and political commitments.  
 
The proposed framework is expected to give a blueprint of rural electrification strategies for 
developing countries however it is desirable to validate the criteria with the energy experts 
before implementing them at the country level.  
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9.1 Methodological Framework 
 
Every country has at least one institution, which is responsible for the extension of electricity 
network in all areas. Rural electrification is one part, which comes under the gamut of several 
activities in overall electrification programme. Therefore, the utmost task in formulating rural 
electrification strategies is that it should fit well into the existing regulatory and 
administrative structure of the country. From the point of view of the present research, rural 
electrification strategies, however, are described under stand-alone approach without 
considering the existing infrastructure. Therefore, some additions and amendments in the 
existing laws are justified in order to make the process conducive to the country’s situation. 
The task of synchronizing with existing structure is left for the specific country energy 
experts. A broader methodological framework of rural electrification is discussed with the 
help of figure 9.1. 
 
 

Figure 9.1  Methodological Framework for Rural Electrification in Developing Countries 
 
It has been considered that the successful rural electrification strategies will be able to flourish 
under the umbrella of specific underlying framework conditions. The framework conditions 
should offer adequate support structure with the provision of electricity law.  The support 
structure includes political commitment, technical support, financial assistance and security 
and, management aspects for the off-grid rural electrification. It is envisaged that there should 
be a transparent flow of information in all stages to effectively implement the rural 
electrification strategies and expanding the base of framework conditions. 
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To discuss in greater detail, the overall strategies have been categorised in three different 
steps. Each step has its importance and is inter-dependent, which makes the process of rural 
electrification efficient and sustainable. Depending upon the existing status and support given 
on rural electrification in a country, some steps, which are suggested here can be reduced or 
completely removed to avoid repetition. The three steps suggested are, 1) identification of the 
general aspects of rural electrification, 2) identification of working levels for relevant 
activities and 3) specific crucial factors, which are key for successful implementation. 
 
 
Step- 1: General Aspects of Rural Electrification 
In the first step, the government of any country should clearly define the general aspects of 
rural electrification such as its importance and necessity in the national perspective. An 
elaborated definition of rural electrification should cover social, economic and environmental 
aspects. Incorporating these aspects will broaden the objectives set to achieve from the 
electrification. Once the definition is clearly stated, the next step should be to fix the targets 
and goals for achieving the universal access to electricity. In this step, it is needed to assess 
the existing administrative set-up of electrification and allocate the tasks and responsibilities 
at the individual levels. 
 
The administrative structure differs from country to country. Bigger countries such as China 
and India have larger administrative structure whereas smaller countries like Vietnam have 
short structure. Effective and efficient administrative chain makes the national policies 
percolate down to the lowest level and help implementing them for the people. In this study, 
large administrative structure is suggested, which can also be applied in smaller countries by 
reducing some intermediate levels. However, some lessons will be required to draw on 
strength and weaknesses from the existing structure for making the new structure or merge 
into the old one. 
 
 
Step- 2: Different Working Levels 
The second step in methodological framework therefore suggests for forming different 
working levels. In order to achieve sustainable transformation of services, the most crucial 
factor in the beginning is to work out in detail the complete set of activities involved in the 
entire rural electrification process. Deeper understanding on activities, related issues and 
expertise required will make the work easier for allocation of responsibilities to different 
stakeholders working at various administrative levels.  
 
The national, intermediary and local issues of rural electrification are tackled at different 
levels, called rings of influence. The Ring model described in the chapter contains three rings, 
Macro-, Meso- and, Micro- (detailed description of the ring model is given in section 9.4). 
The model identifies general task of stakeholders working at different levels for successful 
implementation. Tasks allocated in one ring will support the activities of other rings, hence, if 
one ring shows poor performance will affect the sustainability of the entire working chain. 
 
 
Step- 3: Critical Success factor 
Actual implementation is sensitive but decisive stage for the long-term sustainability of off-
grid technologies. These technologies are resource specific and not well known to many 
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developing countries. However, experiences reveal that local planning, management, training 
and maintenance are important for optimal functioning of all technology, which is particularly 
true for application in remote areas. Therefore, collection of grass-root information would be 
helpful in establishing critical success factors to ensure the appropriate technology is 
implemented for meeting the local energy demands. 
 
From the two case studies it has been found that remote area electrification is carried out 
mainly on grant basis with long-term sustainability parameters often not considered. To avoid 
this approach of electrification, the parameters such as assessment of energy demand, 
availability of local resources, technology selection and criteria of setting up village level 
institution have been described for the sake of identification of appropriate technology and 
management options. Institutional mechanism is given a major focus. This is because of the 
fact that most countries have weak institutional mechanism therefore facing poor rural 
electrification performance. 
 
Efficacy of rural electrification process can be strengthened with the help of forward and 
backward flow of information between policy makers and end-users. Goals and 
responsibilities at different stages have been explicitly mentioned in order to maintain the 
transparency.  
 
 
Roadmap of Rural Electrification 
A broad specific underlying framework conditions should regulate the entire rural 
electrification process. It is desired that the framework establish the clear roadmap of rural 
electrification for the future. Roadmap should elaborate upon the consistent flow of funds, 
describe the risk management tools, delivery of services such as management and 
maintenance. The roadmap should allocate the responsibilities of different stakeholders and 
monitor the success parameter at regular intervals. This will help assessing the efficacy of 
national policies and update them according to the need of the day. But above all, there is a 
need of having a consistent thinking and political will in order to have continued sense of 
urgency. 
 
9.1.1 Limitations of Framework 
The definition of remoteness and rural electrification is taken in a general manner in the 
present study. But, it differs from country to country and with the prevailing social as well as 
political, economic and geographical situation of the country. Countries with strong economic 
resources and political commitment are exploring all possibilities and options of 
electrification, whereas some countries are moving with single-minded approach of grid 
extension. 
 
In developing countries, RETs often take priority when it comes to apply DG options for rural 
electrification. Therefore, the strategies formulated for the off-grid electrification in this 
chapter have been surrounded by the RETs. The strategies suggested have assumed a fixed 
line of administrative structure. However, there may be countries with different administrative 
structure, which works under completely different political situation. 
 
In the present research, only the selected countries have been studied. But the countries, 
which are in need of rural electrification is several times more in number. The coverage and 
experiences added in the chapter country specific therefore, issues covered might not be valid 
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for some countries. The level of acceptance of the suggested rural electrification strategies 
will differ from country to country. It may be a case that some strategies that exist in a 
particular country do not exist in the present chapter. In that case, strategies exist in the 
country should be taken as the learnings for the present study. 
 
 
9.1.2 Target Group 
The advantage of the present research is for those countries, which are framing rural 
electrification master plan. It will serve as a base material for the policy makers having the 
stake in the process of rural electrification. It helps in clarifying various issues and linkages 
associated with rural energy in an integrated manner. Importance of off-grid electrification 
will get adequate push in their thinking. The study forms a basis for further research for those 
involve in the same or related field. 
 
Responsibilities of rural electrification suggested at different administrative levels will create 
a sense of stake and need of work in this direction among project implementers, NGOs, 
consultants and other gross-root workers. International organisations are expected to get 
insights of rural electrification in various countries by knowing their current policies, status, 
future planning and present thinking of the key energy players from the case studies. It is 
expected that the international organisations will expand their rural electrification funds, 
cooperation and support by hitting the right targets. 
 
Manufacturers of the off-grid technologies mainly renewably energy technologies will find 
the markets. The study highlights the risk associated with off-grid technologies thereby brings 
up the necessity of the risk management tools to sustain them in long-term. 
 
 
9.2 Specific Underlying Framework Conditions 
 
Rural electrification strategies are more secure and result oriented when supported through a 
legal framework. Countries with strong commitment have well-developed strategies 
supported by laws, adequate financial support and security, involve private players and 
provide full management support. However, in many countries, the framework conditions 
currently in force make no difference between the rural electrification and urban 
electrification. There is no law that specifically promotes rural electrification. 
 
Therefore, there is a need to establish a law in every country, which should categorically 
indicate the support for accumulating all options to achieve universal access to electricity. The 
law should highlight clearly the following aspects: 
 
Legislation 
Most countries do not have legislation, which prioritise the necessity of rural electrification. 
There should be an Electricity Law to enforce rural electrification under priority and justify its 
necessity to achieve the national goals. The Law should give a clear distinction between the 
urban and rural electrification with suitable approaches needed for individual case. It should 
fix the time frame to achieve universal electrification in the country. The electricity sector 
should abide by the Law, failing which there should be an action against it. 
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Technical Support 
Countries with successful stories consider all options and technologies for on-grid and off-
grid electrification. On the other hand, there are several countries which have explored limited 
options, their main thinking revolves around the grid extension. A law enforcing to add all 
power generating technologies will help expediting and enhancing the power availability for 
rural electrification. Renewable energy technologies have been taken up as off-grid option in 
developing countries. Except in few cases, most countries are still lacking to accept these 
technologies for wide-scale implementation. Countries having a Law are able to give 
adequate push to these technologies in remote areas, where grid will not be a technically 
feasible option. 
 
Efficiency improvement is often a neglected parameter when it comes to rural electrification. 
Making it mandatory to use efficient devices and efficient utilisation of electricity will 
improve financial status of electricity provider and also enhance the affordability of the poor 
end-users. Manufacturers of off-grid technologies should receive adequate support in terms of 
technology import, cooperation, research and development facilities, preparing technology 
specific manuals and, organising workshop on skills transformation. 
 
Financial Assistance and Security 
Financial incentives are equally desired for all market players. In order to establish a level 
playing field between conventional and non-conventional technologies it is important that 
subsidy be given on off-grid technologies or removes them from the conventional ones. Off-
grid technologies are also seen as sensitive and involve high risk for the investment. This 
thinking stops private player to invest in such technologies, therefore risk management tools, 
such as insurance, will be a key to ensure financial security in the off-grid technologies and 
roping in the private investors. 
 
Rural electrification plans have been hampered by the lack of financial incentives. This is due 
to the fact that off-grid technologies require heavy initial investment but are not able to 
generate sufficient returns. A consistent flow of returns is necessary for a long-term 
sustainability of the systems, which can be possible through grants, subsidies, customised 
credit schemes, tax incentives, lower duties and low interest options on off-grid technologies. 
Any of these options are required in the initial phase however it can be phased out in stages 
depending upon the changing economic and social dynamics of the rural people. A prior 
assessment would be necessary before taking the concrete steps. 
 
 
 
Management Aspects 
The major reason of the failure of off-grid systems is not only technical but mostly because of 
poor management by the implementing agency as well as end-users. Often the long-term 
sustainability aspects are not considered before the implementation. The off-grid systems are 
mainly installed through grants or high subsidy without any financial stake from the 
community. Small community share is recommended which ensure the system operational 
and maintenance cost in the long run. 
 
There should be a regulation embedded into the policies, which indicate the detailed 
management in terms of financial and technical aspects for each technology. There should be 
a separate budget provision for the maintenance of the off-grid technologies. This is also 
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justified because off-grid technologies are mainly installed in remote areas where 
management and maintenance are always difficult. Preferential tariff system is recommended, 
which should be in accordance to the economic status of the region. Local government bodies 
shall have responsibility for giving the favourable condition for agencies and individuals 
investing in, improving and upgrading the electricity grid in rural areas. This should be 
enforced through an electricity law. 
 
 
9.3 General Aspects of Rural Electrification 
 
9.3.1  Definition of rural (or village) 
electrification 
At the national level, the first requirement is to describe the definition of rural electrification. 
In many countries, villages have been considered electrified if an electrical pole is grounded 
or the electrical wire is passing through the village. A situation can be seen when households 
do not have electricity connection but officially they have been registered electrified. 
Therefore, it is important that a village is declared electrified only when a permanent structure 
of electrification is set in place and specific number of households (or percentage) is benefited 
from electricity. For example, in India, Government has decided a village to be considered 
electrified when 10 percent of the total households have electricity connection. 
 
Provision of electricity should not be accepted as an activity in itself. This should also include 
social, economic and environmental aspects, which are important for the overall benefit of the 
people. Electricity should be able to give social benefits such as improved living standard, 
education, health, etc. It should enhance the economic conditions of the households by 
generating productive activities such as irrigation, cottage industries, grain processing unit, 
etc. It should permanently remove the application of traditional devices such as kerosene 
lamps, which are environmentally hazardous. 
 
 
9.3.2  Rural Electrification Goals 
The political commitment is a pre-requisite to stimulate the pace of electrification in the 
country. This requires setting-up of targets when electricity will be supplied for all. A process 
needs to set in place to provide electricity for poorest of the poor and reaching houses settled 
at the last mile. Assessment of financial and technical capability is particularly important, 
which would help fixing up the yearly targets and provision of electricity in the specified time 
frame. 
 
China, India, Brazil and several other countries have already set the targets of achieving 
“Electricity for all”. Though, these targets vary in duration (number of years) but the 
government in these countries have recognised the need and adopted multi-dimensional 
approaches to achieve total electrification in the stipulated time frame. On the other hand, 
many countries are still lacking to put rural electrification under the national priority. Unless, 
a country decides goals and targets, any initiative taken will show a picture of accumulation 
of stray activities carried out under narrow objectives. 
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9.3.3 Rural Electrification Administrative Structure 
The administrative structure set-up for the rural electrification programs differs from country 
to country. Most countries follow decentralised structure whereas some centralised. 
Therefore, for the wider coverage, the present chapter considers decentralised approach with 
several administrative stages, which exist in most developing countries (Figure 9.2). The 
administrative structure is described in order to allocate the responsibilities at each individual 
level and follow the implementation strategies. 
 

 
Figure 9.2.  Administrative Set-up for Off-grid Rural Electrification 

 
The first two bodies of the administrative set-up i.e., Ministry/Department of Rural 
Electrification and State Nodal Agencies will have the responsibility of formulating and 
executing the national policies on rural electrification. The State authority will carry out the 
activities in the respective state and will be responsible for designing the state policies in 
accordance with the national policies.  
 
The state is further sub-divided into districts committees (Offices), which will be responsible 
for executing the policies adopted by the State government in the district. The district 
committees will allocate the work and financial budget to the individual committees at the 
blocks. These block committees will carry out the actual implementation at the grass-root 
level involving local presence of Non-government Organisation (NGO) or, Community based 
organisation or, Village committee or, Energy Service Unit. In this whole process, the main 
challenge will be to achieve the sustainability in the future, which has been discussed in the 
section 9.3.4. 
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9.3.4 Sustainability of the Administrative Framework 
The Administrative Framework should work under trickle down effect. This means that 
policies formulated at the national level is transferred (transparently) to the lower level of the 
administrative chain. Maintaining the transparency in each stage will improve the efficiency 
and effectiveness of the implementation process. However, the main aspect along with the 
effectiveness of administrative chain is the sustainability, which has been discussed with the 
help of figure 9.3. 
 

 
Figure 9.3  Effective Chain for Rural Electrification 

 
Figure 9.3 indicates that the national policies and strategies of rural electrification should be 
transferred to implementing agencies working at different stages to sensitise with the national 
objectives. 
 
The past experiences reveal that electrification is done without any benefits of improving the 
living standards of the people. It should be kept in mind the improved energy services are the 
indicator of human development index of a country. Hence, it is necessary that the social 
benefits received by the people. The economic sustainability of the rural electrification 
depends upon its use for productive applications so that the economic returns received by the 
service providers on a regular basis. Today, it is a biggest challenge that each possibility is 
explored that generates income for the people with the arrival of electricity. 
 
In order to maximise the benefits from whatever resources are available, to reduce the subsidy 
burden on the State Government as well as the cost to the consumer, it is essential that energy 
efficiency be promoted through a mass campaign in the rural areas. Incorporating energy 
efficiency will maximise the benefits for rural electricity consumers and also reduce the 
burden of subsidy on government. 
 
Formulation of national policies should be a dynamic phenomenon. Therefore, once the 
implementation is done it should be made mandatory that regular feedbacks are provided back 
to the national authorities in terms of social, economic and environmental impact on rural 
community. The feedbacks will give opportunity to analyse the national policies and offer the 
chance to adopt corrective measures for improving further the national policies. 
 
Such effective administrative chain requires proper allocation of the responsibilities at each 
level and strictly adhering to them. In the next section, various responsibilities have been 
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described at different administrative levels and strategies to achieve rural electrification 
through a sustainable process. Before suggesting these strategies, the policies of several 
countries such as India, China, Vietnam, South Africa, and some other have been studied and 
analysed. Views of some key professionals working in the sector were collected. However, 
one can still make a point that suggestions made in this chapter would need to be customised 
according to the need of the country. 
 
 
9.4 Policies, Strategies and Institutional Mechanism of Rural 
Electrification 
 
The electrification of remote areas through distributed generation technologies will require 
appropriate policies, implementation strategies and a well-established institutional 
mechanism. A different set of responsibilities at different stages will be required in order to 
accomplish the set targets of rural electrification. It is because DG technologies require more 
local participation than electrification through grid in the overall implementation and 
management. 
 
Under the ring model approach, three different levels have been adopted with allocation of 
different sets of responsibilities. These are macro-, meso- and micro- levels (Figure-9.4). 
 
The Outer Ring – Macro-level 
The outer ring represents macro-level where policies and strategies are formulated, which 
shells the activities at the national level. All the political, regulatory, financial, infrastructure, 
and economic forces that influence the electrification process comes under the responsibility 
of national government and concern ministry. This may sounds simple but is extremely 
complicated in performing the job.  
 
Countries with more diversified issues face more complex situation of formulating conducive 
policies fulfilling the social, economic and environmental aspects. The diversity in terms of 
geographical conditions, living status, resources availability are the core issues that demands 
for grass-root studies before the policies have been formulated. Policies formulated at this 
level set the country over the developmental strides and show the rural electrification status to 
compare with other countries on a global scenario. 
 
The Middle Ring – Meso-level 
The Middle Ring is represented as the meso-level, which has an important role of making 
national polices successful. Like the Outer Ring, which administers the national objectives, 
Middle Ring should have a responsibility of overall administration of activities in the 
State/Region/Province activities and strengthen the network of stakeholders involved in the 
process. Its main task is to develop a deeper understanding on national policies and executed 
them at the State level.  
 
The middle ring is also important to monitor and assess the impact of implementation process 
and document them as feedbacks to the Outer Ring. The process of feedback collection has 
been stressed in national policies of several countries, but often received a peripheral touch 
when it comes to practice them. It is a labour intensive process, which consumes a lot of time. 
Therefore, it will be useful that this process is embedded in the national policies and strictly 
follow. 
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The Inner Ring – Micro-level 
The Inner Ring represents the micro-level strategies and activities, which is a battlefield 
where actual implementation is to be carried out. This stage fixes the success and failure of all 
rural electrification policies and strategies. It has the major task of integrating social, 
economical and environmental issues at the level. In the past, it has been found that 
electrification in rural areas is done without providing the benefits of education, health and 
productive applications. Therefore, it is important that these aspects are considered seriously 
in order to achieve sustainable development. At this stage it is also necessary to study the 
priority of the people in the region and analyse how electrification can help in achieving them. 
 
 

Figure 9.4  Ring Model for Sustainable Rural Electrification 
 
 

 

Macro-level

Meso-level

Micro-level

National policies an d  r e g u la t io n s 
Finance

Research and devel o p m e n t 
International coope r at i o n 
Documentation/Pub li c ati o n 
Monitoring and eva l u a ti o n 
Assessment of barr ie r s 

Regional policies an d  p l a n ni n g 
Regional resource a s s e ss me nt 
Allocation of financ i al   r e s o ur c e s 
Imp lementation stra t e g ie s 
Regional institutiona l  m e c h a ni s m 
Assessment and des i g n  o f 
Technological optio n s 
Assessment of barrie r s 

Local resource asse ss me nt 
Integration of dema n d  a n d  s u p p l y 
(present and future ) 
Imp lementation of  p o l i ci e s 
Institutional mecha ni s m 
Management, planni n g   a n d 
imp lementation

Operation a nd main t e n a nc e 
Integration of social ,  e c o n o m i c al 
and environm ental  b e n e fi t s 
Comm unity cohesi o n 
Imp act assessme nt

Providing feedback s  t o  M e s o- 
and Macro-level



 163

 
The diversity of problems and barriers crop up at this stage that hinders the actual 
implementation. Besides overcoming such problems and barriers it also requires putting in 
place the suitable institutional mechanism for operation and maintenance, redress consumer 
appraisal, convenient revenue collection process and impact assessment. In the absence of 
strong institutional mechanisms, community based programs failed in many countries. For 
example, in India there is also the de-electrification of villages noticed in parallel to the 
government objectives of rural electrification. But, the de-electrification process have several 
other reasons such as lack of maintenance fund, the year round accessibility of the region, 
village internal politics, problems of insurgency or negligence of electricity department. 
 
 
9.4.1 National Level Strategies and Policies 
 
A) Policies, Strategies and Regulations 
In June 2004, the conference on renewables (Renewables 2004) disclosed that many countries 
are lacking appropriate national energy policies. These countries depict slow progress in the 
development process and poor living standards particularly in the rural areas. On the other 
side, there are some countries where policies and regulations have been formulated but have 
brought mixed impact – success and failure at the same time. This is particularly true in case 
of decentralised distributed generation technologies for off-grid electrification.  
 
As a good example, the World Bank has formulated Energy Business renewable Strategy to 
reintegrate the energy business into the Bank main business lines. It focuses on four main 
agenda: activities which will have a direct impact on poverty reduction; those which will help 
the contribution of the energy sector to the macro-economic and fiscal stability of economies, 
those which will enhance market development, governance and the participation of the private 
sector, and finally, those which will ensure the environmental and social sustainability of 
energy services and uses (Figure 9.5). 
 

 
Figure 9.5  World Bank Energy Business Renewable Strategy (World Bank, 2004) 

 
This approach holds good for every country seeking to improve the rural electrification 
situation. Besides improving the social, economic and environmental situation it is equally 
important to formulate national policies to provide conducive and improved market 
conditions for the private sector in order to receive better outreach and penetration of the 
technologies in the rural areas. 
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B) Mobilisation of Financial Resources 
It is often quoted that people living in remote areas are poor, which means poor infrastructure 
and lack of income opportunities. In such a situation, electricity does not come under the daily 
priority of the people. Provision of subsidy in rural electrification process, therefore, becomes 
important to raise the affordability of the people and for rapid extension of the electrification 
process. 
 
The economics of rural electrification asks for heavy investment to supply electricity for all. It 
is therefore necessary that the least cost options are identified as simultaneous activity. The 
least cost option is more desired in case of RETs as their initial capital cost is high and 
communities will not able to afford it. Suitable financing mechanisms, to offset such costs, 
should be prepared to enable the implementation of these technologies on a commercially 
sustainable basis.  
 
A suitable financial mechanism will be required for both, individual as well as mini-grid 
systems and their management. As the scope of rural electrification is quite high, national 
level rural banks will be the important players in this respect. It will necessary to involve 
commercial banks and regional rural banks, which have wider presence in rural areas, to 
support micro-finance. 
 
Customised financing schemes should be evolved in consultation with the banks and also 
facilitative norms, guidelines and limits to encourage widespread participation of the 
community in rural electrification initiatives. Several schemes such as fee-for-service and 
concessionaire approach on SHSs and individual have already shown success. Various other 
schemes have also seen success through the provision of soft loans and interest subsidies of 
capital investment. Capital subsidy has shown an important component for the wide-scale 
dissemination of the distributed generation technologies. Therefore, there is a need for the 
mobilisation of all financial resources and maintain their consistent flow. 
 
C) Cooperation with the International Organisations 
The international cooperation is a must in the age of globalisation. To remain competitive in 
the global market, the national government should establish cooperation with the international 
organisations and support them through conducive investment opportunities. The state nodal 
agencies should take the responsibility of creating an enabling environment in the states. 
Consistent and long-term policies are important in building up confidence among the 
international agencies for investment.  
 
Strong international cooperation is useful for the development of technology, enhancing 
investment opportunities in the field of energy technologies, designing associated risk 
mitigation options and management tools. This is desirable for energy technologies in general 
but RETs in particular. For example, China has set a target of electrifying all off-grid regions 
by the use of decentralised distributed technologies. The commitment through national 
policies have invited international organisation such as National Renewable Energy Agency 
(NREL), German Technical Cooperation (GTZ), etc and several others to strengthen 
distributed generation technology base in the country (please refer Chapter-5). 
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D) Research and Development Support 
The research and development component in the national policies is crucial to bring new and 
efficient technologies. RETs used as distributed generation technologies are relatively new 
and lack adequate experiences in many countries. There are ample opportunities of 
leapfrogging exist in term of developing technology and skills from countries having 
improved skills and options. 
 
For example, Nepal took initiatives in the field of MHP about 15 years ago and today it has 
well-developed micro-hydro technologies for electricity generation in off-grid regions (Dhital, 
2002). This has resulted due to the commitment of National Government, partnership with the 
international organisations and initiative by the private sector. In developing this technology, 
international efforts have stressed large involvement of local community, energy application 
for skill development and income generation. As a result, MHP has been well embedded into 
the rural infrastructure. 
 
E)  Credit delivery system and energy technologies 
Availability of credit for energy technologies in rural areas is a tool that could have 
significant impacts of making systems affordable, which help its wide-scale dissemination. In 
wake of it, initiatives have to be taken at the national level with the support of governments as 
well as external funding. A lower interest rate will make the systems more acceptable, which 
should match with the income of the people.  
 
Availability of easy loan will be helpful to generate sufficient interest among rural people to 
avail the facility and fulfil the formalities. Often the barriers involved in providing loans make 
credit availability and delivery system ineffective. Aside from attitudinal problems that go all 
the way to the top of the bank's hierarchy, banks have been lackadaisical in promoting 
improved technology. Therefore, using a rural bank branch as a nodal point with friendly 
culture will have a positive impact on people and easy credit facilities will support technology 
dissemination in rural areas. 
 
F) Monitoring and Evaluation 
The key to assess the impact of policy is the retrospective review process that helps guiding 
the formulation of new policies. The process of monitoring and evaluation also will provide 
the valuable insights for standardising and regularise the entire rural electrification process. 
RETs used in rural areas have the experience of nearly two decades and wide-scale 
application still need years to come, therefore monitoring and evaluation is important to 
implement the policies in sustained manner. The process should be evolved and set in place 
where every stage of the process is adjudged in a retrospective manner. 
 
G) Networking 
Implementation of RE policies is possible with a strong network of stakeholders working 
under the same objectives. In the development process, all partners such as research 
organisations, manufacturers, Technical Universities, Management Institutes, Implementing 
organisations, Private entrepreneurs and Banks, have their own role to play (Figure 9.6). 
Networking will help converging the diversity of thoughts on polices and strategies of rural 
electrification at the national level. 
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Figure 9.6  Partners in formulation of National Policies and Strategies 
 
 
H) Documentation and Information Dissemination 
Documentation of the national polices in a simpler way should be produced, which a common 
citizen can understand. Best practice examples and impact of the policies should me made 
part of the rural electrification process. Workshops, seminars and conferences should be 
planned in the beginning of every year. These should be organised with the involvement of 
stakeholders working at the different administrative levels. This process will help transferring 
the policies downwards and their impact in upward direction. 
 
 
9.4.2 State level nodal agency  
Stepping down the implementation chain, there will be the State Nodal Agency, which will 
work as the administrative head. The State Nodal Agency will be responsible for designing, 
regulate, implement, monitor and evaluate the rural electrification process in the state. It 
develops the capability within the State in terms of developing infrastructure, manpower 
resources and will coordinate at each administrative level of district as well as block 
committee. In order to have wider coverage, the state nodal agency will work with the support 
of district committees. The activities in the state will be carried out through district 
committees by the allocation of specific responsibilities (Figure- 9.7). 
 
The allocation of financial resources, implementation of technology as well as providing 
regular backup support will be the responsibility of state agency. The backup support is to 
oversee the overall management of the program and provide adequate infrastructure for these 
interventions. The responsibilities would also encompass provision of initial capital required 
for the equipment and the installation of the systems and monitoring of the interventions and 
capacity building. 
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Figure 9.7  Administrative set-up between State Nodal Agency and District Committee 
 
The main responsibilities at this stage have been described as under: 
 
• Coordination and assistance in mapping of Rural Electrification requirements and 

identification of potential source of energy in the state. 
• Serving as information bank of various national and international studies. 
• Working along with other departments of the State Government and the incumbent 

utilities to estimate the financial cost for achieving the complete electrification in the 
State. 

• Coordination with the District Committees in providing assistance to the levels 
working down under for certification of the status of village electrification. 

• Coordination for State level statuary clearances for rural electrification projects of 
off-grid regions. 

• Determination of generic norms for various Rural Electrification initiatives as 
considered appropriate for the state. 

 
 
Functions of the nodal agency 
 
Planning 
• The nodal agency will be responsible for overall planning of the project.  
• The nodal agency will also be responsible for sourcing funds from funding agencies, 

allocating the budget, short-listing the villages for energisation.  
• Planning for training of a) trainers b) district level functionaries.  
• Planning for and procuring budget for expansion of activities. 
 
Liaison 
• Liaison with the district level agencies for training as well as capacity building exercises. 
• Liaison with district level agencies and manufacturer for technical support and spare parts 

supply. 
• Liaison with other state level agencies such as rural development agencies, to achieve 

maximum synergy with their programmes. 
• Liaison with various institutes (technical, management, etc) for backup support, 

documentation, training, spare parts and sourcing of equipments. 
• Liaison with the ministries at the national level  
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 Monitoring and regulation 
• Monitor the installation of equipments and systems at the village level: To ensure the 

growth of the improved the quality of the systems, it is then necessary to promote a 
common basis of technical specifications. This will make it possible to use off the shelf 
systems for rural electrification and thus to reduce the cost of such programmes. 

• Monitor the quality of the spare parts 
• Monitor the quality of the training programs 
 
 
9.4.3 Formation of District Level Committees 
For the implementation of this programme a committee at each district level, headed by the 
District Administrative Head, is considered as important for the district planning and 
implementation. This committee should have representatives from the – 

• District electricity department,  
• District rural development agency,  
• Manufacturer of distributed energy technologies (Optional) 
• A prominent NGOs operating in the district, and  
• A representative from a financing institution supporting energy technologies. 

 
In a large country, it may require to form another committees (block) below the level of the 
district committee. Therefore, to have deeper outreach in the remote areas, the district agency 
will carry out its activities with the help of Block committees. The present chapter considers 
the committees to be formed at the district as well as block level (group of several Blocks 
forms a district) (Figure 9.8). However, in practice, this decision of selecting number of 
administrative levels should be taken by the government of the country. 
 

 
 
The district level committee will be responsible for identifying with the block level committee 
the off-grid villages in the district and forwarding this list to the state nodal agency for overall 
planning. The other functions to be carried out by the district level committee are: 
 
Liaison and facilitation 
• Liaison between nodal agency and the block committees in areas of finance, technical 

support and training. 
• Facilitate the maintenance of services through training, capacity building and arbitration 

in all matters except tariff structure. 
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• Liaison with the nodal agency for procurement of hardware equipments, spare parts, 
training material and manuals. 

 
Monitoring 

Monitor the safety arrangements at the Block level, quality of services and operation and 
maintenance of the equipment. 
 
Technical support and assessment 

Conduct the demand and resource assessment using its own resources. 
 
Financing 
• Channel finance for civil work as well as seed money to the Block committee 
• Facilitate access of credit for expansion of the rural electrification process 
 
 
9.4.4 Responsibilities of Block Committees and Grass-
root Organisation 
At the end of the administrative chain is the Block Committee, which will be responsible for 
the actual implementation at the grass-root level. The Block Committee will be guided by the 
District Committee and perform the activities in consonance with the social, economical and 
environmental aspects at the local level. At this stage, it is important to follow the process of 
rural electrification through adopting an integrated approach emanating the possibilities of 
solving problems by the provision of electricity assess. 
 
Considering that there will be several administrative blocks in the district, block committees 
will be formed with the involvement of Block development officer, representatives of the 
local electricity office, rural development agency, member of NGO and member of financing 
bank at the local level.  
 
The Block Committee can also be referred as the Energy Service Unit (ESU) or a separate 
ESU at the local level can be formed, which will work in collaboration with the Block 
Committee. Depending upon the specific conditions to electrify a village/location, it can be 
decided whether Block Committee is to serve as an ESU or a separate ESU will be more 
suitable to carry out the responsibilities. An ESU can either be a local NGO, a local 
entrepreneur, local company or any other agency. Broad classifications of the responsibilities 
at this stage are: 
 
• Monitor the smooth running of the institutional structure at each village and maintain the 

viability of the ESU (operational as well as financial) 
• Monitor the billing process to safeguard the interest of the consumers, arbitrate in any 

conflicts or clash of interests between the consumers and the ESU and regulate the tariff 
at village level 

• Monitor the quality of services provided by the ESU to the consumers 
• Efficient supply and application of energy (Energy efficiency) 
• Marketability/replicability of the process 
 
At this stage, a planning dealt with the demand, resource and technology assessment focusing 
on the modalities for design of systems at the local (or village) level. Besides designing and 
installing the systems an equally important part is to put in place institutional arrangements 
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for planning, implementation and maintenance. This section deals with these institutional 
structures and processes. 
 
The dissemination of distributed generation technologies in rural areas is constrained by 
improper arrangements for delivery as well as post dissemination services. The learning from 
different RET dissemination projects has indicated that proper institutional arrangements for 
the delivery in form of a value chain or local entrepreneurial venture backed up by 
involvement of grassroots institutions are necessary. In the context of distributed generation 
the need for proper and systematic management is necessary for planning, implementation as 
well as post dissemination activities related to operation and maintenance. 
 
The process of implementing distributed generation related activities can be subdivided into 
two parts in which different institutional structures will be involved and responsible for 
specific deliverables. The two stages are planning, and implementation and servicing, which 
have been described in the following section. 
 
 
9.5 Critical Success factors: Institutional mechanism 
 
It is important to identify and prepare a list of villages, which are technically and 
economically not viable to electrify through grid extension. This is important to assess the 
potential and form the basis of relevance of distributed generation technologies. The district 
level committee is to lay down the criteria (based on national criteria) for identifying off-grid 
(un-electrifiable) villages. The criteria of identifying off-grid conditions could be the distance 
from the main electricity grid, geographical difficulties, village settlement, social structure, 
economic status of the people, seismic problems, economic viability, renewable resources 
availability and the environmental conditions. 
 
The block committee using its resources will identify the off-grid villages in the block and 
provide the compiled list to the district committee. The district committee should verify the 
conditions for every village indicated in the list and assign priority for electrification. The 
final list of villages is to be sent to the state nodal agency to arrange adequate funding, 
tendering and identifying equipment manufacturers. 
 
Once the final list of off-grid villages is approved at all stages, a host of planning aspects will 
be needed in order to set in place the electrification process. During the project development, 
the demographic, technology and institutional assessment will be a pre-requisite. 
Demographic analysis helps identifying priorities of the people in the area and assessing how 
electricity could help meeting those priorities. The technology suitability will require the 
assessment of the local resources available at the village level. The average demand 
assessment is important to design the capacity of the technological option and also to 
resources that would require to meeting the demand. Following section describes the simple 
assessment procedures at various stages: 
 
 
9.5.1 Demographic Analysis 
The demographic details of the location/village are important to identify priority and need of 
people. Below are some of the details that would be needed during the planning process: 

• Total population 
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• Male to female ratio 
• Class structure 
• Village settlement (concentrated/dispersed) 
• Migration 
• Income sources 
• Prospects of value addition to local resources 

 
These details will help in developing an understanding over the prevailing culture, local skills, 
gender dimensions and, prospect of value addition to local resources in the village. The 
economic status of the people will help in setting-up of the affordable electricity tariff 
structure or assessing the need of the micro financing. 
 
 
9.5.2 Assessment of technical aspects 
 

A) Assessment of energy demand 
In order to have a synergy benefits by the provision of electricity, it is important that 
electricity demand should be assessed for all activities. Besides provision of domestic lighting 
focus must be given on productive application of electricity. This will give options of 
economic returns to the energy interventions. The common load (street lighting, etc) should 
be adequately embedded during the implementation of system with a responsibility to local 
community to safeguard and maintain them (Figure 9.9).  
 

 
Figure 9.9 Assessment of load in a village 

 
The impact of electrification would likely to increase electricity demand in future, thus 
projected demand should be incorporated in the assessment process (Figure 9.10). The 
increased demand would likely in case of increase in household consumption, new 
opportunities for productive application and new settlements in area. It is important to 
mention that use of energy efficient devices and efficient use of energy would play as one of 
the solutions in meeting the increased demand. 
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Figure 9.10  Future assessment of demand 

 
 
B) Assessment of local resources 
Distributed generation technologies require assessment of local resources in the present and 
for future, which can be used for the power generation. Since the resources are different for 
different technologies therefore the method of resource assessment is also different. Due care 
will be required during assessment as some local resources, for example biomass, in the rural 
areas are already in consumption by the people for various purposes. Some of the important 
factors to consider while undertaking resources assessment are shown in Table 9.1. 
 
Table 9.1  Assessment of local resources for power generation 

Technology Resources Important aspects before implementation 
Solar PV Solar energy Solar intensity during most part of the year 

Shadow free space 
Common property land for installation 
Site near/within the village/location 
Risk free from any damage 
(landslide/tree/playground/etc) 

Micro-hydro Flowing water Water availability round the year 
Water used for irrigation from the river/stream 
Applications for other domestic/commercial  
Distance for the consumers 
Assessment of risk (flood/landslide/etc) 

Biomass 
Technology 

Biomass (forest 
wood/Agriculture 
residue/other organic 
waste) 

Type of biomass available and its calorific value 
Total yearly sustainable yield of biomass 
Present consumption of available biomass 
Actual availability of biomass for power production 
in present and future 
Fluctuation in biomass availability 
Common property land for plantation 

Wind Energy Wind Variation in wind velocity 
Risk assessment (storm/landslide/etc) 

 

Average demand 
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Agriculture
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Diesel Generator Diesel fuel Access to fuel transportation 
Availability of fuel 

 
 
C) Technology Selection 
In a village, there may be a situation of more than one resource availability for the power 
production. In such situation, it would require to assess various other aspects in order to select 
the most conducive technology for the electrification. Table 9.2 shows the electricity provided 
for households lighting (80 watts) and some common load. It is considered that efficient 
devices will be used for lighting such as Compact Fluorescent Lamps (CFL). The load for the 
productive application will vary with the location or village-wise therefore it is to be 
considered as the limitation of the study.  
 
A matrix has been prepared on the basis of parameters such as technology, economics of 
technological options and socio-economic parameters at the village level. To arrive at a 
suitable technology for electrification of a village a given village, each and every technology 
would have to be evaluated using certain parameters and the evaluation would be carried out 
stepwise. The sequence of these steps would be determined by the criticality of the factors.  
The steps to be followed are described in below. 
 
Step I 
The first step in finding a suitable technology will be the assessment of local resources at the 
village level. If only one resource is available it is easier to identify technology. In case of 
more than one resource, it would required to study other associated parameters to find a 
suitable technology. It will be difficult to select one technology or a technology mix without 
further assessing the technology options. 
 
Step II  
The second set of parameters for selecting the appropriate technology is related to site 
specifications. This would include parameters such as the distance of the site from the load, 
the stability of site, the availability of a shadow-free area, safety from any damage, etc. These 
parameters decide the possible losses in transmission, safety of the equipment and its 
accessibility. The preference should be given for a site that comes under village common 
property and located close to most consumption units. 
 
Step III 
The third set of parameters is related to the ability of technology to add capacity in small 
discrete amounts. This step involves understanding of critical benefits and limitations of the 
technology.  For example, if a village electricity load expected to increase gradually then it 
would be preferable to choose a modular system, which has the benefit of capacity addition 
once the installation is done. At the same time it is important to assess technologies based on 
their limitations, as the limitation might be a big constraint in deployment of technology.  One 
limitation is that most systems are designed by peak load and may face a severe fuel shortage 
in a particular season. It may also be possible that the demand drastically decreases at some 
point during the year. In both the cases it makes the running of that particular technology 
option almost unviable.  
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Step IV 
This step involves identifying appropriate technologies based on per unit cost of electricity 
generated in that village and levelized annual cost of the system. After identifying suitable 
technologies, this step will provide the best option in terms of return on investment in the 
coming years. The section on economics of system design has included the capital of the 
system (varies with technologies and capacity) and life of a technology (20 years for solar PV, 
10 years for gasifier, 40 years for micro hydro and 10 year for DG set). The table 7.2 indicates 
levelised annual cost and unit electricity generation cost, which are critical for the selection of 
the technology. 
 
Step V 
The last step of the analysis assesses the impact of the energy technology option on the 
environment and socio-economic conditions of the village. The environmental impact of the 
technology chosen should not be negative and it should have long-term sustainability. The 
ecological balance of the area should not be affected, for example excessive cutting of trees 
for biomass gasifiers, and should not adversely effect human health or livelihoods. At the 
same time the technology is easy to operate and maintain by the local people. 



 175

Table 9.2  Matrix for Technology Selection 

Parameter Solar Biomass Hydro DG Set 

Technical aspects 

Resources Solar radiation: Ave 4 – 6 
kWh/day/m2  

Surplus biomass availability Adequate water flow and head Diesel 

 Sunny days: more than 250 
days/yr 

 Linear flow through out the year  

Site specifications Shadow free area (600 m2 for 20 
kW) 

Site near to load Site near to load Location reachable to maximum 
households 

 Village common land Village common land Undisputed site  

 Safe from any damage (felling of 
tree, landslide, etc) 

Safe from any damage (felling of tree, 
landslide, etc) 

Stable site  

Critical benefits Modular Modular Continuous power Portability 

Life 25 years  10 years 40 years 10 years 

Limitations Non-functional during non-
sunshine hours 

Fluctuation in cost of raw material, 
technology is under testing below 5 kW 
capacity 

Limitations to capacity enhancement Fluctuation in the cost of fuel 

Economic (levelised annual cost / Cost of unit generation) 

Village size     

> 20 households 

Estimated load:  2 kW 

Rs 231884 / Rs 38.60 

4216 / 0.70 Euro 

Rs 248836 / Rs 13.10 

4524.29 /  0.23 Euro 

Rs 37864  / Rs 10.80 

688.43 / 0.19 Euro 

Rs 70106 / Rs 20.00 

1274.65 /  0.36 Euro 

20 – 50 households 

Estimated load: 5 kW 

Rs 463767 / Rs 38.60 

8432.12 /  0.70 Euro 

Rs 251819 / Rs 12.60 

4578.52 /  0.22 Euro 

Rs 48560 / Rs 12.60 

882.90 / 0.22 Euro 

Rs 195788 / Rs 17.40 

3559.78 / 0.31 Euro 

50 – 100 households Rs 615131 / Rs 34.20 Rs 432451 / Rs 12.40 Rs 138729 / Rs 7.10 Rs 347217 / Rs 17.40 
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Estimated load: 10 kW 11184.20 / 0.62 Euro 7862.74 / 0.22 Euro 2522.34 / 0.12 Euro 6313.03 / 0.31 Euro 

100 – 150 households 

Estimated load: 15 kW 

Rs 1855069 / Rs 38.60 

33728.52 / 0.70 Euro 

Rs 524259 / Rs 10.9 

9531.98 /  0.19 Euro 

Rs 311045 / Rs 6.50 

5655.36 / 0.11 Euro 

Rs 447678 / Rs 12.80 

8139.60 /  0.23 Euro 

Social 

System operation Needs community involvement 
during planning and 
implementation stage 

Needs community involvement during 
planning and implementation stage 

Needs community involvement during 
planning and implementation stage 

1 person for daily operation 

 2 person for daily plant operation Needs community involvement for 
collection of raw material 

2 person for daily operation  

  Needs training for system operation and 
maintenance 

  

 2 person for repair and 
maintenance 

2 person for repair and maintenance   

Environmental aspect 

 Favourable Favourable Favourable Polluting 
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9.5.3 Assessment of Institutional aspects 
The assessment and formation of institutional structure at the grass root level forms the basis of 
long-term sustainability of community-based system. Distributed Generation technologies are the 
available option to fulfill the distant dream of finding improved energy needs of the isolated 
communities. Therefore, DG technologies are a community-based system therefore the systems 
should be implemented by involving the community from the planning stage. Following section 
describes the criteria for setting-up the institutional system at the grass-root level. 
 
Criteria for village level institutions 
One of the most important factors to be considered before recommending the institutional 
structure at the village level is cohesiveness in the community. If the cohesiveness exists, the 
structure and form of the institutional structure will rely more on the community participating in 
the delivery of services. Otherwise, entities such as NGO’s/ entrepreneurs, etc., will be the 
possibility to take the lead in the formation of the village level Energy Service Unit. 
 
If community cohesiveness exists at the village level then two structures can be recommended. 

• Consumer co-operative 
• Community Based Organisation (CBO) 

 
The first choice will be the formation of a consumer’s co-operative and if that does not work out 
then the CBO based approach can be used. If the cohesiveness is low then the first choice is a 
local entrepreneur taking the lead in the formation of the ESU and if no entrepreneur comes 
forward the local NGO operating at the village level could be considered. If all the above actions 
fail then the ESU could be formed with the village committee/village head as the controlling 
entity. 
 
Certain criteria mentioned below have been designed to help determine the possible institutional 
structure. These are: 
 
► Criteria for determining community cohesiveness 

• Number of Self Help Groups (SHGs) in the village 
• Village level initiatives 
• Performance of village committee 
• Presence of NGO/CBOs 
• Successful implementation of community programmes in the village 

 
► Criteria for evaluating entrepreneurs 

• Financial stability 
• Experience in the service field 
• Reputation in the energy delivery area 
• Capability to handle these kind of services 

 
► Criteria for evaluating NGO’s/ CBOs 

• Area of work 
• Reputation of NGO in village as well as nearby areas 
• Staffing 
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• Financial sustainability 
• Experience in the service sector 

 
 
9.6 The Implementation Phase 
 
The implementation phase will involve the setting up of systems at the village level and putting in 
place service and maintenance structures. This phase can be divided into financing, installation, 
training, tariff setting, billing, and initial operation and maintenance. The implementation phase 
will have the focus shift from the district level to the village level. It will require input from all 
three agencies at the state, district and the block level to successfully operationalise the energy 
interventions. 
 
Before the implementation phase starts the technology assessment and system design will have 
been completed for the villages. The institutions operating at the village level would have been 
assessed and the structure of the entities forming the ESU at the village level finalized. 
 
Energy Service Unit 
There is a need for decentralized energy service delivery options based on technology and the 
resources available at the village level due to the remote location of these villages, problems in 
accessing the villages, risks to the safety of transmission equipment and the large transmission 
losses associated with centralized energy services delivery options. The operation and overall 
management of these interventions at the village level will have to be carried out by an 
independent agency. This can be designated to the Energy Service Unit (ESU) and will be 
provided with backup support like access to funds, technology, training, etc. 
 
For the proper management of the project at the village level the ESU’s functions, 
responsibilities, reporting requirements etc. would have to be defined. The ESU must fulfil the 
organisational structures, technical backup, personnel and financial management so that effective 
and efficient delivery of energy services can take place. The mandate of the ESU will be to 
provide energy services to the villages in the following areas: 
 

• Domestic electrification 
• Provision of energy for commercial enterprises 
• Provision of energy for common loads such as street lighting, etc. 
• Energy for provision of irrigation and possible productive applications. 

 
To provide energy for these purposes the ESU will perform the following main functions: 

• Operations and maintenance 
• Administration 
• Liaisoning 
• Management of financial services, billing and tariff setting. 

 
To perform these functions the ESU can be worked out in three parts, the management, technical 
services, and financial services.  
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9.6.1 Management 
The management will be responsible for the overall running of the ESU. The function of the 
management will be to give overall strategic direction to the ESU, co-ordinate and monitor its day 
to day activities and liaison with other institutions such as the state and district nodal agency. The 
management will also be responsible for overseeing the running of the technical and financial 
service functions. 
 
The following will be the tasks of the management in the ESU: 

 
 
Planning  
• To develop the budget for each financial year based on the expenditures, income sources and 

other grants made available to the ESU. 
• To forecast future energy requirements in the village. 
• To plan for increase in capacity to meet the increasing demands both in terms of technology 

and system parameters as well as the financing mechanisms. This will be done on the basis of 
the usage pattern of the village and the costs of adding extra capacity versus the expected 
revenues. 

• To plan for capacity addition within the ESU through identification of training needs. 
• Manpower planning to meet all the human resources needs of the ESU. 
• To analyse the ability of the system to cater to the needs of the community without causing 

problems. 
 
 
Operation and Maintenance (O&M) 
• To supervise and manage the overall functioning of the system and ensure the smooth 

delivery of services. 
• To develop in conjunction with the technical staff, an annual operation and maintenance plan 

and to budget for these. 
• To implement the operation and maintenance programme using the appropriate planning and 

scheduling techniques. 
• To keep account and record of the materials tools, work performance, and money spent on the 

work establishment.  
• Periodically report to the district level agency about the status of operation and maintenance 

program and the budget. 
• Purchase spare parts, tools etc with the help of the technical and financial services. 
• To ensure the safety of the equipment, the ESU will put in place adequate measures to 

safeguard the equipment. 
• To liaison with the district level agency as well as the nodal agency for technology backup 

and associated services. 
 
 
Administration 
• Schedule, assign and monitor work being done by the personnel in the financial and technical 

services departments. 
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• To establish communication with the customers and also set-up a feedback mechanism on the 
perception of the customers with regard to quality of services rendered. 

• To plug any gaps in services to the customers based on feedback.  
• To identify the training needs of personnel working for the ESU and liaison with the nodal 

agency for conducting that programme. 
• To execute other traditional functions carried out by administration such salary disbursement, 

running of the ESU office etc. 
 
 
Finance 
• To oversee the working of the financial services. 
• To monitor the process of bill generation, bill delivery and collection of the billing amount as 

well as handle cases. 
• To work out the tariffs for the loads listed above in consultation with the consumers and with 

inputs from the financial services. 
• To oversee and monitor the annual recurring costs as well as debt servicing costs. 
 
 
Liaison 
To liaison with the nodal agency and district level agency in the following areas: 
• Identify the training needs of its personnel and provide information on these to the nodal 

agency and the district level agency.  
• The nodal agency will be responsible for providing the technical backup for the systems 

installed at the village level. The nodal agency can do this by employing in-house experts 
who will provide this support or enter into a contract with the original equipment provider for 
them to provide all the backup support. The nodal agency can act as a facilitating agent in 
case of provision of technology access and this can be extended to spare parts procurement 
and distribution also if the technology backup services are a success. 

• Tariff regulation: The ESU will liaison with the nodal agency, which will be responsible for 
the regulation of tariff. It will also act as the arbitration body for resolving conflicts between 
the consumers and village level ESU’s. 

• Liaison with the local agencies may solicit assistance from the external agencies such as 
government, technical institutions and consultants for development of implementation plan as 
required. 

 
 
Technical services  
The technical personnel will be responsible for running energy systems at the village level. It will 
report to the management and provide support by sharing information to financial services and 
management. The technical services will have to be manned by trained personnel with experience 
in the operation and maintenance of the systems under their charge.  
 
The detailed tasks to be carried out by technical services are: 
• To operate systems at the village level and deliver the energy services to the consumers.  
• To address complaints from the consumers related to the delivery of energy. 
• To provide inputs to financial services for preparation of the bill and for tariff setting. 
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• To provide input to the management for preparation of the O&M budget as well as identify 
areas where demand can increase and with the management and financial services plan for 
capacity addition to meet that increasing demand. 

• To identify training needs in technical services and forward them to the management. 
• To maintain and monitor supply of spare parts and other equipment from the nodal agency. 
• To establish reorder levels for fast moving spare parts. 
• To source wood in villages, which will have a biomass based gasifier. 
 
 
9.6.2 Installation and Implementation 
The installation and implementation will be the main responsibility of the short-listed 
agency/entrepreneur/organization, which will purchase and install the equipment with the 
approval of the district committee. The district committee will have a list of short-listed pre-
approved suppliers from whom the entrepreneur/agency can buy the equipment. The final 
verification of quality and the standard of installation will be done by the authorized 
representatives of the district level committee.   
 
Training 
The initial training will be the joint responsibility of developer/implementing agency and the 
OEM personnel. They will arrange for the training of the technical services staff so that they can 
efficiently operate and maintain the systems. Training will also be provided on financial 
management and other operational aspects.  The staff of the ESU will be involved in the 
implementation of the project at the village level from day one and will receive on the job 
training in the running of the systems including managing functions such as finance, 
administration, billing of the ESU. 
 
Subsequent training related to operation and maintenance of the interventions can be broadly 
designed at the level of state nodal agency. This training must be based on the specific needs of 
the ESU as forwarded by the district level agency. The ESU in the servicing stage will identify 
their own training needs. The technical along with the financial service providers will themselves 
or with the management identify the training needs. The management will forward these to the 
district level agency, which will collate the training needs of all the ESU’s under it, add its own 
training requirements and forward them to the state level agency. The state level agency will 
identify district wise the training needs and design training programmes for these districts. A 
technical body like an engineering college or a technical research institute shall be designated by 
the state level nodal agency, which will participate by rendering training, facilitate quality control 
and providing technical backup if required. Most of the training will be conducted by the OEM/ 
technical institute (in case of technical training) or by the technical institute for any other 
requirement. The training shall be conducted at the district level for all ESU in the district and 
will be funded by the state level nodal agency. The training material will be designed and 
provided by the OEM/technical institute. 
 
 
Tariff Setting 
Tariff setting shall be undertaken at the village level by the ESU in consultation of the consumers. 
The tariff setting shall be undertaken on the basis of operational and maintenance cost, which 
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includes the cost of fuel, spare part costs, and wages of the ESU employees. The tariff will be 
fixed for domestic and common load and will have to be met by all the households taking the 
connections. The tariff for energy for commercial will depend upon the load and any other factors 
the ESU and the consumers might think affects the demand as well as the cost of energy 
generated. The state level nodal agency will act as the regulator for the tariffs set by each ESU. At 
the same time it will also act as the arbitrator between the ESU and the consumers in case of 
conflict/disagreement. 
 
 
Financial Services 
The financial services will be responsible for billing, tariff setting and any other transactions that 
involve the flow of funds. This wing will report directly to the management and facilitate the 
working of the technical services by providing finances for their operations. Their role in the 
biomass surplus villages will include keeping track of payments and wood contributions by the 
villagers and adjusting their monthly bills based on the above activities. 
 
The detailed activities of the financial services are: 

• Developing the budget together with the management for the year. 
• To finance the day-to-day activities of the technical services department, administration 

and in the biomass surplus villages, manage all accounts related to the procurement of 
wood. 

• To keep account and record of the materials, tools, work performance, and money spent 
on the work establishment. 

• To implement the process of monthly billing and collection of the amount as well as 
handle cases of default. 

• To facilitate the setting of tariffs for the loads listed above in consultation with the 
consumers and with inputs from the financial services. 

• To calculate, plan for and manage the annual recurring costs as well as debt servicing 
costs. 
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Chapter – 10 
 
Summary and Conclusion  
  
 
 
Access to electricity is vital for all round development of a region. In case of rural areas, this is 
more relevant to push them forward in the development race, balancing the gap of living standard 
with urban areas and reduce population migration. Various linkages exist, which indicate the 
direct and indirect benefits of the electricity access to the people in social, economic and 
environmental aspects. These three aspects are the main pillars of achieving development in a 
sustainable manner. But, the concept of sustainable development still needs to be focused more to 
put into action. 
 
The social dimension of access to electricity relates with the Human Development Index (HDI) of 
a country. Electricity also helps in meeting the seven Millennium Development Goals (MDGs). 
These goals are formed to provide better living conditions to the world’s poor. Living standard of 
the people, equity, empowerment, health, education, paid employment, clean water and efficient 
technologies, all these are possible to improve by the provision of electricity. Through 
electrification, refrigeration of medicines will be possible in rural clinics, more hours for study 
will be available in the evening, ground water will be possible to lift, time will reduce  to collect 
biomass for cooking and women will have more time for other social activities and, information 
access will create more awareness on disease prevention. Extreme poverty revolves around food 
security and small income opportunities. Access to electricity is essential for efficient cooking 
and it opens up the opportunity for business activities mainly based nowadays on the availability 
of energy and therefore enabling people to create their own income and welfare. These issues are 
excessively prevalent in the rural areas of developing countries. 
 
On the other side, sustaining the process of rural electrification in long term is a daunting task for 
all stakeholders. In the past, rural electrification was carried out mainly under the provision of 
grants with fewer possibilities of returns. As a result, projects failed due to the absence of 
adequate finance once the work was completed. This economic dimension further deteriorated 
when electricity could not serve for productive applications. Poor affordability led the 
households, who once had the electricity connection, to use traditional fuels. The assessment of 
demand of the rural people is needed to be taken into consideration. With the diversification of 
electricity application, people will have choice of taking some initiatives, which in turn, could 
raise their interest on paying for the energy services. 
 
The traditional fuels are fuelwood, crop residues and animal dung, which are still predominantly 
used by large number of people in developing countries for meeting their energy needs. These 
fuels are used in inefficient ways with the quality degrading as a result of diminishing resources. 
This has serious consequences to the health of women and children, changing local habitat and 
desertification. It has been found that rural people incur more expenses than urban people in 
performing similar energy activities when considering their expenditure on poor health.  
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Under this hypothesis, the present study carried out with the following objectives: 
 

• Assessment of the need and current situation of rural electrification, 
• Assessment of the current approaches of rural and off-grid electrification, 
• Understanding of rural electrification in developing countries and stakeholders 

perceptions, 
• Options and impact of off-grid technologies, 
• Analyse barriers and constraints for rapid rural electrification 
• Institutional set-up for the long-term sustainability. 

 
Under the conventional approach, electrification is focused mainly through the grid extension. In 
comparison, very little work carried out on decentralised distributed electricity supply despite the 
fact that a large number of areas exists where grid is difficult to extend. Therefore, the key 
question of the current research was to work out the sustainable off-grid rural electrification 
strategies, which can be adopted in a country specific situation with few changes.  This was in 
response to a situation that most countries work in the absence of such strategies and/or are not 
able to respond to this need raised by the international community. Study intended to push the 
subject of rural electrification in the national priority before it is too late.  
 
 
10.1 Background 
 
The study showed the importance of access to electricity for the development of rural areas. The 
facts obtained while conducting the present study further concretized the importance of 
electricity.  
 

- The world’s population is projected to touch the figure of 8.4 billion in 2030 from 6.3 
billion in 2003. During this period, large-scale population migration is projected towards 
urban areas in search of better living conditions. Explosive growth in urban population 
tends to shift the national priorities and may hide the issue of rural electrification. 

- Today, about 2.8 million people live in rural areas of developing countries. Access to 
electricity in rural areas has increased from 23 percent in 1970 to 57 percent in the year 
2000. Today, about 1.6 billion people are living without access to electricity. Another 2 
billion have access to it but to an unreliable extent. Projections indicate about 1.4 billion 
people would remain un-electrified by the end of 2030 and the number will significantly 
diverge among regions. Most people without electricity would be in Sub-Saharan Africa 
and South Asia. 

- Rural people are poor and rely primarily on human and animal power for mechanical 
applications and use biomass for cooking and other heating activities. The majority of the 
un-electrified population comes under the average earning of less than US $2 per day. 
Research shows that more the poverty more is the dependence on biomass fuel. 

- Daily average biomass consumption per household varies between 5-20 kg. Kerosene 
consumption ranges from 3-16 liter per month, which depends upon the availability and 
affordability of the households. With increasing population, Africa and South Asia are 
expected to see highest population to rely on biomass.  



 185

- Women are the best energy managers. It is a negative compliment, which refers to 
travelling long distances for fuelwood collection, head loading, cutting of wood, storage 
and performing the daily households energy intensive activities. Health of women and 
children are particularly affected because cooking is confined to indoor settings. 

- Many developing countries face high food losses due to a lack of energy for processing, 
preparation of storage and for transportation. 

- The use of biomass reduces agriculture productivity because agriculture residues and 
decomposed animal dung are also widely used as fertilizer. 

 
Several countries have realized the necessity and initiated a large-scale national rural 
electrification programs. Understanding has been made that access to clean energy technologies 
support meeting the national MDGs, create income opportunities, enhances agricultural 
productivity and conserve natural resources. The assessment of rural electrification situation in 
China, India, Brazil and Ethiopia carried out show the difference in status, commitments, 
programs and the technologies adopted for off-grid electrification. Except Ethiopia, all other three 
countries are committed to achieve universal access to electricity.  
 

- China with 98 percent rural electrification is committed to electricity-for-all by 2011. 
- India with 54 percent rural electrification is committed to electricity-for-all by 2012. 
- Brazil with 96 percent rural electrification is committed to electricity-for-all by 2011. 
- Ethiopia has only 1 percent rural population electrified. 

 
China and Brazil, in particular, made remarkable success in supplying electricity in rural areas, 
with India catching up now. The figures described in percentage might be impressive but 
considering the vastness and total population of the bigger countries, number of people living 
without electricity will be much higher in comparison to the smaller countries. Here the special 
case is of India, where only about half of the rural population having access to electricity but the 
country is committed to connect all people in the next six years. Grid electrification still receives 
the major focus in all these countries. The weaker part in all countries is the process of electricity 
supply in off-grid regions though several policy initiatives have been undertaken. The application 
of off-grid technologies is a recent phenomenon, which was adopted when countries faced 
difficulty in extending the grid in remote locations. 
 
Majority of the work is carried out in the last 4-5 years through adoption of new approaches of 
system dissemination, innovative financial models, technological cooperation and conducive 
policies for the foreign investors. But, the issue of rural electrification still needs to confront with 
the economic situation of a country. China, India and Brazil are the growing economies therefore 
are able to secure sufficient momentum but Ethiopia, on the other hand, is fighting with other 
burning issues of poverty, food security and draught. 
 
 
10.2 Methodological approach 
 
The study considered the topic of rural electrification a development issue therefore adopted an 
action oriented research and multidisciplinary approach. The process started with the literature 
survey and the analysis of secondary information on rural electrification. This helped in 
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identifying the trends and dimensions of rural electrification. Specific situation in four countries 
were studied to understand their policies and approaches to achieve universal access to 
electrification. Various technologies for off-grid rural electrification were evaluated in terms of 
their benefits they are able to provide and their limitations. 
 
Two country case studies of Vietnam and South Africa were carried out to assess the efficacy of 
deskwork to the actual action. During the process, particular attention was paid on the 
government policies, projects carried in the rural areas and their impact. Potential and status of 
renewable energy technologies (RETs) was assessed to identify their scope as off-grid 
electrification option. Stakeholder analysis was carried out with the help of structured 
questionnaire and discussion process. In overall, the two country case studies served the purpose 
of validating the findings of this study. 
 
The two country case studies depict a real image of rural electrification under national importance 
and the support it received. Both countries have considered rural electrification is important to 
meet national MDGs. In Vietnam, the prime focus of rural electrification was on enhancing the 
agricultural productivity and export, raising income level and reducing the income gap between 
rural and urban population. In South Africa, stress is mainly on improving the living standards of 
historically disadvantaged people through better education, health services, drinking water, 
development of micro-enterprises and access to efficient fuel for cooking and lighting.  The two 
countries have achieved a marked success in last 10 years. By 2003, Vietnam and South Africa 
managed to supply electricity to about 84 and 69 percent households respectively. 
 
Off-grid electrification technologies are mainly renewable energy technologies, which are gaining 
ground in the last few years but mainly through the external support. The impact and acceptance 
of these technologies is far from the expectations as they are mainly imposed on the rural people 
without a sufficient pre-assessment work. It is mainly the supply-oriented approach, which has 
been adopted while disseminating such technologies. As a result people are aware of technologies 
and their benefits but have failed to retain in longer term due to poor affordability and lack of 
management at the local level. 
 
In terms of resources availability, Vietnam has diverse renewable energy sources. A general 
picture of the country shows the availability of atleast one type of renewable source in each area, 
which can be used for decentralised electricity production. Whereas in South Africa, it is 
predominantly wind energy which has large potential followed by solar energy. Though these 
countries have an established administrative setup but there is an absence of sound rural 
electrification strategies in the country. The process of rural electrification is followed under the 
conventional approach of grid extension whereas off-grid technologies are being implemented 
mainly under the target oriented approach. The initiative undertaken so far still operates under the 
research and development stage. 
 
The experiences gained and lessons learned from the projects on decentralised electricity supply 
have not been accumulated to formulate the national rural electrification strategies. The process 
of evaluation and monitoring is often missing or weak whenever proposed. The stakeholder 
analysis conducted in both the countries revealed that policy makers are aware of the importance 
of rural electrification but still further to be sensitized to established separate electrification 



 187

strategies for the rural areas. The achievements made so far indicate off-grid electrification as an 
activity in itself without adopting an integrated approach. Grid is the first choice as it delivers the 
complete benefits to the people in the preferred choice. 
 
Given this background, it was imperative that the off-grid technologies, which have been 
implemented for improving the rural energy situation be studied in terms of the purpose they 
serve, their acceptance among users, performance and the prevailing barriers these technologies 
face in their dissemination. Various examples were studied where electricity through 
conventional means is difficult and/or economically unviable. In isolated hilly and island 
locations grid supply is technically not possible and on the other hand electrification becomes less 
economical with increasing distances and lower electricity demand. 
 
 
10.3 General findings 
 
Off-grid (also called as decentralised distributed energy) technologies exist and are able to 
achieve the desired impact. The most widely accepted energy technologies are small-scale hydro 
power, solar photovoltaic, biomass based technologies and wind power. Technologies have the 
potential of providing benefits to the community but with varying extent. The table 10.1 describes 
the potential of these technologies for different applications. 
 
Table 10.1  Various applications of the decentralised energy technologies 

Technology Potential application 
Small-scale hydro power Lighting, cooking, agriculture and other productive application 
Solar photovoltaic technologies  
Solar power plants Lighting, cooking, agriculture and other productive application 
Home lighting system Lighting 
Solar lanterns Mobile lighting application 
Biomass technologies  
Biomass gasifier Lighting, cooking, agriculture and other productive application 
Biogas Lighting, Cooking 
Wind energy technology  
Wind turbine Lighting, cooking, agriculture and other productive applications 
Wind pump Water pumping 

 
Diesel generators are the potential contenders for off-grid application, but the environmental 
constraints they bear take them out of the race. However, new technologies such as micro-
turbines and fuel cells show a promising future, which are operating under the development stage.  
 
The technologies mentioned in the table above have been well accepted by the community, as 
variety of benefits are received by the people. On a larger scale, people are benefited in terms of 
better lighting, savings in monthly kerosene expenditure, entertainment through television, 
potable water at their doorstep, more working hours in the evening and reduced cooking hours. 
Women, in particular, have been benefited as the drudgery of carrying water has been removed. 
These technologies have also given economic benefits through opening of new shops, 
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maintenance services, and water lifting for agriculture. The environmental benefits are mainly 
received in terms of removal of diesel gensets from villages and saving of kerosene consumption. 
However, each technology has some limitations because it is not possible to take all benefits from 
a single technology. For example, solar lantern is useful for lighting applications and biomass 
gasifier supplies power for a limited number of hours. 
 
On the other side, each technology faces some barriers and constraints, which vary across 
regions. These circumstances helped drawing important lessons to be considered for the long-
term sustainability of the technology. 
 

- One of the main limitations of these technologies is that they depend on site specific 
resources and operate under limited capacities. Studies on assessment of resources and its 
availability in future thus forms a necessary base for meeting the present and future 
energy needs of the people. 

- Due to high initial costs and poor affordability of rural people, these technologies are not 
able to penetrate in rural areas without external support. It is fully justified that financial 
support is provided in order to gain better outreach in rural areas. Provision is micro-
finance and the payment in installments, are seen as suitable solutions for better 
acceptance by the households. 

- Good community cohesion is required in order to secure investors confidence. The key 
factors in the success of a technology are local participation and leadership. It is 
important to transfer knowledge, expertise, and access to fund and also to develop 
ownership of the people in every stage of implementation.  

- More prospects of sustainability can be developed through diversifying energy 
consumption towards productive activities, and not just for domestic lighting and 
improve socio-economic conditions of rural life. 

- It remains a difficulty that manufacturing facilities are still not developed in many 
developing countries. This contributes to sustainability, as back-up services must be 
made locally. The adequate finance and local technological base does guarantee project 
sustainability. The tariff system based on meeting operation, maintenance and 
depreciation costs is important.  

- As the remote and off-grid locations lack in basic infrastructure of roads, it becomes 
difficult not only for transport but also gives a major hurdle for maintenance and 
management of the systems. The biggest challenge in spreading of market in rural remote 
areas is related to the after sales service and availability of spares. 

- Lack of users training is often highlighted as led to major failure of the programme. For 
example, the problems analysed with the application of biomass gasification technology 
in India have been economic, more than technical. 

- For the small households based systems, grants, loans and various kinds of financial 
models have been tried but market development strategies and risk management tools still 
lack for the technology expansion. 
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10.4 Conclusion of current survey 
 
From the country case studies and based on the general findings, present study brought up the 
necessity of a broad framework of rural electrification strategies in every country confronting 
with the issue of access to electricity. A framework is needed, which could direct the national 
rural electrification priorities, understands all aspects of the off-grid technologies, identifies key 
areas to be strengthen, allocates the roles and responsibilities at different working levels, 
maintains a consistent flow of finance, able to pursue regular monitoring process and capable of 
incorporating the monitoring results or critical success factors into the national policies to make 
them more effective. The steps suggested in the process are based on the findings of the country 
case studies in Vietnam and South Africa, which were later validated through the detailed 
discussions with energy experts of the country.   
 
The framework suggests the objectives to achieve in an integrated manner with the involvement 
of social, economic and environmental aspects. It considers that each aspect should be supportive 
to one another, which, in the end, should lead to the benefit of rural people. This situation is 
explained with the help of the figure 10.1. 
 
From current work it seems very clear that social aspects have strong interaction with the other 
two aspects. In a true sense, education, equity, empowerment and, enhanced affordability go 
hand-in-hand with the economic status of a person. Better economic situation is possible through 
improved agriculture productivity, setting-up of small and cottage industries, paid employment, 
etc. Provision of electricity helps enhancing all these options. Electricity is at the top of the 
energy ladder thus possess a large possibility of mitigating environmental degradation and 
improving health conditions. It removes traveling of long distances for fuel collection by women 
and children, conserve natural resources and helps maintaining the local habitat. 

Figure 10.1  Three aspects of sustainable rural electrification strategies 
 
This holistic approach needs further investigation and support when adopted at a country level. 
Policies formulated in Vietnam and South Africa endures all above-mentioned aspects in one way 
or the other. But, when they arrive at actual implementation sometime fail to deliver the desired 
impact.  For example the Free basic Electricity policy in South Africa considers electricity, when 
it is supplied in rural areas, should also serve the purpose of cooking. In reality, people are not 
able to perform cooking because electricity supplied to an individual household (50 kWh) is not 
sufficient enough for cooking and other applications, and extra consumption of electricity is not 
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affordable to the rural people. In both countries, there is no policy on off-grid technologies, which 
has been adopted at the national level. 
 
It is important that general aspects of rural electrification, such as demographic details, targets 
and goals are clearly defined. In Vietnam, no clear statistics was found on how many households 
fall under the difficult locations where grid extension would be difficult and which resources are 
available that can be used to energise those locations. In the absence of data, it becomes difficult 
to predict local energy demand, assess the resource potential at the national level, and identify 
suitable technology and sizing its capacity for the implementation. In South Africa, the SHS 
program covered only the high potential areas leaving those where demand exists but systems 
were not available. Micro-level assessment studies thus are useful to carry out to get a clear 
overview of such aspects before proceeding to the actual implementation. This would enable the 
policy makers to set the time frame of achieving the universal access to electricity, as they will be 
aware of whether all areas are possible to electrify. Presently, the general impression of energy 
experts in both countries indicated that it will take more years than it has been projected for 
universal electrification. This, however, also involves the changes in social dynamics of a 
country, as there will be the formation of new households and disintegration of the extended 
families. 
 
Allocation of roles and responsibilities is important at various stages of the administrative setup. 
An established administrative structure exists in Vietnam and South Africa but differs in many 
ways it performs. In Vietnam, rural electrification program is directed mainly by the Federal 
Government and Provincial governments carry out the actual implementation. In South Africa, 
targets are suggested by the Provincial governments and finalised in consultation with the Federal 
Ministry. In South African approach, it has an advantage that some grassroot information will be 
possible to incorporate as it follows the demand-based approach. But these are conventional 
approaches, which includes only the grid electrification. Off-grid electrification still works in 
isolation in the absence of consistent approach across the country. Often the implementation is 
carried out by an independent organisation and the technologies are simply pushed in the rural 
areas. The strong focus on grid extension has marinalised every initiative on off-grid technologies 
therefore are considered mainly as the temporary options of electrification. 
 
The inconsistent approach in the provision of subsidy by the government and difference in the 
public statements by the policymakers raised confusion among the potential customers. In South 
Africa, subsidy on SHS was given until the year 2002, which was dismentaled afterwards. Lack 
of consistency and clarity have slowed down the electrification process and created trouble for the 
service provider to face the community’s reaction. 
 
Off-grid technologies are still not affordable to the rural people. This is a major limiting factor for 
their large-scale deployment. In South Africa, it was found that only those households that could 
afford the installation cost and the monthly installment have applied for the solar home system. 
The results have shown consistent failure of meeting the energy needs of the poorest of the poor. 
This indicate that off-grid technologies need financial support for their wider dissemination and 
make them more affordable to the poor people. The regular finance should be mobilised through 
conducive policies for the investment, inviting local banks to establish strong micro-financing 
facilities and the provision of soft terms loans. The experiences in South Africa reveal that rural 
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people prefer to pay in installments provided regular maintenance is assured at the time of 
purchase. 
 
At the national level, the economic dimension of the rural electrification is seen in term of the 
economic viability for the service provider, but it has been neglected from the users point of view. 
A study carried out in South Africa indicates that the jobs created are mostly for the people 
engaged in the electricity sector.  In Vietnam, the productive application of electricity was not 
found even in their discussions. 
 
Results obtained in the two countries indicate that off-grid technologies are new and more studies 
are needed to carry out. Grass-root information becomes necessary for identifying the success 
factors to ensure that appropriate technology is implemented, which are able to meet the local 
energy needs. The off-grid technologies have been found were not able to meet the expectation of 
the people. As a result, people start loosing their interest in maintaining the system and 
anticipating that grid will arrive to their doors.  
 
Capacity building becomes important with the allocation of responsibilities. Results of the 
stakeholder analysis in Vietnam revealed that the country lacks in technical skills because of the 
absence of manufacturing base and the technical standards are also not available. The similar 
situation was found in South Africa where projects disseminated only the imported technologies. 
On other aspects, a need was felt to develop a range of systems in different capacities, which are 
customized according to the requirement of the people. In both countries, a fixed capacity 
systems have been disseminated which often do not fit to the need and affordability of the people. 
 
The major concern with the smaller off-grid (for example SHS) technologies is their performance. 
In South Africa, lack of planning and finance for the maintenance often led to system failure. 
Need is felt to have a clear plan for maintenance whether to be the actual maintenance or the 
financing for the maintenance. Lack of maintenance also has linkages with security. In the 
absence of maintenance, several of the systems have been vandalized and the solar panels were 
stolen. 
 
Monitoring and evaluation is necessary for assessing the impact of national policies as well as the 
technologies implemented for rural electrification.  This activity has not been practiced in both 
countries – Vietnam and South Africa. For example, the Rural Electrification Master Plan 
document of Vietnam, which was prepared in 1998, is still frequently quoted in the reports 
despite the fact that much of the rural electrification situation in the country has been changed. 
Secondly, in 2000 the Renewable Energy Action Plan identified barriers for the dissemination of 
RETs but RETs are still facing the similar problems. In South Africa, no provision has been made 
for monitoring of SHS, therefore no performance report is available as of now. 
 
Taking these insights into account, the critical success factors such as local planning, 
management, training and maintenance thus become important for the long-term sustainability of 
the system. The rural electrification strategies suggested in the present study envisages the 
following pre-assessment work to be carried out to have better impact: 
 

- Demographic profile 
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- Assessment of local energy demand 
- Local resources availability in present and future 
- Preparation of matrix for technology selection 
- Criteria of setting up a village level institute/institutional mechanism   
- Maintenance and monitoring   

 
To frame a conclusion, it can be said that access of electricity has been emphasized to be able to 
deliver social, economic and environmental benefits to the society but off-grid technologies are 
still waiting to be embedded into the national rural electrification process. Off-grid technologies 
are considered under the bracket of transitional means of improving living standard of the people. 
There is a need that rural electrification policies and strategies are established by keeping the 
benefits of the people at centre. Once the process is put in place, it should become mandatory that 
regular monitoring is carried out and the results are transparently passed on to the other stages. 
The results should be produced in such a way that it helps to edit the national policies to make 
them more effective. This step is extremely important to follow when the countries are passing 
through the preparatory phase of the rural electrification strategies. 
 
 
Next steps 
 
Rural electrification clearly seems to be development issues of the developing countries. Today, 
there is a need to mobilize greater momentum through political will, conducive national policies, 
dedicated research and information dissemination. The present study reflects the research 
component of this development issue thus intended to show the need of sound rural electrification 
strategies at the country level. Not everything was possible to cover under this study due to its 
limited scope and time frame. However, it enormously serves the purpose and shows the direction 
to carry out further research. 
 
Once the rural electrification strategies are put in place it becomes necessary to initiate a regular 
activity of making them more effective with the experiences gained. There will be several stages 
where one can explore the possibility to carry out research. Several research possibilities exist, 
which are described with an impression that these are most needed:  
 

- Micro-studies at a country level:  Most countries have fixed their target on renewable 
energy technologies (RETs) but some have yet to decide. As RETs are being used as off-
grid technologies, it is important that micro-level studies on resources assessment, 
demand assessment and existing local skills are carried out. This would help in the 
preparation of technology selection matrix. The main advantage of this matrix would be 
in identifying a suitable technology for an specific location. Such micro-studies will 
testify the accurate market potential of any particular technology, and thus its potential to 
cover under the Clean Development Mechanism at a country level. 

 
- Productive applications of electricity in rural areas: Rural electrification is often carried 

out without sufficient pre-assessment studies on how it can improve the income level of 
the people. Without income generation, people will not be able to bear the monthly 
expenditure, which they incur on electricity usage. In the absence of returns, the service 
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providers make losses and face difficulties in delivering the services for longer period. 
Better income improves the affordability of the people, which in turn, helps strengthening 
the financial capacities of the service provider through better returns. Therefore, detailed 
documentation on possible income options by the provision of electricity would certainly 
strengthen the efficacy of rural electrification process. 

 
- Assessment of affordable activities to raise electricity demand in the rural areas: This 

proposal is similar to the above-mentioned point but not in every aspect. The difference is 
that rural electricity service providers do not want to take risk in case the demand of 
electricity is low. It is because of the fact that the cost of electricity supply to a single 
user becomes high. It requires to carry out further research on how other services in rural 
areas such as health, drinking water supply, agriculture, community club and other 
entertainment can be integrated as the revenue options for the service provider.  

 
- Cross-cutting projects: Mere supply of electricity is an incomplete solution for the 

development of the rural areas.  Equal importance should to be given on other sectors 
such as health, education, transport, communication, when the process of electrification is 
initiated.  Establishment of cross-cutting projects is important to bring together the 
synergy benefits of the electrification. This would enhance the cohesiveness among the 
people working in various sectors. 
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Annex- 1 
 

Questionnaire on Rural electrification (RE) in Vietnam 
  
(Interview with the key energy experts) 
 
Name:        ________________________________                                                                   
Organization: ________________________________ 
Designation: ________________________________ 
Expertise: ________________________________ 
Date:  ________________________________ 
 
 
General 
Your insights in the field of rural electrification. 
 
 
How do you see the future of RE in Vietnam. 
 
 
Are there lessons learned from the other countries. 
 
 
Under business-as-usual scenario, when it will be possible to achieve universal 
electrification in Vietnam. 5years / 10 Years / 15 years / 20 years 
 
 
Policy 
Your impressions on government policies on RE in Vietnam. 
 
 
Do you see the initiatives taken in the field of RE are enough from the government end. 
 
 
Major drawbacks / barriers in the present approach and how to overcome such drawbacks 
/ barriers. 
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Do the provincial and the district governments have sufficient rights or power to take 
individual decisions or (the central government holds power in decision making? 
 
 
Technology and management 
Among the total renewable energy systems implemented so far in the country, your 
opinion over the management of technology (operation, repair, funds, training, spare 
parts etc):  Sufficiently focused / occasionally focused / not focused   
 
 
Do you have opinion that economics of any technology should be given more importance 
than social benefits that any technology could deliver? 
 
 
What kind of financing schemes and option might be suitable for different applications in 
the field of rural electrification? 
 
How far the ecological / environmental aspects have been covered in the RE aspects or 
any assessment is made on environmental benefits that RETs can offer? 
 
 
Do you consider Vietnamese government and organizations involved are investing 
sufficient efforts on technological improvement and wider dissemination of renewable 
energy technologies, for rural electrification in particular? 
 
 
Solutions 
What role the international organizations could play in improving the rural electrification 
situation? 
 
 
What role renewable energies can play in improving the RE situation in the country? 
What role the private sector is playing in the present situation? How their participation 
can be improved in the development process? 
 
 
Your suggestions to improve the overall situation in the field of rural electrification.  
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