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ARE recommendations at a glance

• Renewable Energy Systems, particularly hybrid systems, are a cost-effective and sustainable

technological solution for rural electrification.

• Mini-grids have sufficient capacity to power small businesses which can spur the development of local

economic activities and enable communities to improve their living conditions.

• The life-cycle cost approach and an analysis of local conditions are essential tools for determining the

right technological solution. Prioritising low upfront investment costs can result in more expensive

outcomes in the medium and long term.

• Access to electricity must rank high on the development agenda and should follow a reliable long term

strategy.

• Policymakers should develop the right economic incentives for rural electrification which spur local

initiative and private investment.

• A close dialogue between policymakers, the private sector and representatives of rural communities

is indispensable for sustainable policies.

• The legal framework must allow for private and local initiatives. Monopolised power generation and

distribution can act as a hindrance to accelerated rural electrification.

• Subsidies for fossil fuels must be contained. They should not hinder the deployment of renewable

energy technologies.

• Whenever the ability to pay does not cover the operation costs of rural electrification systems,

subsidies are legitimate. Through the development of the rural economy, and the local job market,

these subsidies can be phased out in the long run.

• Financing schemes should spur private and local initiatives and generate sufficient cash for operation

and maintenance. Therefore output based schemes, and particularly the ‘Regulated Purchase Tariff’

lend themselves for sustainable financing.

• The embedding of the power supply within local community practises is of key importance. Trained

technicians must be available, electricity users must understand the possibilities and limitations of

the system, and peers must assume responsibility for the functioning of payment schemes.

• Local ownership determines whether rural electrification is successful, especially in the long run. All

stakeholders, community leaders, companies, aid organisations and public authorities are called upon

to work together for capacity development and sustainable solutions.
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Today 1.6 billion people worldwide do not have access to electricity. 80% of these live in rural areas. The

world population and electricity demand will continue to grow. If rural electrification is not accelerated, the

number of people without access to electricity will stay almost unchanged. According to the IEA:

“In the last 15 years, the number of people without electricity has fallen from 2 billion in 1990 to 1.6 billion

in 2005, with China recording the swiftest progress. Excluding China, the number of people without

electricity has steadily grown over the past 15 years. Because of continuing population growth, if no new

policies are put in place, there will still be 1.4 billion people lacking access to electricity in 2030. To reach

the Millennium Development Goals, this number would need to fall to less than one billion by 2015”1

The Millennium Development Goals (MDGs)

In September 2000 world leaders came

together at the UN headquarters in New

York to adopt the Millennium Development

Declaration to reduce extreme poverty by

the year 2015. The most prominent goal is

to half the proportion of people who live

of less than 1$ a day by 2015. The other

goals concern universal education, gender

equality, child health, maternal health,

combating HIV/AIDS, environmental

sustainability and the creation of a global

partnership for development.

1. IEA, World Energy Outlook 2006.

Electricity: A must for development



The IEA further estimates that 200 billion dollars is needed in developing countries to boost electrification

so that it can contribute significantly to reaching the MDGs:

Electricity Access in 2005: Regional Aggregates

Source: World Energy Outlook 2006, IEA

Access to electricity in selected sub-Saharan African countries

Source: World Energy Outlook 2008, IEA
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2006 2030

Million % Million %

Angola 14,6 88 18 59

Cameroon 14,2 78 17 64

Chad 10,1 97 18 92

Congo 2,9 78 4 68

Cote d’Ivoire 11,6 61 14 50

Equatorial Guinea 0,4 73 0,4 50

Gabon 0,9 70 1,2 66

Mozambique 18,6 89 22 72

Nigeria 76,6 53 66 29

Sudan 26,9 71 30 51

Total 176,9 65 191 44

Population Urban Population Population Electrification Urban Rural

population without with rate electrification electrification

electricity electricity rate rate

million million million million % % %

Africa 891 343 554 337 37,8 67,9 19,0

- North Africa 153 82 7 146 95,5 98,7 91,8

- Sub-Saharan Africa 738 261 547 191 25,9 58,3 8,0

Developing Asia 3418 1063 930 2488 72,8 86,4 65,1

- China and East Asia 1951 772 224 1728 88,5 94,9 84,0

- South Asia 1467 291 706 760 51,8 69,7 44,7

Latin America 449 338 45 404 90,0 98,0 65,6

Middle East 186 121 41 145 78,1 86,7 61,8

Developing countries 4943 1866 1569 3374 68,3 85,2 56,4

OECD and 1510 1090 8 1501 99,5 100,0 98,1

Transition economies

World 6452 2956 1577 4875 75,6 90,4 61,7
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Electricity is not a luxury good reserved only for rich countries, but an essential precondition for fulfilling

basic human needs and the MDGs. Access to electricity can provide water and irrigation and can thus boost

agricultural production. Electricity fosters education by providing light and communication tools. It reduces

child and maternal mortality as well as disease incidence by enabling refrigeration of medication as well

as access to other equipment. And it improves gender equality by relieving women of fuel and water

collecting tasks.

Overcoming poverty requires self sustained economic growth. Electricity is essential for setting up small

businesses which serve the local market. Jobs are the only sustainable means of lifting people out of

poverty. That is why electricity is a key to development.

As a consequence, it is important to note that the load of electricity available will make a big difference.

Electricity supply that is only sufficient for lightning is a step in the right direction. But a stable power

supply, which can be used for economic activities, can lead to job creation and higher incomes.

Use of electricity in rural areas

- Enhance education by allowing for study beyond

daylight hours, introducing better learning conditions

such as computer facilities, internet and distance

learning if there is a lack of teachers.

- Reduce isolation and marginalisation by the

improvement of communication and information

channels such us telephones, TV, cinema, radio and

computers.

- Safety measures can be implemented, such as street

lighting, security lighting, remote alarm systems, electric

fences, road signs, railway crossing and signals, warning

lights, etc.

- Improve healthcare by providing drinking water and lighting for rural clinics where vaccines could

be conserved, blood storage refrigerators could be installed, operations could be carried out with

sterilisation measures, diseases could be prevented, x-rays could be used and pregnancies could be

monitored by ultra-sound scans.

- Prevent natural disasters by giving the possibility

of installing radio communication facilities,

enabling remote weather measuring, data

acquisition and transmission (for example, river

levels and seismographs) earthquake monitoring

systems, emergency power for disaster relief, etc.

- Foster productivity, since electricity also allows

for irrigation, crop processing, food preservation,

water pumping, fencing, agro processing, ice

making, etc. The generation of income and welfare

would enhance economic growth and provide

further means to afford electricity.



The rural population risks being forgotten

80% of those who do not have access to electricity live in rural areas. Poor living conditions and high

unemployment are inciting many people to migrate to urban areas. This migration into cities has been a

major problem for most developing countries. The development of the urban infrastructure does not keep

up, leaving ever more people in desperate living conditions in shanty towns. This migration can only be

overcome by improving living conditions – and particularly by creating jobs – in rural areas. There is no time

to lose, since many megacities in developing countries are on the brink of collapse.

Why is there such a large gap between the need for accelerated rural electrification and the actual efforts

being made? There are political and economic reasons. Compared with power supply in urban areas, rural

electrification is costly, since energy production and distribution benefit from significant economies of

scale. Another key factor contributing to low rural electrification rates is the fact that the rural population

is disconnected from political decision making and enjoys little visibility. It has no lobby support and is

hardly politically organised. Policymakers tend to focus on improving living conditions in their capitals and

economic centres. But given the weak economic growth in many developing countries, it is an illusion to

assume that improved infrastructure in the centres will spill over into rural areas. One key challenge is

therefore, bringing power to the rural poor in the foreseeable future. An important first step is to

acknowledge the challenge and to draw political attention: Rural electrification must enjoy a higher priority

in developing countries and within the international community.

Today’s energy choices – tomorrow’s global environmental impact

The environmental dimension of rural

electrification must not be underestimated. The

choices developing countries make today for

their energy mix will make a big difference for

the global environment in the medium and long

term: There is no doubt that the number of

people who live in developing countries and per

capita electricity consumption will sharply

increase.

In the foreseeable future, many of today’s

developing countries and emerging economies

will become major economic actors and will

play a crucial role in shaping the global

environment, particularly climate change.

Hence, the global impacts of the energy policy

decisions they make today are of vital importance. The transition to renewable energy sources is crucial

for both development and environmental goals. Continued reliance on tradition forms of biomass (such as

wood and charcoal) that are not sustainably managed is leading to deforestation, which increases CO2

levels, creates a loss of biodiversity, leads to erosion of top soils and increases vulnerability to flash floods.

The earlier that developing and emerging economies integrate renewable technologies into their energy

mix, the better their chances for enhancing livelihoods whilst limiting their impact on the international

environment.
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Some policymakers have a strong preference for the extension of the national grid to rural areas. A stable

and countrywide electricity grid may be an attractive long term vision. But there are limited financial

resources and there is a need to bring electricity to the poor in the more immediate future.

Grid extension is very often not the

most cost-effective solution, since

population density in rural areas can be

very low.

The investment needed for the

extension of the grid can render the

costs per connection very high.

Moreover, one has to take into

consideration technical losses (at least

6% per 100km) due to long transmission

lines.

The cost of grid extension is generally

subsidised and not recovered by

electricity tariffs. This distorts the

competitiveness of decentralised

generation systems.

Furthermore, where governments in developing countries continue to focus on grid extension for energy

access, the political promises and target rates of connection are often not fulfilled. The promise of grid

extension can spur passive attitudes towards alternative solutions and undermine the drive for investment

in decentralised generation.

Those who plea for large-scale grid extension in

developing countries should also take into account the

fact that the existing grid infrastructures are already very

unstable. Very often, power supply is limited to a few

hours a day.

Adding further long transmission lines and remote

connections to these weak grids would aggravate the

situation. Hence, the existing grids would need to be

backed up before new connections could be made.

Renewable energy provides an alternative solution which

does not require such investment.

Many engineers see decentralised power generation as a

promising strategy for the future of energy production in

industrialised countries.

Experience has shown that grids have the capacity to

accommodate for variations in power supply, as produced

by connecting with many decentralised sources.

Grid extension vs.
decentralised power generation



Hence, building mini-grids and the long term goal of a strong national grid are fully compatible. This

flexible approach offers quick solutions for rural areas and is compatible with a continued expectation of

grid connectivity.

Finally, recent assessments of the World Bank2 highlight technological improvements in RETs as well as

growing insecurity in fossil fuel based power generation. The results indicate that where grids are fairly

immature and load growth small (as in many developing countries) power generation planners would better

focus on building smaller RET based power systems that avoid the capital intensive upfront costs associated

with large power stations, and decrease the sector’s sensitivity to fuel price variations. This conflicts with

traditional rational that electricity generation should always follow economies of scale and highlights the

changing nature of cost projection according to technological advances and changes in the global economy.

Costs of grid extension in selected countries in US$ per kilometre

Source: Reducing the cost of grid extension for rural electrification, ESMAP (2000)

2. “Technical and Economic Assessment of Off-grid, Mini-grid and Grid Electrification Technologies”, ESMAP
Technical Paper, 2007 7

Country Labour & other costs Materials Total

Bangladesh 350 6340 6690

Laos 1420 7230 8650

El Salvador 2090 6160 8250

Kenya 6590 5960 12550

Senegal 5150 10810 15960

Mali 2590 15170 19070
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General advantages and shortcomings of various technologies for rural electrification

Small PV applications PV driven equipment.

PV panel attached to

application.

High flexibility.

Easy to move and

share.

Limited to their specific

use. Maintenance / repairs

not safeguarded.

Technology Description Advantages Shortcomings

Energy Boxes PV driven loading

station with power

outlet for connection

to specific

applications.

High flexibility.

Easy to move and

share

Power supply limited

to small applications, no

storage.

Only small voltage.

Energy Home Systems Each house receives a

roof mounted PV panel

or micro wind turbine

and electricity lines.

No connection

between the systems is

made.

Flexible to mount. No

tariffs / metering

needed.

Not suitable for powering

businesses. Easily reaches

its capacity limit.

Maintenance not

safeguarded. Risk that

parts are being sold.

Energy Containers A container powered

by RE / hybrid or

diesel offers electricity

for charging mobile

phones and batteries.

It offers internet

connections.

Easy to set up and

finance. Maintenance

safeguarded. Various

additional services can

be provided according

to local needs.

System not expandable.

Limited impact on living

conditions at home and

development of small

businesses.

RE mini-grid Centralised power

generation based on

RE and distribution

across the community.

Can provide power for

economic activities.

Efficient centralised

maintenance possible.

Protection against

theft. Easily

expandable according

to needs.

Battery storage needed.

Power shortages in cases of

unfavourable weather

conditions.

The efficient and climate friendly technology
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Hybrid mini-grid Multiple RE source are

combined or one RE

source is combined

with a diesel

generator. The diesel

jumps in when RE

energy supply is low.

As RE mini-grid but

smaller battery storage

needed. Stable power

supply also at night

and during

unfavourable weather

conditions.

If a diesel genset is added,

functioning depends on

availability of fuel .

Emissions and noise.

Diesel generators A diesel generator

powers a mini grid or

single user facility.

Easy maintenance.

Spare parts easily

available. Steady power

source (no

intermittency).

Noise, emissions, local

environmental/health

damage. Continued

dependence on external

supplies - logistical

problems result in an

interruption of power

supply. Exposure to

international price

fluctuations.

Grid extension Extension of the

national grid through

high-voltage

transmission lines.

Local distribution

station.

Energy for productive

use. Maintenance in

principle is

safeguarded.

Risk of electricity theft.

High price of connection

for remote areas and

limited willingness to pay.

Even higher prices over

difficult terrain. Power

supply depends on quality

of the grid (risk of black

outs). Power transmission

losses.

Technology Description Advantages Shortcomings



10

This table shows that the specific technologies have their advantages and limitations. Hence, there is not

a one-fits-all technological solution for rural electrification. The best technological configuration has to be

identified on a case by case basis. Grid extension can be the best option if the grid is reliable, the rural

community rather big and in proximity to the grid. In many circumstances, a strong case for mini-grids

based on hybrid systems can be made. Scattered communities and isolated houses are well served by solar

and small hydro (where available) or small wind energy systems.

Powering villages with diesel generators has manifold shortcomings. Diesel generators are heavy

pollutants. Diesel not only emits C02 but its transportation to remote areas has additional environmental

considerations and can be very costly. There are examples of where Diesel has had to be flown in.

Moreover, the importation of fossil fuel is a heavy burden for many state budgets in developing countries

– e.g. Nepal spends 40% of its export earnings on petroleum imports.3

The IEA also indicates that changes in oil price have a high impact on developing countries and especially

on the highly indebted countries (mostly in Sub-Saharan Africa). This is due to their strong dependence on

imports (of the 47 poorest countries on the planet, 38 are net importers of oil, and 25 are fully dependent

on imports). Price fluctuations also have a strong impact on the poor. For example, a household survey

conducted in Northern India estimated that due to the increase of petroleum product prices, 39% of

households largely stopped using liquefied petroleum gas (LPG) or kerosene for cooking.4

Using diesel for back-up generation in a hybrid system spreads the risks involved in different types of

power generation – i.e. it leaves communities less vulnerable to variations in fuel price, and allows a certain

degree of insurance for renewable system maintenance.

The evaluation for the best technological solution should follow certain principles and not a political,

economic or environmental ideology. The basic principle is sustainability; hence a long term perspective

on economic, social, environmental and technical factors should be applied.

3. UNDP 2007 Energizing the Least Developed Countries to Achieve the Millennium Development Goals:
The Challenges and Opportunities of Globalization.
4. Ibid



The following principles are important when choosing a technology for rural electrification:

• Life cycle cost analysis. The cost-benefit

analysis should span the whole lifecycle of

a system, which can usually be considered

to be 15-20 years. This analysis comprises

the initial investment costs, operation

costs (fuel, maintenance etc.) and

replacement costs.

• The environmental dimension should be

factored in on the basis of reasonable

indicators, like CO2 emissions.

• A long term perspective on fuel prices. The

prices of fuel undergo dramatic changes

based on the outlook of the economy.

They have a strong speculative factor.

Long term cost analysis should assume

gradually growing international prices for

oil.

• The socio-economic and cultural

dimension. What level of organisation

exists within the community? Who are the

leaders and are they willing to assume

responsibility? Is it possible to spur local

ownership? A rural electrification project

should reach out to the people concerned

right from the beginning.

• Local infrastructure. Are there technicians

in the area? How can spare parts be

transported? Are telecommunication

facilities available?

• Technical requirements of the system and

measures to improve energy efficiency.

In order to illustrate the competitiveness of renewable energy we have highlighted two case studies which

compare mini-grids powered by a diesel generator and renewable energy/diesel hybrid systems. Hybrid

systems have considerably higher initial investment costs. However, in many cases – such as this one -

through lower operation costs they can break even after 8-12 years. The cost breakdowns depend on many

11
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variables, such as the natural conditions (wind speed/ solar irradiation), assumptions on the long term

price of diesel, the configuration of the system, load profiles and assumptions on diesel generator and

battery lives. Hence, these two case studies are shown for illustration purposes. Actual prices, costs and

natural conditions can vary substantially.

The calculations factor in PV module prices as ex factory (without intermediaries and VAT). The

environmental dimension (CO2 emissions) is not factored in. The calculations are based on the HOMER

model, developed by the National Renewable Energy Laboratories (NREL).

Fig. 1 Comparison: Cumulative costs diesel vs. wind/diesel hybrid system

Source: Alliance for Rural Electrification, Mauricio Solano (details see annex)



Fig. 2 Comparison: Cumulative costs diesel vs. PV/diesel hybrid system

Source: Alliance for Rural Electrification, Mauricio Solano (details see annex)
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ARE Recommendations:

• Renewable Energy Systems, particularly hybrid systems are a cost-effective and sustainable

technological solution for rural electrification.

• Mini-grids have sufficient capacity to power small businesses, which can spur local economic activities

and enable communities to improve their living conditions.

• The life-cycle cost approach and an analysis of the local conditions are essential tools for determining

the right technological solution. Prioritising low upfront investment costs can result in more expensive

outcomes in the medium and long term.
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The first political challenge is to identify rural electrification as a key priority for development. Often,

countries with highly under-resourced energy sectors and low electrification rates do not even highlight

energy as a political priority.

None of the ten African countries, which according to the IEA face the greatest energy challenges, have

defined energy as a field of cooperation with the EU.5

Rural electrification should follow a coherent long term strategy. Well meant isolated rural electrification

projects may even be counterproductive. If development cooperation sets up a large scale program for

Energy Home Systems (EHS) which are basically given away for free, this initiative will crowd out any private

initiative to provide EHS or other electrification technologies in the area.

Already the rumour or the expectation, that the government may provide EHS will deprive commercial

enterprises of their markets. A credible long term strategy is indispensable, since rural electrification

projects have to be designed and financed for an extended period (15-20 years).

Good intentions and master plans are not enough.

Long term objectives must be complemented by coherent instruments. Moreover, these plans should be

internationally locked in and backed up by the international community. The long term perspective is also

a crucial challenge for development cooperation, which generally

operates under much shorter project cycles.

In the framework of energy and rural electrification plans,

renewable energy should have a clear cut role. There are two ways

of promoting renewable energy: First, stipulating that utility

companies are obligated to produce a specified share of their

output through renewable energy.

Or alternatively, financial incentives could be set up, which promote private investment in renewable

energy. Since private investment is limited within many poor countries, this scheme lends itself to spur

desperately needed private capital.

Quotas for utilities have a limited impact since they only concern a couple of decision makers within the

companies who are obliged to find ways to set up RE facilities. Like many other state regulations this is

often conceived as a burden rather than an opportunity.

Quotas will therefore do virtually nothing to spur rural electrification. Alternatively, a decentralised

approach with general economic incentives will mobilise change agents across the country.

Political Challenges

ARE Recommendations:

• Access to electricity must rank highly on the development agenda and should follow a reliable long

term strategy.

• Policymakers should develop the right economic incentives for rural electrification, which spur local

initiative and private investment.

• A close dialogue between policymakers, the private sector and representatives of rural communities

is indispensable for sustainable policies.

5. Lowest Energy Development Index countries are: Ethiopia, Mozambique, DR Congo, Kenya, Angola,
Eritrea, Zambia, Congo, Benin, Sudan. IEA, World Energy Outlook 2004



Legal Framework

State run monopolies and regional concessions limit competition and innovation. Particularly in developing

countries, empowering communities and private initiatives are indispensable ingredients for progress.

Decentralised planning, close to consumers and adapted to local circumstances, is superior to state run

master plans.

Moreover, local ownership and the willingness to pay largely depend on whether the communities are

assuming responsibility.

This can hardly be expected when an installation has been planned, designed, built and operated by a

state company.

In most countries, energy prices are heavily regulated.

Developed countries tend to levy taxes for environmental

reasons on electricity, whereas developing countries heavily

subsidise energy consumption for social reasons.

These subsidies can lead to distortions which hinder the

adoption of efficient and environmental technological

solutions.

In 2006, the World Bank found that 2/3 of developing

countries impose price controls and subsidies on fossil fuels.6
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ARE Recommendations:

• The legal framework must allow for private and local initiatives. Monopolised power generation and

distribution can act as a hindrance for accelerated rural electrification.

• Subsidies for fossil fuels must be contained. They should not hinder the deployment of renewable

energy technologies.

6. World Bank, Financial and Private Sector Development Vice Presidency, August 2006



Financing schemes
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The financing scheme which funds an electrification project is a key factor in setting the right conditions

for successful implementation. It is essential that there are economic incentives to maintain and operate

the systems. Energy must be defined as a service, and not as an installation. Frontloaded financing schemes

run the risk that systems collapse due to insufficient maintenance and a lack of resources for repairs.

Legal obligations to operate and maintain

systems are inferior to clear cut economic

incentives. In many developing countries the

enforceability of contracts is a key problem.

Hence, the model of legally obliging companies

to safeguard availability of spare parts for a

certain period of time is not very effective.

Some development institutions follow the

principle that the operation and maintenance of

rural power systems are to be financed

exclusively by the electricity consumers. This

approach ignores the fact that rural power

supply is comparatively expensive compared to

urban areas and income levels are significantly

lower. If consumers restrict their consumption

in order to remain able to pay, they aggravate

the situation further since there are fewer resources available for operation and maintenance.

Subsidies are recognised as essential in the practice of extending the grid and are furthermore commonly

used to support the purchase of fossil fuels (such as kerosene for cooking, or gasoline). It is therefore less

a question of whether or not public funds should be utilised for rural electrification projects (including

distributed and renewable based systems), but of how funds should be used to implement effective and

sustainable energy access.

Important project categories for rural electrification and their advantages and shortcomings

Frontloaded subsidies The provision of EHS is

tendered by a state

agency for the lowest

bidder. There are legal

obligations to

safeguard availability

of spare parts.

Flexible, quick and

large scale

electrification is

possible (standardised

procedures, economies

of scale on

equipment).

No economic incentive for

maintenance. Project does

not generate financial

resources for operation.

Risk that EHS or parts

thereof are sold.

Name Description Advantages Shortcomings
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Public Private

Partnership

An independent power

producer (ESCO)

assumes responsibility

for the production and

distribution. Metering

and tariff management

can be assumed by the

public utility. Utility

can also assume

distribution and grant

a Power Purchase

Agreement to the

independent power

producer.

Mobilisation of private

capital. Operations and

maintenance

safeguarded.

Dependent on functional

state scheme and stability.

Ability and willingness of

the utility company to pay

may be questionable (at

least in the long run).

Name Description Advantages Shortcomings

Public Utility A public utility

company assumes

responsibility for

project design,

installation, metering,

tariff management and

maintenance.

Can utilise cross

subsidies from richer

to poorer consumers.

No conflict between

grid extension and

isolated project.

Chance to have a clear

cut electrification

master plan.

Fully dependant on state

initiative and available

public resources. Risk of

limited involvement of local

communities.

Dealer System Private companies

provide EHS for those

who can afford them.

Also possible on a

lease basis.

No subsidies involved.

Maintenance can be

included in the sales or

lease contract.

Not suitable for mini-grids.

No connection for rural

poor.

Community based

System

Local communities set

up their mini-grid and

assume responsibility

for its financing (tariff

collection).

High interest in

operational system,

local technicians and

financial flows. Positive

spill overs to other

economic areas.

Only functional for active

communities with access to

financial resources and

ability to successfully self

organise.



7. For more information about the Regulated Purchase Tariff, please see : “A new scheme for the promotion
of renewable energies in developing countries”, by the EU PV Platform WG4, the European Join Research
Centre and the Alliance for Rural Electrification:
http://www.ruralelec.org/fileadmin/DATA/Documents/06_Publications/Position_papers/WG4_reportJRC_080609.pdf18

Financing schemes

Connection based

subsidy

One-time subsidy

granted according to

the number of

connections achieved.

Strong incentive for

investment and for

maximising connections

in very scattered areas,

mobilisation of private

capital and

entrepreneurship.

Risk of overstretch

of system

(too many connections).

Risk of insufficient

resources for operations

and maintenance.

Name Description Advantages Shortcomings

Clean Development

Mechanism (CDM)

CO2 savings generated

by the project can be

sold in the framework

of emissions trading

schemes.

Stable international

framework. Underpins

environmental

dimension of rural

electrification.

Long and costly registration

and approval mechanism.

Only complementary, not a

main source of financing.

CDM value can vary

substantially over time. Not

really adapted yet to certain

technologies (PV). Necessity

to develop bundled

projects to tackle the

upfront transaction cost in

a more cost-benefit

balanced fashion.

Feed-in-tariff for off-

grid (regulated

purchase tariff - RPT) 7

Output based subsidy

which complements

tariffs paid by the end

consumer.

Strong incentive for

mobilisation of private

capital and

entrepreneurship. Can

boost public-private

partnerships and

community driven

electrification.

Sustained support

safeguards

maintenance.

Requires stable refinancing

either through cost-

splitting (levy for electricity

consumer in the cities),

state budget or special

funds supported by an

international actor. Fraud

proof metering

indispensable.
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Name Description Advantages Shortcomings

Micro Lending Poor rural consumers

are helped to finance

investments for their

electricity needs (EHS,

small RE applications).

High personal

responsibility.

Possibility that micro-

financing institutions

could offer

maintenance services

and guarantees as well.

Not viable for mini-grids.

Depends on availability of

micro-finance institution.

Donations Small RE applications

and EHS are donated

by charity or

development

organisations.

Easy and fast

deployment of

technologies.

Crowd out private

initiatives. Little local

ownership or appreciation.

Maintenance and

operations not secured.

Reinforces passive

attitudes.

ARE Recommendations:

• Whenever the ability to pay does not cover the operations of rural electrification systems, subsidies

are legitimate. Through the development of the rural economy and the local job market, these

subsidies can be phased out in the long run.

• Financing schemes should spur private and local initiatives and generate sufficient cash for operations

and maintenance. Therefore output based schemes, and particularly the RPT lend themselves for

sustainable financing.

Purchasing Power

Agreements (PPA)

Independent power

producers receive a

guaranteed price and a

guaranteed minimum

purchase.

Clear cut calculation

and risk mitigation.

Can spur private

investment. Operations

and maintenance

safeguarded.

PPA value depends on

ability and willingness of

the contracting party to pay

(state or community).

Requires stable legal

environment.



Challenges at the local level
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Electrification is a major economic step ahead for any rural community. It brings about many new

opportunities and poses manifold challenges. Power systems which are only designed from a technological

point of view and not adapted to the local community, are doomed to fail. Their embedding within the local

context determines whether the system will be operational in the long run and whether it will power social

and economic development. There is no substitute for local ownership and responsibility. This is the

strength of systems which have been initiated by the communities themselves, and conversely, this is a

basic shortcoming of the donations model.

Donated systems face a high risk of not

being valued or taken care of.

The local power supply requires appropriate

technical and financial support. Schemes to

collect tariffs can only work when people

put money aside for covering their monthly

fees. A social network, similar to those set-

up for micro-financing schemes, would be

appropriate for supporting community

payments – both in terms of their

willingness and their ability to pay. This is

another strength of community run

systems.

Local technicians, who know how to maintain systems, identify problems and replace deficient components,

are indispensable. It is also vital that they operate from a base that is reasonably close to the systems. The

continued presence of the project implementing private actor or of a local representative is strongly

recommended. The repairs and the

replacements of batteries have to be

addressed by the financing scheme from

the project’s inception.

Electricity users have to be educated

about the possibilities and limitations of

their power system, both in terms of

loads and the right time of day to use

specific applications.

Practical instructions on how to increase

energy efficiency, such as the use of

energy saving light bulbs are of major

importance.

As for ownership and maintenance, safe-

guarding local training and capacity



building are indispensable. Such aspects should be ensured by the private actor in collaboration with a

reliable local authority.

There must be a functional logistics chain which safeguards the provision of spare parts and battery

replacements and allows for continued servicing.

Many communities may not be able to imagine how a renewable energy based mini-grid could work and

what benefits it could bring about. For this reason, demonstration projects can be useful, serving as visible

showcases for the technology, the use of electricity and also for tariff realisation. A successful

demonstration project can be the starting point for community initiatives, spurring local ownership.

It may be useful to adapt payment schemes to local practises. Pay as you use systems or prepaid packages

may be more effective than ex post invoices. The embedding of the payment scheme within the social

fabric of the community is essential for ensuring the sustainability of such payments.
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ARE Recommendations:

• The embedding of the power supply within local community practises is of key importance. Trained

technicians must be available, electricity users must understand the possibilities and limitations of

the system, and peers must assume responsibility for the functioning of payment schemes.

• Local ownership determines whether rural electrification is successful, especially in the long run. All

stakeholders, community leaders, companies, aid organisations and public authorities are called upon

to work together for capacity building and sustainable solutions.



We have everything we need to boost rural
electrification – what are we waiting for?
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Today we know that access to electricity

has manifold positive impacts on people’s

livelihoods. Renewable energy technologies

are mature and efficient. There is no

dilemma between economic solutions and

sustainable solutions.

Investment in decentralised sustainable

power is very often the most cost effective

choice. Hence, the fight against poverty

and the protection of the environment can

be reconciled in an efficient way.

Governments, aid organisations and

companies have gained more than 30 years

of experience in renewable energy projects

in developing countries. We know how

sustainable framework conditions and

incentive schemes can work. In a nutshell,

we have all we need to boost rural electrification and provide electricity to almost everybody in the

foreseeable future. What are we waiting for?

The Alliance calls upon all stakeholders to

take up the challenge and to contribute to

the acceleration of rural electrification.

Joining hands is vital for success:

Governments can establish the right

framework conditions and incentive

schemes; private companies can provide

mature technology and assume

responsibilities for operations,

maintenance, training and services;

electricity users can organise themselves

and assume responsibility; civil society can

serve as a catalyst for bringing about the

desperately needed changes. The Alliance

for Rural Electrification believes that

progress is possible. We invite you to join

us in this endeavour!



Assumptions and results of cost comparisons

These assumptions are made for illustrative purposes only. Actual prices, costs of capital and natural

conditions can vary substantially. The conclusions are only valid for these specific cases.

Fig 1. Diesel vs. diesel/wind hybrid system

- 79% of generated electricity comes from renewable energy sources (RES); more than 8.200 gallons of

diesel are not used per year and approximately 82 tons of CO2 emissions avoided per year amongst other

GHGs.

- An essential assumption is taking a yearly average wind speed of 5m/s (X location) and not considering

variations. When the wind speed average is less than 4.5-4 m/s, the wind turbine is no longer the better

option (cost-effective) when compared to the diesel generator

- Fixed O&M of 11.350€/year operators (according to salaries in Ecuador for technicians)

- Comparison based on technologies only (installation costs of all technologies, the grid, coordination,

capacity building, administrative and other costs not included)

- For Diesel Generator case – same assumptions

- Load curve used from consumption pattern at Bellavista Island located at the Jambeli Archipelago, El Oro

Province, Ecuador.

Annex
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Diesel Price 0.50 €/liter

Wind 50 kW

O&M costs Wind Turbine 2% Per year of initial cost

Batteries 288 kWh

Converter 20 kW

Diesel G 45 kW

DG Cost 280 €/kW

O&M cost DG 0.7 €/hr

Wind Speed (yearly average) 5 m/s

DG lifetime 25000 Hours

Wind Turbine costs 1770 €/kW

Battery 160 €/kWh

Converter 1060 €/kW

Discount rate 4 %
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Fig 2. Diesel vs. diesel/PV hybrid system

- 88% of generated electricity comes from renewable energy sources (RES); almost 10.000 gallons of diesel

are not used per year and more than 90 tons of CO2 emissions avoided per year amongst other GHGs.

- Fixed O&M of 11.350€/year operators (according to salaries in Ecuador for technicians)

- Comparison based on technologies only (installation costs for all technologies, the grid, coordination,

capacity building, administrative and other costs not included)

- For Diesel Generator case – same assumption

- Load curve used from consumption pattern at Bellavista Island located at the Jambeli Archipelago, El Oro

Province, Ecuador.

- When solar irradiation is less than 4.5kWh/m2/day and diesel price is lower than 0.45€/liter the PV

system is no longer cost effective

Diesel Price $0.50 €/liter

PV 60 kWp

Batteries 288 kWh

O&M costs PV 1% Per year of investment costs

Converter 20 kW

Diesel G 45 kW

GSI 5.4 kWh/m2/day

DG lifetime 25000 Hours

PV costs 2000 €/kWp

DG Cost 280 €/kW

O&M costs DG 0.7 €/hr

Battery 160 €/kWh

Converter 1060 €/kW

Discount rate 4 %



They are already members of the Alliance for Rural Electrification, join them!

Acciona Solar: www.aesol.es

APEX BP Solar: www.bpsolar.fr

ASIF: www.asif.org

CEDES

Conergy: www.conergy.com

Ecotècnia Solar: solar.ecotecnia.com

Enersys: www.enersys-emea.com

EPIA (European Photovoltaic Industry Association): www.epia.org

ESHA (European Small Hydropower Association): www.esha.be

EWEA (European Wind Energy Association): www.ewea.org

Fortis Wind Energy: www.fortiswindenergy.com

Fraunhofer ISE: www.ise.fraunhofer.de

Guascor Solar: www.guascorsc.com

GWEC (Global Wind Energy Council): www.gwec.net

IDAE (Institute for Energy Diversification and Saving): www.idae.es

IED (Innovation Energie Développement): www.ied-sa.fr

Institute for Sustainable Power, Inc.: www.ispq-central.com

Isofoton: www.isofoton.es

IT Power: www.itpower.co.uk

KXN Nigeria Ltd: www.solarsolve.com

Outback Power System: www.outbackpower.com

Phaesun: www.phaesun.com

Q Cells: www.qcells.de

Scatec Solar: www.scatecsolar.no

SHARP: www.sharp-eu.com

SMA: www.sma.de

Solarpack: www.solarpack.es

Solaria Y Energia: www.solariaenergia.com

SolarWorld AG: www.solarworld.de

Steca GmbH: www.stecasolar.com

Studer Innotec: www.studer-innotec.com

Sunlabob Renewable Energy Ltd: www.sunlabob.com

Trama TecnoAmbiental: www.tramatecnoambiental.com

University of Southampton: www.soton.ac.uk

University of Twente: www.utwente.nl



Contact information:

Guido Glania /Simon Rolland

Renewable Energy House

Rue d’Arlon 63-65,

1040 Brussels

+32 2 400 10 52

Dev.com@ruralelec.org

www.ruralelec.org P
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