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Foreword

CHEN Lei

Minister of Water Resources, People's Republic of China and Honorary Chairman, INSHP

Hydropower, as the largest clean and renewable
energy source, has played an essential role in the
global energy mix. Against the backdrop of rapid
social-economic development and global warming,
the development of renewable energy has gained
increased attention among the global community. The
manifold benefits of small hydropower - the relatively
low investment capital, small engineering work,
simplistic maintenance and operation, minimal
environmental impacts, suitability for scattered
development in rural and remote areas - have
attracted special attention from the global
community. Small hydropower has seen rapid
development in many countries, making important
contribution to meeting daily electricity demand,
reducing poverty and advancing socio-economic
improvement.

The Chinese Government attaches top priority to the
development and utilization of hydropower as well as
other renewable energy sources. After many years of
efforts, China has an installed hydropower capacity of
249 GW, ranked first in the world. Among which, small
hydropower is significant, with 45,000 stations
nationwide and 65 GW installed capacity and an
annual output of, accounting for 27 per cent and 25
per cent of the nation’s hydropower installed capacity
and electricity output respectively. In particular,
several national programmes have been implemented
in recent years, such as the Small Hydropower
Replacing Fuel Wood Program, New Rural
Hydropower Electrification Program and the Capacity
Expansion and Efficiency Improvement of Rural
Hydropower Program. As a result, electricity has been
provided to those people who have no access to
electricity, the wellbeing of the rural residents has
been improved, the local environment has been
protected and rural economic progress has been
promoted. Significant contribution has been made to
energy saving, emission reduction and energy
security. Half of the world’s small hydropower
installed capacities are located in China. The country
has accumulated abundant experiences in small
hydropower equipment manufacturing, planning and
design, technology development, operation and
management as well as enabling policy framework.

China’s successful approaches in small hydropower
development have been applauded by international
organizations such as the United Nations, and
attracted the attention from the international
community, all of which paved the way for the
establishment of the first China-based international
organization — the International Network on Small
Hydro Power (INSHP).

In different parts of the world, the availability of water
resources, socio-economic conditions, small
hydropower technology sophistication and
management standard vary greatly from country to
country. Developed countries boast of advanced small
hydropower technologies and up-to-date equipment
as well as managerial expertise, accumulating rich
experiences in constructing environment- friendly
hydropower projects, which are of great reference
value to developing countries. In the process of socio-
economic development, developing countries have
urgent need for energy and electricity. Blessed with
huge hydro potentials yet hindered by low level of
development, developing countries still face a huge
gap in terms of hydropower technology and
equipment manufacturing. Therefore, it is important
and imperative to regularly publish reliable official
information on small hydropower development
worldwide and promote modern concepts, updated
technologies and latest approaches and experiences
about small hydropower, in order to create
opportunities  for  bilateral and  multilateral
cooperation, while highlighting it as a green and clean
renewable energy to serve world development.

As the hosting country of INSHP, the Chinese
Government actively supports initiatives by the INSHP
and International Center on Small Hydro Power
(ICSHP) to work closely with other international
organizations, including United Nations Industrial
Development Organization (UNIDO), and independent
experts and scholars, with a view of promoting the
worldwide development of small hydropower. After a
three-year effort, under the auspices of INSHP and
UNIDO, the compilation of the world’s baseline data
on small hydropower from 152 countries, territories
and regions has finally been completed and contained



in the World Small Hydropower Development Report
2013 (WSHPDR 2013), with contributions from over 60
experts worldwide. The WSHPDR 2013 began with a
global vision of small hydropower development,
providing regional and international institutions as
well as countries concerned with baseline information
and strategic outlook on renewable energy planning
and integrated water resources management. With
the WSHPDR 2013, the experiences and lessons of
small hydropower development could be shared
among countries and more opportunities provided for
the technical innovation, technology transfer and
expertise services in those untapped small
hydropower markets.

The Chinese Government welcomes the in-depth
exchange and practical cooperation in small
hydropower development with the rest of the world.
Meanwhile, | sincerely hope that the publishing of
WSHPDR 2013 serves to build a global knowledge
platform on small hydropower; one that will play an
active role in expanding cooperation and exchange
among countries around the world in the
development, management, technology, marketing,
investment and finance of small hydropower; one that
will expedite the sound development of small
hydropower and contribute to the creation of a
beautiful life for humankind.

4

CHEN Lei
Minister of Water Resources
People’s Republic of China
Honorary Chairman
International Network on Small Hydro Power



Foreword

LI Yong
Director General, UNIDO

Since the industrial revolution and the introduction of
steam power, energy has been at the forefront of
boosting industrialization and economic growth. The
availability of fossil fuels led to increased production,
employment and technological innovation, which
improved living standards around the world.
Environmental challenges, energy security, and volatile
fuel prices associated with conventional fossil fuels, have
shifted the focus to renewable energies as a basis for
low-carbon and sustainable development. Access to
reliable low-cost energy based on locally available
renewable resources for productive use is a pre-
condition for industrial competitiveness, increased
productivity, job creation, and income generation, which
provide opportunities for social includion. Renewable
energies are also key success factors in reducing the
environmental footprint (e.g. CO2-emissions per unit of
output) of industrial production.

Small hydropower is one of the most suitable
renewable energy solutions for productive use
and  rural electrification. Small hydropower is a

mature technology that can be easily constructed,
operated and maintained locally. A great share of the
small  hydropower value chain  benefits local
economies. It has the lowest electricity generation
prices of all off-grid technologies, and has the
flexibility to be adapted to various geographical
and  infrastructural  circumstances. Increased small
hydropower development will showcase the use of
renewable energy in industries, and small and micro

enterprises, being an ideal technology option to
mainstream renewable energy use to
improve productivity, boost industrialization and

reduce geographic inequality in industrial production.

As a leading United Nation agency in the provision of
renewable energy solutions for inclusive sustainable
development, UNIDO is collaborating with the
International Center on Small Hydro Power (ICSHP),
based in China, to develop a small hydropower
knowledge platform www.smallhydroworld.org and to
publish the World Small Hydropower Development
Report 2013. This flagship initiative of UNIDO is a world-
first compilation of global small hydropower data, and
will be a crucial policy and investment guide for
renewable energy provision through small hydropower.
It aims at identifying the world’s small hydropower

vi

development status and its potential in different
countries and regions by engaging with stakeholders to
share information. The initiative reinforces UNIDO’s
continuous commitment to accelerating sustainable
development and enhancing productive capacities.

To date, much of the world’s small hydropower potential
remains untapped. The first step to promote small
hydropower is through dissemination of reliable data for
policy development and energy planning, as well as
though guiding investors in entering renewable energy
markets. UNIDO and ICSHP are proud to facilitate this
collective effort based on the contribution of more than
60 different authors and organizations from all over the
world. We would like to thank all contributing authors
and organizations for their work. We are proud to jointly
promote small hydropower development for productive
use and sustainable industrialization further, and invite
interested organizations and experts to participate.
UNIDO will continue to play a special role in promoting a
system of international dialogue and engaging small
hydropower stakeholders from across the world to make
this initiative a hub for all small hydropower related

information.

LI Yong
Director General
UNIDO
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Technical notes and abbreviations

Within the World Small Hydropower Development Report 2013 (WSHPDR 2013) small hydropower is defined as plants
with a capacity of up to 10 MW per plant. This definition is also used for summary statistics at the regional level. On
country level, the national definitions apply while, where possible, capacities and potentials up to 10 MW are also
given. The term ‘small hydropower’ in this Report has a different meaning from country to country.

The information on small hydropower potential presented has been derived from various sources, often it was not
clear from sources if gross, technical or economical potential was considered. Furthermore, not all of the countries
have identified their small hydropower potential, in the case where data on small hydropower potential were not
available, planned small hydropower potential was reported instead.

The WSHPDR 2013 adheres to the geographical region and composition defined by the United Nations Statistics
Division. Melanesia, Micronesia and Polynesia do not contain many countries or territories that use small
hydropower, therefore were combined under the regional heading of ‘Pacific Island Countries and Territories (PICTs)'.
This report was compiled for both ‘countries’” and ‘territories’. Overseas territories have been included in the
continent where they are geographically located in following the online M49 list of the United Nations Statistic
Division. Countries that are not part of the United Nations were not considered in this report. For more details and a
full list of countries or territories according to the UN regions, see
http://unstats.un.org/unsd/methods/m49/m49regin.htm.

The graphs on electricity in each report provide the percentage of electricity generated by its source or type. As
detailed information from each country varies, the terminology was adapted from the respective source and the most
recent available information was used.

Not all countries that possess potential or installed small hydropower enacted legislation on small hydropower. In
cases where no legislation or no information were provided by the author, the section on Legislation on Small
Hydropower was omitted intentionally.

The information on small hydropower potential presented has been derived from various sources, often it was not
clear from sources if gross, technical or economical potential was considered. Furthermore, not all of the countries
have identified their small hydropower potential, in the case where data on small hydropower potential were not
available, planned small hydropower potential was reported instead.

References to dollars (S) are to US dollars, unless otherwise indicated. Where other currencies were used, an
approximate US dollar value was provided.

The WSHPDR 2013 includes information on small hydropower of 152 countries/territories, however detailed reports
are available for only 149 countries.

Please note that information presented was true up to end of December 2012, if not otherwise indicated.

ADB Asian Development Bank

AfDB African Development Bank

CER Certified Emission Reduction

CDM Clean Development Mechanism

CSP Concentrated solar power

EBRD European Bank for Reconstruction and Development
ECOWAS Economic Community of West African States
EIA Environmental Impact Assessment

ESHA European Small Hydropower Association

FIT Feed-in tariff

GEF Global Environment Facility

Glz Gesellschaft flr Internationale Zusammenarbeit
GTZ German Technical Cooperation Agency

IEA International Energy Agency

IRENA International Renewable Energy Agency

viii



JICA Japan International Cooperation Agency

NEP National Energy Policy

NREAP National Renewable Energy Action Plan

OLADE Latin American Energy Organization (Organizacidn Latinoamericana de Energia)
PICTS Pacific Island Countries and Territories

PPA Power Purchase Agreement

PPP Public Private Partnership

RE Renewable energy

RET Renewable energy technology

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

UNESCO United Nations Educational, Scientific and Cultural Organization
UNFCCC United Nations Framework Convention on Climate Change

VAT Value Added Tax

WFD Water Framework Directive

Technical abbreviations

Hz Hertz

kw Kilowatt

kWh Kilowatt hour
GWh Gigawatt hour

I/s liter/second

MVA Mega Volt Ampere
MW Megawatt

Rpm Rate per minute
m3/s Cubic meter per second
kWp Kilowatt peak

Cco, Carbon dioxide

Contributing organizations

(inter alia, non-exhaustive list)
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Executive Summary

Comprehensive information regarding global small
hydropower potential and development has not been
available so far. For many years, information on small
hydropower has had to be sourced at the local or
regional level, with a great variety in depth,
availability and reliability of data, even lacking a
universal small hydropower  definition. A
comprehensive reference publication for decision
makers, stakeholders and potential investors is clearly
needed to more effectively promote small
hydropower as a renewable and rural energy source
for sustainable development and to overcome the
existing development barriers. This, the first World
Small Hydropower Development Report 2013
(WSHPDR 2013) aims to identify the development
status and resource potential of different countries,
territories and regions in the world by engaging with
experts and those working at the ground level to
compile and share existing information, experiences
and challenges in one comprehensive report.

Energy is one of the most critical economic,
environmental and sustainable development issues
concerning people worldwide. According to the World
Energy Outlook 2012, 1.3 billion people still lack the
access to electricity while 2.7 billion must rely solely
on traditional biomass to meet their energy needs.
The United Nations estimated that among those with
access to electricity, 1 billion people have poor quality
electricity or can only obtain it intermittently from
unreliable grid networks. Electrification is an
important prerequisite of development, yet the fact
remains that hundreds of millions remain trapped in a
cycle of energy poverty. Albeit inefficient, many resort
to traditional sources of energy, while their
production and utilization have been shown to be
detrimental to health and the environment.

Small hydropower is a well-developed small-scale
renewable energy technology, which can contribute
to the improvement of electricity access in rural areas
and be part of the solution for socially inclusive
sustainable industrial development as per the
mandate of the United Nations Industrial
Development Organization (UNIDO). One of the main
challenges of implementing hydropower is capital
cost. However, this disadvantage is weighed against
the long term as small hydropower is a locally
available renewable energy resource that can be used
for electrification both on- and off-grid in a clean,
efficient and secure manner. It has a high tariff
payback ratio while serving to mobilize financial
resources locally. Such economic benefits may
contribute to the long term socio-economic
development of populations that are small in group,
dispersed and geographically isolated, combating their

vulnerable status with autonomous electricity
generation and a resilient micro grid network.

Many countries including several small island states
rely on diesel for electricity generation. Soon they will
be impacted by increasing petroleum prices and
growing trade deficits. The switch to renewable
energy, including small hydropower, may provide
greater energy independence and economic stability,
as well as contributing to climate change mitigation.
Even in countries that are fully electrified, small
hydropower may contribute to achieve renewable
energy targets, energy diversification and energy
independence.

Overview of small hydropower worldwide
Currently, small hydropower plants with a capacity of
10 MW, exist in 148 countries or territories
worldwide. Four other countries have been identified
with resource potential.

The findings of WSHPDR 2013 show that small
hydropower potential globally is approximated at
almost 173 GW. The figure is arrived by totalling data
from a wide range of sources with potential
compromise of data integrity to varying degrees. For
example, research data on economically feasible
potential were more readily available in developed
countries than those in the least developed or
developing countries. More than half of the world's
known hydropower potential is located in Asia,
around one third can be found in Europe and the
Americas. It is possible in the future that more small
hydropower potential might be identified both on the
African and American continents. The installed small
hydropower capacity (up to 10 MW) is estimated to
be 75 GW in 2011/2012.

Americas
13%

Figure 1 Global distribution of small hydropower
resource potential up to a capacity of 10 MW



Africa

Box 1
Countries and territories with small hydropower in
Africa

Eastern Africa Northern Africa

Burundi Algeria
Ethiopia Egypt
Kenya Morocco
Madagascar Sudan
Malawi Tunisia
Mauritius

Mozambique Western Africa

Réunion Benin
Rwanda Burkina Faso
South Sudan* Céote d'lvoire
Uganda Ghana*
United Republic of Tanzania Guinea
Zambia Liberia
Zimbabwe Mali

Niger*
Middle Africa Nigeria
Angola Sierra Leone
Cameroon Togo

Central African Republic
Democratic Republic of the Congo Southern Africa
Sdo Tomé and Principe Lesotho
Namibia

* potential only South Africa

Swaziland

Eastern Africa

Thirteen of the twenty countries in Eastern Africa use
small hydropower to supplement their existing
electrification efforts. Eastern Africa has an estimated
small hydropower potential of 6,262 MW (up to 10
MW), of which 209 MW has been developed. Among
these, countries with the highest potential are Kenya
(3,000 MW), Ethiopia (1,500 MW) and Mozambique
(1,000 MW). Most of the other countries do not have
an official small hydropower definition, and
Mozambique defines it as up to 15 MW.

Most of the countries in Eastern Africa have national
energy policies (e.g. Malawi, Rwanda) or rural
electrification policies (e.g. Madagascar, Tanzania) in
place to support the use of renewable energy. In
Uganda, the renewable energy policy has a target that
includes mini- and micro-hydropower and value-
added tax exemption for hydropower investors. Micro
hydropower and isolated mini-grids are explicitly
mentioned in the national energy policy of Rwanda.
Kenya possesses a revised feed-in tariff (FIT) policy for
small hydropower. Several countries such as
Madagascar, Mauritius, Rwanda and Réunion already
use FITs. Rwanda also uses other forms of incentives
such as tax exemption and direct subsidies. Both

Ethiopia and Zambia are preparing to introduce
renewable energy FITs.

Barriers to small hydropower development are
manifold, ranging from lack of hydrological data in
Burundi, Réunion and Tanzania, to inadequate
awareness of small hydropower in Tanzania. Some
data need to be updated, such as Burundi’s small
hydropower master plan and Malawi’s resource
potential due to environmental degradation. Difficult
site access due to lacking road infrastructure in
remote areas pose barriers in Mauritius, Madagascar
and Zambia, as these barriers mean higher transport
costs while energy consumers either live far away
from the power generation sites or have low income
(e.e. Rwanda). Another barrier is the lack of
investment from foreign investors, private companies.
Banks in particular, are reluctant to lend the start-up
capital upfront. In addition, human resource capacity,
especially technical know-how, needs to be improved
in view of the poor maintenance and management of
small hydropower plants i.e. in Kenyan communities.
South Sudan’s meteorological and hydrological data
collection network were destroyed post-conflict,
water resources management also does not receive
priority, on top of that there is a lack of technical
capacity.

Water is a very scarce resource in both Ethiopia and
Mauritius. Effects of climate change, deforestation
and degradation of water in catchment areas were
reported for in Kenya and Malawi. Seasonal
fluctuation of water flow in Mauritius and climatic
variations in Réunion pose challenges and concerns to
small hydropower development.

Middle Africa

Five out of nine countries in Middle Africa use small
hydropower to some degree or have the potential to
do so. Middle Africa has an estimated small
hydropower potential of about 328 MW (for plants up
to 10 MW), of which 76 MW has been developed. It
should be noted that none of the countries have had
their full small hydropower resources assessed and
the estimated potential is based on individual,
probably non-comprehensive country lists of sites that
may be inaccurate or out of date at the time of this
writing.

No specific renewable energy policy exists in any of
the Middle African countries mentioned. Legislation
for renewable energy sector in Angola is underway
and small hydropower endorsement can be found in
poverty reduction and rural electrification strategies.
In Cameroon, the development objectives up till 2035
include renewable energy for economic development.
The energy policy of the Central African Republic
favours renewable energy and energy diversification.
It aims to reduce poverty based on expanded rural



electrification, building micro-hydropower plants and
electrifying villages using photovoltaic systems and
biomass energy.

Financial and administrative barriers as well as
difficulty of access to technology were reported in
Cameroon. However, a comprehensive barrier
analysis is needed for the whole region.

Northern Africa

Five out of seven countries in Northern Africa use
small hydropower as part of their electrification grid.
Northern Africa has an estimated small hydropower
potential of about 184 MW (for plants up to 10 MW),
of which 155 MW has been developed. There has
been little interest in assessing and harnessing small
hydropower as energy source due to the region’s
characteristics such as its arid climate, desert
landscape, very high solar reception and a high
electrification rate of up to 99 per cent. Drought in
Morocco and water scarcity and over-exploitation of
groundwater resources in Tunisia are issues of
concern.

Energy subsidies and the lack of suitable hydro sites
further hinder small hydropower development in
Egypt. Public awareness on the benefits of small
hydropower is low in Sudan. Furthermore, a clear
policy is lacking and institutional capacity is low.

Southern Africa

Four out of the five countries in Southern Africa use
small hydropower. Southern Africa has an estimated
small hydropower potential of about 383.5 MW (for
plants up to 10 MW), of which 43 MW has been
developed. In South Africa, a governmental
programme supports only hydropower up to a
capacity of 10 MW. Lesotho defines small hydropower
with a capacity of up to 15 MW. The other two
countries, Namibia and Swaziland, do not have their
own official definition of small hydropower.

South Africa has a renewable energy policy. In
Lesotho, rural electrification is used to increase
electricity access while renewable energy is used to
replace fossil fuel use. Namibia, South Africa and
Swaziland have programmes and action plans in place
to support renewable energy.

Known barriers, range from difficulty in accessing
sites to the lack of equipment spare parts (e.g.
Lesotho) and the lack of knowledge on plants that
need refurbishment (e.g. Swaziland). Namibia’s desert
climate is not suitable for hydropower development.
A comprehensive barrier analysis is still needed for
the region.

Western Africa

Nine out of the seventeen countries in Western Africa
use small hydropower. Western Africa has an
estimated small hydropower potential of about 742.5
MW (for plants up to 10 MW), of which 82 MW has
been developed. The countries with the highest
known potential are Togo (144 MW) and Burkina Faso
(139 MW). It should be noted that not all countries
have small hydropower potential due to unsuitable
climate and topography.

Until recently, most of the countries in Western Africa
did not have renewable energy policy. Electricity
access is still a major issue, thus Ghana, Nigeria and
Liberia are all in the process of establishing rural
electrification agencies. Ghana has a renewable
energy law and is about to announce its FIT for small
hydropower. Nigeria has a renewable energy master
plan (at the time of writing it is in its final draft) and a
trust fund to support renewable technologies
including small hydropower. Mali has a national
renewable energy strategy and takes part in the
Scaling-Up Renewable Energy Program in Low Income
Countries (SREP) by the African Development Bank. It
has an investment plan which integrates the main
principles of the Growth and Poverty Reduction
Strategy and the National Climate Change Strategy.
The establishments of the UNIDO-Regional Center for
Small Hydropower in Nigeria and the ECOWAS Centre
for Renewable Energy and Energy Efficiency (ECREEE)
in Cape Verde are key steps to support the up-scaling
of small hydropower and renewable energy in the
region through technical trainings, information
exchange and identifying financing mechanisms.

Lack of hydrological data in the countries mentioned
makes it difficult to give a comprehensive and
updated summary. To date, inventories established
decades ago have not been updated. Resource
assessments in the 1970s to 1990s were conducted by
foreign consultants; therefore, regional expertise in
hydro resource assessments is relatively poor.
Financial barriers include little or no incentives to
attract investors to small hydropower projects and
inadequate financing of civil engineering works. To
varying degrees, there is limited technical expertise
for equipment manufacturing, construction, operation
and maintenance. There is need to improve
institutional, regulatory and legal frameworks for the
development and use of renewable energy sources
including small hydropower. Some climatic factors
also limit the suitability of small hydropower
development, such as irregular or seasonal rainfall,
low flow and drying up of rivers and in some countries
a highly variable and arid climate.



Americas

Box 2
Countries and territories with small hydropower in
the Americas

Caribbean South America

Cuba Argentina

Dominican Republic Bolivia (Plurinational State of)
Guadeloupe Brazil

Haiti Chile

Jamaica Colombia

Puerto Rico Ecuador

Dominica French Guiana

Saint Lucia Peru

Grenada* Uruguay

Saint Vincent and the Grenadines
Northern America
Central America Canada

Belize Greenland

Costa Rica United States of America
El Salvador
Guatemala
Honduras
Mexico
Nicaragua * potential only
Panama

Latin America and the Caribbean

Caribbean

Nine out of the twenty-eight countries or territories,
use small hydropower. The Caribbean has an
estimated small hydropower potential of about 252
MW (for plants up to 10 MW), of which 124 MW has
been developed. The countries with the highest
known potential are Jamaica (63 MW), Cuba (62 MW),
followed by Guadeloupe (46 MW) and Puerto Rico (45
MW).

The topic of renewable energy is discussed at a
political level because one of the region’s priorities is
securing energy supply and becoming increasingly
independent from fuel imports. Several countries
have individually passed energy policies with mixed
outcomes. The renewable energy policy draft of
Jamaica includes a premium for renewable plants
while the Dominican Republic grants an exemption on
all import taxes of equipment and machinery
necessary for renewable energy production. At a
regional level, there are several initiatives that
promote the use of renewable energy, especially the
Caribbean Renewable Energy Development
Programme (CREDP), which is an initiative of the
Caribbean Community (CARICOM).

The hydropower potential of Cuba needs to be re-
assessed. In Jamaica, easier access to information on
potential sites is needed, as well as a corresponding
institutional framework and regulatory platform that

facilitates and attracts private investment. Private
sector financing of renewable projects is non-existent
in Haiti, as recurring natural disasters have diverted
the attention of international community to
emergency issues such as food security. A
comprehensive barrier analysis is needed for the
Caribbean region.

Central America

All eight countries, Belize, Costa Rica, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua and
Panama, in Central America use small hydropower.
Central America has an estimated small hydropower
potential of about 4,116 MW (for plants up to 10
MW), of which 599 MW has been developed. The
country with the highest potential is Mexico (with a
gross estimate of 3,250 MW). All countries need
nationwide studies on their small hydropower
potential.

Many of the countries in Central America have
legislation that promotes renewable energy
generation and many offer tax-based incentives such
as exemption from income and on imported
equipment and machinery. Preferential measures for
mini- and small-hydropower plants in Panama include
direct sales contracts with the electricity distribution
company, with exemption from distribution and
transmission costs for the first 10-year of commercial
operation.

In many countries, domestic financing for small
hydropower projects is difficult to obtain and/or the
terms of commercial credit are not favourable. Major
investments into interconnections are required in
Mexico due to the lack of grid coverage and capacity
in areas with high small hydropower potential.
Incentives for the purchase of power generated from
small hydropower plants are still missing on a wider-
scale. Technical barriers include the lack of detailed
and reliable national small hydropower potential
inventory in natural and artificial streams (e.g.
Mexico) or out-of date nationwide data (e.g. El
Salvador). This is linked to a lack of adequate and/or
affordable hydrological data in these countries. Social
and community concerns about large and small
hydropower projects in general prevail in Mexico, and
land-issues and concerns about private sector
involvement in natural resource management exist in
Guatemala. Both institutional and administrative
barriers to small hydropower development can be
found in Costa Rica and El Salvador.

South America

Nine out of the fourteen countries in South America
use small hydropower. The region has an estimated
small hydropower potential of about 9,465 MW (for
plants up to 10 MW), of which 1,735 MW has been
developed. The country with the highest estimated



potential is Chile (7,000 MW). Some countries define
small hydropower as below 10 MW, however
Argentina has an upper limit of 15 MW, Chile of 20
MW and Brazil of 30 MW. There have been difficulties
in data compilation because not all countries have
separate data available for capacity up to 10 MW. For
example, the small hydropower potential in Brazil is
22,500 MW (for plants up to 30 MW) and Chile is
17,000 (for plants up to 20 MW).

Not all countries have renewable energy policies in
place at the moment, especially where electricity
access poses a challenge. Bolivia, Chile and Peru have
decrees, laws or programmes to support rural
electrification. Uruguay has a high electrification rate
and sees small hydropower as an opportunity to
promote rural development and to achieve 100 per
cent electrification rate. Argentina has a FIT to
guarantee power purchase agreements while Peru
uses a premium price for electricity from renewable
energy sources including small hydropower. Most
countries use tax-based incentives. In Brazil, small
hydropower producers sell their energy directly to the
consumers via the grid at half price for grid use. Small
hydropower action plans in Argentina and Colombia
have yet to determine their national potential. Bolivia
has a hydropower programme that has successfully
built small hydropower plants.

All countries report financial barriers due to a range of
reasons: a weak micro-financing sector, access to
appropriate loans from banks, lack of incentives for
private investors, inadequate metering of energy sold,
over-reliance on governmental support and financial
disadvantage in comparison to other types of
renewable technologies, in particular wind (e.g.
Brazil). Other barriers include governmental
predisposition in Bolivia to support projects that can
be connected to the central electricity grid, in the case
Ecuador, preference was given to large power
projects. The topography of Colombia, Uruguay as
well as French Guiana makes them suitable only for
low head installations which are technically and
economically more challenging to build. In Chile, it is
difficult and costly for small hydropower plants to be
connected to the secondary grids because of the lack
of transportation capacity on existing lines.

Northern America

Three out of five countries use small hydropower.
Their potential of small hydropower (for plants up to
10 MW) is not fully known. It is estimated that about
7,843 MW has been developed. Greenland has only
introduced hydropower in 1993. The small
hydropower potential in Canada is 15,000 MW (for
plants up to 50 MW) which does not include a high
refurbishment potential (1,000 MW).

The United States established the Renewable Portfolio
Standard in many of its states, and the governmental
programmes focus on different aspects of small
hydropower, such as low-impact, adding capacity to
non-powered dams and increasing efficiency. In
Canada, incentives to develop clean, renewable or
green power take one or more of the following forms:
tax incentives, special requests for proposal, standard
offer programmes, net-metering and/or FITs.

In Canada and the United States, the investment of
time and money necessary to obtain a licence for
small hydro plants has become a significant burden.
Concerns about environmental impacts caused by
small hydropower projects are common.

Asia
Box 3

Countries and territories with small hydropower in
Asia

Central Asia South-Eastern Asia
Kazakhstan Cambodia
Kyrgyzstan Indonesia
Tajikistan Lao PDR
Turkmenistan Malaysia
Uzbekistan Myanmar
Philippines
Eastern Asia Thailand
China Timor-Leste
Japan Vietnam
DPR Korea
Republic of Korea Western Asia
Mongolia Armenia
Azerbaijan
Southern Asia Cyprus
Afghanistan Georgia
Bangladesh Iraq
Bhutan Jordan
India Lebanon
Islamic Republic of Iran Turkey
Nepal
Pakistan
Sri Lanka
Central Asia

All five countries (Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan, Uzbekistan) in Central Asia use small
hydropower. Central Asia has an estimated small
hydropower potential of about 4,880 MW (for plants
up to 10 MW), of which 183.5 MW has been
developed so far. The countries with the highest
potential are Kazakhstan (2,707 MW) and Uzbekistan
(1,760 MW).

Legislations on renewable energy exist in Kazakhstan,
Kyrgyzstan and Tajikistan, while Turkmenistan’s
Renewable Energy Development Strategy includes



plans to develop renewable energy frameworks. Only
Kyrgyzstan has a special FIT for small hydropower.
However, accompanying by-laws and regulations are
yet to be developed or adopted. The region has a
large reservoir of small hydropower sites, but its
potential is hampered by in-country disadvantages.
Both Turkmenistan and Uzbekistan do not have a
related policy in place to promote renewable energy.
Even where such legislations exist, the uncertainty in
the legal and regulatory framework for private sector
participation is high (e.g. Kyrgyzstan and Tajikistan).

The local technical capacity for construction,
maintenance and equipment or spare parts required
for small hydropower projects need to be improved in
Kyrgyzstan or built up in the case of Tajikistan. There
is a need in Tajikistan to attract financing and
managing resources from donors or state-funded
support for decentralized renewable development. In
Kyrgyzstan, private investors face unfavourable
economic conditions, also low stream flow reduces
operation hours during winter time, when power and
heat are greatest in demand and the central grids are
unable to compensate. Additionally, most
communities are grid-connected, thus during summer
the demand for additional off-grid power is low.

Eastern Asia

Five out of seven countries/regions in Eastern Asia use
small hydropower. Eastern Asia has the largest
estimated small hydropower potential worldwide. The
potential is estimated at 75,312 MW (for plants up to
10 MW), of which 40,485 MW has been developed.
The country with the highest potential is China
(63,492 MW) followed by Japan (7,062 MW). China is
the only country in the region with a small
hydropower definition of up to 50 MW. China’s small
hydropower potential (for plants up to 50 MW) is
128,000 MW, of which 65,680 MW has been
developed.

The importance of renewable energy is widely
acknowledged throughout the region. The Republic of
Korea has legislation on alternative energy with the
aim of reaching a renewable energy supply share of
6.1 per cent by 2030. China plans to achieve a 30-per
cent non-fossil capacity in its national installed
capacity by 2030. The local governments in China are
encouraged to develop small hydropower; value-
added tax (VAT) for small hydropower is subsidized. In
Japan, a FIT system was established in 2012 under an
Act that promotes renewable energy usage. Some
laws in Japan simplify the process for renewable
energy producers to sell electricity to the electric
utility. The policy orientation of Democratic People’s
Republic of Korea inclines towards non-fossil fuel
options, solving the issues of ageing infrastructure and
of the transmission and distribution networks. Its
policy is favourable to the development of small

hydropower. However, small hydropower information
about this country is scarce. Mongolia has a
renewable energy programme that aims to achieve a
renewable energy share of 25 per cent in its electricity
system by 2020.

The main barrier to small hydropower development is
of a financial nature, such as the access to funding and
generation equipment in the Democratic People’s
Republic of Korea. In the Republic of Korea,
topographical conditions are not suitable for small
hydropower, thus the economic feasibility of small
hydropower projects is limited. In Japan the potential
is being reassessed to include less conventional sites
from existing infrastructure facilities, such as dams,
weirs, irrigation channels, water supply and sewerage
systems, in order to avoid environmental impacts.

Southern Asia

Eight out of the nine countries in Southern Asia use
small hydropower. The region has the second largest
small hydropower potential estimated at 18,077 MW
(for plants up to 10 MW), of which 3,563 MW has
been developed. Afghanistan has a known potential of
(1,200 MW). The small hydropower potential in India
for plants up to 10 MW is not known, and it is 15,000
MW for plants up to 25 MW. Some countries define
small hydropower as below 10 MW, however
Bangladesh has an upper limit of 15 MW. Bhutan and
India apply a threshold of 25 MW and Pakistan of 50
MW.

Most countries have renewable energy policy (e.g.
Bangladesh, Bhutan, Pakistan) and a renewable
energy target, or a hydropower policy (e.g. Bhutan,
India, Nepal). Afghanistan has a Rural Renewable
Energy Strategy Action Plan up to 2014. Renewable
energy is seen as an opportunity to boost rural
electrification (e.g. India, Afghanistan) and an option
to be less dependent on imported fossil fuels (e.g.
Pakistan). In India, subsidies for the development of
small hydropower through the private sector are in
place, but it varies from state to state and may include
power wheeling, power banking, buy-back of power
and/or facilities for third party sales. Some states also
provide concessions such as leasing of land,
exemption from electricity duty and entry tax on
power generation equipment. The Iranian
Government purchases electricity produced by private
sector renewable energy plants at a tariff three times
higher than those paid by the consumers. In Nepal,
there are several incentives available, such as VAT
exemption, custom duty reductions for imported
small hydropower related machinery or equipment
and income tax exemptions for the first 10 years from
the date of plant commissioning, thereafter 50 per
cent for the next five years.



A range of barriers exist in Southern Asia, such as the
remote location of potential sites and the need for
road access and long-distance transmission lines (e.g.
Bangladesh, Pakistan). Related to this is the
uncertainty of grid extension, as it may not be
economically feasible in rural areas where power
demand is low (e.g. Nepal, Bhutan). Financial barriers
include economic feasibility due to terrain and
topographical conditions (e.g. Bhutan) and the lack of
understanding by the local banks on financing needs
of project developers (e.g. Bangladesh). In short, the
lack of/low interest from the private sector to develop
small hydropower plants is because there is no proper
tariff structure and/or electricity market system (e.g.
Pakistan, Bhutan) in place. Administrative complexity
and long waiting times delay small hydropower
development in Bangladesh, India and Nepal. The
seasonality of rain, with low output during the dry
season poses a barrier for Bangladesh and Bhutan,
and in countries like Bhutan it is a big concern due to
the country-specific conservative environmental laws.
Other specific barriers reported for each country were
with regards to human resources capacity, technical
knowledge and institutional capacity.

South-Eastern Asia

Nine out of eleven countries in South-Eastern Asia use
small hydropower. The region has an estimated small
hydropower potential of about 6,682.5 MW (for
plants up to 10 MW), of which 1,252 MW has been
developed. The country with the highest known
potential is Viet Nam (2,205 MW), followed by the
Philippines (1,876 MW) and Indonesia (1,267 MW).
The upper limit of small hydropower varies. In
Malaysia and Indonesia it is 10 MW, in Lao People’s
Democratic Republic (PDR) and Thailand it is 15 MW
and in Viet Nam 30 MW. In the Philippines and
Cambodia the upper limit of mini-hydropower is 10
MW, while no definition is available for Myanmar and
Timor-Leste.

Most South-Eastern Asian countries have a national
renewable energy action plan that sets renewable
energy target in the national power generation mix.
Lao PDR has a draft Renewable Energy Development
Strategy that promotes small hydropower of up to 15
MW. Thailand also has a small hydropower target of
0.04 per cent of the total generation mix by 2015. Viet
Nam has an avoided cost tariff specifically for small
hydropower, and the Philippines has mini-hydropower
projects auctions as well as a FIT. In Indonesia, the
electricity is bought by the State at an agreed fixed
price. In general the FIT system is not well developed
in the region. Renewable energy policy limitations
have been reported in Timor-Leste, Malaysia,
Indonesia and the Philippines. For example there was
a delay in the implementation of the Renewable
Energy Act of the Philippines.

The lack of field expertise and technical skills is the
largest barrier impeding the development of small
hydropower and this has been reported in many
countries. The second important barrier is of a
financial nature, ranging from the lack of financial
sources in Cambodia; to financial institutions that are
unfamiliar with assessing risks for small hydropower
projects in Malaysia and Thailand. High costs for the
development of small hydropower are reported in
Cambodia, Malaysia and Timor-Leste. More subsidies
are available in Thailand for importing electricity to
rural areas than for building small hydropower plants.
In Lao PDR, only large hydropower projects attract
foreign investors. Environmental or climatic barriers
are reported as well, such as vulnerability to drought
in Malaysia and Timor-Leste, and a reduction of
maximum water flow from rivers that can be used for
electricity generation in the Philippines have been
reported.

Western Asia

Eight out of eighteen countries in Western Asia use
small hydropower. Western Asia has an estimated
small hydropower potential of about 7,754 MW (for
plants up to 10 MW), of which 489 MW has been
developed. The country with the highest known
potential is Turkey (more than 6,500 MW). Not all
countries in the region are suitable for small
hydropower development due to climatic conditions,
some even suffer from water stress.

Most countries consider renewable energy as an
important resource. Armenia and Turkey have
renewable energy laws, while other countries such as
Azerbaijan, Georgia and Armenia have national
renewable energy programmes. Armenia has a
strategic hydropower development programme that
includes small hydropower and international finance
mechanisms to support its development. Azerbaijan
does not have any customized laws for renewable
energies, but producers of small hydropower plants
with a capacity from 50 kW to 10 MW do receive
subsidy that guarantees the unlimited purchase of
their electricity based on a combination of applicable
laws. In Georgia, the programme regulates and
supports the construction of new renewable energy
projects with a capacity up to 100 MW. It offers long-
term purchasing agreements and favourable FITs and
license-free electricity generation for power plants up
to 10 MW.

Some countries such as Iraq, Jordan and Lebanon, do
not have any policy for renewable energy, as
renewable energy in general is not prevalent. Lebanon
needs to evaluate the various demands on its water
resources. Turkey’s renewable energy law does not
differentiate between small- and large-hydropower,
thus the private sector’s interest has moved towards
large hydropower systems due to potentially higher



profits. Many regulatory, legal and technical barriers
need to be overcome in Armenia to fully develop the
small hydropower potential, including its low FIT.

Europe

Box 4

Countries and territories with small hydropower in

Europe

Eastern Europe
Belarus

Bulgaria

Czech Republic
Hungary

Republic of Moldova

Southern Europe
Albania

Bosnia and Herzegovina
Croatia

Greece

Italy

Poland the former Yugoslav Republic of
Romania Macedonia
Russian Federation Montenegro
Slovakia Portugal
Ukraine Serbia

Slovenia
Northern Europe Spain
Denmark
Estonia Western Europe
Finland Austria
Iceland Belgium
Ireland France
Latvia Germany
Lithuania Luxembourg
Norway Netherlands
Sweden Switzerland

United Kingdom of Great Britain
and Northern Ireland

Eastern Europe

All ten countries, Bulgaria, Czech Republic, Hungary,
Poland, Romania, Slovakia (EU Member States) and
Belarus, Republic of Moldova, the Russian Federation,
and Ukraine in Eastern Europe use small hydropower.
Eastern Europe has an estimated small hydropower
potential of about 3,495 MW (for plants up to 10
MW), of which 2,735 MW has been developed. The
countries with the highest potential are the Russian
Federation (1,300 MW) and Romania (730 MW). Apart
from the Russian Federation which has a definition of
up to 30 MW, small hydropower is mostly defined as
up to 10 MW in the region.

Most of these countries have policies for renewable
energy as well as targets. A Renewable Energy
Directive has been implemented within the European
Union (EU). Thus all the Member States currently have
a renewable energy policy and a target share from
renewable sources in gross final consumption of
energy by 2020. Tariffs for electricity from renewable
energy sources including small hydropower exist in
Belarus, Bulgaria, Czech Republic and Ukraine.
Slovakia supports small hydropower through

additional payment for electricity supplied from these
plants for the first 15 years.

In both Belarus and the Czech Republic, the flat
topography of the country seems to limit the small
hydropower development to low head sites. However
this is also seen as a change to apply small
hydropower to waterworks in combination with other
uses such as water regulation, supply and transport.
The lack of involvement of private companies in small
hydropower projects is mentioned as a barrier in
Moldova and Belarus; the former is due to lack of
funds available for private companies, the latter has
an incomplete legal framework for independent
power producers. Residual flow regulations exist in
Czech Republic, Poland and Romania. Similar
legislation is planned in Bulgaria, where an increased
residual flow means an increase in operating costs.

Northern Europe

Ten out of eighteen countries or territories use small
hydropower. Northern Europe has an estimated small
hydropower potential of about 3,841 MW (for plants
up to 10 MW), of which 3,643 MW has been
developed. The upper limit of small hydropower is
generally 10 MW. However, some have lower limits
such as 5 MW in the United Kingdom, 1.5 MW in
Sweden and 1 MW in Denmark and Iceland.

A Renewable Energy Directive has been implemented
within the European Union (EU). Thus all the Member
States now have a renewable energy policy and a
target share from renewable sources in gross final
consumption of energy by 2020. All countries except
Iceland, have support systems for small hydropower.
Seven countries have FITs applicable to small
hydropower, while Finland discontinued its fixed
production support but supports small hydropower
developers with tax incentives. Norway uses a quota
system and Sweden uses electricity certificates as a
market-based support system for renewable
electricity including small hydro. Residual flow is
regulated in most countries except Iceland and
Sweden. The EU Water Framework Directive applies
to most countries, however, its full impact has yet to
be determined. In the case of Estonia, this has led to a
decrease in small hydropower potential.

Southern Europe

Eleven of the sixteen countries or territories use small
hydropower. Southern Europe has a small
hydropower potential estimated at 14,169 MW (for
plants up to 10 MW), of which 5,640 MW has been
developed. The countries with the highest potential
are ltaly (7,066 MW) and Spain (2,185 MW). Most
countries use the 10 MW definition. However, in Italy,
the upper limit of small hydropower is 3 MW, in
Bosnia and Herzegovina 5 MW and in Greece 15 MW.



The Renewable Energy Directive has been
implemented in the EU, five countries are not
Member States (Albania, Bosnia and Herzegovina,
Macedonia and Montenegro). Most countries in
Southern Europe have a national renewable energy
action plan. Apart from Albania, Macedonia and
Bosnia and Herzegovina, all countries have a
renewable energy target for 2020 or 2025, ranging
from 17 per cent in Italy and Greece, to 60 per cent in
Portugal. Albania is preparing a new power sector law
and a new renewable energy law. The FIT system is
used in eight of the eleven countries and is sometimes
compiled with a market price and premium, as in the
case of Spain.

The main barrier to the development of small
hydropower is related to administrative procedures.
Authorization of procedures and network connections
are long and often complex, such as the case in Serbia,
Italy, Slovenia or Spain. There is a lack of methodology
for concession, licensing and permit delivery in Bosnia
and Herzegovina and Portugal. Protection of culture
or landscape and mountainous areas are noted
barriers to small hydropower development in Croatia
and Greece. The implementation of the EU Water
Framework Directive decreases the potential of small
hydropower as mitigation costs have risen in Greece
and Italy.

Western Europe

Seven out of nine countries or territories in Western
Europe use small hydropower. Western Europe has an
economic small hydropower potential estimated at
6,644 MW (for plants up to 10 MW), of which 5,809
MW has been developed. The countries with the
highest potential are France (2,615) and Germany
(1,830 MW). The limit of small scale of hydropower is
10 MW in most of the countries. However, in the
Netherlands, the limit is 15 MW, 6 MW in
Luxembourg, and Germany has several definitions: the
limit differs from 1-5 MW.

The Renewable Energy Directive has been
implemented in the EU. Al countries, except
Switzerland are part of the EU. All of its Member
States have a renewable energy policy and a target
share from renewable sources in gross final
consumption of energy by 2020. The FIT system exists
in five countries, whereas Belgium uses Green
Certificates and the Netherlands uses subsidies and
tax deduction to support small hydropower.

The barriers in Western Europe are aplenty. In
particular, Austria, Belgium and Germany exists a
strong opposition to small hydropower development
by powerful administrations, non-governmental
organizations and the fishing lobby, mainly due to
ecological and fishing issues. The environmental
impacts have led the German government to establish

mitigation measures. The topography of the
Netherlands is not very suitable to develop small
hydropower plants and it is difficult to obtain permits.

Policy decisions sometimes have a negative impact on
small hydropower. In Belgium, the new classification
of plants could have a negative effect for very small
operators. Environmental legislations such as those
related to Natura 2000 and the EU Water Framework
Directive increase mitigation costs and limit the
economic small hydropower potential. In Austria
there is a gap between the policy which encourages
hydropower and the reality of granting procedures.
The new policy regarding the FITs in Switzerland has
led to an overload at planning offices and public
authorities. Also, different procedures for each canton
have created a challenge for investors. Financial
barriers differ among countries. In Austria, budget for
the support scheme is limited; in Switzerland
profitability is low due to high demand for engineering
services and high prices for hydropower equipment.

Oceania
Box 5

Countries and territories with small hydropower in
Oceania

Australia and New Zealand
Australia
New Zealand

Pacific Island Countries and Territories
Melanesia

Fiji

New Caledonia

Papua New Guinea

Solomon Islands

Vanuatu

Micronesia

Federated States of Micronesia
Polynesia

French Polynesia

Samoa

Australia and New Zealand

Both Australia and New Zealand wuse small
hydropower. Together they have a small hydropower
potential estimated at 932 MW (for plants up to 10
MW), of which 310 MW has been developed.

In Australia, renewable energy certificates provide
incentives to upgrade and redevelop ageing
hydropower plants. There is no governmental policy
on small hydropower in New Zealand. However
investigation for new sites is actively being pursued.
Furthermore, a price for carbon aims to help the
economic competitiveness of new renewable
electricity.



Main barriers to small hydropower development are
environmental protected areas and competing uses
for water. Barriers specific to Australia are public
acceptance, extreme variations in climate, remoteness
of sites and overall high costs of generation and
transmission. Barriers specific to New Zealand are
administrative in nature (i.e. long and expensive
consenting process) and high construction costs.
Environmental and social issues also pose as a barrier
to the widespread development of small hydropower.
Incentives for renewable energy, in part to combat
the potential effects of climate change, are focused
primarily on wind energy and solar power which are
considered to have greater potential.

Pacific Island Countries and Territories

Eight out of the twenty-two countries or territories
use small hydropower. The Pacific Island Countries
and Territories (PICTs) have a small hydropower
potential estimated at 306 MW (for plants up to 10
MW), of which 103 MW has been developed. Papua
New Guinea has the highest potential among the
countries (153 MW).

At the national level, Fiji is the only country with a
specific renewable energy policy and a master plan for
small hydropower. Most of the other countries have
national energy policies that support the use of
renewables and/or renewable energy programmes,
however, the need for improved (rural) electrification
is a key issue.

The Pacific Islands Energy Policy and an associated
strategic action plan are critical at the regional level.
Renewable energy is among the 10 areas of
development addressed in this initiative, with the aim
to increase the share of renewable energy resources
in the energy mix. Similarly, the Framework for Action
on Energy Security in the Pacific and its associated
implementation plan (2011-2015), includes four key
priorities, namely resource assessment, investment in
renewable energy, capacity development and an
increase in the share of renewable energy in the
energy mix. International finance also plays a role in
the small hydropower development in the Pacific
region. The Asian Development Bank has been
involved in the Town Electrification Programme of
Papua New Guinea; the World Bank has a 10-year
project Pacific Islands Sustainable Energy Finance
Project  (2007-2017) which  supports  micro
hydropower. Local financial institutions are
incentivized to participate in sustainable energy
finance in support of equipment purchase. However,
apart from Fiji, little progress has been achieved in
other participating countries.

In  general, incentive mechanisms for small
hydropower project development seem to be missing
for most countries. Lack of funding for project
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execution is a barrier mentioned for the Solomon
Islands and Papua New Guinea. Steep topography may
lead to rapid runoff and landslips in Fiji, providing less
suitable conditions for small hydropower. Outdated
renewable energy assessments are a problem in
Papua New Guinea. In Vanuatu, barriers to small
hydropower are often those that are common for
renewable energy, which include high capital costs,
lack of political will, lack of in-country capacity and
issues related to land ownership. Capacity for the
construction of small hydropower in the PICTs exists,
however external funding sources often bring their
own experts. Investments made into various
renewable energy technologies should consider
climate change effects on the environment. In the
case of small hydropower, this means the
consideration of impacts on water availability
particularly during the dry season.

Conclusion

The World Small Hydropower Development Report
2013 (WSHPDR 2013) contains data compiled on
installed capacity and potential of small hydropower
for 152 countries. The Secretariat has in phases of
research and data collection, faced many obstacles,
from linguistic, data accessibility to the different
standards of reporting. There are cases where
resource potential of a country is unclear, as there is
no globally agreed small hydropower definition and
many reports on small hydropower do not always
indicate clearly the definition applied.

It can be concluded that small hydropower is a
suitable renewable energy technology in the context
of rural electrification efforts, energy diversification,
industrial development and exploration of existing
infrastructure. Rural electrification has significantly
improved in China and in India thanks to small
hydropower. At the national-level, small hydropower
programmes in developing regions and at regional-
level in Western Africa, have reflected the importance
given by some governments to small hydropower as a
energy solution for rural electrification and productive
use.

Fossil-fuel dependent regions with high or relatively
high electricity access have come to realize the
importance of clean and renewable energy. Therefore
many countries in Western and Central Asia are
discovering or rediscovering small hydropower as an
energy option and many are interested in refurbishing
their old plants.

Small hydropower technology has gradually adapted
to meet environmental concerns while technical
innovators aim to explore the use of existing
infrastructures.



The WSHPDR 2013 proposes a more detailed policy
and barrier analysis to identify critical capacity needs
and identification of suitable financing mechanisms.
The importance and advantages of small hydropower
as the solution to rural electrification and inclusive
sustainable industrial development has probably been
underestimated, particularly in comparison to other
small-scale renewable energies.

The following are some recommendations that aim at
the national and regional/international level. They are
served as a starting point and are in no way
comprehensive.

Recommendations

National level

Resource assessment and water management

1. More hydrological data needs to be collected over a
longer period of time. In order to achieve this goal,
technical equipments such as a network of gauging
stations are required along with human capacity
building.

2. Small hydropower potential sites need to be
reassessed due to the constantly changing
hydrological and environmental conditions affecting
the watershed. Environmental regulations and
technological improvements should also be
considered. When drafting master plans, it is
important to balance the multiple demands and
functions of water resources.

3. Screen small hydropower plants that need to be
upgraded or refurbished in order to gain an overview.
Investments should be promoted to reactivate old
plants and increase their efficiency based on technical
innovation.

4. Potential multi-purpose sites need to be identified.
Across the world there are many water reservoirs and
dams constructed for irrigation or as drinking water
collection that do not yet produce electricity but small
hydropower turbines could be installed and running
concurrently.

5. Potential non-conventional sites based on technical
innovation need to be identified. Existing
infrastructure such as water pipes in buildings, or
water channels with very low head could serve as
potential small hydropower sites.

6. Implement regulations on the use of waterways to
avoid conflict between agriculture, fishery, electricity
generators and biodiversity.
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Rural electrification

1. Improve the reporting of the impact of small
hydropower on rural electrification by keeping track
of on- and off-grid installed and potential small
hydropower capacity.

2. The productive use of electricity from small
hydropower plants in rural settings should be better
developed and reported in order to share lessons
learnt and improve inclusive sustainable industrial
development.

3. New Business models for sustainable small
hydropower development for rural electrification
need to be developed and promoted.

Planning, financing and implementation

1. Increase local capacities to conduct feasibility
studies, for construction, operation and maintenance
of small hydropower plants.

2. Build or improve local manufacturing capacity to
produce components for small hydropower plants.

3. High initial costs need to be overcome with
easier/improved access to finance for project
developers. Awareness of small hydropower should
be raised among local banking institutions or
microfinance institutions in order to improve the risk
assessment and provide conducive loan conditions.

4. Improved electricity network planning will help to
identify the need for investment into grid
infrastructure. This will help to better inform the
economic feasibility of potential sites. Small
hydropower plants in remote areas are often not
economically  feasible because  mini-grid or
connections to the central grid need to be built.

5. Improve collaboration among agencies responsible
for water resources, environment and electricity.
Avoid overlapped mandates and conflicts and reduce
duration needed  for approval/authorization
processes.

6. Simplify administrative procedures for small
hydropower plants located in existing infrastructure
such as irrigation channels, water supply systems,
dams or wastewater treatment facilities, and for the
rehabilitation of old schemes.

7. Improve timely land allocation by ensuring land
records are clear and up-to-date to avoid conflict over
land rights/ownership and concessions/permits.

8. Create a one-stop shop for small hydropower plants
to streamline project implementation.



International and regional level

1. Develop a regional network of
professional/mechanical  workshops to  satisfy
local/regional equipment demand.

2. Remove linguistic barriers of knowledge exchange
by providing information in several regional languages
and create a knowledge platform.

3. Create a network of focal points (e.g. Ministry of
Water Resources and/or Energy of one country in
order to connect relevant stakeholders within the
region.

4. Use existing international technical training
resources to train trainers in their region.

5. South-South and triangular cooperation among
developing countries, developed countries and
international organizations (including international
banks) for technology-transfer, capacity building and
financing should help to facilitate the transition from
individual pilot small hydropower projects towards
the successful implementation of full-scale small
hydropower programmes. International banking
institutions can help to kick-start programmes and
overcome funding barriers for countries in need.

6. Coordination, collaboration and knowledge sharing
among regional and international organizations that
include small-scale hydropower in their scope of work
should continue and be expanded.

7. Promote the implementation of international
projects aiming at the development of local small
hydropower capacities, policies and investment.
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Introduction

A world-first assessment on the global status of small
hydropower

As a leading UN agency in the provision of renewable
energy solutions for inclusive sustainable industrial
development, UNIDO is collaborating with the
International Center on Small Hydro Power (ICSHP),
based in China, to develop a small hydropower
knowledge portal www.smallhydroworld.org and to
publish the World Small Hydropower Development
Report 2013 (WSHPDR 2013). This flagship assessment
of UNIDO is a world-first compilation of global small
hydropower data, and will be a crucial policy and
investment guide for renewable energy provision
through small hydropower. It aims at identifying the
world’s small hydropower development status and its
potential in different countries and regions by
engaging with stakeholders to share information.

Small hydropower is one of the most suitable energy
solutions for fostering inclusive sustainable
development and industrialization. Small
hydropower is a mature technology that can be easily
operated and maintained. It has the lowest electricity
generation prices of all off-grid technologies, and has
the flexibility to be adapted to various geographical
and infrastructural circumstances.

Information is the first essential step for policy and
investment decisions. Much of the world’s small
hydropower potential remains untapped. First step to
remedying the situation is through dissemination of
reliable data that can inform policy development and
energy planning, as well as guide investors in entering
renewable energy markets.

Global data on small hydropower by region and
country is provided.

The assessment is based on the contribution of more
than 60 different authors or organizations. It contains
20 regional overviews and 149 country-level reports,
which are available to the public. The report includes:
e an overview of the global status of small
hydropower with a focus on the untapped potentials
of small hydropower;

e an overview of small hydropower development
status and potential for 20 geographical regions;

e country-level analysis for 149 countries with an
overview of the power and electricity sector of the
country, installed small hydropower capacity, and
institutional  climate for small  hydropower
development.

The report will be updated biennially to provide
current and relevant data.
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To ensure that the data and information provided by
the report is up-to-date, UNIDO and ICSHP will
collaborate with national institutions to facilitate
continuous monitoring and collection of small
hydropower data. The changes will be reflected
regularly on the website while a consolidated print
version is planned to be available biennially.

Join us!

UNIDO has the vision to play a special role in
promoting a system of international dialogue and
engaging small hydropower stakeholders from across
the world to make this initiative a hub for all small
hydropower related information. UNIDO and ICSHP
are actively reaching out to more stakeholders and
partners to provide relevant information in order to
keep the website up-to date. This shall be a
collaborative effort — you are invited to participate in
extending the world’s small hydropower knowledge
base.

Contact us: renewables@unido.org or

report@icshp.org to find out more.




1 Africa
1.1 Eastern Africa

Wim Jonker Klunne, Council for Scientific Research, South Africa; Emmanuel Michael, United Nations Industrial

Development Organisation, United Republic of Tanzania

Introduction to the region

The East African region comprises 20 countries, 14 of
which use small hydropower at various degrees (see
countries listed in table 1). The East African Power Pool
(EAPP) plays an important role in the future of energy
within the region. One of the main objectives of EAPP is
to share grid connections to enable the flow of power
from areas of abundance to areas of deficit.

The region is shaped by noticeable plate tectonics giving

varies widely from tropical, sub-tropical, equatorial to
temperate and arid." Since the end of colonialism, the
region has continued to endure internal and external
political conflict. In addition, the majority of the Eastern
African countries are faced with unreliable electricity
supply as a result of fallbacks of national grid leading in
widespread use of alternative means to ensure a steady
supply of electricity. Despite the political and social
challenges and energy barriers, the region attracts
significant levels of foreign investment and positive

rise to geographical features such as the Great Rift development throughout various sectors in the
Valley, Lake Victoria and Mount Kilimanjaro. The climate economy.
Table 1
Overview of countries in Eastern Africa
Country Population Rural Electricity Installed Electricity Hydropower Hydropower
(million) population access electrical generation capacity generation
(%) (%) capacity (GWh/year) (MW) (GWh/year)
(MW)
Burundi®™® 10.557 89 2.7 52 242 50.5 155
Ethiopia™™ 91.195 83 17.0 929 4106 1850.0 2800
Kenya®™*" 43.013 78 16.1 1480 6 692 761.3 2170
Madagascar™*® 22.005 70 19.0 434 1138 131.6 753
Malawi® 16.323 80 9.0 315 1676 300.0 1100
Mauritius™" 1.313 58 99.4 670 2 402 58.3 101
Mozambique®*® 23.516 62 11.7 2308 14 980 2179.0 14710
Réunion™® 0.800 - - 650 2 546 120.5 633
Rwanda™® 11.690 81 6.0 69 160 54.5 130
South Sudan 10.625 . . .. .. . .
Uganda™ 33.641 87 9.0 525 1400 409.0 900
Tanzania (United Rep.)™ 46.913 74 13.9 1051 4281 562.0 2640
Zambia™ 13.817 64 18.8 1750 9 597 1518.0 9879
Zimbabwe™® 12.620 62 41.5 1990 7723 700.0 5521
Total 338.028 - - 12 223 56 943 8694.7 41 492
Sources:

a. Central Intelligence Agency1
b. National Electrification rates: International Energy Agency2
c. Clean Energy Information Portal — Reegle3

d. Burundi information: International Renewable Energy Agency. Renewable Energy Profiles®

e. The International Journal on Hydropower & Dams’

f. Kenya, Ministry of Energy®

g. Madagascar, Agence de Développement de I’Electrification Rurale’
h. Mauritius Ministry of Energy and Public Utilities®

i. Uganda Centre for Research in Energy and Energy Conservation’
Note: The electrification rate may be reported higher in the country report because national sources are used based on different assumptions, e.g.
Zambia. South Sudan has attained its independence on 9 July 2011. Therefore, statistics for South Sudan were difficult to identify or not available at the

time of writing.
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Small hydropower definition
Countries’ official small hydropower definitions are
given in table 2.

Table 2

Classification of small hydropower in Eastern Africa

Country Small Mini Micro
(MW) (MW) (kw)

Burundi

Ethiopia . . .

Kenya 1.00-10.00 0.10-1.00 <10

Madagascar >10.00 1.00 10.00 50 -1000

Malawi . . .

Mauritius 0.01-0.05 0.0025-0.01 <0.0025

Mozambique 8.00-15.00

Reunion

Rwanda

South Sudan . . .

Uganda <10.00 <1.00 <100

Tanzania (United Rep.) . . .

Zambia 1.00-10.00 0.50-1.00 <300

Zimbabwe 0.501 -5.00 5-500

Sources: Most of these definitions were obtained through surveys
conducted by ICSHP in 2011, except for Mozambique.

Regional overview

Hydropower plays an important role (above 80 per cent)

in electricity generation in Burundi, Ethiopia, Zambia,

Mozambique and Malawi and it produces a significant

amount of electricity in Uganda, Zimbabwe, Tanzania,

Madagascar and Kenya. The island topography of

Seychelles is not suitable for hydropower, while in

Djibouti, Eritrea, and Somalia, the complete or part

desert climate in these countries, coupled with recurring

droughts, are not conducive for hydropower
development. Small hydropower development in the
region is ongoing at a smaller scale:

e A master study plan on hydropower potential for
Burundi exists since the 1980s. It includes small
hydropower potential sites with capacities of up to
10 MW. Recent optimization studies have shown
that these sites could achieve higher installed
capacities with the current available technology.™
Though a large small hydropower potential is
known, means to develop the potential are scarce.

e  Eritrea does not use any hydropower and its small
hydropower potential has not been studied.
However, feasibility studies to utilize micro and
small hydropower in the inland river basin are
required and would be beneficial, since only three
per cent of the rural population has access to
electricity.™

e Ethiopia, with a national electrification rate of 17
per cent, is making efforts in improving rural
electrification, particularly off grid electrification,
and developing new energy sources. Currently, a
rural energy fund exists and its feed-in tariffs (FITs)
schemes are in the draft form.
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In Kenya, interest in the development of small
hydropower has increased in the last 12 years due
to the inadequacies of grid based power supply.
There is a commitment to use renewable energy, as
can be seen from the FIT policy and National
Renewable  Energy  Development  Strategy.
Additionally, there is a high private sector interest
in small hydropower mainly via small hydropower
use on tea plantations (i.e. United Nations
Environment Programme project). The Government
is motivated to remove legal and regulatory barriers
(see country report)."

Interestingly, Madagascar has a very high potential
(2,600 MW), however, there is no information on
existing small hydropower plants in Madagascar.
According to the Rural Electrification Agency, there
were four plants with individual capacities of up to
10 MW, with a total installed capacity of 22.51 MW.
All of them need renovation since the
commissioning about 25 years ago.

In Malawi, a Renewable Energy Strategy is
underway and a Master Plan for Rural Electrification
was passed in 2003. It includes a list of potential
micro hydropower sites. However, the development
of small hydropower is slow and some of the
existing small hydropower plants are not operating
due to lack of maintenance instruments i.e.
availability of spare parts and financial constraints.
On the other hand, feasibility studies have been
conducted in the past, but one of the main barriers
is the lack of investors.

In Mauritius, two small hydropower plants are
under construction and expected to be completed
by 2015 in addition to the existence of FIT support
systems that are readily available.

Mozambique’s greatest hydropower potential lies
on the Zambezi River basin with a growing interest
to promote the use of small hydropower for
isolated rural communities

Réunion’s hydro potential has been developed with
remaining potential for only a few more micro
power stations.”

While Rwanda does not have a lot of existing small
hydropower there is considerable  micro
hydropower potential available in the country.

A non-verifiable source estimates that pre-war
Somalia had 4.8 MW of installed hydropower
capacity in the lower Juba valley; however, due to
the political unrest of the country, no significant
data is available.

In South Sudan, the development of the
hydropower sector is not realized due to political
and social unrest.

In Uganda, the development of small, micro- or
mini-hydro “has not been very systematically



conducted”. Seven projects with a total of 60 MW
small  hydropower capacities have been
announced.® Based on the National Renewable
Energy Policy, a government programme with an
ambitious target of 100 MW hydropower capacities,
by 2017, is being anticipated, from mini- and micro-
hydropower.

e Tanzania has a substantial small hydropower
potential with areas of high potential located in
Southern and Western highlands. The Tanzania
Electric Supply Company Limited (TANESCO) is
currently in the process of developing the available
resources.

e The hydropower potential of Zambia is estimated at
6,000 MW, of which 1,858.5 MW has been
developed. Development of small hydropower is
usually conducted by the private sector.

e The total installed small hydropower capacity in
Zimbabwe is unknown. However, some information
from certain small hydropower plants has been
obtained from the private sector.

The installed small hydropower capacity in Eastern
Africa is estimated at 186 MW, while the potential is
estimated at 6,208 MW, including Kenya’s gross small
hydropower potential of 3,000 MW (table 3).
Additionally, some countries do not have data available
on their small hydropower capacity potential (i.e.
Madagascar and Zambia).

Table 3

Small hydropower up to 10 MW in Eastern Africa
(Megawatts)

Country Potential Installed capacity
Burundi 54.0 15.84
Ethiopia 1500.0 6.15
Kenya 3000.0 33.00
Madagascar . 22.51
Malawi 15.0 5.80
Mauritius 9.5 8.70
Mozambique 1000.0 2.10
Réunion . 11.00
Rwanda 38.2 23.20
South Sudan atleast 5.0 .
Uganda 210.0 22.42
Tanzania (United Republic of) 310.0 25.00
Zambia . 31.00
Zimbabwe 120.0 1.92
Total 6261.7 208.64

Source: See country reports

Note: Ethiopia has more than 600 potential sites, but its potential is
not known. Madagascar has a small hydropower potential of up to
2,600 MW, however it defines small hydropower as above 10 MW.
The above reported potential for Mozambique may include plants
larger than 10 MW.

The Greening the Tea Industry in East Africa (GITEA)
project by UNEP initially conducted pre-feasibility
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studies of 19 potential small hydropower sites in in
Kenya, Malawi, Rwanda, Tanzania, and Uganda. Ten
sites were selected for further studies and six
demonstration projects were identified with the need of
an additional investment of close to USS22 million for
implementation. Supported by local banks and UNEP’s
funding, hydropower plants are being developed in key
tea areas of Kenya, while the Dutch Government is
helping to finance a facility in Rwanda. Plans are being
finalized for more plants in Tanzania and Malawi. UNEP
also supported preparation of FIT policies for renewable
energies in Kenya and Tanzania. Under these policies,
national grid utilities are obliged to buy renewable
energy from all eligible participants, and to promote
investment in hydropower.
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1.1.1 Burundi
Lara Esser and Laxmi Aggarwal, International Center on
Small Hydro Power

Key facts

Population | 10,557,259"

Area 27,830 km’

Climate Equatorial climate

Topography | Hilly and mountainous terrain

Rain Average annual rainfall is about 1,500

Pattern mm; two wet seasons (February to May,
September to November), and two dry
seasons (June to August, December to
January)!

Electricity sector overview

The electrification access in Burundi is 10 per cent which
can be considered low in comparison to other countries
in the East African Community (EAC).” The transmission
network includes: high voltage lines (70-110 kV) and
medium voltage lines (10-15 kV), whichall require
rehabilitation, 110 kV transmission lines are in good
condition and the 70 kV transmission lines are in an
acceptable condition.” > The Régie de Production et
Distribution d’Eau et d’Electricité (REGIDESO) has sole
responsibility of the system. In 2010 the energy deficit
was about 15 MW.?

In 2008, REGIDESO produced 87 per cent of the
domestic electricity, most of it was from hydropower.
REGIDESO has a total installed capacity of 35.8 MW, of
which 30.8 MW is hydropower and 5.5 MW thermal
capacity.” There are very few biogas and solar energy
installations in the country becauseover 70 per cent of
them are out of order either due to vandalism or lack of
maintenance.” Figure 1 shows the electricity mix of
Burundi.

Other sources 5.2%
Hydropower 46.6%
Imported electricity 48.2%
i T T T T !
0% 10% 20% 30% 40% 50%

Figure 1 Electricity generation Burundi
Source: African Development Bank”
Note: Data from 2008.

The Government’s strategy for the power sector has
called for 20 per cent of its population to have access to
electricity by 2020.° Burundi generates hydropower
from its large hydropower plant Rwegura, with an
installed capacity of 18 MW. Additional capacity is
available for Burundi from two regional hydro plants: 3
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MW from Ruzizi | which has an installed capacity of 29.8
MW and 13.3 MW from Ruzizi Il with an installed
capacity of 43.8 MW.” ° These plants are shared
between the Democratic Republic of Congo, Rwanda
and Burundi. Ruzizi | is owned by Société Nationale
d’Electricité (SNEL), the national electricity company of
the Democratic Republic of Congo, Ruzizi Il is owned by
the Société International d'Electricité des Pays des
Grands Lacs (SINELAC), the intercommunity organization
of Rwanda, Democratic Republic of Congo and Burundi.’
Future plans show that import capacity of Burundi may
increase with the installations of Ruzizi Ill (estimated
capacity of 147 MW) and Ruzizi IV (estimated capacity of
287 MW).”

Burundi’s electricity sector is expected to change with
the implementation of the East African Power Pool
(EAPP) plans for interconnectivity and a common market
within the EAPP countries, as has been achieved by
Europe. Most of the EAC countries have been connected
while Burundi waits for the high voltage line of 220 kV
from Kigoma-Butare-Ngozi-Gietga to be completed and
a link from the United Republic of Tanzania to Burundi
to be installed.”

The country has already experienced changes in the
electricity sector with the aid of World Bank. The
payment system was altered to a prepayment system in
2011, resulting in 52 per cent of the clients paying in
advance. This will in turn aid REGIDESO to ensure secure
earnings, easier resource management and will
contribute in diminishing the financial risk faced by
REGIDESO.”

In addition to the World Bank contributions, Burundi has
in 2011 established the Control and Regulation Agency
for the Water and Electricity Sectors under Decree No.
100/320. This entity is responsible to control, regulate
and monitor the sectors to ensure compliance with
contracts and clauses. The Burundian Agency for Rural
Electrification (ABER) was also implemented at the same
time under decree No. 100/318; however it is still under
establishment. ABER is to be responsible for
electrification projects including small-scale hydropower,
solar and wind projects.

Small hydropower sector overview and potential

Burundi is a landlocked nation; it is however, equipped
with vast river resources, namely the Malagarasi (475
km) and the Ruzizi (117 km). The hydropower capacity
of Burundi is 33.84 MW, not including the international
Ruzizi | and Il plants.” Burundi has 15.84 MW of installed
small hydropower capacity if the definition of 10 MW is
applied (figure 2). Direction Dénérale de I'Hydraulique et
de I’Eletrification (DGHER), now ABER, operates eight



small- and micro-hydro plants in rural areas, while the
non-governmental organizations (NGOs) and ABER inter
alia operate another 12 micro hydro plants.”*

SHP installed capacity 15.8 MW

SHP potential 54 MW

0 10 20 30 40 50 60
Figure 2 Small hydropower capacities in Burundi
Source: Based on author calculations and Burundi
Ministry of Energy and Mines’

Installed small hydropower capacities in Burundi

Power Plant Installed capacity = Remarks
(Mw)
Mugere 8.00 Refurbished 2003
Nyemanga 2.88
Ruvyironza 1.50 Refurbished 2005
Gikonge 1.00 Refurbished 2005
Kayenzi 0.85
Marangara 0.25
Buhiga 0.24
6 stand-alone plants 0.47
12 private plants 0.65

Sources: Sahiri and Mbazumutima®, African Development Bank®,
Burundi Ministry of Energy and Mines™

In the 1980s, a study by Lahmeyer established that
there were 41 potential hydropower sites for Burundi
with a capacity of 1,700 MW, of which 300 MW were
technically and economically feasible.® Recently,
REGIDESO launched a study with a stepwise approach.
Ten hydropower sites with capacities less than 10 MW,
which had been identified in the 1980’s master plan,
were selected to be screened again. Pre-feasibility
studies were conducted for four selected sites, followed
by the feasibility study of two selected sites. A 2012-
study showed that through optimization for most of the
given sites, the real small hydropower potential is much
higher than outlined in the master plan study. There
have been 156 sites identified with potential of
hydropower, out of which fewer than 30 have been
explored.’

In the short term, the Government intends to develop
small run-of-river hydropower plants. An ongoing World
Bank project includes USS1.5 million pre-feasibility and
feasibility studies of potential hydropower sites with
capacities ranging between 1 MW and 7.5 MW, which
could be connected to the grid at reasonable cost. It is
assumed that these hydropower plants could be
realized in approximately two years, considering that no
major dam construction is required.*
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Burundi has significant growth potential in agriculture,
notably coffee, tea, and sugar.' Tea export itself
accounts for 20 per cent of the total national export of
Burundi. Members of the East African Tea Trade
Association (EATTA) were selected for the initiative
known as Greening the Tea Industry in East Africa
(GTIEA) implemented by UNEP and the African
Development Bank. The GTIEA aims to invest in small
hydropower in order to reduce tea production energy
costs, currently six small hydro projects are running in
four EATTA countries with capacities of 10 MW each.’

Renewable energy policy

Renewable energy policies in Burundi were
implemented after the Rio conference of 1992. August
2000 experienced the enactment of Law No. 1/014 on
the liberalization and regulation of the water and
electricity sector, officially removing the title of
monopoly from the REGIDESO and allowing the import
of energy from Rwanda and the Democratic Republic of
Congo, and greater private and or public business
participation.” The energy sector policy and the poverty
reduction strategy, both implemented in 2006, aided in
the popularization of renewable energy in Burundi. This
then lead to the establishment of the regulator body of
Ministry of Energy and Mines in late 2007, which are
responsible for policy and regulation of the energy and
water sectors.”

The recent years have also experienced policy
implementations to further enhance renewable energy
in Burundi. Year 2010 saw the realization of the
presidential decree 100/80 on the structure and mission
of the Government that places vital importance on
renewable energy. The decree coupled with the Energy
Strategy and Action Plan for Burundi (2011) provides a
strong platform for the future of renewable energy in
Burundi.

In addition to the decrees and other regulatory policies,
Burundi has modified many economic instruments to
ease process of foreign investment for renewable
energy so that it can be executed within the country.
Some of these reforms are discussed below.

Burundi has changed investment procedures to what
the Government called a ‘one-stop shop’ effective from
March 2012. The registration procedure requires no
minimum capital requirements and investors are
protected by easier methods to initiate lawsuits against
harmful transactions within the country. Moreover,
foreign investors are invited to be holders of local
companies without an obligation for local participation.’



Law No. 1/23 enacted in 2008 defines tax benefits
available for investors in Burundi. In addition to Law No.
1/23 an Investment Promotion Agency was created
under decree No. 1/177 in 2009 to promote investment
and exports within methods of compliance. Current tax
benefits consist of, exemption from transfer tax upon
acquisition of land and building and exemption from all
custom duties from import and capital goods.”

A law for public private partnership (PPP) has recently
been proposed to the parliament and is soon to be
adopted by the Government of Burundi. The law states
specific conditions under the term independent power
producer (IPP).?

Barriers to small hydropower development

Civil conflict in the 1990s had prevented the
development of the country’s electricity generation
infrastructure. Small hydropower development has
been consequently affected.

The complex nature of the energy sector further hinders
the growth of rural electrification and in turn small
hydropower development. Overlapping responsibilities
between ministries such as the Ministry of Energy and
Mines, the Ministry of Communal Development and the
Ministry of Development Planning and Finance (which is
responsible for investment planning and coordination
with foreign donors), slows down the growth process of
small hydropower.®

Fiscal barriers to small hydropower development consist
of a lack of incentive for foreign investments and high
transportation costs for equipments based in the ports
of Kenya and the United Republic of Tanzania.”

A major constraint is the lack of small hydropower
surveys and data availability as a basis for
implementation.®
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1.1.2 Ethiopia

Lara Esser, International Center on Small Hydro Power

Key facts

Population | 91,195,675

Area 1,104,300 km®

Climate Tropical monsoon with wide
topographic-induced variation®

Topography | High plateau with central mountain
range divided by Great Rift Valley

Rain Mean annual rainfall ranges from 2,000

Pattern mm over some pocket areas in the

southwest highlands, and less than 250
mm in the lowlands. In general, annual
precipitation ranges from 800 to 2,200
mm in the highlands (altitude >1,500 m)
and varies from less than 200-800 mm
in the lowlands (altitude <1,500 m).?
Parts of Ethiopia have uni-modal and
others bimodal rainfall patterns.

Electricity sector overview

In 2009, 89 per cent of Ethiopia’s population lived in
rural areas and rural electrification was estimated at a
mere 2-per cent.’ The Government of Ethiopia launched
its Rural Electrification Strategy in 2002 as a large
governmental programme for electrification, consisting
of three parts: grid extension by the public utility,
Ethiopian Electric Power Corporation (EEPCo), private
sector led off-grid electrification and promotion of new
energy sources.

The Rural Electrification Fund (REF) with its loan
programmes for diesel-based and renewable energy-
based projects is the main implementing institution.
With an initial budget of €29 million, REF has been
supporting 180-200 rural micro-hydropower and
photovoltaic (PV) mini-grids for educational and health
care facilities.* The fund provides loans up to 95 per
cent of investment needs with a zero interest rate for
renewable energy projects. Renewable energy
technologies that receive support under this programme
include solar PV, mini- and micro-hydro, and biomass
co-generation.3

According to EEPCo, the number of electrified towns
and rural villages has increased significantly in the last
five years of the strategic plan period. By July 2011 it
had reached a total number of 5,866, bringing the
country’s electricity access to 46 per cent.’ In contrast,
World Energy Outlook 2011 reported Ethiopia’s 2009
national electrification access as 17 per cent.’ This
difference is probably due to the different reference
points and sources.

21

The EEPCo has two electricity supply systems: the Inter -
Connected System (ICS) and the Self Contained System
(SCS). The main energy source of ICS is hydropower
plants and for the SCS the main sources are mini
hydropower schemes and diesel power generators
allocated in various areas across the country (figure 1).

Fuels 17%

Hydropower 83%

0% 20% 40% 60% 80% 100%
Figure 1 Electricity generation in Ethiopia
Source: Ministry of Energy and Mines’

Small hydropower sector overview and potential
According to a 2010-German Agency for Technical
Cooperation Report, small- and micro-hydropower are
not yet developed on a larger scale. Three small
hydropower schemes exist in Yadot (0.35 MW), Dembi
(0.8 MW) and Sor (5 MW) with a cumulative installed
capacity of 6.15 MW (figure 2).8

SHP installed capacity |6.15 MW

SHP potential 1500 MW
T

0 500 1000 1500

Figure 2 Small hydropower capacities in Ethiopia
Source: Shanko®

In February 2012, three micro hydropower plants with a
cumulative capacity of 125 kW were inaugurated in the
villages of Ererte, Gobecho and Hagara Sodicha in
Sidama zone in the Southern Nations, Nationalities and
the Peoples’ Regional State (SNNPR). The plants were
implemented in partnership with Sidama Mines, Water
and Energy Agency, the Sidama Development
Association and local communities, and with the support
of the Energy Coordination Office of Deutsche
Gesellschaft fiir Internationale Zusammenarbeit (GIZ).’

The Sor small hydropower plant has the potential to be
expanded by an additional 5 MW. A feasibility study was
undertaken in 1992 and another study conducted with
the support of the United Nations Development
Programme (UNDP) also calculated the same results.™
The Supervisory Review and Evaluation Process (SREP)
Strategic Draft Report plans to implement this
development between 2012 and 2014 by updating the
existing feasibility study; design and tender document
preparation; installation of additional penstock and
additional 5 MW third unit, construction of a rock-fill
dam, construction of annexed hydraulic structures
(spillway, bottom out late and connection structure at



the headrace tunnel) and finally refurbishment of the
existing two units. ™

The following sites in Oromia region have been
approved for REF financing: Aleltu (300 kW), Bello (192
kW), Bote (160 kW), Dila (480 kW) and Sonkole (260
kw).2

The theoretical potential of hydropower in Ethiopia is
estimated to be 30,000-45,000 MW (160,000
GWh/year), with the estimated economically feasible
hydropower potential ranging between 15,000 and
30,000 MW.? A large potential for mini hydro plants in
areas which are remote to the grid but close to
consumers seems to exist. More than 600 traditional
hydro mills that could be used for hydropower have
been identified. A database of hydropower resources
and potential sites is being set up by the Ethiopian
Government. Non-governmental organizations and
churches are also active in the sector, but no private
sector company has so far been involved.’

The potential for small- and micro-hydropower
development is estimated to be 1,500-3,000 MW (10
per cent of the total hydropower potential in Ethiopia).
It is limited by the seasonality of rainfall and reduced
availability of water. Increased levels of small-scale
irrigation farming, as a result of population growth, lead
to increases in water needs.” In the early 1980s, over 70
micro hydropower potential sites were identified by the
Ethiopian Rural Energy Development and Promotion
Center (EREDPC) under the Ministry of Mines and
Energy of Ethiopia, Ethiopian Evangelical Church
Mekane Yesus and a team of experts from People’s
Republic of China. These sites are however lacking in
socio-economic studies.®

Supported by GIZ, a south-south knowledge-transfer
between Indonesia and Ethiopia started in 2008. Initial
attempts have been made to set up local companies to
produce micro-hydro equipment. However, most of the
installed turbines and generators used are still being
imported from abroad.’

Renewable energy policy

The Ministry of Mines and Energy (MME) is the leading
ministry for national energy policy and expansion of
electricity provision. The Ministry of Rural Development
is involved in matters of rural electrification. The
Ethiopian Energy Agency is the regulating agency for the
electricity market and is responsible of price regulations,
power purchase agreements, licensing of independent
power producers and regulating access to the grid by
private producers.’
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The EREDPC, under the MME, have the mandate to
promote renewable energy technologies, including
micro-hydropower for rural areas.” It is a donor-funded
institution.” The REF, which operates as part of the
EREDPC of the Ethiopian Government, is an institutional
focal point for the deployment of renewable energy
technologies.’

Furthermore, a feed-in tariff (FIT) for renewable
energies (now in the fourth draft) is under preparation
by the electricity regulatory agency.’

The Government of Ethiopia has initiated the Climate-
Resilient Green Economy (CRGE) initiative to protect the
country against the adverse effects of climate change
and to build a green economy that will help realize its
ambition of reaching middle-income status before 2025.
The CRGE foresees to develop up to 25,000 MW of
Ethiopia’s generation potential by 2030 (hydro 22,000
MW, geothermal 1,000 MW and wind 2,000 MW).*°

Legislation on small hydropower

An environmental impact assessment is needed for all
hydropower plants, but it is not enforced by the
regulator for micro-hydropower projects. If the micro
hydropower project is supported by a loan from the
rural electrification fund then such assessment and
approval from all neighbouring upstream and
downstream countries is required (regulation by World
Bank). Other requirements for off-grid plants and those
connected to mini-grids are a distribution licence, which
can be obtained from the regulator. Although rules are
not transparent, the regulator is supporting this
procedure. An investment licence is also required
(except for cooperatives) and water rights have been
checked by the Ministry (if the owner is not the
community which normally already possesses the water
rights).?

Barriers to small hydropower development

In order to boost the small hydropower capacity in

Ethiopia, improvements can be made in the following

areas:

e Despite a long history of micro hydropower in
Ethiopia, local skills to manufacture, operate and
maintain the plants are not well developed. The
schemes built in the 1940s were fully controlled and
managed by foreign experts.®

e Small- and micro-hydropower equipment and
components are not available off-the-shelf in local
market.

e Relatively low return on investment is currently
discouraging individual private investment in small
hydropower, but cooperatives with members that
will benefit from getting access to electricity may be



potential developers, since their primary motive is
not return on investment.®

e Competitive water uses and demand may prevent
small hydropower development. An increasing
population could create more demand for water by
upstream users.®

References

1. Central Intelligence Agency (2012). The World
Factbook. Available from
www.cia.gov/library/publications/the-world-factbook/.
2. United States Department of Agriculture (2003).
Production Estimates and Crop Assessment Division of
Foreign Agricultural Service. Annual Rainfall and Three
Major Rainfall Regimes. Available from
www.fas.usda.gov/pecad2/highlights/2002/10/ethiopia
/baseline/eth_annual_rainfall.htm.

3. Gaul, Mirco, Fritz Kélling and Miriam Schréder (2010).
Policy and regulatory framework conditions for small
hydro power in Sub-Saharan Africa: Discussion paper.
Eschborn. Available from
www.giz.de/Themen/en/dokumente/gtz2010-en-HERA-
EUEI-PDF-framework-conditions-hydropower.pdf.

4. Hakizimana, Godefroy, Emmanuel Kanigwa, Finias
Magessa, Bernard Mutiso Osawa and Mackay A.E. Okure
(2009). Regional Reports on Renewable Energies.
Renewable Energies in East Africa

Regional Report on Potentials and Marktes: 5 Country
Analyses. Ethiopia, Eschborn. Available from
www.giz.de/Themen/en/dokumente/gtz2009-en-
regionalreport-eastafrica-introduction.pdf.

5. Ethiopia Electric Power Corporation (2012). Existing
Power Plants Database. Available from
www.eepco.gov.et/generation_op.php. Accessed
December 2012.

6. International Energy Agency (2011). World Energy
Outlook 2011. 9 November 2011. Paris.

7. Japan International Cooperation Agency (2010).
Country Paper: Energy Policy of Ethiopia. Presentation
at Tokyo International Center, 10 May.

8. Shanko, Melessaw (2009). Target Market Analysis:
Ethiopia’s Small Hydro Energy Market. Berlin. Available
from www.giz.de/Themen/de/dokumente/gtz2009-en-
targetmarketanalysis-hydro-ethiopia.pdf.

9. Yewondwossen, Muluken (2012). Three new micro
hydropower plants in Southern Ethiopia, 28 February.
Available from
www.capitalethiopia.com/index.php?option=com_cont
ent&view=article&id=590:three-new-micro-
hydropower-plants-in-southern-ethiopia-
&catid=54:news&Itemid=27.

10. Ethiopia, Ministry of Water and Energy (2012).
Scaling-Up Renewable Energy Programme: Ethiopia
Investment Plan (Draft Final). Addis Ababa. Available
from

23

www.oecd.org/env/cc/TADELE_FDRE%20Ethiopia%20Sc
aling%20-
%20Up%20Renewable%20Energy%20Program%202012.
pdf.



1.1.3Kenya
Patrick Thaddayos Balla, Global Village Energy
Partnership International, Kenya

Key facts

Population | 43,013,341

Area 580 367 km”

Climate Varies from tropical along coast to arid
in interior*

Topography | Low plains rise to central highlands
bisected by Great Rift Valley; fertile
plateau in west'

Rain Two rainy seasons: March to May and

Pattern October to early December.

Electricity sector overview

Electricity access in Kenya is estimated at 28.9 per cent.
Access in the Nairobi province is reported to be 53.47
per cent and in Central provinces 42.4 per cent.” These
are the top two provinces in terms of electricity access.
The provinces with lowest access to electricity are North
Eastern province at 14 per cent and Western province at
14.7 per cent.” According to the National Information
and Communication Technology Survey 2010, the grid is
the main source of electricity with 25 per cent of
households connected to it, while 15.3 per cent of the
homes were connected to other types of electricity
sources. Only 13 per cent of rural households are
connected to the grid, compared to a 58-per cent of
urban households that had their premises connected to
the grid. A wide disparity was observed between urban
and rural households not connected to any form of
electricity.?

Electricity generation in Kenya is liberalized with
hydropower dominating the electricity mix (figure 1).
The combined installed capacity was 1,533 MW as of
December 2011, with an estimation of 76 per cent by
main power generating company, six independent
power producers (IPPs) account for the balance.*

Wind |0.2%

Imported electricity | 0.4%
Cogeneration (bagasse) 1.2%
Geothermal 19.9%
Fossil fuels 31.4%

Hydropower 46.9%

0% 10% 20% 30% 40% 50%
Figure 1 Electricity generation in Kenya
Source: Kenya Ministry of Energy*

Small hydropower sector overview and potential
Small hydropower technology has been harnessed for
over a century in Kenya, mainly for grinding food grains
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and in a few cases for electricity. Until recently, there
have been a few small-scale hydropower schemes
mainly owned by missionaries and tea plantations, but
the developers did not link this sector to local technical
capacity development. Several small hydropower
schemes are in operation by private entrepreneurs and
communities for local consumption.

Interest in the development of small hydropower in
Kenya has revived in the last 12 years, partly due to the
inadequacies in the grid-based power supply, the
technological push and increased awareness on the role
of small hydropower in the country’s electricity mix.” A
number of projects have been planned or constructed
by communities and the private sector in this period.

Since 2006, a new wave of small hydropower projects
had been planned and commissioned, mostly by private
tea companies (Unilever and James Finlay Tea) and
Kenya Tea Development Agency (KTDA). Other private
sector players and community NGOs are implementing a
number of projects. With the introduction of the feed-in
tariff (FIT) policy in 2008, small-scale candidate sites are
likely to come up and serve well for the electricity
supply of villages, small businesses or farms.

Table 1
Small hydropower schemes in Kenya
Scheme Ownership Location Installed Year
(River) capacity
(Mw)
Tanal&2 KenGen Upper Tana 4.0000 1952
Tana 3 KenGen Upper Tana 2.4000 1952
Tana 4 KenGen Upper Tana 4.0000 1954
Tana 5 KenGen Upper Tana 2.4000 1955
Tana 6 KenGen Upper Tana 2.0000 1956
Ndula KenGen Thika River 2.0000 1924
Wanijii KenGen Maragua 7.4000 1955
Gogo KenGen Migori 2.0000 1952
Sagana KenGen Upper Tana 1.5000 1952
Mesco KenGen Maragua 0.3800 1919
Sosiani KenGen Sosiani 0.4000 1955
Tenwek Tenwek Bomet 0.3200 1987
Missionary
Hospital
Unilever Unilever Tea Kericho 2.2000 -
Company
James James Finlay Kericho 2.4000 1934-
Finlay Tea Company 1999
Savani Eastern 0.0950 1927
Produce
Imenti Tea KTDA Imenti river 0.9000 2009
Factory
Diguna Missionary - 0.4000 1997
Tungu Community River Tungu 0.0140 2000
Kabiru
Mujwa Missionary 0.0070 -
Thima Community Mukengeria 0.0020 2001
Kathamba Community Kathamba 0.0012 2001

Source: Republic of Kenya®, Balla®



Notes: Listed are only operational schemes. KenGen - Kenya Electricity
Generating Company, KTDA — Kenya Tea Development Agency.

Small hydropower schemes operating in Kenya comprise
small (1-10 MW), micro (<10 MW) and pico (0.1-1 MW),
hydropower. These have been developed by the
Government, private sector, communities and
missionaries.

Table 1 summarizes some of the documented small
hydropower schemes implemented in Kenya, with a
combined capacity of approximately 33 MW.

The KTDA has plans to construct 10 mini-hydropower
plants with a total capacity of 22 MW. KTDA formed a
new unit known as KTDA Power Co (KPC) to implement
the power projects. Imenti tea factory managed by
KTDA is already producing 0.9 MW and supplies about
0.6 MW to the national grid through the power
purchase agreement (PPA) signed in June 2009.

Tana River Development Authority (TARDA) is
implementing seven mini hydro projects with 3.2 MW at
a cost of €1.3 million, financed by the European Union.?
German Agency for Technical Cooperation (GTZ), Kenya
Industrial Research and Development Institute and the
Nairobi-based NGO Green Power has been involved in
mapping of mini-hydro electricity generation potential,
and pre-feasibility studies of 14 potential sites in
Western Kenya. Green Power has also been involved in
the development of 17 micro hydropower plants in the

Small hydropower sites

Figure 3 Small Hydropower schemes in Kenya
Source: Kenya, Ministry of Energy*
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Figure 2 Small hydropower capacities in Kenya
Source: Balla®, Government of Kenya’

The overall hydropower potential of Kenya, estimated in
1991, amounts to approximately 30,000 GWh/year,
representing 6,000 MW of installed capacity. It is also
estimated that almost over half the potential is
attributable to small rivers. The energy bill company
estimates small hydropower potential to be 3,000 MW
(figure 2).° The potential small hydropower sites are
mainly located in the south-west of Kenya (Lake Victoria
drainage basin in Nyanza and Western Provinces and
adjacent districts of Rift Valley Province); southwest of
Mount Kenya — Aberdare Mountains (Central Province,
Mt. Kenya adjoining districts of Eastern Province and
Laikipia District of Rift Valley Province). The small
hydropower potential is concentrated in districts with
high population density and high energy demand thus
providing favourable conditions for the deployment of
small hydropower on a commercial basis.®
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Renewable energy policy

In Energy Act of 2006 and the FIT policy, there is a
commitment to promote electricity generation from
renewable energy sources. The Government intends to
set up a Green Energy Fund Facility under the National
Task Force on Accelerated Development of Green
Energy with the purpose to lend funds to viable
Renewable Energy projects at concessional rates.® The
National Renewable Energy Development Strategy, as
set in the Least Cost Power Development Plan (LCPDP),
Rural Electrification Master Plan, the Kenya National
Climate Change Response Strategy and Kenya Vision
2030, reiterates the commitment to accelerate the use
of renewable energy.*’

Legislation on small hydropower

The Kenyan Government, through the Ministry of
Energy, supports small hydropower by continuously
collecting hydrological data, undertaking pre-feasibility
and feasibility studies of viable sites, enabling
dissemination of information on small hydropower. It is
also creating investor and consumer awareness on the
economic potential offered as an alternative source of
energy and is implementing community-based pilot
projects where feasible to promote acceptance. In 2008,
a FIT policy (revised in January 2010) was developed to
attract investment and development of small and mini
hydropower plants."*

Table 2
Small hydropower feed-in tariffs in Kenya

Plant Maximum firm Maximum non-firm
capacity power tariff power tariff
(MW) (US$/kWh) at the (US$/kWh) at the
interconnection  interconnection point

point
Small  0.50-0.99 0.12 0.10
hydro  1.00-5.00 0.10 0.08
5.10-100 0.08 0.06

Sources: Scaling up Renewable Energy Programmelz, Republic of
Kenyas, Kenya Institute for Public Policy Research and Analysis2

A stepped fixed FIT applies to electricity generated from
small hydropower and supplied in bulk to the grid
operator at the interconnection point, as shown in table
2. The tariffs are granted for 20 years from the date of
commissioning of the small hydropower plant. The firm
power tariff applies to the first 150 MW of small hydro,

firm power generating stations developed in the country.

The non-firm power tariff applies to the first 50 MW of
small hydro non-firm power generating stations
developed in the country. The tariff applies to individual
small hydropower plants with effective generation
capacity not exceeding 10 MW.
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IPPs are taking advantage of the FIT to generate and sell
power. Previously, none of the IPPs generated power
using hydro, but Imenti mini hydro has been the first IPP
to generate and sell power to the national grid.
According to the LCPDP revised document of 2011,
about 19 expression of interest have been received at
Energy Regulatory Commission of which 16 have been
approved giving an expected capacity of 81 MW. Only
two have negotiated a PPA and out the two only one, a
0.9 MW plant, has started generating electricity.

The Government is removing existing legal and
regulatory barriers and has amended the Electric Power
Act of 1997 to allow vertically integrated mini-grid
systems for rural electrification using small hydropower
even in areas where licences have been issued to the
public electricity supplier.”® For capacities between 100
and 3,000 kW permits for generation are required,
rather than licences. For capacities lower than 100 kW,
no permit will be required."* Other strategies include:

e  Promoting research, development, and
demonstration of the manufacture of cost effective
small hydro technologies;

e Removing duties on imported small hydropower
hardware;

e Formulating and enforcing standards and codes of
practice on small hydropower to safeguard
consumer interests;

e Promoting development of local capacity for
manufacture, installation, maintenance and
operation of small hydropower technologies
hydropower turbines;

e  Providing tax incentives to producers of small
hydropower technologies and related accessories;

e  Providing fiscal incentives to financial institutions
that offer credit facilities for the development of
small hydropower schemes.

Barriers to small hydropower development

In order to encourage the development of small

hydropower in the country, the following areas can be

improved:

e High installation cost averaging US$3,000 per kW,
inadequate hydrological data, the effects of climate
change, deforestation and degradation of water
catchments areas, and the limited local capacity
and infrastructure to manufacture small hydro
components combined impede development of
small-scale hydropower in Kenya.

e Electro-mechanical equipment for the small
hydropower schemes has to be imported from
other countries, especially Asia and Europe.



e Financial institutions are not willing to lend the
whole small hydropower project amount upfront
because of high risks associated with funding
community projects, hence hindering development
at this level. Also, for community-managed small
hydropower schemes, maintenance and
management remains a challenge.

Note
i. According to the World Energy Outlook 2011,
electricity access for Kenya is reported to be 16.1 per
cent.
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1.1.4 Madagascar

Lara Esser, International Center on Small Hydro Power

Key facts

Population | 22,005,222"

Area 587,041 km”

Climate Tropical climate along the coast,
temperate in the inland and arid in the
south. The wet season is from the end
of December to April. River discharge
decreases gradually after April. The dry
season starts in the middle of October
and continues to the end of December,
during which the output of most
hydropower plants decreases.’

Topography | The island has a high plateau and
mountains in its centre, with narrow

coastal plains.

Rain
Pattern

Most rain falls during summer
(November to April), with rainfall during
winter (May to October) restricted to
the southern and eastern coasts. In the
south rainfall may remain low (on
average less than 800 mm each year), in
contrast to regions in the northeast of
the country which on average receive
more than 3,500 mm of annual rainfall.?

Electricity sector overview

Information on the country’s electrification rate varies.
According to the German Agency for Technical
Cooperation-Poverty-Oriented Basic Energy Services-
European Union Energy Initiative (GTZ-HERA-EUEI) - and
as of 2010, the electrification rate in Madagascar was
about 23 per cent with a large difference between
urban areas (rate above 60 per cent) and rural areas
(less than 10 per cent).’ According to the Rural
Electrification Agency, the national electrification rate
was 10.56 per cent in urban areas and 4.07 per cent in
rural areas.® There are three grids in the country:
Antananarivo Grid, Toamasina Grid and Fianarantsoa
Grid.> The majority of electricity is generated using
hydropower (figure 1).

Solar | <0.01%

Thermal 44.05%

Hydropower 55.95%

0% 10% 20% 30% 40% 50% 60%
Figure 1 Electricity generation in Madagascar
Source: Jiro sy Rano Malagasy6
Note: Data from 2010.

Since 2004, the fully state-owned utility responsible for
the provision of electricity and water services in the
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country has ceded its electricity activities to the Rural
Electrification Agency (REA). REA decided to promote
private sector participation in rural electrification and
developed local energy plans with the aim of providing
electricity to the entire country by the end of 2010.% It
offers a maximum of 70 per cent of investment costs to
private operators, who contribute the remainder and
receive the concession to utilize the plant for 10-20
years.” Local commercial banks are also interested to
partially finance small hydropower projects and could
provige approximately 30-60 per cent of the investment
costs.

The Ministry of Energy and Mines (MEM) is the
authority having jurisdiction over the energy sector,
taking charge of the investment and the development
strategy policy, including foreign assistance requests.
MEM issues permits for plants larger than 1 MW.
Smaller plants are handled by the REA.> The electricity
sector is regulated under the Office de Régulation de
I'Electricité (ORE).

JIRAMA (Jiro sy Rano Malagasy), the state-managed
company that provides electricity and water services
takes charge of the technical aspects of the power
sector.” It operates and maintains power stations,
transmission and distribution lines in the comparatively
widespread electrification region, and obtains its
income from the sale of electricity.” In general, the
majority of electric power plants are operated by
JIRAMA, and the rest by the private power utility
companies. In the past years, about 50 small new
electrification projects were realized by private
companies.7

Small hydropower sector overview and potential

There is no database for the installed small hydropower
plants in Madagascar. According to the REA, there are
four plants with a total installed capacity of 22.51 MW
(figure 2).* All of them need renovation, since they were
commissioned averagely 25 years ago.

SHP installed capacity (up to 10 MW) | 23 MW
SHP potential (up to 10 MW) | unknown
SHP installed capacity (>10 MW) 101 MW
SHP potential (>10 MW) 2600 MW
t T T T T T ]
0 500 1000 1500 2000 2500 3000

Figure 2 Small hydropower capacities in Madagascar
Source: Rakotoarimanana*

In 2006, the REA as part of its objective to promote
renewable energy projects sponsored seven small
hydropower plants which are located in a radius of not
more than 120 km of the capital Antananarivo.”



Table 1
Installed small hydropower capacity in Madagascar

Date Town/ Village District Region Operator Production Installed capacity
mode

THER RE

(kVA) (kw)
1986 Sahamadio Fandriana Amoroni Mania JIRAFI MHP + GE 275 160
1992 Milamaina Fandriana Amoroni Mania JIRAFI MHP + GE .
2003 Antetezambato Ambositra Amoroni Mania ADITSARA  MHP . 53
2003 Mangamila Anjozorobe Analamanga ELEC/EAU  MHP 15 85
2003 Ranotsara Nord lakora lhorombe VITASOA MHP . 25
2005 Imerimandroso Ambatondrazaka Alaotra Mangoro SAEE GE + MHP 60
2006 Ankililoaka Toliara Il Atsimo Andrefana SM3E GE + MHP
2006 Morarano Amparafaravola Alaotra Mangoro MCH + GE .
2006 Amparihints Ambatondrazaka Alaotra Mangoro SAEE GE + MHP 30
2006 Andromba Ambatondrazaka Alaotra Mangoro SAEE GE + MHP 45
2006 Andrebakely Ambatondrazaka Alaotra Mangoro SAEE GE + MHP 30
2006 Vohimena Ambatondrazaka Alaotra Mangoro SAEE GE + MHP 40

Source: United Nations Industrial Development Organisation8

Note: MHP — micro hydropower, GE — diesel generator. THER — thermal, kVA — kilovolt ampere, RE — renewable energy

Table 1 shows some of the installed small hydropower in
the country.

The theoretical overall hydropower potential of
Madagascar has been estimated at 7,000 GW of
installed capacity.” The economically feasible potential
has not yet been determined. According to a
questionnaire sent to REA, the small hydropower
potential was evaluated in 2010 and the gross potential
was 5,600 MW, technical potential 3,200 MW and
economically feasible potential was 2,600 MW. The
definition used however to define small hydropower
was >10 MW.* A desktop study by German Agency for
Technical Cooperation-Promotion of Rural Electrification
by Renewable Energies (GTZ-PERER) assembled a data
set of at least 700 potential sites, but the technical and
economic potential can be expected to be far lower.?

Table 2
Small hydropower potential in Madagascar

Study source Potential capacity = Range of sites Number

(MW) of plants

ADER’ >150.00 19 kW -10 MW 60

MEM” 48.19 40kW-6.5 MW 28
Source:

a. Leutwiler’
b. NewlJec®

Note: ADER - Agence pour le Développement de I'Electrification
Rurale, MEM - Madagascar Ministry of Enyerg and Mines

There are about 60 potential small hydropower sites
ranging between 19 kW and 10 MW in capacity, with a
total potential of more than 150 MW. According to the
Newlec Report in 2009, 48.19 MW capacity of small
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hydropower potential was available in Madagascar, with
a potential electricity production of 398.28 GWh/year.’

GTZ-PERER also supported a large project where 50
small hydropower feasibility studies were to be
concluded by the end of 2010. The project activities are
linked with the introduction of the software Geosim to
establish regional energy investment plans and prioritize
sites on the basis of demand and accessibility; however
up-to-date information is not available.?

In the Sava Region of North Eastern Madagascar,
Electricité de Madagascar had finalized the feasibility
study for a mini-hydropower plant and distribution
networks to be implemented in the Lokoho river basin,
in order to supply electricity to the two small towns of
Andapa and Sambava and surrounding rural villages.’
The project would have provided electrical power of up
to 6 MW to the surrounding areas if the small
hydropower generators had been replaced. However a
political crisis in Madagascar occurred in 2009 during
which Electricité de Madagascar planned to launch its
tenders, since then the project has been frozen."

The hydropower development programme (Programme
riviere 2008-2012) aimed to supply eight rural
communities with a total of 14,000 inhabitants with
electricity from micro-hydropower. The programme
included the design and testing of mechanisms in the
sector ‘small autonomous networks’ adapted to the
rural world, with the active participation of local actors,
e.g. Malagasy entrepreneurs involved in the
manufacturing of turbines. These innovations in



different regions should then serve as benchmark
demonstrations.”’

Some agricultural projects in Madagascar need large
amounts of energy, mostly for pumping water for
irrigation and feeding ponds for shrimp farming. The
option to use hydropower instead of diesel engines is in
discussion. Similar projects are being developed for
mining sites.”

There are currently two local turbine manufacturers in
Madagascar: AIDER and Vitasoa, who manufacture

Banki and Pelton turbines with a capacity of up to 30 kW.

Because of limitations in technical expertise in the
country, large turbines and all generators are imported.’

Renewable energy policy

The MEM has a policy to promote the development of
the abundant renewable energy potentials for rural
electrification to replace the existing diesel thermal
power plants with renewable energy systems such as
small or micro hydropower plants. In 2009, MEM was
preparing a power source development plan in
cooperation with the ORE.”

Barriers to small hydropower development

Lack of funding for private investments and lack of a
transparent model for commercialization are important
small hydropower development barriers. The fact that
the country does not have an electricity network is
another barrier to small hydropower development. At
least in the coming decade, small hydropower projects
will typically not feed into a grid, which is detrimental to
the financial viability of these types of projects.

A feed-in tariff (FIT) is neither in place nor on the
current policy agenda. JIRAMA has been reluctant to
offer favourable FITs.'" Only two operators of small
hydropower plants have managed to conclude
individual feed-in contracts with JIRAMA on the basis of
a 10-years tenure and a rather low FIT, of approximately
€0.04 per kWh.?

The other barriers to the development of small

hydropower in rural areas are:’

e long distance between consumption points and
potential sites;

e low population density and low electricity demand;

e |ow utilization factor;

e prohibitive high capital costs;

e lack of capital and liquidity by entrepreneurs.

Furthermore, economic potential sites for energy
production with high heads, which are favourable for
development, are located in isolated areas what
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considerable increases transport costs.® Easily accessible
sites tend to have low heads and therefore, they are
technically and economically less attractive. Site
selection among alternatives (i.e. high vs. low head,
large vs. small sites) are ultimately political decisions,
considering the social and economic synergies and
ecological impacts, according to different sites in
question, especially given a systemic development of
the landscape. Low institutional capacity and experience
to manage a strategic resource, such as water, is also a
challenge.’
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1.1.5 Malawi
Diliza Wanyavinkhumbo Nyasulu, SunPower
Technologies, Malawi

Key facts

Population | 16,323,044"

Area 118,484 km’

Climate Sub-tropical climate, relatively dry and
strongly seasonal

Topography | Narrow elongated plateau with rolling
plains, rounded hills, some mountains’

Rain Rainy and dry season exist. The warm-

Pattern wet season stretches from November to
April, during which 95% of the annual
precipitation takes place. Annual
average rainfall varies from 725 mm to
2,500 mm.’

Electricity sector overview

Only an estimated seven per cent of the population in
Malawi has access to electricity, even then it is often
supplied in a shortage manner with frequent blackouts.’
The country is experiencing an increased demand for
energy which is often met by the use of biomass
although Malawi is endowed with a considerable access
to alternative energy resources. These include solar,
wind, hydro and low yield geothermal resources.’ Nearly

Small hydropower potential in Malawi

all of Malawi’s electricity is generated from hydropower
(figure 1).

Malawi experiences power outages caused by
prolonged load shedding, which is negatively impacting
the productivity of industries that heavily rely on power
supply from Electricity Supply Corporation of Malawi
(ESCOM).* The national utility, ESCOM is the sole
provider of electricity in Malawi. It is currently running
a project to interconnect its power system with the
Southern African Power Pool (SAPP) through
interconnection with Mozambique’s power system.”

Thermal 3.3%

Hydropower 96.7%

0% 20% 40% 60% 80% 100%
Figure 1 Electricity generation in Malawi

Source: Malawi Government Ministry of Natural
Resources, Energy and Environment®

Small hydropower sector overview and potential

There is one working small hydropower plant of
4.5 MW, which is run by ESCOM. Missionaries, tea
estates and lately development partners such as
Practical Action contribute with 1.3 MW to off-grid
supply (figure 2).”

District Target site Distance from grid  River Estimated flow  Estimated capacity

(Km) (m%/s) (kW)
Chitipa Chisenga 35 Chisenga 0.10 15
Chitipa Mulembe 35 Kakasu 0.10 15
Chitipa Nthalire 102 Choyoti 0.20 60
Rumphi Katowo 45 Hewe 0.20 45
Rumphi Nchenachena 23 Nchenachena 0.20 30
Nkhatabay Khondowe - Murwezi 0.05 5
Nkhatabay Ruarwe - Lizunkhuni 0.15 50
Nkhatabay Usisya 50 Sasasa 0.10 20
Mangochi Kwisimba 38 Ngapani 0.05 5
Mangochi Katema 23 Mtemankhokwe 0.10 25
Thyolo Sandama 6  Nswazi 1.00 75

Source: Tokyo Electric Power Services Compa ny8

The development of the small hydropower potential
sites (table) in Malawi has been slow. The very first
development was done by missionaries. However, these
sites are no longer in operation due to the lack of
maintenance by their owners as well as their limited
financial and technical capacity to replace worn out
parts. This is because many plants were constructed by
overseas companies that also manufactured the plant
components and are now non-existent. Some of the
small hydropower plants that are not working belong to
the utility company, ESCOM, while others belong to the
Church.
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On the other hand, it is important to note that a
considerable number of micro hydropower plants are
still functioning in Malawi, such as Livingstonia micro
hydropower in Rumphi, Wovwe mini hydro plant in
Karonga, Mteso pico hydropower in Chikangawa and
Bondo Village and a micro hydropower plant in Mulanje.

There is community-driven micro  hydropower
development in the rural location of Northern Malawi,
District of Nkhatabay. As of 2011, another micro
hydropower plant is being developed, for the
community by the Mulanje Renewable Energy Agency in



the district of Mulanje. The Agency is constructing a 75-
kW micro hydropower plant at the Lichenya River, in the
Mulanje district. Construction is in its final phase.’

SHP installed capacity 5.8 MW

SHP potential 15 MW

0 5 10 15 20 25

Figure 2 Small hydropower capacities in Malawi
Source: Kaunda7, Government of Malawi™

A small hydropower feasibility study determined that
Mulunguzi has a power potential of 2 MW. The study
was carried out with the assistance from the German
Government. In addition, the Malawi Industrial
Research and Technology Training Centre have also
been researching on small hydropower in the country.

Renewable energy policy

The Department of Energy Affairs in 1999 established
the National Sustainable and Renewable Energy
Programme (NSREP) as a platform to promote
renewable energy technology. The main project under
NSREP is the Promotion of Alternative Energy Sources
Project (PAESP) which is, however, limited by a lack of
funding resources.®

The Government of Malawi has recently made strides
towards a more pragmatic approach to the energy
sector. This resulted in the realization of the Malawi
Biomass Energy Strategy (BEST) of 2009. The BEST
report states the need to make the bio energy sector
more sustainable through incentives for alternative
means i.e. green energy. The 2003 National Energy
Policy of Malawi, the Malawi Energy Regulation Act
(2004) and other legal instruments have given way to a
freer market for electricity generation and distribution
by removing monopoly previously held by ESCOM.°

Energy regulation in Malawi is controlled by the
Government-establish Energy Regulatory Authority
(MERA) in 2004. However, the MERA is to be
superseded by the Malawi Water Energy Regulatory
Authority (MWERA).°

Legislation on small hydropower

Malawi National Energy Policy (2003) has been the
cornerstone of renewable energy in the country.'! Other
Renewable Energy Sources Industry Strategy has been
based on the aforementioned policy, encompassing the
promotion of renewable energy sources in Malawi,
including small hydropower.
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Barriers to small hydropower development
Hydropower is the major source of power for Malawi.
However, it is being affected by environmental
degradation due to farming activities in upstream rivers,
as well as by deforestation due to firewood and charcoal
production. Moreover, climate change has a significant
impact on small hydropower resources as rivers
continue to dry up. The need to update inventories on
micro hydropower such as that produced by the Japan
International Cooperation Agency is required to track
the changes of environmental degradation on small
hydropower potential.

The major barrier for small hydropower development in
Malawi is the limited financial capacity. There are no
private investors interested in the development of small
hydropower stations in Malawi. The donors are also not
forthcoming for the utilization of small hydropower to
benefit local communities. To help overcome these
barriers, the Government intends to conduct feasibility
studies on a number of rivers using its own funds, and
later make available the information to potential
investors of small hydropower as an independent power
producer.
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1.1.6 Mauritius

Lara Esser, International Center on Small Hydro Power

Key facts

Population | 1,313,095

Area 2.040 km’.

Climate Tropical, with warm, dry winters (May
to November) and hot, wet, humid
summers (November to May)

Topography | Small coastal plain rising to
discontinuous mountains encircling
central plateau’

Rain Long term mean annual rainfall (1971-

Pattern 2000) over the Island is 2,010 mm.

Wettest months: February and March.
Driest month: October. Mean summer
rainfall is 1,344 mm, which is 67% of the
annual amount over the Island. Mean
winter rainfall is 666 mm. Although
there is no marked rainy season, most
of the rainfall occurs in summer
months.’

Electricity sector overview

Electrification rate in Mauritius is 99.4 per cent: 100 per
cent in urban areas and 99 per cent in rural areas.’ Its
total installed electricity generation capacity was
740.2 MW in 2010 (annual generation 2688.7 GWh/
year).> The annual electricity generation from hydro-
power was 100.7 GWh/year.’ Installed hydropower
generation capacity is 59 MW (two large and six small
hydropower plants).?

Mauritius’s electricity is produced by the Central
Electricity Board (CEB) and independent power
producers (IPPs). In 2008, IPPs contributed 52.27 per
cent of the electricity based on thermal sources (i.e. coal
and bagasse) which dominate the Mauritian electricity
generation (figurel).

Hydropower 5.38%

Thermal fuel oil and kerosene 40.59%

Bagasse and coal 54.03%

0% 10% 20% 30% 40%
Figure 1 Electricity generation in Mauritius
Source: Central Electricity Board”

Note: Data from 2008.

50% 60%

Small hydropower sector overview and potential

The classification of small hydropower in Mauritius is
quite different from the generally accepted 10-MW
capacity value, defining small hydropower up to 50 kW
only.
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In light of the 10-MW small hydropower definitions,
there were only six small hydropower plants in
Mauritius in 2010 with a combined capacity of 8.7 MW,
which produced 15.2 GWh/year (figure 2). On average
the small hydropower plants are over 45 years, in 2008
two of the plants were fully refurbished. One plant was
commissioned in 2010 and five of the plants are more
than 50 years old.?

SHP installed capacity 8.7 MW

SHP potential 9.5 MW

82 84 86 88 9 9.2 94 96

Figure 2 Small hydropower capacities in Mauritius
Source: Mauritius, Ministry of Energy and Public
Utilities®

The large scale hydropower potential of the country has
been almost fully tapped. Nevertheless, the
Government’s long-term strategy encourages the set-up
of mini hydropower schemes where economically viable.
Additional small hydropower capacity is to be
completed by 2015 including one unit at Midlands Dam
(0.375 MW) and one unit at the Bagatelle Dam (0.375
Mw).?

Renewable energy policy

The Mauritian Government aims to have a 24-per cent
share of total electricity production from renewable
energy sources by 2015, 28 per cent by 2020 and 35 per
cent by 2025. Small hydropower should have a share of
3 per cent by 2020 and 2 per cent by 2025.>

Legislation on small hydropower

All power-generation projects are subject to an
environmental impact assessment (EIA). However, for
hydropower projects with capacity up to 50 kW, an EIA
waiver may be sought in writing from the EIA
department of the Ministry of Environment and
Sustainable Development.

Feed-in tariffs (FIT) subsidized by the Government under
the Small Scale Distributed Generation (SSDG) scheme
support the development of small hydropower.

The Small Scale Distributed Generation (SSDG) scheme
was launched in December 2010 to provide an incentive
for electricity generation for personal consumption via
renewable resources for a total capacity of 2 MW. This
target was met in May 2011 thus encouraging the
second phase of the SSDG project under which FITs for a
further 1 MW were allocated specifically in 2013:°



e 100 kW from PV’s in residential (50 kW),
commercial and industrial (50 kW) sectors in
Rodrigues.

e 900 kW from wind, solar and hydropower in
Mauritius.

The FIT costs of various renewable sources are
decrypted in the table below.

Tariff for renewable resources in Mauritius, over a
period of 15 years

Wind Hydro Photovoltaic
Tariff for 15 years (Rs/kWh) (Rs/kWh) (Rs/kWh)
Micro (up to 2.5 kW) 20 15 25
Mini (2.5 - 10 kw) 15 15 20
Small (10 - 50 kW) 10 10 15

Source: Central Electricity Board”

However, from 6 May 2011 onwards no new
applications for a FIT will be accepted as the target of 2
MW and thereafter 1 MW have been met. The CEB is
currently examining the applications received to assess
the compliance with the Grid Code provided.®

Barriers to small hydropower development

According to the Ministry of Energy and Public Utilities,
the following are obstacles for small hydropower
development: restricted catchment areas, lack of road
access to sites, seasonal fluctuations in water flow, high
installation costs, relatively flat island topography and
very competitive use of water.?
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1.1.7 Mozambique
Wim Jonker Klunne, Council for Scientific and Industrial
Research, South Africa

Key facts

Population | 23,515,934

Area 799,380 km’

Climate Tropical to subtropical

Topography | Mostly coastal lowlands, uplands in
center, high plateaus in northwest,
mountains in west'

Rain Mean annual rainfall is between 800 to

Pattern 1,000 mm at the coastal strip, it declines
to less than 400 mm in the dry interior
bordering Zimbabwe."

Electricity sector overview

The total installed electricity capacity in Mozambique is
2.308 GW in 2009, nearly all generated exclusively from
hydropower (99.7 per cent). Mozambique has large
reserves of coal. There are utilizable reserves of natural
gas that might be as high as 3 trillion cubic feet. Natural
gas is exported to South Africa via a pipeline.

The current electricity generation in Mozambique is
dominated by hydropower which supplies 95 per cent of
the electricity demand followed by 5 per cent supplied
via various thermal alternatives (figure 1).

Mozambique is a net exporter of electricity: 73.44 per
cent of the 2,075 MW generated by the company,
Hidroelectrica de Cahora Bassa (HCB) is exported to
South Africa.

The country’s electrification access is 14 per cent,
estimated at 26 per cent in urban areas and 5 per cent
in rural areas. In the latter, kerosene is the main fuel for
lighting. The State-owned utility Electricidade de
Mozambique (EDM) prepared a Master Plan for the
expansion of the country’s national power grid and
distribution networks with the goal of reaching 15 per
cent of the population by 2020, a target that had been
achieved in 2010.2

In Mozambique’s Plan for the Reduction of Absolute
Poverty Il (PARPA Il), the Government has affirmed the
critical role of the energy sector in reducing poverty.
The importance of the energy sector is also emphasized
in the World Bank’s 2008-2011 Country Partnership
Strategy (CPS), which identifies adequate access to
energy resources and services as a key driver of
economic growth and poverty alleviation. The CPS
prioritizes the provision of energy services to rural
schools, administrative posts, hospitals and clinics. At
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present, energy-related goals set in PARPA Il are being
turned into strategies such as the Off-grid and
Renewable  Energy  Strategy, Generation and
Transmission Master Plan, North—South (Backbone)
Transmission Least-Cost Study, and National Biofuels
Strategy.3

The major players in the supply of electricity in
Mozambique are EDM, the state-owned power utility,
HCB and MoTraCo.* EDM is involved in all parts of the
electricity supply chain, including some generation
(although it is not the primary generator in the country),
transmission, distribution, and consumer connection,
supply and billing.

HCB manages and operates the Cahora Bassa
hydropower stations and their associated transmission
networks that supply power to the Southern African
Power Pool (SAPP). The installed capacity of 2,075 MW
at the Cahora Bassa dam makes this the primary
electricity source for both Mozambique and Southern
Africa as a whole.”

MoTraCo is the third major supplier of electricity in
Mozambique and it’s a joint venture company formed
by the state power companies in Mozambique, South
Africa and Swaziland to transport power from South
Africa to the Maputo-based Mozambique Aluminium
Smelter (Mozal) plant. The company manages
transmission lines in these three countries and was
created in 1998 through an equity debt arrangement
worth US$120 million.

Thermal 5%

Hydropower 95%

0% 20% 40% 60% 80% 100%
Figure 1 Electricity generation in Mozambique
Source: Electricidade de Mozambique®

Small hydropower sector overview and potential
Mozambique’s greatest hydropower potential lies in the
Zambezi River basin at sites such as Cahora Bassa North
and Mphanda Nkuwa. So far, about 2,200 MW of
generating capacity have been developed. In addition,
the potential for small hydropower projects of 190 MW,
which includes 6 MW of micro hydropower (plant
capacity lower than 2 MW), 18 MW of mini hydro
(capacities between 2 MW and 6 MW) and 166 MW of
small hydropower (capacities between 8 MW and 15
MW). Potential sites for these micro hydropower
schemes are located in the mountainous terrain and
perennial streams and rivers of Manica, Tete and Niassa
provinces.3



A study on medium-sized and large plants reveals that
the small hydropower potential is very high in the
Central (Sofala, Manica and Zambézia provinces) and
Northern (Nampula, Cabo Delgado and Niassa provinces)
parts of the country. The South (Maputo, Gaza and
Inhambane provinces) is relatively poor in hydropower
resources for energy generation. The tea-producing
areas, which are concentrated in the districts of Gurue,
Ile, Milange and Lugela in Zambézia Province, also have
high potential hydropower resources, according to an
energy survey undertaken by the National Energy Fund
(FUNAE) in 2004. An Intermediate Technology
Development Group (ITDG) publication gives an
overview of micro hydropower potential in Mozambique,
especially in Manica Province, while a scoping study for
micro hydropower investments in the provinces of
Manica, Niassa and Tete undertaken by ITDG for the
Energy Reform and Access Project of the World Bank,
identifies the critical issues in developing the
hydropower sector.”®

SHP installed
. 2.1 MW
capacity
SHP potential
1000 MW
T T T 1
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Figure 2 Small hydropower capacities in Mozambique
Source: Hankins®

Note: The potential may include plants larger than 10
MW and is different than other sources.

In the Policy for Renewable Energy and Master Plan for
Off-Grid  Electrification, a list of 60 identified
hydropower locations is provided.” The Department of
Energy estimates that over 60 potential micro- and mini-
hydropower projects with a potential of up to 1,000
MW exist in the country. The central part of the country
(Manica Province) has the best resources (table 1).*

Table 1

Government hydropower projects in Mozambique
Project Installed capacity  River Pre-feasibility Distance to nearest village  Location

(kW) (km)  (District, province)

Mbahu 2000 Lucheringo Yes 30.0 Lichinga, Niassa
Majaua 1000 Majaua Yes - Milange, Zambezia
Kazula 30 Lazula Yes ~12.0 Chiuta, Tete
Maue 280 Maue Yes ~1.0 Angonia, Tete
Mavonde 30 Nhamukwarara - 3.0 Manica,Manica
Rotanda 30 Rotanda Yes ~1.5 Sussundenga, Manica
Sembezeia 30 Bonde - 2.0 Sussundenga, Manica
Honde 75 Mussambizi Yes 4.0 Barue, Manica
Choa 20 Nhamutsawa - ~2.5 Barue, Manica

Source: Hankins®

Currently six hydro stations are connected to the
national grid (table 2), while a substantial number of off-
grid systems do exist.

Table 2
Grid connected hydropower stations in Mozambique
Name Province Capacity
(Mw)
Cahora Bassa Tete 2 075.00
Mavuzi Sofala 52.00
Chicamba Manica 38.40
Corrumana Maputo 16.60
Cuamba Niassa 1.10
Lichinga Niassa 0.75

Source: KPMG®

There is a growing interest in Mozambique to promote
the use of small-scale hydropower schemes for isolated
rural communities. One example of this is the Honde
scheme, in the Province of Manica (Barue District). The
project started in 2005 and is able to electrify a 200-
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household village, a health centre, a school, two maize
mills and shops, all by a micro hydropower plant on the
Muzambizi River. The total demand was determined to
be 65 kW and the scheme was sized at 75 kW taking into
account of the demand growth. The project is being
implemented by the provincial government of Manica,
with support from the German Agency for Technical
Cooperation GTZ (now Deutsche Gesellschaft fir
Internationale Zusammenarbeit - GIZ) .°

Besides the national Government of Mozambique, a
number of NGOs and bi-lateral donors are active in the
micro hydropower field. Practical Action and their
Mozambican counterpart Kwaedza Sumukai Manica
(KSM) are developing village electrification projects
following what they called the ‘generator model’. This
model is built around a private entrepreneur generating
electricity for the community, while the local
transmission and distribution infrastructure will be
owned by the community.'® The GIZ has also worked



with local entrepreneurs to extend their business from
milling to local electricity distribution and has upgraded
three systems, supporting local production of turbines.
GIZ is currently assisting local education institutes in
Chimoio, Manica province, to set up a local hydropower
training and knowledge centre.™* 3

Renewable energy policy

The reforms in the energy sector have created the
necessary enabling environment for private investments
in the sector. Particularly the 1997 Electricity Act
foresees the granting of concessions for private energy
production, distribution and sales.

The private sector can operate its own generating
system, provide electricity to surrounding communities
and sell its energy surplus to the state power utility
while buying energy from the utility when it is required.
Furthermore, the Energy Fund Fundo de Energia
(FUNAE), with its focus on rural electrification using
renewable energy technologies, will provide good
support for possible private investors, as some of the
resources needed for the rehabilitation and/or
construction of new hydropower schemes can be
mobilized locally. However, it is important that the
Government actively encourages private sector
investment in renewable energy projects in
Mozambique and creates clear incentives for investors,
manufacturers and developers to utilize renewable
energies when making investments in the country.
Renewable energy support should not be targeted
exclusively at off-grid initiatives and poverty alleviation,
and renewables should be encouraged in economically
active sectors, including tourism, telecommunications
and commercial enterprises, as well as among middle-
class households.’

Legislation on small hydropower

On the regulatory side, hydropower installations are
required to have a water use concession which is
regulated under the Water Policy. In fact, the Water
Policy mentions the use of water resources for stand-
alone and dam-connected hydropower purposes and
states that small- and medium-scale hydropower
facilities should be encouraged for off-grid electricity in
remote areas, extension of the national electricity grid
production and transmission capacity, as well as
economic development in general.’

Barriers to small hydropower development

The main barriers to the development of small hydro
projects in Mozambique include the lack of framework
to support independent power producers. Reducing the
uncertainty of the project revenue streams and
increasing the availability of project finance would help
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to promote economically sustainable projects. The

following measures are suggested by the International

Renewable Energy Agency to improve project bank-

ability:

- Electricidade de Mozambique could take a small
equity stake in small hydropower projects to
reinforce the credibility of its long-term power
purchase agreement;

- The Ministry could work with the donor group to
develop a partial risk-guarantee fund with financial
institutions in Mozambique to promote lending to
small hydro projects;

- A system of feed-in tariffs could be developed to
provide long-term power purchase agreements,
access to the grid and attractive return on
investment;

- Consultations could be held with stakeholders to
design a simpler process for environmental impact
assessment for small run-of-river hydro plants.™

In overall perspective the local situation in Mozambique
seems quite favourable to the development of small
hydropower, although it has proven to be difficult to
attract private sector funding.
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1.1.8 Réunion
Lara Esser and Laxmi Aggarwal, International Center on
Small Hydro Power

Key facts

Population | 833,000

Area 2,512 km®

Climate Tropical and humid. Warm and humid
season (November to- April), drier
season (May to October)

Topography | Island with coast and mountain peaks in
the interior.

Rain The Austral summer is in January and

Pattern February, which is also the season for
tropical cyclones. The country is the
record holder for the highest rainfall
during 12-, 24-, 48- and 72-hours.?

Electricity sector overview

Réunion island is an overseas department and
administrative region of France. Réunion has the goal to
reach 100 per cent of renewable electricity production
by 2030.% Electricity is provided by Electricité de France
(EDF). The total electricity production in 2008 was 2,546
GWh, from a mix of thermal and renewable sources,
with coal being the dominating energy source (figure 1).
Interestingly, the electricity production in 1982 relied
solely on hydropower.* Data in 2009 showed that
projects that generate electricity increased to 2,618
GWh, of which 67.5 per cent is from fossil fuels
(petroleum and coal) and 32.5 per cent from renewable
energy.” The breakdown of the various energy sources is
unavailable, hence this report projected the data from
2008 instead (figure 1). The average growth of
electricity production in Réunion had decreased from
5.3 per cent per year between 2000 and 2005 to 3.6 per
cent per year from 2006 to 2009 as a result of a demand
management program authorized in 2000 and an
increased use of costly fossil fuel.”

Solar ] 0.41%

Municipal waste | 0.52%
Wind | 1.19%

Fuel oils 9.06%
Sugarcane, bagasse | 10.21%
Hydropower | 21.71%
Coal | 56.90%
0% 10% 20% 30% 40% 50% 60%

Figure 1 Electricity generation in Réunion

Source: Drouineau et al.*

Note: Data from 2008, as data projections for 2009 do
not provide sufficient detailed breakdown of the
contribution of various energy sources.
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Réunion has invested in a diverse range of renewable
energy sources but the most developed source is
hydropower as it was one of the first renewable sources
used on the island.’

Small hydropower sector overview and potential

SHP installed

. 11 MW
capacity

SHP potential | uknown

0 2 4 6 8 10 12

Figure 2 Small hydropower capacities in Réunion
Source: Grenelle de I’Environnement a la Réunion,
Réussir I'lnnovation®, Forum for Energy and
Development’

Hydropower is produced at Riviere de I'Est (78 MW),
Takamaka | (17 MW) and Il (26 MW), Bras de la Plaine (5
MW) and Langevin (4 MW) power stations as well as
Bras des Lianes (2 MW).*” Though the large- and small-
hydropower potential has been tapped, there still are a
number of potential sites, where micro hydropower
stations can be installed.’

A technical report from 2008 indicated that there were
four run-of-river type stations with a total installed
capacity of 10.5 MW (62.65 GWh) and three stations
with a total capacity of 106.5 MW (550,000 GWh).2
There is no pumped storage technology on the island.

Taking into consideration environmental issues, there
are several further categories for the realization of

hydropower potential, such as irrigation infrastructure.

Small hydropower potential in Réunion

(Megawatts)
Category of potential Potential capacity
Difficult to realize 59.10
Under strict conditions 50.53
Normal 11.47
Total 121.10

Source: Comité de bassin de la Réunion®
Note: Irrigation sites are not considered to be affected by
environmental issues.

Renewable energy policy

In 2000, the Regional Council of Réunion implemented
the Plan Régional des Energies Renouvelables et de
I'Utilisation Rationnelle de I'Energie (PRERURE) that
played as a precursor for the Grenelle de
I'Environnement a la Réunion — Réussir I'Innovation
(GERRI) project which has the objective to integrate
environmental innovation, mobility, energy and its uses,
urban planning, construction and tourism into society by
2030.



The Overseas Territories Orientation Law, in place since
December 2000, is the platform pushing for the
decentralization of the French overseas departments
and the implementation of PRERURE. It is important to
take into consideration the support provided by the
European Union (EU). This includes direct support in the
form of research funding via tenders and indirect
support by the means of helping the regional authorities
to enable the application of EU policy in overseas
departments.”

A goal of self-sufficiency by 2030 under the GERRI
project is proposed in light of the estimated population
stabilization at one million people by 2030.° The
renewable energy sources available on the island are
wind, solar, geothermal, wave, tidal, hydro and energy
from biomass, landfill gas, gas stations, wastewater
treatment and biogas. Act No. 2005-781 of 13 July 2005
lays down the guidelines of the programme for energy
policy and renewable energy in Article 29.°

In addition, incentive mechanisms are also in place to
encourage the development of renewable sources,
including tax exemption, direct subsidies and feed-in-
tariffs (FITs) controlled by the EDF.’ Private plants
however, have a tax credit rate that varies between 25
per cent and 50 per cent based on the technology of the
project.

Barriers to small hydropower development

The main disadvantage to small hydropower
development is the cost of technologies which increases
due to the island’s insularity seen through the cost of
transportation and taxes. As a result, higher capital costs
hinder contractors’ willingness to undergo financial risk
and investment in Réunion.” Based on the country’s
geographical characteristics, contractors are also faced
with the risk of climatic variation and destruction
coupled with volcanic activity which increases the risk
factor for investors.

Environmental impact assessments are stringent and
often a difficult barrier to small hydropower
development due to the classification of Réunion as a
World Heritage Site, under the United Nations
Educational, Scientific and Cultural Organization
(UNESCO). This has a further domino effect on the price
of land per square metre that over the last 10 years has
experienced a significant increase amplifying initial
investment expenditure.5

Coordination between departments and authorities,
both local and overseas, are ineffectual prolonging the
implementation process for project owners coupled
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with a lack of local technical support creates another
disincentive for potential investors.

The final major barrier to small hydropower
development is the lack of information and often
contradictory sources with different and misleading data
further slowing down the process of development.
Currently, the Réunion Regional Energy Agency (ARER) is
in the process of compiling renewable energy
technology information providing a one-stop data shop
for potential investors. In the near future this could
decrease the initial research stage of most projects and
encourage contractors to establish projects in Réunion.’
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1.1.9 Rwanda
Lara Esser and Laxmi Aggarwal, International Center on
Small Hydro Power

Key facts
Population | 11,689,696"
Area 26,338 km®
Climate Temperate; mild in mountains

Topography | Mostly grassy uplands and hills; relief is
mountainous with altitude declining
from west to east.

Rain Two rainy seasons (February to April,
Pattern November to January)."

Eastern and south-eastern regions are
more affected by prolonged droughts
while the northern and western regions
experience abundant rainfall that at
times cause erosion, flooding and
landslides. The spatial variability has
been attributed to the complex
topography and the existence of large
water bodies within the Great Lakes
Region.2

Electricity sector overview

The energy policy in Rwanda focuses mainly on the
electrification of the country, which has increased
significantly from 6 per cent in 2005 to 12 per cent in
2010 through the electrification roll-out programme.
The Ministry of Infrastructure (MINIFRA) has bundled
the activities of several donors and pushed the
promotion of renewable energies.”

The Government of Rwanda has set out clear targets of
1,000 MW production and 50 per cent of connections by
2017.°

In the framework of the National Energy Policy,
hydropower plays an important role in the
electrification of the country as it is the main renewable
energy source for electricity generation (figure 1). This
includes micro hydropower and isolated mini-grids,
which should be encouraged by a simplified legal and
regulatory framework and governmental investments.*

Hydropower imported 10.44%
Hydropower 14.64%
Gas methane 34.89%
Thermal 40.03%
0% 10% 20% 30% 40% 50%

Figure 1 Electricity generation in Rwanda
Source: Rwanda Environmental Management Authority®

Rwanda Electricity Corporation (RECO), formerly known
as ELECTROGAZ, the government-owned utility, , will in
the short to medium term, still be the dominant player
in the electricity market which is regulated by the
independent Rwanda Utilities Regulator Authority
(RURA). However, independent power producers (IPPs)
are also encouraged in the generation sector. Self-
contained off-grid schemes are encouraged: these can
be owned and operated by RECO or by private
developers. The National Energy Policy foresees three
types of licensing issued by RURA:

e Single buyer licence: RECO is to be licensed as the
single buyer of electricity. It will enter into
agreements with private developers of generation
projects for the purchase of electricity;

e |PP licences: All generation projects or concessions
involving private investors are to be licenced by
RURA.

e  Off-grid licences: Concessions are granted by RURA
to private companies to generate, supply and
distribute electricity within an area of the country
not covered by RECO. The tariff and other supply
provisions are to be regulated by RURA.

Within the electrification roll-out programme, the
Rwandan Government and various donors provide
funding to a number of small hydropower projects.
Different donors are funding micro hydropower under
different schemes among them is the United Nations
Industrial Development Organization (UNIDO), the
World Bank and the African Development Bank (AfDB).
A part from this, the Energising Development Private
Sector Participation (EnDev PSP) programme, involves
private investor schemes. The programme finances 50
per cent of the total costs, while private developers
cover the remaining 50 per cent. The programme
motivates banks to offer lending for micro hydropower
investments. Imported capital goods such as micro
hydropower equipment are exempt from the value
added tax (VAT) payment.

Requests for small hydropower permissions are given by
the regulatory authority RURA.*

Small hydropower sector overview and potential

In 2009, hydropower contributed 20 MW to 55 MW
installed capacity at four small hydropower stations and
a number of independent micro-hydropower stations
(table 1). In October 2011, three more micro-hydro
plants were inaugurated, with a total capacity of 3.2
MW. They are located in Keya, in Rubavu District and
Cyimbili and Nkora in Rutsiro District and feed into the
national grid to increase the power output by five per
cent. The three plants were co-funded by the
Governments of Rwanda and Belgium, at the cost of



more than Rwandan Franc (RWF) at 9 billion (about €11
million).” Besides the micro hydropower inaugurated
plants, Belgium also supports the construction of
Rukarara Il power plant in Nyamagabe with a capacity of
2 MW.

SHP installed

. 23.2 MW
capacity

SHP potential 38.2 MW

0 10 20 30 40 50
Figure 2 Small hydropower capacities for Rwanda
Source: German Agency for Technical Cooperation -
Poverty-Oriented Basic Energy Services (HERA)
- European Union Energy Initiative4, Rwanda, Ministry of
Infrastructure’

Table 1
Installed small hydropower capacity in Rwanda

Note: Data is based on mixed results from various

sources.

In 2009, there were 15 micro hydropower plants under
construction and another 21 planned by the
Government, bilateral donors and private investors,
totalling to an additional capacity of 13 MW (table 2)."

The information collected was however contradictory. It
was also reported that as of 2010, 333 hydro sites in the
country with a combined capacity of 96 MW were
identified, of which the technical small hydropower
potential was estimated at only 10 MW. In general, the
potential for micro hydropower is considered to be
good due to the country’s geographical conditions and
high population density.*

Category Name Installed capacity Available capacity  Ownership
(MW) (MW)
On-grid hydropower Gihira 1.80 1.80 Public, Rehab
Gisenyi 1.20 0.60  Public, Rehab
Rukarara 9.00 9.00 Public
Rugezi 2.20 2.00 Public, commissioned July 2011
Nkora, Keya, Cymbili 3.20 2.00 Public, commissioned July 2011
Murunda (REPRO) 0.10 0.10  Private (PSP hydro (GTZ-EnDev))
Off-grid micro hydropower Nyamyotsi | 0.10 0.10  Public (UNIDO)
Mutobo 0.20 0.20  Public (UNIDO)
Agatobwe 0.20 0.20  Public
Nyamyotsi Il 0.10 0.10  Public (UNIDO)
Rushaki 0.04 0.04  Private

Source: Muyange®

Note: Data valid as of 2012.This table omits the contributions made by Ruzizi hydropower projects shared by Burundi, Democratic Republic of Congo and

Rwanda as they are above the 10 MW small hydropower definitions.

Table 2

Small hydropower plants under construction in Rwanda
Name Installed capacity = Developer/producer Ownership

(MW)

Mukungwa Il 2.500 Government of Rwanda  Public
Nyirabuhombohombo 0.500 Government of Rwanda  Public
Gashashi 0.200 Government of Rwanda  Public
Nyabahanga 0.200 Government of Rwanda  Public
Janja 0.400 Government of Rwanda  Public
Nshili 0.400 Government of Rwanda  Public
Rukararav Il 2.000 Government of Rwanda  Public
Rubagabaga 0.314  Calimax PPP
Musarara 0.438 Sogem Rwanda PPP
Giciye 4.000 Rwanda Mountain Tea PPP
Mazimeru 0.500 ENNY Private
Ruhwa 0.200 Government of Rwanda  Public
Gatubwe 0.200 UNIDO Public

Source: Rwanda Ministry of Infrastructure in German Agency for Technical Cooperation- Poverty-Oriented Basic Energy Services (HERA)- European Union

Energy Initiative", Muyange6

Note: UNIDO — United Nations Industrial Development Organisation. List may not be comprehensive.
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Different donor agencies have assisted Rwanda in its
efforts to build a local small hydropower industry,
following different approaches. UNIDO followed the
route of village level management at the four small
hydropower systems they are supporting. Experience
gained in implementation led to revert to management
models in which the systems are operated through
private businesses.” The Dutch/German-funded EnDev
programme followed a pure private sector approach
from the outset. Under this programme, five business
consortia have been contracted to implement small
hydropower schemes. Typical participants are local
businessmen, NGOs, social institutions (hospitals), and
local and foreign investors. The EnDev programme
provides 30-50 per cent investment subsidy, technical
assistance, business support, etc., while the developer is
responsible for financial closure (15 per cent equity and
loans), construction, permits, etc.” Experience to date,
however, indicates a very strong preference of private
investors to supply at least a portion of the electricity
generated to the national electricity grid (and hence to
existing customers, which is contrary to the objectives
of the donors) as the interconnection gave great
comfort to the banks, who appreciated a guaranteed
sale of electricity produced.”

A 2011 report on the pico-hydropower situation in
Rwanda by the Global Village Energy Partnership
International (GVEP International) and Entec analysed
the potential commercial market for off-grid
hydropower plants in Rwanda, with individual
generation capacities of 50 kW or less. They suggest the
market can be developed through specific interventions
by the Government, development partners or the
private sector, such as training of local developers or
financial investments. At least seven project developers
from the private sector operate in the country and have
realized around 30 pico-hydropower plants in recent
8
years.

Renewable energy policy

Given its history, Rwanda has only recently been able to
draft and enhance its environmental protection
instruments. Thus the Electricity Law was enacted in July
2011 with the aim to liberalize and regulate the sector,
to attract private investment while encouraging a more
competitive market.” A Draft Energy Policy is also in
place, highlighting the need to maximize use of
indigenous energy, improve access and transparency
and most importantly to promote the use of renewable
energy technology and conducive instruments such as
feed-in tariffs (FIT).

The Government of Rwanda is currently in the process
of developing a solar energy policy and a Solar Map,
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furthermore, renewable energy feed-in-tariffs (REFITs)
are already available for small hydropower and are to be
extended towards solar generation.

Legislation on small hydropower

The Government of Rwanda issued a REFIT in February
2012 for small and mini-hydropower. The REFIT
guarantees access to the grid for renewable energy
generators and obliges the national utility Energy, Water
and Sanitation Authority (EWSA) to purchase the
renewable energy generated. It applies to hydropower
plants from 50 kW to 10 MW. REFITS are valid up to
three years.”

Moreover, the National Energy Strategy strongly states
the specific objective to increase micro-hydro, medium-
hydro and cross-border hydropower projects to about
333 MW."°

Barriers to small hydropower development

One of the major barriers to the development of small
hydropower, despite the motivation and instruments
provided by the Government of Rwanda, is the country’s
history which provides no incentive for foreign
investment.

Rwanda has a vast potential for producing clean energy
using small hydropower, however, efforts are often
limited by weak technical capabilities and private sector
actors. In addition, the lack of financial institutions and
the low income of the rural population further hinder
the process of small hydropower development in
Rwanda.™
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1.1.10 South Sudan

Ater Amogpai, University of Juba, College of Engineering
and Architecture, South Sudan; Kai Whiting,
International Center on Small Hydro Power

Key facts

Population | 10,625,176"

Area 644,329 km”

Climate Equatorial climate, with high
temperature, high rainfall and very high

humidity

Plains in the north and centre to southern
highlands. The White Nile is a major geo-
graphic feature of the country supporting
agriculture and extensive wild animal
populations. The centre of the country
contains a large swampy area of more
than 100,000 km” fed by the waters of
the White Nile.

Topography

Rain
pattern

Rainfall is the heaviest in the upland
areas of the south but diminishes in the
north.’

Electricity sector overview

Only one per cent of the population has access to power,
though intermittently during a 24-hour period. Only
seven per cent of the urban areas in South Sudan are
electrified and virtually no rural areas have electricity.’
This is because the formal energy sector is limited to
only the South Sudanese Electricity Cooperation which
operates eight diesel generators with a capacity of 1.5
MW each.

With the help of foreign aid such as United States
Agency for International Development (USAID), South
Sudan has built independent grid systems in cities such
as Yei, Kepoeta, Malakal, and Maridi. However, a large
portion of the energy is from independently operated
diesel generators belonging to businesses and private
homes.*

The country is planning to build about half a dozen
hydropower and thermal power plants to help end the
near permanent blackouts across the country and to
attract investments in manufacturing industries.” China
is thought to be providing the capital for significant
investment in the energy sector to support both the oil
and hydropower sector.”

In 2012, the installed capacity of electric power was
about 26.8 MW in South Sudan. Some estimates,
however, put this figure at 62 MW of installed capacity -
around 3 MW per million people, indicative of a severe
lag compared to other Eastern African states.’ This
electric power is divided amongst six South Sudanese
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towns: Juba, the capital (12 MW), Malakal (4.8 MW),
Wau (4 MW), Bor (2 MW), Yambio (2 MW) and Rumbek
(2 MW). However, this amount of power needs to be
increased to at least 230 MW in order to minimally
satisfy the current demand. Juba at the moment needs
at least 80 MW (according to power engineers at Juba
Power Station) whereas the remaining five towns need
at least 150 MW, at 30 MW each. Most of the diesel
generators in use are made and brought from Finland.
However, these generators frequently stop operating
due to technical problems and fuel shortages.

The total electric power required by South Sudan is
estimated to be 450 MW. In the coming decades, this
amount of electric power is expected to increase along
with a booming population and establishment of new
industries.

Thermal 100%

0% 20% 40% 60% 8(;%
Figure 1 Electricity generation in South Sudan
Note: Based on installed capacity.

100% 120%

Small hydropower sector overview and potential

South Sudan holds one of the richest agricultural areas
in Africa. The White Nile valley has fertile soils and
abundant water supplies, which could be developed for
small hydropower.” Around 28 per cent of the Nile
water flows through South Sudan to Sudan and onward
to Egypt but the meteorological and hydrological data
collection network for this area and elsewhere were
destroyed during the conflict and is currently non-
existent.’

The potential of hydropower plants capacity is
estimated to be 5,583 MW in South Sudan. The small
hydropower potential is yet unknown. Below is a list of
hydropower plants studied in some of the South
Sudanese states with a total potential capacity of
approximately 2,225.5 MW (see table). It is estimated
that the Fula rapids could yield 60 MW of electric
capacity. A rapid only refers to the high-current part of a
river. Meanwhile, there are several 700 MW to 800 MW
large dam projects envisioned for the White Nile.®



Studied hydropower plants in South Sudan

Plant Capacity Location Status quo

(Mw)
Grand Fula 1080.0 Central Equatoria State Feasibility study and EIA completed
Fula 40.0 Central Equatoria State Feasibility study and EIA completed
Shukole 200.0 Central Equatoria State Feasibility study and EIA completed
Lakki 200.0 Central Equatoria State Feasibility study and EIA completed
Beden 540.0 Central Equatoria State Feasibility study and EIA completed
. 25.5 Western Equatoria State .
Juba 120.0 Central Equatoria State Studied
Sue 12.0-15.0 Western Bahr El-Ghazal State Studied
Kinyeti 5.0 Eastern Equatoria State Feasibility study completed

Source: Ackermann, updated with Ministry of Electricity and Dams’
Note: EIA — environmental impact assessment

SHP installed
; 0 MW
capacity
SHP potential 5 MW
0 2 4 6

Figure 2 Small hydropower capacities up to 10 MW in
South Sudan

Those large hydropower plants to be built along the
river from Nimuli to Juba may take decades to be
commissioned. Therefore, the construction of medium-
and small-hydropower plants is needed to improve the
current poor situation of electric power in the country.
Building a local hydropower plant with installed capacity
of 1 MW to 25 MW is possible. The authors believe that
such hydropower plants could be built to generate
electricity in Torit, Yei, Wau and other towns in South
Sudan.

Renewable energy policy

Hydropower, solar energy, wind power, and biomass are
the main renewable energy sources in South Sudan.
Currently, biomass and petroleum products are the
main energy sources in use in South Sudan.?

The availability of sunlight in South Sudan is around
seven hours per day.’ Photovoltaic technology thus
offers an attractive off-grid solution. The annual average
wind velocity is about 2.5 metre per second in South
Sudan.” At this speed a developed wind sector is not
commercially viable. However, small wind turbines are
promising devices for household electricity generation
as well as pumping water. Hydropower also holds a key
role in South Sudan’s electricity generation, with the
White Nile flow being sufficient for hydropower power
production.
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Barriers for small hydropower development

There are many challenges that hinder the small

hydropower development. These include technical, and

ecological issues as well as challenging accessibility and
remoteness of the sites.® Others are:

e The lack of priority and attention afforded to water
resource management. Scarcity of meteorological
and hydrological data due to the conflict: it will take
some time to generate the lost information and
systems;

e lack of renewable energy policy, legislation and
poor technical and institutional capacity;> *°

e Social tensions: South Sudan is a newly established
landlocked country which has gained independence
in July 2011 following two prolonged conflicts which
lasted from 1983 to 2005, six years of autonomy
(from 2005) and a referendum in which 98 per cent
voted in favour of a South Sudanese state;

e  Political instability.
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1.1.11 Uganda

Eva Maate Tusiime, Newplan Ltd., Uganda

Key facts

Population 33,640,833"

Area 241,000 km’

Climate Tropical; generally rainy with two dry
seasons (December to February, June
to August); semiarid in northeast.

Topography Mostly plateau with rim of mountains’

Rain Pattern Uganda receives most of its rain
between March and June, with rainfall
of more than 500 mm during this

2
season.

Electricity sector overview

Uganda’s electrification access of 6 per cent (or 9 per
cent according to the World Energy Outlook 2011) is the
lowest in sub-Saharan Africa and the world.? In the rural
areas, the access drops to 2 per cent with Northern and
North-eastern  Uganda  registering the lowest
electrification rates. Another estimated 1 per cent of the
population uses fuel generator sets, car batteries and
solar photovoltaic systems for lighting.*

Electricity access is a major requirement for
development, and electricity demand in Uganda is high
for industrial and domestic use. However, the demand
for power is more than the generation capacity, which is
dominated by hydropower (figure 1). Much of the
electricity transmission network at present is poorly
maintained and the country experiences frequent
power cuts (load shedding).

Co-generation 3.47%
Thermal 41.69%
Hydropower 54.84%
0% 10% 20% 30% 40% 50% 60%

Figure 1 Electricity generation in Uganda
Source: Electricity Regulatory Authority’

Small hydropower sector overview and potential

A number of small hydropower plants with a combined
capacity of just over 50 MW are in operation in various
parts of the country as shown in table 1 (please note
two plants included have capacities above 10 MW). The
country definitions of small hydropower is less than 10
MW, mini is defined at 1 MW and micro at 0.1 MW.
However, there has been very little small hydropower
development in Uganda. In the past, approximately 8
MW has been developed at four sites by the then
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Uganda Electricity Board, who later developed two sites
and private developers who built another two. These
sites were Mubuku | (5 MW), Maziba | (1 MW), Kisizi
(0.075 NIW) and the 1.25 MW Kikagati station (which
has now been decommissioned). The Maziba
hydropower plant was also shut down in 2001 due to
siltation problems. Plans are underway to rehabilitate
this power plant.

Uganda has considerable potential for hydropower
development, estimated at over 2,500 MW located
mainly on the Nile River. Other Non-Nile River sites with
potential capacities ranging between 0.5 and up to 5
MW are scattered throughout the country with
potential for mini- and micro-hydropower development.
To date less than 10 per cent of this potential has been
developed.

SHP installed capacity 22.4 MW
SHP potential 210 MW
0 50 100 150 200 250
Figure 2 Small hydropower capacities up to 10 MW in

Uganda
Source: Electricity Regulatory Authority®

A number of small hydropower sites with a total
potential of about 210 MW (figure 2) have been
identified through different studies. The level of the
studies is uneven, with some sites having been studied
to feasibility stage. Small hydropower sites under
construction are shown in table 2 and potential small
hydropower sites for development in table 3.

Recent developments in the sector have seen other
small hydropower plants being developed mainly by the
private sector (table 1). In addition, Uganda’s Electricity
Regulatory Authority (ERA) has issued a number of
permits and licences for generation of electricity from
small hydropower projects, which are at various stages
of development.

The Uganda Constitution of 1995 has provisions for
enhancing conservation and management of the
environment and natural resources. The National
Environment Act (NEA), Cap. 153, mandates the
National Environment Management Authority (NEMA)
as ‘the principal Agency in Uganda responsible for the
management of the environment by coordinating,
monitoring, regulating, and supervising all activities in
the field of environment’.’



Table 1
Installed small hydropower capacity in Uganda

Site District Installed capacity ~ Status/ ownership
(Mw)
Mubuku | Kasese 5.40 Kilembe Mined Ltd.
Mubuku 1I/Bugoye Hydropower Project Kasese 13.00 Tronder Power Ltd.
Mubuku I Kasese 9.90 Kasese Cobalt Company Ltd.
Mpanga PowerStation Kamwenge 18.00  Eco Power Ltd.
Ishasha Hydropower station Kanungu 6.60 Imperial Group of Companies
Kuluva Moyo 0.12  Kuluva Hospital
Kagando Kasese 0.06  Kagando Hospital
Kisiizi Rukungiri 0.06  Kisiizi Hospital

Source: Electricity Regulatory Authority, Uganda7
Note: Listed plants are all operating.

Table 2
Small hydropower plants under construction in Uganda
Site District  Installed capacity Ownership
(Mw)
Nyagak Nebbi 3.5 WenereCo
Buseruka  Hoima 9.0 HydroMax Ltd.

Source: Electricity Regulatory Authority, Uganda7

Table 3
Potential small hydropower sites in Uganda

Site District Estimated capacity

(Mw)
Nyamabuye Kisoro 2.20
Mvepi Arua 2.40
Sogahi Kabarole 2.00
Ela Arua 1.50
Ririma Kapchorwa 1.50
Haisesero Kabale 1.00
Nyahuka Bundibugyo 0.65
Sezibwa Mukono 0.50
Rwigo Bundibugyo 0.48
Nyarwodo Nebbi 0.40
Agoi Arua 0.35
Kitumba Kabale 0.20
Tokwe Bundibugyo 0.40
Amua Moyo 0.12
Ngiti Bundibugyo 0.15
Leya Moyo 0.12
Nyakibale Rukungiri 0.10
Miria Adua Arua 0.10
Manafwa Mbale 0.15

Source: Tumwesigye®

Within the field of hydropower development, NEMA is
mandated to award environmental clearances, following
the review and approval of Environmental Audits,
Environmental Impact Assessment (EIA) statements and
Resettlement Action Plans (RAP). The clearance allows
NEMA to ensure that the project and its mitigation plans
comply with Ugandan standards for environmental and
social impact. Where the project is on a protected river
or wetland, NEMA will require the developer to also
apply for permission to operate on the river/wetland
involved.

The National Water Policy of 1999 states that the
development of water for energy production shall be
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subjected to an EIA in accordance with the procedures
established by NEMA.*°

According to the Water Act Cap 152, authorization has
to be given to use water, construct or operate any works.
The extraction permit is issued by the Directorate of
Water Development.**

The Land Act, Cap. 227, makes provision for the
ownership and management of land, and provides for
the compulsory acquisition of land for public purposes.
It states that construction of dams and hydropower
plants are public works and any person authorized to
execute public works may enter into mutual agreement
with the owner or occupier of the land in accordance
with the Act. A RAP is normally prepared and
undertaken by the developer. Compensation and
resettlement activities are expected to be fulfilled by
the developer."

Renewable energy policy

The Ugandan Government’s Policy Vision for Renewable
Energy is to make modern renewable energy a
substantial part of the national energy consumption.
The overall policy goal is to increase the use of modern
renewable energy, increasing from the current 4 per
cent to 61 per cent of the total energy consumption by
the year 2017."

This policy set out the Government’s vision, strategic
goals, principles, objectives and targets for promoting
and implementing renewable energy sources like
hydropower, biomass, peat, solar, geothermal and wind
in Uganda.

The National Energy Policy of 2002 was also set up with

the objectives of, among others:

e Increasing access to modern, affordable and reliable
energy services;

e Improving energy governance and administration;

e Managing energy related environmental impacts.



Legislation on small hydropower

The Government offers investors incentives in the form
of value added tax (VAT) exemption on hydropower and
related road projects. The challenge with this is that
although the developers enjoy the exemption, their
suppliers are not. The suppliers therefore find it difficult
to recover the VAT they paid to supply materials to the
developers and are usually unwilling to work on such
projects yet the Government stipulates that local
suppliers and contractors should be involved as much as
possible. Suppliers tend to increase their prices in order
to recover the VAT which affects the developers who
have to absorb the higher costs."*

Therefore, the application of these incentives is still
vague. It is not uncommon for the developers to
continue paying VAT on hydropower projects. The
process of claiming the VAT may sometimes be
frustrating to the developers.

Barriers to small hydropower development
Although considerable potential for hydropower
development exists in Uganda, very few developments
have been carried out in the last 10 years. The existing
barriers can be broadly categorized into design,
technical, technological, socio-environmental, and
financial:

e Design challenges: Small hydropower sites are
sometimes located on rivers around agricultural
areas. Thus the sediment load in the rivers may
increase, thereby necessitating the use of de-silting
basins and flushing trenches as part of the design.
This increases the cost of the project.

e Technology: The technology to bore through
waterway structures like tunnels is not readily
available in Uganda. Therefore, in planning the
waterway structures, this has to be taken into
account. The lack of appropriate technology may
result in having a longer waterway than planned
since tunnels may not be an easy option to pursue.

e Technical capacity gaps: With all the potential that
has been identified through various studies, until
2011, there was no university in Uganda offering a
course on the development and design of
hydropower schemes of any size. The specialization
to undertake feasibility studies, designing and
costing of hydropower projects has been mainly
undertaken by foreign consultants.

e Socio-environmental barriers: Many sites for
hydropower development are located in populated
areas. The inhabitants are usually the owners of the
land required for the project. Therefore, developing
a hydropower plant in such areas will necessitate
displacing and relocating population to other areas.
It must be noted that in Uganda, the process of land
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acquisition is slow and expensive, since land is
individually owned. Even when the affected persons
may have been compensated, the process of
registering the land in the names of the developer
may end up being very expensive and time
consuming.
e Financial barriers: Several studies had been carried
out concerning the lack of participation from the
private sector in the development of hydropower
projects. They concluded that among other factors,
the cost of borrowing in Uganda is the highest in
the world. Moreover, the development banks in the
country are limited by their net worth. Although
some commercial banks have ventured into lending
to developers of such projects, they generally prefer
to lend only short term (five years at most)."
Other challenges: The need for guarantees from the
Government against the transmission body’s failure
to meet its payment obligations, the need for a
political risk guarantee from the World Bank, long
lead times for projects, and investors often fail to
raise the equity required by the lenders. These
factors make it unfavourable for potential
developers to engage in hydropower generation in
Uganda."
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1.1.12 United Republic of Tanzania
Emmanuel G. Michael, United Nations Industrial
Development Organization, United Republic of Tanzania

Key facts

Population | 46,912,768

Area 945,749 km”

Climate Tropical (hot and humid) along the coast
with a rainy season March to May.
Temperate in highlands with short rains
(Vuli) November to December and long

rains (Masika) February to May.

Topography | Plains along coast; central plateau;

highlands in north, south

The mean annual rainfall varies from
500-2,500 mm and above. The average
duration of the dry season is 5-6
months. Rainfall patterns have recently
become much more unpredictable with
some areas/zones receiving extremely
minimum and maximum rainfall per
year.”

Rain
Pattern

Electricity sector overview

The electricity sector in Tanzania is dominated by the
state-owned Tanzania Electric Supply Company Limited
(TANESCO) that was established in 1964. It was set up in
a vertically integrated structure, carrying out generation,
transmission, distribution and supply. TANESCO
operates the grid network and isolated supply systems
in Kagera, Kigoma, Rukwa, Ruvuma, Mtwara and Lindi.
Due to slow development in the sector and the general
global trend in the electricity supply industry, the
Government lifted the monopoly held by the public
utility in 1992 through the National Energy Policy to
allow involvement of the private sector in the electricity
industry. This major policy reform enabled independent
power producers to operate in the generation segment.
Furthermore, interconnections with Zambia and Uganda
enable imports of relatively small amounts of electricity.

For many years, the power sector in Tanzania was
dominated by hydropower, only when the country
encountered a severe drought in 2004, it had employed
additional thermal plants (figure 1). Up until the last
decade, rural electrification had been solely a
Government responsibility with support development
partners such as the United Nations Industrial
Development Organization (UNIDO). Hence, most of the
small hydropower plants were installed by donors,
missionaries and the Government through TANESCO.
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Coal 2.7%
Natural gas 36.3%

Hydropower 60.2%
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Figure 1 Electricity generation in the United Republic of

Tanzania ,
Source: Tradingeconomics

Note: Data from 2009.

In 2010, Tanzania’s total installed electricity generation
capacity was 1,219 MW, of which hydropower
comprised 561 MW and thermal 658 MW. The
contribution of non-hydro renewable energy for power
generation is less than five per cent.

At the moment, the electrification rate stands at 14 per
cent countrywide and two per cent for rural areas.
Efforts are being made to increase access in rural areas.
The Rural Energy Agency has been established to
oversee the implementation of rural electrification
projects, using the Rural Energy Fund as provided in the
Rural Energy Act.

Small hydropower sector overview and potential

The history of small hydropower in Tanzania traces back
to the colonial era, where most of the operational small
hydropower plants were installed with the help of
church missionaries. Forty-five sites with a total installed
capacity of 25 MW have been developed so far, of which
only 17.6 MW are currently in operation (figure 2). Most
of the schemes have capacities lower than 5 MW, as
shown in figure 3. TANESCO owns 15 per cent of the
small hydropower plants and private investors own 85
per cent. In terms of installed capacity, TANESCO owns
69 per cent. The database of the Rural Energy Agency
shows that 13 projects with a total capacity of 28.8 MW
are in various stages of development.”

SHP installed capacity 25 MW

SHP potential 310 MW

0 100 200 300
Figure 2 Small hydropower capacities in the United
Republic of Tanzania
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Figure 3 Installed small hydropower capacities in the

United Republic of Tanzania
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>5 MW

Tanzania has substantial potential of small hydropower.
Areas with high potential include the Southern and
Western highlands; the best geographical areas for
developing small-scale hydropower are those with steep

Table 1

rivers flowing all year round. Geographically speaking,
most of the hydropower potential of Tanzania is located
in the rift valley escarpments in the West, South West
and North East Tanzania. Central Tanzania is relatively
flat and dry and has no hydropower potential.® Studies
show that 12 out of 21 administrative regions of
mainland Tanzania are blessed with mini-hydropower
resources but only 3 regions (Mbeya, Iringa, and
Kilimanjaro) have managed to develop them.”

The total potential for small hydropower generation
(capacities <10 MW) is estimated at 315 MW, of which
only 25 MW have been developed. Studies, that have
included economic analyses, show a number of sites
that could produce electricity at competitive cost to
supply power to the national grid and through mini-grids
to villages in the community.

Installed small hydropower capacity in the United Republic of Tanzania

Site name District/Region

Year installed

Installed capacity Developer/Owner

Nyumba ya Mungu Same/Kilimanjaro

Tosamaganga Iringa

Kikuletwa Moshi/Kilimanjaro
Kitai Songea/Ruvuma
Nyagao Lindi

Isoko Tukuyu/Mbeya
Uwemba Njombe/Iringa
Bulongwa Njombe/Iringa
Kaengesa Sumbawanga/Rukwa
Rungwe Tukuyu/Mbeya
Nyangao Nyangao/Lindi
Peramiho Songea Rural/Ruvuma
Isoko Tukuyu/Mbeya
Ndanda Lindi

Ngaresero Arusha

Sakare Soni/Tanga

Mbarari Mbarari/Mbeya
Ndolage Bukoba/Kagera
Ikonda Makete/Iringa
Mbalizi Mbalizi/Mbeya
Lugarawa Iringa

Mavanga Iringa

Matembwe Njombe/Iringa
Ndolela Songea Rural/ Ruvuma
Chipole Mbinga/Songea
Mngeta Ifakara/Morogoro
Uvinza Mine Uvinza/Kigoma
Kabanga Kasulu/Kigoma
Maguu Mbinga/Ruvuma
Lupa Ifakara/Morogoro

(kw)
8000.0 TANESCO
1220.0 TANESCO
1160.0 TANESCO
45.0 Prisons Dept/ Government
15.8 RC Mission
7.3 Mission (not specified)
800.0 Benedict Fathers
180.0 Mission (not specified)
44.0 RC Mission
21.2  Moravian Mission
38.8  Mission (not specified)
34.6 Benedict Fathers
15.5 Moravian Mission
14.4  Mission (not specified)
15.0 M.H Leach
6.3 Benedict Fathers
700.0 NAFCO/Government
55.0 RC Mission
40.0 RC Mission
340.0 TANESCO
140.0 RC Mission
150.0 RC mission/Mavanga Village community
150.0 RC mission/ CEFA/ Matembwe Village Community
100.0 Tea Estate
400.0 RC Mission
600.0 Government parastatal
600.0  Private
100.0 Mission
100.0 Mission
200.0 Mission

Source: Michael’, National Environmental Management Council”
Notes: This list is in comprehensive. RC — Roman Catholic
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Figure 4 Map of potential small renewable power sites in the United Republic of Tanzania

Source: Michael®

In the on-going small-hydro inventory studies which are
being carried out by TANESCO, and financed by the
Ministry of Energy and Minerals (MEM), a total of 131
small hydro sites countrywide with a total capacity of
250 MW have been identified. The study comprised
both desk studies and fieldwork. Reconnaissance studies
of new potential sites and confirmation of existing
information have been completed for Rukwa, Kagera
and Ruvuma regions. Further studies in collaboration
with the Rural Energy Agency have been carried out in
Iringa, Mbeya, Morogoro and Kigoma regions.

Another study that focused on the mini hydropower
potentials was the Rural Electrification Master Plan
study that was commissioned by MEM and
implemented by TANESCO. The objectives of the Rural
Electrification Master Plan study was to examine the
technical, economic, social, and environmental aspects
of a lowest-cost solution of supplying electricity to un-
electrified rural areas, defining appropriate programmes
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and priority projects for expansion of the electricity
networks, as well as development of renewable energy
supply systems for the country over 15-20 years. In
addition to other sources of electricity, five small hydro
sites from the small hydropower database were
appraised during this study.

All projects in Tanzania need to demonstrate that they
take care of the environmental issues in their plans.
Under these regulations it is mandatory to undertake
full Environmental Impact Assessment (EIA) for all
projects with capacities above 1 MW. For projects with
capacities below 1 MW, it is necessary to take into
consideration of the environmental issues in their plans
by undertaking simplistic Environmental Impact Studies
(EIS). The National Environmental Management Council
is responsible for approving the EIA/EIS conducted.

Below is a list of pre-feasibility studies conducted in
2009/2010 by the Rural Energy Agency.



Table 2
Potential small hydropower sites in the United Republic of Tanzania

S/N Site Load Centres District/ Head Discharge Capacity

Region (m) (m3/sec) (kW)
1 Luwika Mbamba Bay Mbinga 359.5 1.500 5800.0
2 Sunda Falls Tunduru Ruvuma 135 26.000 3000.0
3 Mtambo Mpanda Rukwa 17.0 13.500 2 000.0
4 Malindindo Malindindo Mbinga 38.0 0.500 158.4
5 Lingatunda Madaba Songea Rural 160.0 2.500 3400.0
6 Macheke Ludewa Ludewa 23.0 1.500 287.0
7 Isigula Ludewa Ludewa 200.0 1.200 2000.0
8 Imalinyi Imalinyi village Njombe 13.0 2.500 270.0
9 Maruruma Maruruma Mufindi 20.0 2.000 3335
10 Luganga Luganga Iringa Rural 77.0 2.000 1300.0
11 Songwe Idunda Rungwe -Mbeya 75.0 1.500 720.0
12 Kiboigizi Karagwe District Kagera 90.0 3.800 3200.0
13 Kenge Bukoba Kagera 10.0 24.000 2400.0
14 Luamfi Namanyere Rukwa 40.0 9.000 1200.0
15 Kawa Kasanga and Ngorotwa Sumbawanga 65.0 0.300 130.0
16 Mkuti Kigoma Rural Kigoma 23.0 3.300 650.0
17 Ngongi Ngongi Ruvuma 270.7 1.090 3100.0
18 Mngaka Paradiso Mbinga -Ruvuma 15.0 7.640 900.0
19 Mngaka Lipumba Mbinga- Ruvuma 25.0 4.424 870.0
20 Lumeme Mbinga Ruvuma 301.2 1.310 4200.0
21 Kiwira Ibililo Rungwe - Mbeya 20.0 10.000 1350.0
22 Kitewaka Ludewa township, Ludewa 50.0 9.884 4200.0
23 Mtigalala falls Kitonga Kilolo - Iringa 70.0 10.000 5000.0

Source: Rural Energy Agency”

Renewable energy policy

There is no existing policy for renewable energy in
Tanzania. The Government, through its Ministry of
Energy and Minerals, is in the process of developing a
related policy for renewable energy at large, and small
hydropower will be part of it.

In its agenda of making renewable energy industry an
integral part of its rural energy and power sector
development strategies, the Government has issued the
following policies:

(i) Rural electrification policy statement which indicates
that all lower cost technical options should be
considered, including renewable energy;

(ii) Rural Energy Act (2005) which established the Rural
Energy Agency and Fund (REA/F), with the main task to
promote access to modern energy services and allocate
performance-based subsidies for rural energy including
renewable energy systems;

(iii) Energy and Water Utility Regulatory Authority Act
(2001) which provides the regulator with the
responsibility of tariff setting affecting also the
independent renewable energy power producers.

To ensure adequate supply, the Electricity Act (2008)
created procedures for providing electricity from
different sources. The Energy and Water Utility
Regulatory Authority (EWURA) has designed a model for
Standardized Small Power Purchase Agreement/Tariff
(SSPPA/T) for private producers with project capacities
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lower than 10 MW. SSPPA will be annually reviewed to
reflect operating costs.

Barriers to small hydropower development

The key barriers hindering the development of small

hydropower in Tanzania, as in most African countries,

can be summarized as follows:

e lack of infrastructure in the design and
manufacture of turbines, installation and operation.

e lack of access to appropriate technologies for pico-,
micro-, mini- and small-hydropower. Lack of
indigenous technology and low level of technology
to harness the existing hydropower potential.
Networking, best practices sharing and information
dissemination through forums and conferences, are
necessary.

e lack of local capacity (local skills and know-how as
well as the lack of self-initiatives) in developing
small hydropower projects. There is a need for
technical assistance in the planning, development
and implementation of small hydropower projects.

e Insufficient information about potential sites
(hydrological data).
e Inadequate  small hydropower  awareness,

incentives and motivation.

e Inadequate private sector participation in small
hydropower development.

e lack of joint ventures (public and private sector
partnership).



e lack of investment capital to develop the existing
hydropower potentials. Records show that most of
the developed capacity in the African region was
realized through grants or soft loans from foreign
development institutions or countries. Very few
sites have been developed through internal
resources of the related countries.

e  High competition for investment capital worldwide.
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1.1.13 Zambia
Malama Chileshe, Zambia
Key facts
Population | 13,817,479"
Area 752,614 km’
Climate Tropical; modified by altitude’
Topography | Mostly high plateau with some hills and
mountains
Rain Rainy season: October to April. The
Pattern annual rainfall decreases from an
average of 1,200 mm in the north to an
average of 600 mm in the south. Rainfall
is 508-1,270 mm per year.2

Electricity sector overview

Prior to 2007, no power plant had been built in Zambia
for 30 years.” The only power plant which has been
added since then is the Zengamena mini hydropower
plant, rated at 750 kW, which began operating in 2007.
In December 2012, a 1-MW small hydropower plant at
Shiwang’andu in the Northern Province of Zambia was
commissioned, enabling 25,000 people to access
electricity. In addition, new works in the Lusiwasi (12
MW) and Lunzua (750 kW) hydropower stations are also
in the pipeline. A number of large hydropower projects,
which are at various stages of implementation, are also
expected to begin coming on stream in 2017. Such
projects have been made possible by the alterations of
the Zambia Electricity Supply Corporation Limited
(ZESCO) tariffs to reveal their truer costs.”

The level of electrification in Zambia is still very low,
only about 26 per cent of the total population has
access to electricity. By 2030, it is hoped that
electrification will increase from the current 3.1 per cent
to 50 per cent in rural areas, from 48 per cent to 90 per
cent in urban areas, which would then meet the
nationwide target ratio of 60 per cent.’ Those with
access to electricity in rural areas have a subsidized
tariff priced at an average USS0.63, but costs reach
US$0.48, produced from the eight diesel power stations
operated by the parastatal company ZESCO.* Currently
installed electricity generation capacity in Zambia stands
at 1,948.5 MW, dominated by hydropower (figure 1).

Diesel 4.69%

95.38%

0% 20% 40% 60% 80% 100%

Hydropower

Figure 1 Electricity generation in Zambia
Source: Honourable Konga®
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March 2012 saw severe electricity shortages as peak
demand surpassed supply. In August 2012, ZESCO
announced plans to increase tariffs by an average of 26
per cent by November 2012. It intends to invest in new
power infrastructure in a bid to increase the generation
capacity, to meet key performance indicators such as
metering, quality of supply, new connections and loss
reduction, and to mitigate annual rise in operational
costs due to inflation and commodity price changes.
Increases are also said to be necessary to achieve the
Government’s plans to increase access to electricity
from the current 20 per cent to 50 per cent, in line with
the vision 2030 and the rural electrification master plan.
The higher-priced tariffs are also expected to address
the national deficit of 250 MW, including the copper
mining problems in 2012. The electricity shortage
should be overcome by December 2013, when 360 MW
is added to the 660 MW that the Kariba North Bank
hydropower station.® To meet short-term needs, up to
60 MW are expected to be imported from neighbouring
countries.” In September 2012, ZESCO announced its
intention of the Zambian Kwacha 26.4 trillion (USS5.3
billion) expenditure over the next five years to mitigate
the current power deficit.’

Small hydropower sector overview and potential

Currently the country’s installed capacity of small
hydropower is 31 MW (figure 2)."% The estimated
hydropower potential of Zambia is estimated to be
6,000 MW, of which 1,858.5 MW has been developed.10

The specific small hydropower potential remains
unknown.

SHPinstalled

. 31 MW

capacity

SHP potential | unknown
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Figure 2 Small hydropower capacities in Zambia
Source: Ministry of Lands, Energy and Water
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Figure 3 Shiwangandu hydropower station in Zambia
Source: Chileshe'

The Zengamena power station is a privately-owned
project with a capacity of 0.75 MW. As of 2010, the
company had about 250 customers. There are plans to
extend the capacity by another 0.750 MW. Being an off-
grid power plant, the challenges faced by the company
include complaints from customers for charging a higher
tariff than those by the state utility ZESCO.°

Figure 4 Zengamena hydropower station in Zambia '
Source: Chileshe'

The Zambian Rural Electrification Authority has carried
out studies and designs for the following sites, with
potentials ranging up to 3 MW: Chilinga (Nyimba
District), Mumbotuta (Milenge District), Chikata
(Kabompo District, Mujila (Mwinilunga District and
Chavuma (Chavuma District). The development of these
sites is key in the electrification of remote areas where
grid extension is prohibitively expensive. Some private
companies have also expressed to the Government
interest to develop other sites in various parts of the
country. However, these expressions of interest have
not yet resulted in any developments.
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Renewable energy policy

Under the Sixth National Development Report (2011-

2015) the strategies employed to increase the

prevalence of renewable energy are as follows:"

e To promote the development and use of solar
technology systems;

e To introduce an appropriate
renewable energy feed-in tariff;

e To promote the production of electricity from
geothermal energy;

e To promote the use of biogas for cooking, lighting
and electricity generation.

cost-effective

Legislation on small hydropower

The Government of Zambia has put in place a National

Energy Policy of 2008 that encompasses a range of

energy options, including hydropower. Among the policy

measures relevant to small hydropower development

adopted in the National Energy Policy are the following:

e Encourage the development of identified potential
hydro sites;

e  Move towards cost reflective tariffs;

e Adopting an open access transmission regime;

e Application of smart subsidy mechanisms.

The Government, with its appropriate institutions, is
already working towards achieving some of the policy
measures. Since the Energy Policy was adopted, it has
supported the increment of electricity tariffs towards
economic levels to encourage investment in the sector.
The Government has also been working on adopting an
open-access to the transmission network which is
principally owned by ZESCO and Copperbelt Energy
Corporation. As a first step towards this objective, a Grid
Code, which is a technical document providing
guidelines on how electricity industry players should
interact, has been finalized and is awaiting adoption. In
addition, the Government through the Energy
Regulation Board has also authorized higher tariffs for
Zengamena mini-hydro than those for the state utility
ZESCO, given that the former is connected to an isolated
mini-grid. However, the implementation of the policy
measure on smart subsidies has not taken off due to the
lack of financial resources. The Rural Electrification
Authority did however make a small contribution
towards the construction of Zengamena mini-
hydropower station.

Barriers to small hydropower development

The development of small hydropower plants has been

hampered by some of the following challenges:

e Low Electricity Tariffs: For a long time, electricity
tariffs in Zambia were low due to heavy subsidies.
The Government has decided to promote a gradual
migration towards cost-reflective tariffs. However,



the challenge remains as to whether or not some of
the communities where off-grid projects are
developed can afford to pay the cost-reflective
tariff.

e Accessibility: A number of potential small hydro-
power sites are located in areas where the road
network is bad.

e lack of connectivity to the national grid: Most of
the sites are located far from the national grid. This
poses a challenge as the generated electricity must
be consumed by the surrounding communities, who
may not have the capacity to absorb all the power.
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1.1.14 Zimbabwe
Wim Jonker Klunne, Council for Scientific and Industrial
Research, South Africa

Key facts

Population | 12,619,600"

Area 390,759 km’

Climate Tropical; moderated by altitude’

Topography

pograp Mostly high plateau with higher central

plateau (high savannah); mountains in
east’

Rain Rainy season: November to March.”

Pattern Rainfall decreases from east to west.
The eastern mountains receive more
than 1,000 mm annually, while Harare
has 810 mm and Bulawayo 610 mm. The
south and southwest receive little
rainfall.?

Electricity sector overview

Thermal 27.5%

Hydropower 31.7%

Import 40.8%

0% 10% 20% 30% 40% 50%
Figure 1 Electricity generation in Zimbabwe

Source: Tradingeconomics’, Clean Energy Portal —
Reegle'
Note: Data from 2009.

In rural Zimbabwe, 80-90 per cent of people are heavily
dependent on wood fuel. Rural populations light their
homes with kerosene and carry out essential food
processing tasks such as milling grain, using diesel-
powered systems. Access to electricity is estimated
nationally at nearly 40 per cent, but access to electricity
in the rural areas of the country is about 19 per cent,
due to very high costs of extending the national
electricity grids. Electricity consumption was 998 kWh
per capita in 2006."

In accordance to the government policy to embark on
reforms of the electricity sector, a new Electricity Act
was enacted in 2002, bringing about the restructuring
and unbundling of the Zimbabwe Electricity Supply
Authority (ZESA) from a vertically integrated utility into
separate successor companies focusing on generation,
transmission and distribution, and service companies.
The new Act also provided for the setting up of an
autonomous regulatory body that would encourage new
investment in the electricity sector through appropriate
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regulatory, fiscal and environmental frameworks,
harmonized with those of the South African
Development Countries (SADC) and through strategic
partnerships.

In 2005, the Zimbabwe Electricity Regulatory
Commission was established in accordance with section
5 of the Electricity Act. However, in line with regional
trends in the regulation of the energy sector a policy for
the establishment of an all-encompassing energy sector
regulator that seeks to harmonize regulation in the
energy sector is being adopted. In this regard, the
Ministry was in the process in 2012 of enacting the
Energy Amendment Bill which seeks to synchronize the
Petroleum Act, the Electricity Act and other renewable
energy Acts that will provide for, among other things,
the setting up of an energy regulator to harmonize
regulation in the energy sector as a whole.”

Small hydropower sector overview and potential

The total hydropower potential on Zambezi River for
Zimbabwe and Zambia is 7,200 MW. There is a potential
to generate 120 MW from small and mini-hydropower
resources (20 MW from existing dams, 60 MW from
proposed dams and 43 MW from run-of-river sites).®

SHP installed
. 1.92 MW
capacity
SHP potential 120 MW
0 50 100 150

Figure 2 Small hydropower capacities in Zimbabwe
Source: Mbohwa’, Shakya®

The total installed small hydropower capacity in
Zimbabwe is unknown, however, there is information on
a few projects (see figure 2). A plant of 750 kW at Rusito,
in the Chimanimani area, is connected to the national
grid and has a Power Purchase Agreement (PPA) with
the national utility ZESA. Other plants are installed at
Kwenda (80 kW), Sithole-Chikate (30 kW), Svinurai (10
kW), Mutsikira (10 kW), Rusitu (700 kW), Nyafaru (40
kW), Aberfoyle (30 kW) and Claremont (250 kw).”®

Recently the Masvingo Rural District Council has
approved a USS$13 million, 5-MW small hydropower
project at Lake Mutirikwi. The application was made by
the Great Zimbabwe Hydro-Power Company, jointly
owned by a Zimbabwean company, ZOL, and its South
African partner, NuPlanet. The plant is one of two
currently being developed in Zimbabwe. It will be
situated on the 52 year-old, 63 metre crested Mtirikwi
Dam near Masvingo and will consist of one 5-MW



Francis turbine. Project commissioning is expected to
begin by March 2014.° The site has a very delicate
hydrology that called for an intense interaction between
the developers and the downstream users of the water.
The project is expected to enter into a Clean
Development Mechanism Programme of Activities for
small hydropower in southern Africa.’®™* Another 5-MW
facility at Tokwe-Murkosi is planned for completion in
2013."

Detailed plans do exist for the Manyuchi dam
hydropower plant. ZESA has long had plans to generate
electricity from the dam, but so far nothing has
materialized due to the shortage of funding. Studies,
however, show that the water availability should make
it possible to drive two 350-kW turbines 6,000 hours per
year to generate 4.2 GWh of electricity per year.”

Table 2
Micro hydropower schemes in Zimbabwe

Table 1 gives an overview of small hydropower projects
prioritized by the Zimbabwe Government for future
development. Table 2 provides examples of
implemented micro hydropower schemes in Zimbabwe.

Table 1
Priority small hydropower projects in Zimbabwe
District Site Type of plant Capacity
(MW)
Mwenezi Manyuchi Dam 14
Masvingo Mutirikwi Dam 5.0
Mutasa Osborne Dam 3.0
Bikita Siya Dam 0.9
Mutasa Duru Run-of-river 2.3
Nyanga Tsanga Run-of-river 33

Source: Ministry of Energy and Power Development”

Name Capacity Head Flow  Turbine; Number of jets Uses of power
(kW) (m) (I/sec)
Chipendeke 25 41.00 100 Pelton; 3 jets Household; end use, clinic, primary school
Dazi 20 121.00 30 Pelton; 1 jet Household; end use, clinic, primary school
Nyafaru 20 25.18 150 Crossflow; 1 jet Primary and secondary schools, boarding school facilities, clinic

Source: Khennas and Barnett™
Note: The schemes are part of the part of the Practical Action project.

Renewable energy policy

A draft policy energy framework was passed in 2008.

The objectives of the Energy Policy are:"

e To ensure accelerated economic development;

e To facilitate rural development;

e To promote small-medium scale enterprises;

e To ensure environmentally friendly energy
development;

e To ensure efficient utilization of energy resources.

Barriers to small hydropower development

With the current economic and political situation in
Zimbabwe improving, the drive by the Government to
encourage independent power producers, the prospects

for the development of small hydropower are promising.

The Government has in section 3.5 of their Energy Policy
2008 commented on the reasons for the limited
penetration of renewable energy technologies in
general including small hydropower:'°

* No clear policy and strategy;

¢ Limited qualified and experienced personnel;

e High upfront costs for the installation of the
technologies;

¢ Poor appreciation and demonstration of benefits;

¢ Poor back-up service especially in remote rural areas;
e Lack of foreign currency to import components;

e Application of ineffective marketing strategies
(technology drive).
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1.2 Middle Africa

Matty Fombong, Rural World Resources, Cameroon

Introduction to the region

The Middle African region comprises nine countries:
Angola, Cameroon, Central African Republic, Congo,
Democratic Republic of Congo, Chad, Equatorial
Guinea, Gabon, S3do Tomé and Principe. All the
countries belong to the Economic Community of
Central African States (ECCAS) and the Central African
Economic and Monetary Community (CEMAC).

The region is characterized by the Congo Basin, which
is home to one of the largest tropical forest and
wetland reserves. In addition, the region holds a vast,
but largely untapped, mining, mineral and agricultural
potential. The climate varies from tropical to semi-
arid; in a few cases a desert environment can be
found.

Table 1

Overview of countries in Middle Africa

Country Population Rural Electricity  Installed electrical Electricity Installed Hydropower
(million) population access capacity generation hydropower generation

(%) (%) (MW) (GWh/year) capacity (GWh/year)
(MW)

Angolaabc 18.056 70.0 26.2 1300 4172 782.4 3141

Cameroon®® 20.129 47.9 48.7 816 5700 720.0 4232

Central African 5.057 61.0 3.0 46 160 24.6 130

Republic®®

Dem. Rep. of 73.599 65.7 11.1 2442 7 452 2403.4 7 509

Congo™

Sdo Tomé and 0.183 38.0 60.0 16 41 9.0 10

Principe’

Total 117.024 - - 4620 17615 3939.4 15022

Sources:

a. International Energy Agency1

b. International Journal on Hydropower and Dams’
c. Sigma Group3

d. International Renewable Energy Agency4

e. Clean Energy Portal Reegle5

Notes: Electricity generation data is mostly available for 2008, while annual hydropower generation is available for 2010.

Table 1 provides overview information on the five
countries (Angola, Cameroon, Central African
Republic, Democratic Republic of Congo, Sdo Tomé
and Principe) for which detailed country reports are
available.

The region has the continent’s largest hydro-electric
potential and there is considerable interstate
cooperation in the field of hydropower electricity
generation.7 The countries are members of the
Central African Power Pool (CAPP) created in 2003,
with the vision to use the Central African hydropower
potential, estimated at more than 650 TWh/year.
CAPP aimed to develop the hydro potential via inter-
connected national networks, inter alia, which would
in turn create a free regional electricity market,
increase access to electricity to rural populations,
improve the reliability of the electricity system and
quality of supply in the whole region, thus reducing
poverty and encouraging development.

In comparison with the other sub-regions of the
continent, the Central African sub-region stands out as
the one with the least infrastructure network, in
particular transport and energy, which negatively
impacts the production capacities and regional trade,
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as well as, the social conditions and welfare.® It is also
the least populated sub-region and has the lowest
GDP.” Additionally, it contains five post-conflict
countries (i.e. Angola, Central African Republic,
Republic of Congo, Democratic Republic of Congo and
Chad) and an underdeveloped private sector.®

Small hydropower definition

The concept of small hydropower was introduced to
the region less than a decade ago; therefore no official
definition of small hydropower exists currently.

Regional overview

Four out of the nine countries (Angola, Central African
Republic, Democratic Republic of Congo and Sao
Tomé and Principe) use small hydropower (table 2).
Cameroon previously used small hydropower and has
considerable potential that can be tapped into. Chad,
on the other hand, does not use hydropower and has
no significant hydro potential, since a large part of its
area falls under the Sahara desert. Equatorial Guinea
is looking towards tapping into its substantial large
hydropower potential, while its small hydropower
resource potential has not yet been assessed.” Gabon
has several large hydropower plants and one of the
highest potentials for hydropower in Africa. It is



currently working on feasibility studies to increase the
electricity access in rural areas by the use of micro-
and mini-hydropower stations.” The Republic of Congo
with the capital Brazzaville mainly uses hydro plants to
generate more than 90 per cent of the national
production — only four per cent of its technically
feasible hydropower potential. The Republic of Congo
has the Grand Inga series of hydropower projects on
the Congo River at the Inga Falls, and if completed,
they could be the largest in the world. In addition, ten
potential small hydropower schemes have been
identified in the Republic of Congo with proposed
capacities ranging from 5-10 MW.” In May 2011, a
memorandum of cooperation concerning the
reconstruction of an urban power grid and small
hydropower projects was signed between the Ministry
of Energy and Hydraulics of the Republic of Congo and
China, this provides a positive outlook for the future
of small hydropower in the Republic of Congo.’

The engagement of small hydropower development in
the sub-region is principally due to favourable
government policies: such are the cases in Cameroon,
Democratic Republic of Congo (where focus is on large
hydro) and Angola. Lack of small hydropower
development in Chad, Sdo Tomé and Principe is
caused by the limited availability of hydropower
potential, while in places like Gabon and Equatorial
Guinea, it is due to lack of appropriate government

policy.

Table 2

Small hydropower up to 10 MW in Middle Africa
(Megawatts)

Country Potential Installed capacity
Angola at least 134.0 10.0
Cameroon atleast 22.0 0.0
CAR atleast 41.1 34.2
DRC at least 100.9 25.6
Sdo Tomé and atleast 30.0 6.0
Principe

Total 328.0 75.8

Sources: See country reports

After a decade of small hydropower introduction to
Central Africa, most governments have included small
hydropower into their energy plans. More than half of
the governments have started to search for funding
for studies and implementation. A few small
hydropower schemes are under execution in a couple
of countries. With the rise in fossil fuel costs, the
global clamour for renewable energies and the
availability of international funding, most countries
with small hydropower potential are attempting to
develop it. The engagement in small hydropower
development in Central Africa is increasing and will
soon become a major component of energy resources
in the medium- and long-term.
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1.2.1 Angola

Lara Esser, International Center on Small Hydro Power

Key facts

Population | 18,056,072

Area 1,246,700 km?

Climate Semi-arid in south and along coast to
Luanda; the north has a cool, dry
season (May to October) and a hot,
rainy season (November to April).
Temperature varies from 10°C to 31°C

Topography | Forty-seven hydrographical basins, well
irrigated by rivers coming from the
central plateau

Rain Hot summer months are very dry, with

Pattern almost no rainfall (June to August). Wet
season (October to April) with 100-250
mm per month. The wettest region is
the north-east, and the total rainfall
decreases southwards and towards the
western coast.”

Electricity overview

The national electrification rate was 26.2 per cent,
with 13.7 million people not having access to
electricity in 2011." The Angolan Government has a
National Electrification Programme, which has set a
target of increasing production to 7,000 MW, enabling
an annual per capita consumption of 4,000 kWh by
2016 — an eightfold increase in current consumption.
The medium-term goal is to develop capacity of 4,646
MW by 2017. There are also bottlenecks in the
transmission and distribution networks that need to
be overcome.”

Hydropower 79.8%

Oil 20.2%

0% 20% 40% 60% 80% 100%
Figure 1 Electricity generation in Angola
Source: Trading economics
Note: Data from 2010.

The Angolan Strategic Programme for Rural
Electrification is part of the National Programme and
also includes mini-hydro. Priority actions include the
building of new power plants (hydropower plants and
the reinforcement and expansion of the transmission
network to new municipalities and the construction of
transn;ission lines associated to the new power
lines).

There is a focus on the existing hydropower potential
in Angola and its strategic role in the regional energy
sector, the investment opportunities and the efforts
put forward by the Angolan Government to attract
private sector involvement in the energy sector.’
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Small hydropower sector overview and potential
Angola has enormous hydropower potential.
Hydropower currently provides three quarters of the
country’s electricity (figure 1). However, the civil war
destroyed facilities and the Government has not
succeeded in keeping supply in line with expanding
demand. The technical hydropower potential is
around 80 TWh/year and the economically available
hydropower potential is 72 TWh/year (18 GW). Less
than 900 MW (out of 18 GW overall potential) have
been developed so far.®

The colonial policy was highly oriented towards
medium- and large-hydropower schemes with the
objective to provide big cities and centres with
electricity. Pico-, micro-, mini- and small- hydropower
schemes for supplying indigenous people with
electricity were given less priority.

In 1975, when Angola became independent, there
were three separated electricity grid systems. Only 12
per cent of the Angolan population had access to
electricity, of which 90 per cent were in Luanda, the
capital. According to the 2011 World Atlas and
Industry Guide, Angola has started reconstructing
Cavango small hydropower plant (10 MW) in the
centre of the country, which was damaged during the
civil war. In July 2011, the Angolan Ministry of Energy
and Water announced that it intended to build 150
micro-hydroelectric projects. It said that so far the
administrative  procedures had already been
concluded, but neither specific localities to build the
projects nor the time to start operating were given. A
public tender to select a construction company, would
open soon. This action is part of the strategic plan of
the sector aimed to improve and expand the power
network countrywide.”

SHP installed capacity 10 MW

SHP potential 134 MW

0 50 100 150

Figure 2 Small hydropower capacities in Angola
Source: Hydro World’, Unknown®

Installed small hydropower capacity was 10 MW in
2008 (figure 2). The small hydropower development
programme (launched in 2008) by the Ministry of
Energy and Water aims to support preliminary studies,
technical and economic feasibility  studies,
environmental studies, engineering project design and
construction of pico-, micro-, mini- and small-
hydropower schemes with capacity up to 10 MW,
including transportation, distribution, public lighting
and optional infrastructures. More than 112 projects
have already been identified (table). Projects are
listed and grouped into short-, medium- and long-
term projects. Prioritization of projects was carried



Potential micro hydropower sites up to 10 MW in Angola

Province River Waterfall/Locality Expected power
(kw)

Bengo Loge Freitas Morna/ Ambriz 6 000 - 7 000
Bengo Lifune Nambuangong/ Nambuangongo 400
Benguela Catumbela Chicuma/ Chicuma 8
Benguela Catumbela Catumbela/ Cuvera
Benguela Cuiva Cuiva / Ganda
Benguela F.Sisalana/ Ganda
Benguela F. A Cubal/ Cubal
Benguela . F. Portelas/ Caimbambo
Benguela F.S. André ../ Chongoroi
Benguela F.Cadla ../ Balombo
Benguela F.Fasil ../Bocoio
Benguela Mamducha ../ Bocoio
Benguela Acucareira ../ Catumbela .
Bié Gango Muanga Tunbo/- 9300
Bie Gango Tassongue/- 1100-3 000
Bie Gango Quipelo/- 6 000- 1 500
Bie Gango Lunga/- 5500- 10 000
Bie Cutatu Embal Andulo/Andulo 6900 - 15 000
Bie Luvulo Samalanca/- 2 500-5 000
Bie Cutatu Cutatu/ Andulo 4100-10 000
Bie Cune Chivava/- 7 200-15 000
Bie Kuquema Cundende/ Kamakupa 700-1 000
Bie Cuito Chimbenda/- 300- 1000
Bie Cuemba Cuemba/- 6200 - 15 000
Bie Cunje Quissol/- 1800- 15 000
Bie Cuanza Cativa/- 8400 - 15 000
Bie Cuanza Cuanza/ Dando, Cama Cupa,

Catabola, Chipeta,
Bie Cuceque, Nedegiva -/ Nedegiva, Cassombi,

Muamdoge,
Bié Membia Membia/ Andulo 80 -500
Bié Cunje Cunje/ Catabola 2640
Bié Cuemba Cuemba/ Cuemba 275 - 500
Bié Kuito Kuito1/ Cidade Kuito 100
Bié Kuito Kuito2 / Cidade de Kuito 100 - 600
Bié Cuhinga Cuhinga/ N'Haréa 2 400
Cabinda Luali Luali/ Buco Zau 1500 -750
Cabinda Luali Luali/ Buco Zau 2500 - 750
Cabinda Ngoti e LufoNgoti -/ Belize
Cunene Calueque Caluueque/ Calueque 20-50
Huambo Culele Culele/ Babaera
Huambo Calai Chissola/ Cuima, Chissola 4300-6 500
Huambo Cuando Lucunde/ Cataala-Nova 6 500-6 500
Huambo Cuando Lava Cuando/ Lava do Cuando
Huambo Cuando Cuando/ Huambo 1200-3 200
Huambo Cuando Caringo/ Caringo 3400-5 000
Huambo Cuando Gungue/ Gungue 4.000-5 300
Huambo Cuando Lucunde/ Lucunde 6500
Huambo Capati Cabundi/ Cabundi 3600-14.5
Huambo Cului Catembulo/ Catembo 5000
Huambo Cuando Carngo/ - 3400-5 000
Huila Cuhui -/ Jamba 400 (500 KVA)
Huila Cuvango -/ Cuvango 160 (200 KVA)
Huila Caculuva -/ Chibia 16 (20 KVA)
Huila Chicungo -/ Chicungo
Huila Cavunge -/ Chicoma
Huila Simo -/ N'Gola
Huila Kubango Kuvango/ Mongonga Kuvango 2 866 (kVA)
Huila Cuvundi Cuvundii/ Chicomba 624 (kVA)
K.Kubango LombalLomba -/ Mavinga
K.Kubango Cutato Cutato/ Cutato
K.Kubango Cuito Moleo M’pupa/ Dirico,

Cuito Licua

K.Kubango Cubango Maculungungo/ Caiundo 2 500-5 000

Source: Unknown®
Note: This is an incomplete list.
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out according to social, economic and political
objectives. The main goal is to create the National
Data Bank on the Angolan small hydropower potential
in 2008-2013.°

The programme will implement up to 50 projects to
the preliminary and feasibility study stage and
construct 30 hydropower schemes. Up to 20 pico- and
micro-units are expected to be imported during this
period and will be sold to small rural consumers.
Furthermore, the programme wants to develop
conditions for the launching of siderurgical (iron- and
steel-works), metal-mechanic and electric industries
for the local manufacturing of some components. In
terms of population welfare, more than 4.4 million
people in local and rural areas from 15 provinces will
benefit from the programme and more than 7,000
permanent and temporary jobs will be created. The
total cost of the programme (2008-2013) is estimated
at more than US$900 million. The Government will be
responsible for 60 per cent and private investment
should cover the rest (40 per cent).?

Renewable energy policy

The Angolan Ministry of Energy and Water Affairs is
responsible for the National Energy Policy, including
the promotion of renewable energy sources. In
September 2012, the Ministry indicated that it was in
the process of creating legislation to regulate the
renewable energy sector. The idea behind it was to
deploy renewable sources to enable the expansion of
electricity to homes in need and to ensure that
citizens pay a fair price for energy.9
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1.2.2 Cameroon
Matty Fombong, Rural World Resources International,
Cameroon

Key facts

Population 20,129,878"

Area 475,650 km’

Climate The climate varies with the terrain,
from tropical along coast to semi-
arid and hot in north.

Topography The southern forests are of dense

vegetation, with abundant rainfall
resulting in a vast river network. The
high plateaus of the west form an
area of rich volcanic soil, which
favours agriculture. Savannah and
steppe in the north, where cattle
breeding predominates. In the
southwest, Cameroon’s maritime
border with the Atlantic Ocean is
about 420 km.

Rain Pattern | Annual rainfall is highest in the
coastal and mountainous regions.
Main wet season (May to
November) for the country comes
when the West African monsoon
wind blows from the south-west,
bringing moist air from the ocean.
The wettest regions receive more
than 400 mm per month of rainfall,
but the semi-arid northern regions
receive less than 100 mm per
month. The southern plateau region
has two shorter rainy seasons (May
to June, October to November).?

Electricity sector overview

In 2010, grid electricity access was approximately 15
per cent in rural areas and 50 per cent in urban areas,
while the percentage of households with electricity
was 32 per cent. The country’s current 32 per cent
electrification remains low and is a handicap to the
production of goods and services. In rural areas, the
rate is only about 3.5 per cent. The government’s
objective is to ramp up the country’s electrification
rate to over 48 per cent and the rural electrification
rate to over 20 per cent by 2020.

Natural gas 8.9%
Oil sources 15.5%

Hydropower
t T T T

0% 20% 40% 60% 80%

Figure 1 Electricity generation in Cameroon
Source: Trading Economics®

75.4%
|

Although Cameroon is an oil-producing country and
has large gas reserves, extraction is limited.
Cameroon's energy balance shows a clear
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predominance of renewable energy sources,
particularly biomass. In 2010, the total installed
electricity capacity was 816 MW (thermal: 12 per cent,
hydro: 88 per cent). Figure 1 gives on overview of the
electricity generation mix.

The electricity grid (1,800 km of high voltage [90KV]
and 12,000 km of medium voltage [30KV] lines)
primarily runs between the capital, Yaoundé and the
major port city of Douala. Much of the North of the
country is yet to be connected to the grid. The sole
transmission and distribution system is owned by the
vertically integrated power utility American Electricity
Supply-Sonel (AES-Sonel). Cameroon is also inter-
connected to its neighbouring countries, i.e. with
Nigeria, Equatorial Guinea, Nigeria and Chad.

To stem power cuts, and seasonal load shedding a
national electricity development programme has been
developed, targeting mainly the construction of large
hydropower projects. Cameroon hopes to triple
electricity output to 3,000 MW by 2020 through a
series of hydro and thermal generation projects.

Private producers may now obtain licence and
concession agreements to generate electricity from
small hydropower resources and then sell directly to
consumers in non-grid localities or sell to AES-Sonel
where it already has installations.

From 2011 to 2013 a project including the Rural
Energy Agency aims to upgrade power supply in terms
of quality in two localities already electrified by the
AES-Sonel utility, with a diesel generator set by means
of hydropower injection. This should be the first
example for a rural electrification project in the
country carried out by an investor from the private
sector within the existing regulatory framework.*

Small hydropower sector overview and potential

The hydropower types in Cameroon are not well-
defined. Cameroon has the second Ilargest
hydropower potential in sub-Saharan Africa (table).
Total potential is estimated about 20-23 GW, with a
production potential of 103 TWh per year (figure 2).
There are three main hydro facilities with a total
installed capacity of 735 MW.

SHP installed capacity |0 MW

22 MW

0 5 10 15 20 25

Figure 2 Small hydropower capacities in Cameroon

SHP potential

Mini- and micro-hydro projects were first developed
during the colonial period. They fell into disrepair
shortly after independence due to lack of spare parts
and technical know-how. The power stations were



ravaged by vandals for parts and copper scrap. None
have been rehabilitated so far.

In 2005, experts from the International Center on
Small Hydro Power evaluated the rehabilitation of the
two of the abandoned small hydropower sites: Yoke
and Mallale in the south west region. However there
was no follow-up after the study. Recently the
Government has announced a tender for the
construction of a 3-MW mini hydro station in the
south west region known as Ngassona Falls 210.

The Cameroon Government has obtained a loan from
the International Development Association of the
World Bank, for financing rural electrification through
the Fund for Rural Energy and intends to use a portion
of these funds to subsidize local initiative projects for
rural electrification, which shall be signed with project
promoters selected at the end of the present call for
tenders.

Hydropower potential in Cameroon

(Megawatts)

Size Potential output
Large hydro 3968.00
15 sites (above 10 MW each)

Pumped storage 1100.00
Abi Falls * 2.00
Aswenjway ® 2.00
Firsoh® 1.00
Menka® 1.00
Mirzam Birtah1® 4.00
Mirzam Birtah 2 3.00
Ngassona 210 3.00
Yoke (rehabilitation) 2.00
Mini hydro (1- 10 MW capacities) 18.00
Ako® 0.20
Akoaja’ 0.30
Bambui-bambili® 0.45
Bonambufei-Teze 0.25
Fumnjuh [private storage]® 0.20
Itoh-Jikijem ° 0.22
Kwang-Melumdi® 0.25
Mallaley (rehabilitation] * 0.40
Menka® 0.10
Menteh* 0.15
Mundum* 0.10
Ngunoh Aku* 0.25
Njinikom * 0.13
Ombe* 0.80
Shingar® 0.10
Micro hydro (< 1 MW each)? 3.90
Total 5089.90

Note: a. Sites surveyed by Rural World Resources International

Cameroon considers Environmental Impact
Assessment (EIA) as crucial to any hydropower
project, whether big or small. Authorization,

concession right or licence for any hydropower project
must include a detailed EIA carried out by a
competent authority in the field. Only generation and
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utilizations below 100 kW in private property may be
exonerated from expert EIA submission but it must be
included nonetheless.

Renewable energy policy

The Government’s policy seeks to get the country out
of under-development through the implementation of
an energy plan under the long-term Energy Sector
Development Plan (PDSE 2030) and the Poverty
Reduction Strategy Paper. Cameroon’s development
objectives targeting 2035, envisage substantial
investments in the energy sector by 2035 and the
inclusion of renewables. The policy goals of the
Government are to warrant energy independence
through increased production and delivery of
electricity, of oil and gas (petroleum resources) and to
guarantee  their  contribution to  economic
development.

Barriers to small hydropower development

Power production, transportation and sale have been
liberalized in Cameroon. Since the sole electricity
supplier is deficient, a protocol has been arranged
with the Government for the power corporation to
buy electricity from private producers through a
power purchase agreement. The government grants
the rights for development (without licence) of small
hydropower to individuals, corporations and
communities for self-use in private property that does
not involve transportation through public territory or
the sale of electricity. Commercialized small hydro-
power development must undergo rigorous control
and entails a licence and a concession agreement with
the competent authorities.

Barriers to small hydropower development at
moment also include difficulties in obtaining
authorizations, concession rights and licences;

acquiring appropriate funding and technology, and
the risk of hindrance to operation and maintenance by
high taxes, pilfering and local sabotage of structures.
The greatest barrier for small hydropower exploitation
in Cameroon is red tape.
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1.2.3 Central African Republic
Lara Esser and Kai Whiting, International Center on
Small Hydro Power

Key facts

Population 5,057,208"

Area 623,000 km?

Climate Tropical climate, with a distinct dry
season (December to May) followed
by a wet season. Annual average
temperature is about 24°C with little
variation.

Topography Vast, flat to rolling, monotonous
plateau; scattered hills in northeast
and southwest'

Rain Pattern Annual average rainfall is 1,500 mm.

Electricity overview

In 2003, only three per cent of the population had
access to electricity, partly as a result of the
infrastructural damage to the power sector caused by
the war.>?

A total of 162 GWh was produced by Energie
Centrafricaine (ENERCA), of which 130 GWh from
hydropower.2 However, additionally there are private
producers also using diesel, petrol generators and
solar PV and micro hydropower4. Detailed information
was not available.

The Central African Republic’s total installed electrical
capacity is 39 MW. Currently, only eight per cent of
the urban population has access to electricity, the
provision has been unpredictable.’

An increasing proportion of people living in towns are
using diesel- or petrol-powered generators to produce
their own private electricity, including businesses (e.g.
mining, logging companies, agro-industries), planters
as well as religious missions.” Connecting to the grid is
expensive, and firms - most of which are small and
informal - wait around seven months to get
connected.’

Among the energy sources utilized 87.7 per cent is
wood, 10.9 per cent oil and 1.4 per cent hydropower.
The oil consumption is not uniform in the whole
country; it is high though in mining regions where
petrol is used for pumping water.

Power cuts due to ageing machinery, difficulties in
finding replacement parts for maintenance and the
negative impact of multiple power cuts on different
services and the economy, as well as household use,
led to the decision to liberalize the energy sector by
the Government and the Ministry of Mines, Energy
and Water Resources. In 2005, the Parliament
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adopted the Electricity Code favouring foreign and
private investments.’
Small hydropower sector overview and potential

SHP installed capacity 34 MW

SHP potential 41.1 MW

0 10 20 30 40 50
Figure 1 Small hydropower capacities in the Central
African Republic

There are records of nine small hydropower plants
operating in the Central African Republic. Some of
these are installed in towns (e.g. six small hydropower
plants with aggregated installed capacity of 5 MW,
representing 12.82 per cent of the country’s total
installed capacity in small hydropower (see table 1)
and two other small hydropower stations are located
in the area of the Boali falls, with an aggregated
installed capacity of 18.65 MW (representing 87.18
per cent of the country’s total installed capacity in
small hydropower (table 2). Boali 1 and 2 have only
been partially refurbished in the last years and are
hence in a terrible state. In 2007 the government
started construction of Boali 3, an additional 10-MW
hydropower plant which was not yet operational in
2011.°

Table 1
Installed small hydropower capacity under 10 MW in
the Central African Republic

Project ID Head Flow rate of water Q Output

(m) (m°/s) (kw)
Kembe 14 1.2 500
Soungbe 9.5 1.4 1400
Toutoubou 60 1.40 712
Baidou 5.5 12.30 2320
Mbeko 6.0 1.60 350
Bria 2.5 18 300
Total 5582

Eleven potential small hydropower schemes have so
far been identified in Central African Republic, which
would add an aggregated capacity of 6.832 MW (see
table 3).

Renewable energy policy

In 2004, the Central-African government adopted a
national energy policy framework favouring
renewable energies, with a view to reduce poverty
over the period of 2005-2015.* The Poverty Reduction
Strategy Paper (2008-2010) mentions the need to
diversify energy sources, by expanding rural
electrification, building micro hydropower plants,
electrifying villages using PV systems and developing
biomass energy.



Table 2

Small hydropower plants in the Central African Republic

Name

Technical specifications

Installed capacity

Boali 1 (built in 1954) Type: Francis Turbine (horizontal axe) N= 8,750 kW
Water flow : Q= 20 m3/s, Head: H=52 m
Unit capacity= 1,750 kW Power loss = 150 kW
Boali 2 (built in 1976) Type: Francis turbine (vertical axe) N=9,900 kW
Water flow: Q= 36 m3/s Head: H=64m
Boali 3 (dam already built but still Type: Kaplan N=10 MW
awaiting for turbine installation due Unit capacity= 5000kW
to financing (about €20,000 000). Negotiation ongoing for China Private Group’s assistance for completing
project
Table 3
Potential small hydropower schemes in the Central African Republic
River Locality Site name Head Flow Power Level of studies
(m) (m3/s) (kW)
Loamé Boda Gbassem 15.00 6.00 720  Front-end engineering and design
Toutoubou Carnot Toutoubou 60.80 1.50 760  Feasibility
Baidou Bambari Bac 5.00 14.00 560 Feasibility
Mbéko M’baiki Mbéko 60.00 1.75 840  Feasibility
Lobaye Baoro Pont 6.00 1.50 70  Preliminary
Ouham Bossangoa Soumbé 5.00 10.00 1600  Preliminary
Nana Kaga-Bandoro Nana 18.00 13.40 1950  Preliminary
Mambéré Baboua Gbassem . . L
Lomé Dédé-Mokouba Dédé-Mokouba 2.00 1.50 20 Identification
Mbounou Maloum Maloum 3.00 0.36 12  Identification
Mba Dimbi Dimbi 10.00 2.00 300 Identification
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1.2.4 Democratic Republic of the Congo
Roger Limoko Bosomba, Société Nationale
d'Electricité, Direction de I’Electrification Rurale,
Democratic Republic of Congo

Key facts

Population | 73,599,190

Area 2,345,000 km?

Climate Tropical; hot and humid in equatorial
river basin; cooler and drier in
southern highlands; cooler and wetter
in eastern highlands; north of Equator.
Wet season is from April to October,
dry season is from December to
February; south of Equator. Wet
season is from November to March,
dry season is from April to October.
Temperatures range from 25°C to
37°C

Topography | Large Congo River basin in the centre
of the country covered by equatorial
rain-forest. The whole land is
forested, more or less thickly. There
are plains and slopes in the west, hills
in the north and south and mountains

in the east.

Rain
Pattern

Frequent rainfalls throughout the year
over the whole country. Average
annual rainfall is 1,200 mm, with the
heaviest rains in November and
December.

Electricity overview

The country has oil, gas and uranium reserves.
Electrification is essentially based on large hydro-
power plants, with the most important site being Site
d’Inga in the South-West of the country (figure 1). It
alone already contains an assessed total of 44 GW.
The Inga site includes large hydropower plants Inga |
(351 MW installed capacity; 2.4 TWh/year electricity
production; built in 1972) and Inga Il (installed
capacity of 1,424 MW, 10.4TWh/year electricity
production; built in 1982). Two more projects at the
same site are under consideration: in the medium
term Inga Il (3,500 MW) and in the long term Grand
Inga Scheme (39,000 MW).3 Furthermore, there is an
on-going rehabilitation programme for Inga Il.

The electrification rate is 11.1 per cent with 58.7
million people without access to electricity.” A Rural
Electrification Programme was launched in 2004 and it
aims to stabilize the rural population and to reduce
rural exodus® The programme should benefit 80,000
identified communities (100-500 kW/centre) as well
as contribute to the reliability, restoration and
extension of the national grid. It will also enable the
export of excess electricity for financing some national
electrification projects. But until now, the programme
has not properly started. No financial support has

75

been made available to Société Nationale d'Electricité
(SNEL) - the state-owned electricity utility in charge of
power generation, transmission and distribution - to
materialize any project. As a result, SNEL has only
been able to achieve one-seventh of the
electrification target.

The electricity sector is liberalized and some private
companies produce and sell electricity to consumers
(Société d'électrification du Nord Kivu with 2 MW in
Butembo, and Electricité du Congo (EDC) generating
1.2 to 9 MW in Tshikapa). There are also some auto-
producers who generate electricity for their own use®
It is difficult to estimate the installed capacity of
hydropower in the Democratic Republic of the Congo.
SNEL and its facilities, i.e. the State, represent 99 per
cent of the installed capacity.

The Ministry of Energy is in charge of the energy
sector and potable water. It defines the national
energy policy. There is no independent regulator in
the Democratic Republic of the Congo. The problem of
involving the private sector in the electricity supply
industry is the main concern of the Government. It is
hoped that the legal and regulatory framework will
soon be defined. There is one division within the
Ministry of Energy in charge of Rural Electrification,
which works with the Rural Electrification cell of
SNEL.?

Table 1
Installed power capacity in the Demacratic Republic
of Congo

Year 2005 Year 2010
Installed capacity (total) 2436.90 MW 2442 MW
- Hydro 2418.30 MW
-Thermo 18.60 MW .
Gross production (total) 7 193 484 MWh 7 518 GWh
- Hydro 7186 523 MWh 7 509 GWh
-Thermo 6961 MWh
Net production (total) 7178 253 MWh
- Hydro 7171441 MWh
-Thermo 6 812 MWh
Energy sold 5741926 MWh
Sources:
a. Limoko, and Bampufu4
b. Trading Economics®
Note: Based on the public works SNEL.
Oil [0.2%
Natural Gas |0.4%
Hydropower 99.4%
0% 20% 40% 60% 80% 100%

Figure 1 Electricity generation in the Democratic
Republic of the Congo
Source: Trading Economics®

Small hydropower sector overview and potential

The gross theoretical hydropower potential is 1,397
TWh/year (evaluated in 1997). The total technical
hydropower potential for the country is around



100,000 MW (evaluated in 1997). The economically
feasible potential is 419,210 GWh/year (evaluated in
1991 based on sites in operation, studied and
inventoried, assuming 100 per cent load factor), see
table 3 for potential sites. Less than one per cent of
the technically feasible potential has been developed.

In 2011, the national installed hydropower capacity
was 2,418.30 MW. There are 11 hydropower plants
with capacities larger than 10 MW. There are five
small hydropower plants with a total installed capacity
of 25.61 MW (figure 2). The youngest plant, Mobayi
Mbongo in the province of Ecuador to the north, was
built in 1989 (table 2).

SHP installed capacity 25.6 MW

SHP potential 100.9 MW

0 20 40 60 80 100 120

Figure 2 Small hydropower capacities in the
Democratic Republic of the Congo
Table 2
Installed small hydropower capacity in the
Democratic Republic of Congo
Name Commissioning Owner Capacity
(Province) (Year) (MW)
Moba . Public 1.00
Mpozo (Bas 1960s Public 221
Congo)
Lungudi (Kasai 1960s Public 2.00
Occidental)
Kilubi (Katanga) 1960s Public 9.90
Mobayi Mbongo 1989 Public 10.50

Note: List is incomprehensive as there are other unknown smaller
private plants (self-producers).

Massive hydropower potential is available and more
than 350 sites have been identified.

Positive aspects for small hydropower development in

the Democratic Republic of Congo are:

e Access to electricity and drinking water is a right
in the new Constitution;

e The energy sector reform is on-going;

e The electricity sector has been liberalized;

e Hydro sites have been identified and many
studies are available;

e There are needs to increase the national
electricity access rate through development of
the country’s abundant hydropower resources;

e Incentive policies are provided to attract foreign
investors.
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Table 3
Small hydro potential under 10 MW in the
Democratic Republic of Congo

Name (Province) Potential capacity

(MW)
Kakobola * 6
Ruki 5.3
Lepudungu 3
Ruwenzori | 6
Ruwenzori ll 6
Kisalala ® 7.5
Rutshuru 4
Ngingwe 3
Binza 5
Osso 3
Mwenga 9.5
Piana Mwanga Il 8.4
Delporte 5
Tshilomba ° 3(or2.4to7)
BRI de Lubilanji Il 4.2
Tshala Il 12
Katende/Bombo 10
Lukenie 3
Butembo ° 1-6
Lubilanji 2° 4.2

Sources: Dikangala and Bavuezas, International Journal on
Hydropower and Dams®

Notes:

a. In planning, construction

b. In planning, missing funding

Barriers to small hydropower development

In general, infrastructure development has been
hindered in the Democratic Republic of the Congo due
to instabilities caused by the country’s
democratization process in the past 50 years. Building
of small hydropower plants near viable economic
centres, as planned by the rural electrification
programme, has been a challenge until now also due
to lack of funds.
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1.2.5 Sdo Tomé and Principe
Lara Esser and Kai Whiting, International Center on
Small Hydro Power

Key facts

Population | 183,176

Area 960 km’

Climate Tropical, hot and humid, with one
rainy season (October to May)

Topography | Island, volcanic, mountainous

Rain Annual rainfall is 5,000 mm in the

Pattern southwest and 1,000 mm in the north.

Electricity overview

The fact that 40 per cent of the population lack access
to electricity has been identified by the sio Toméan
Government and international donors as a central
constraint to the island nation’s development.2

Hydropower 8.37%
Diesel 91.63%
0% 20% 40% 60% 80% 100%
Figure 1 Electricity generation in Sd Tomé and
Principe

Source: Ministry of Planning and Finance®

The country’s generation and transmission systems
need considerable investment for maintenance and
capacity expansion.” There is a high degree of reliance
on traditional biomass fuels for basic energy needs.
An estimated 30 GWh/year are available from
biomass utilization. Sustainable use of forestry
resources is therefore of paramount concern.

Daily blackouts on the islands of Sdo Tomé and
Principe have driven large electricity customers off-
grid and towards the alternative of diesel generators.
Furthermore, the national utility is running at high
technical and financial losses. According to the
estimates of World Bank, about 70 per cent of the grid
needs urgent maintenance. Governance and
management account for heavy financial losses of the
utility; high generation costs, low efficiency and,
notably, the dependence on oil imports are also
important factors for the renewable energy sector
development.2

Of the total installed generation capacity of 16 MW
about 2 MW is a hydropower plant, while the
remainder are conventional thermal turbines (figure
1). The country and its energy sector are dependent
on oil imports from Angola (approximately 650 barrels
of oil per day), and imposes a heavy burden for its
balance of payments. In the future, the demand for
electricity will increase, for example the harbour being
constructed in Sdo Tomé alone will need about 21
MW of installed capacity.
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Empresa de Agua e Electricidade (EMAE) manages
water and electricity supply. A European Union Energy
Initiative Partnership Dialogue Facility project intends
to provide capacity development in technological
renewable energy solutions that are available on the
islands through the provision of training in solar
photovoltaic, wind energy, and micro hydropower.2

The country’s total installed electricity capacity in
2007 was 15.6 MW (hydro: 58 per cent, petroleum
products: 42 per cent).4 Electricity is provided by
EMAE, a 100-per cent vertically-integrated company,
which falls under the jurisdiction of the Ministry of the
Environment, Infrastructure and Natural Resources.
This Ministry is also responsible for the development
of the energy sector, including capacity building.
Empresa Nacional de Combustiveis e Oleos (ENCO) is
responsible for the wholesale of oil and petroleum
products in the country.”

Autoridade Geral de Regulagdo (AGER), under the
Ministry of  Telecommunications, developed
capabilities in the power business. AGER prepared the
Bill of Law to define rights and obligations of
concessionaries and licensees in the generation,
transmission, distribution and marketing of energy.4

Small hydropower sector overview and potential
6 MW

SHP installed capacity

30 MW

0 10 20 30 40

SHP potential

Figure 2 Small hydropower capacities in S8o Tomé
and Principe

Source: International Journal on Hydropower and
Dams’

It was announced in 2008 that the Portuguese
company Soares da Costa planned to finance, build,
own and operate 12 small hydropower plants with a
total capacity of 30 MW. Under the contract, the
company will also operate existing small hydropower
plants in the country. Construction of the first new
plant, Roca Bombaim (4 MW) started in early 2008. All
output of the plants will be sold to the State company
EMEA.” According to the Clean Energy Portal-Reegle, a
privately owned micro-hydropower system already
exists on the Augustino Neto plantation.”

The Government has announced that it was very keen
to develop hydropower capacities to reduce
dependence on thermal power production. No
governmental agency is currently involved in the
promotion of, or research on the use of sustainable
energy in the country.4



Studies conducted by EMAE conclude that the country
has potential for additional hydropower generation,
but more analysis needs to be carried out. Preliminary
feasibility studies for 14 sites suggest investment costs
rang4ing from USS$3,000 to USS$10,000 per installed
kw.

Renewable energy policy

Currently the Government has a strong focus on crude
oil production with oil expected to start flowing in
2016. Agreements with Nigeria and infrastructural
development for fossil fuel excavation dominate
political activity. There have been some efforts to
consider diversification practices to avoid the negative
impact of low growth and high unemployment outside
of the oil sector.® It will be important that other
energy options with a longer term future are
considered for the sustainable development of the
islands.

Barriers to small hydropower development
Reportedly, a vision for the energy sector is missing
and planning capacity in the Ministry and the national
utility needs to be enhanced. Various donors have
small, insular projects that are neither integrated into
a wider vision or strategy, nor are they connected to
the relatively small grid.3 The focus of the
Government on future oil production is also diverting
attention from small hydropower development.
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1.3 Northern Africa

Hussein Elhag, African Energy Commission, Algeria

Introduction to the region

Northern Africa is an ensemble of seven countries
including Algeria, Egypt, Morocco, Sudan, Libya, Tunisia
and Western Sahara. Five of these countries currently
use hydropower, including small hydropower.

The climate is an important factor. Morocco, Algeria,
and Tunisia comprise of desert areas and contrasting
coastal mountainous areas. Egypt’s Nile Valley and Delta
interrupt its desert plateau and the Nile River flows
through Sudan. Libya does not use any hydropower,
particularly since it is mainly covered by desert and flat
terrain. Libya, as of September 2012, has no plan to

develop hydroelectric power and any plans to develop
have so far not been materialized."

Due to its climate and desert conditions, this region has
abundant solar power potential often suppressing any
incentive to invest in hydro technology. The North
African region contains one of the major initiatives
called DESERTEC. The Desertec industrial initiative (Dii)
is a coalition of companies that would like to build a vast
network of solar and wind farms across North Africa and
the Middle East to provide 15 per cent of Europe’s
electricity supply by 2050.% Plans for the first phase of a
solar farm of 500 MW in Morocco were well advanced
by the end of 2012.>

Table 1

Overview of countries in North Africa

Country Total Rural Electricity Installed Electricity Hydropower Hydropower
population population access electrical generation capacity generation

(million) (%) (%) capacity (GWh/year) (MW) (GWh/year)
(Mw)

Algeria 37.367 56 99.3 11332 45170 282 560

Egypt 83.688 57 99.6 24726 139 000 2 800 12 863

Morocco® 32.309 43 97.0-98.0 6344 22851 1700 3631

Sudan® 34.206 60 35.9 1268 4323 550 7 250

Tunisia® 10.732 33 99.5 3598 14 866 ~70 300

Total 198.302 - - 47268 226 210 5402 24604

Sources:

a. The International Journal on Hydropower and Dams”

b. Morocco Agence Nationale pour le Développement des Energies Renouvelables et de I'Efficacité Energétique’

c. Reegle6

d. Tunesia Société Tunisienne de I'Electricité et du Gaz Energies Renouvelables’

Note: South Sudan attained its independence on 9 of July 2011, therefore the Sudan 2010 hydropower production data includes data from South Sudan.

The countries of North Africa facing the Mediterranean
Sea are currently enjoying the highest electrification
rates in Africa, some of which above 99 per cent, thanks
to the rich gas and oil resources in the region. However,
these countries are likely to run out of hydrocarbon
resources by 2050 and are therefore cautiously tapping
on other energy resources mainly solar, wind and
nuclear. Despite the promising future of renewable
energy businesses in the region, most of these countries
have taken solid steps towards developing nuclear
energy for power generation. Egypt has planned to start
the construction of its first nuclear power plant and it is
expected to enter into operation by 2020. Algeria,
Morocco and Tunisia have similar ambitious plans.

Small hydropower definition

Apart from Tunisia and Morocco, the other countries do
not have any official small hydropower definition. In
Morocco, only hydropower plants below 12 MW are
considered as renewable energy (table 2).°
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Table 2

Classification of small hydropower in Northern Africa

Country Small Mini Micro Pico
(MW) (MW) (kW) (kW)

Morocco 2<-<8 0.55-<2 5<-<500 -<5

Tunisia 1-10 0.1-1 20-100 <20

Sources: Agence Nationale pour le Développement des Energies
Renouvelables et de I'Efficacité Energétique’, Société Tunisienne de
I'Electricité et du Gaz Energies Renouvelables’

Regional overview and potential

Five countries in North Africa use small hydropower.

e Over 90 per cent of the electricity production in
Algeria is based on natural gas, therefore interest
and investment in small hydropower, let alone the
hydro sector, is at a minimum despite the existence
of hydropower resources.’

e Egypt has a well-developed hydropower sector that
has been strengthened by governmental policies.
The remaining potential cannot be calculated due



to the lack of data, however opinions and views
gathered during research showed that most of the
resources have already been developed.

e Although hydropower in Morocco is hindered by
climatic disadvantages, potential for micro and mini
small hydropower is prominent in the country.

e Sudan, despite its volatile history, has experienced
higher interest in the energy sector after the
introduction of the year 2000 Energy Laws.

e Tunisia greatly relies on its natural gas reserve as
well as imports from neighbouring country Algeria,
thus, it has not invested in hydropower, except for
its northern area. Significant potential for small
hydropower is available in the country and the
Government is motivated to promote the use of
hydropower, however, efforts are obscured by a
lack of awareness and incentives.

The total known installed small hydropower capacity in
North Africa based on the information that was
available is around 115 MW. The potential of small
hydropower was estimated to be approximately 184
MW. The statistics have been underestimated, due to
the lack of information.

Morocco, followed by Tunisia, has the most amount of
installed small hydropower (according to the 10 MW

definitions), while Algeria’s installed capacity is
unknown (table 3).

Table 3

Small hydropower up to 10 MW in Northern Africa
(Megawatt)

Country Potential Installed capacity
Algeria atleast 35 35
Egypt 32 7
Morocco 54 37
Sudan 34 7
Tunisia at least 29 29
Total 184 115

Sources: see country reports and references therein.

Notes: The small hydropower gross potential has been reported as
river potential for Egypt (68.2 MW) and Tunisia (37.1 MW), however it
is not clear what kind of small hydropower classification was applied.10

In general, due to the climate and the little-known
resource potential of small hydropower in the region,
small hydropower development will probably continue
to develop slowly. Only Morocco and Sudan have some
more feasible sites that could be developed and only
Tunisia encourages the use of small hydropower plants
as part of its national promotion programme for
renewable energy.""
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1.3.1 Algeria

Kai Whiting, International Center on Small Hydro Power

Key facts

Population 37,367,226"

Area 2,381,741 km’

Climate Arid to semi-arid; mild, wet winters
with hot, dry summers along coast;
drier with cold winters and hot
summers on high plateau; sirocco is a
hot, dust/sand-laden wind especially
common in summer.

Topography Consisting mostly of mountains, hills
and small plains along the coast

Rain Pattern Precipitation varies from over 1,200
mm in the coastal basin to very little in
the Sahara desert."

Electricity sector overview

Algeria has the tenth largest reserves of natural gas in
the world and is the sixth largest gas exporter. The
country exports to Europe through two gas pipelines: to
Italy via Tunisia, and to Spain via Morocco. Three
additional pipelines, namely Medgaz, Galsi and Trans-
Saharan were in development as of 2011.

The Algerian Electricity Law in 2002 addresses that the
country’s energy sector is incompatible with
international standards. Under this law the state—owned
electricity and gas monopolist Société Nationale de
I'Electricité et du Gaz (Sonelgaz) unbundled its activities,
and an independent regulatory body was established.

In 2010, total electricity generation was 45 TWh. Figure
1 presents the electricity generation sources in the
country.

Hydro | 0.38%
Diesel ] 0.89%
Steam ] 21.46%
Gas 30.94%
Not specified 46.33%
T T T T )
0% 10% 20% 30% 40% 50%

Figure 1 Electricity generation in Algeria

Source: Commission de Régulation de I'Electricité et du
Gaz’

Note: Not specified - producers that are not Sonelgaz.

Over 90 per cent of the electricity production in Algeria
uses natural gas (the remaining 10 per cent comes from
fuel oil/diesel and hydropower). Algeria has an
electrification rate of 99.3 per cent, leaving 200,000
people with no access to electricity.’
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Currently around 280 MW installed hydropower
capacity is in operation (560 GWh/year), with plants of
capacities between 1 and 50 MW (table).* In the period
between 1971 and 2010, the average percentage
contribution of hydropower to the total electricity
production was four per cent. The highest value was
registered in 1973 (26.8 per cent) and the lowest value
in 2002 (2 per cent).” Hydropower is expected to
account for 1.2-1.3 per cent of electricity generation by
2025.°

Installed hydropower capacity in Algeria

Plant® Capacity  Date of commission
(MW) (Year)

Ighil Emda 24 1952

Darguinah 66 1952

Erraguene 16 1962

Mansouriah 100 1963

Off irrigation channels or water 43

flow

Total 249

Source: Maghreb Electricity Committee’
Note: a. Owner for all plants is Sonelgaz

Small hydropower sector overview and potential

In light of the international small hydropower definition
of 10 MW upper limit capacities, there are at least 35.3
MW of small hydropower plants installed in Algeria
(figure 2). However the full installed capacity cannot be

confirmed, since a sufficiently detailed list of
hydropower plants was not available. The small
hydropower potential is unknown.
SHP instglled 35.3 MW
capacity
SHP potential | unknow n
] 10 20 30 40

Figure 2 Small hydropower capacities in Algeria

Renewable energy policy

The agency responsible for renewable energy is New
Energy Algeria (NEAL). Under the 2011 Renewable
Energy and Energy Efficiency National Programme for
the period between 2011 and 2030, the goal was to
generate 40 per cent of energy from renewable
resources.” This approximates an installed electricity
generation capacity of 22 GW: 12 GW for domestic use
and 10 GW for exports.™

During this period the aim was to reach five per cent of
the national electricity supplied from concentrated solar
power with thermal storage capacity. Algeria therefore
plans to install a total of 650 MW solar energy by 2015.°
11



One of the objectives on renewable energy
development by the Ministry of Energy and Mines
(MEM) is to supply energy to the isolated zones, far
from the gas distribution networks (such as the
electricity and oil products). Another objective is to
contribute to the preservation of hydrocarbons reserves
by the development of renewable energy resources,
particularly solar.

Barriers to small hydropower development

All forms of hydropower in the region are facing
stagnation in potential expansion due to geographical
and climatic limitations. This in turn forces the
Government to move funding and opportunities away
from the hydropower sector and towards alternative
technologies such as wind and solar, which have
increasingly become more attractive options."” This is
reflected by the fact that hydropower is absent from the
MEM’s Renewable Energy and Energy Efficiency
National Programme. Furthermore, researchers in the
field have also openly claimed that hydropower was
excluded from the evaluations of renewable energy
potential.”
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1.3.2 Egypt
Kai Whiting and Pascal Hauser, International Center on
Small Hydro Power

Key facts

Population 83,688,164"

Area 1,001,450 km”

Climate Desert climate is prevalent, with hot,
dry summers (May to October) and
moderate winters (November to April)

Topography Vast desert plateau interrupted by the

Nile valley and delta

Rain Pattern Egypt receives less than 80 mm of
precipitation annually in most areas,
although in the coastal areas it reaches

200 mm.’

Electricity sector overview

The electricity supply in Egypt is highly dependent on
fossil fuels, generating electricity mostly through
conventional thermal power stations. The total installed
power capacity in Egypt is 24,726 MW. The percentage
of electricity generated from hydropower is 12 per cent
and is not likely to increase in the short term as the
newer plants being built are mainly based on fossil fuels
(figure 1).2

Wind 2.00%

Hydro 11.30%

Gas isolated plants 11.50%

Combined cycle

. 28.90%
isolated plants

Steam isolated plants 46.30%

0% 10% 20% 30% 40% 50%
Figure 1 Electricity generation in Egypt
Source: Ministry of Electricity and Energy/ Egyptian
Electricity Holding Company*
Note: Data from 2009/2010.

The electricity consumption in Egypt has been increasing
rapidly. Between 2005 and 2009, the commercial sector
has experienced the most rapid average annual growth
(at 10.2 per cent), followed by public utilities (at 9.4 per
cent), government (8.3 per cent), agriculture (at 7.9 per
cent), residential (at 7.5 per cent), and industry (at 5.9
per cent).® Peak electricity demand has also grown
substantially, increasing by over two-fold, from 6,902
MW in 1990 to 24,726 MW in 2010."

As of 2009, the electrification rate in the country
reached 99.4 per cent with 99 per cent electrified in
rural areas. For the few remaining remote settlements,

the decentralized use of renewable energy resources is

under consideration, since grid extensions are
. . 6

economically unfeasible.

Ageing infrastructure coupled with rapid increases in
demand, especially in the industrial sector, have caused
intermittent blackouts (i.e. summer of 2012), as a result
there had been protests from customers who were
beginning to threaten non-payment.” In view of this the
planned investment in the sector by the Government
has become increasingly necessary.®

Small hydropower sector overview and potential

The Egyptian governmental policy has consistently
emphasized the importance of hydropower for the
country. There is a view that most potential hydropower
resources have already been developed. Egypt’s
hydropower potential is about 3,664 MW with an
estimated energy of 15,300 GWh per annum. There are
currently five main dams in operation all located on the
River Nile. Almost all the electricity generation comes
from Aswan High Dam and Aswan Reservoir Dams.’

The share of hydropower represented about 9.2 per
cent from total electricity generation in 2009-2010. In
Egypt, the power generation from hydro resources
started in 1960 for the purpose of constructing Aswan
Dam to control the Nile water discharge for irrigation.

SHP installed
. 7 MW
capacity
SHP potential 32 MW
0 5 10 15 20 25 30 35

Figure 2 Small hydropower capacities in Egypt

Sources: combined from Deutsche Gesellschaft fir
technische Zusammenarbeit®, Hydro Power Plant
Executive Authority’, Soliman'°

The country’s Hydro Power Plants Executive Authority
(HPPEA) is an affiliate entity to the Ministry of Electricity
and Energy. Itis responsible for the study, execution and
the development of hydropower projects. Egypt has an
installed capacity of small hydropower at 6.8 MW
(figure 2).° The HPPEA and The Egyptian Electricity
Holding Company (EEHC) are coordinating planning,
preparation of feasibility studies and follow up of the
execution of the following hydropower plant projects
(see table).



Installed and potential hydropower capacity in Egypt
(Megawatts)

Installed hydropower plants Name of plant

Installed capacity

Plants (> 10 MW or larger) High Dam

Aswan Dam |

Aswan Dam Il

Esna

Naga Hammadi plant
Damietta

Plants (up to <10 MW) Small Nasa/Hamadi
El Lahun

El Faiyum

El Azab

2100
280
270

86
64
13

4.5
0.8
0.8
0.7

Under construction Name of plant Planned capacity
To be commissioned in 2014 New Assuit Barrage hydroelectricity 32.00
To be commissioned in 2014 Zefta 5.50
- El Sekka/El Hadeed 0.55
- Wadi El Rayan 0.55

Potential small hydropower sites Name of plant

Potential capacity

El Mokhtalat

Tawfiki Rayah

Edfina Barrage

Assiut Regulator
Abbasi Rayah
Ibrahimia Canal Intake
Beheri Rayah

Menoufi Rayah
Sharkawia Canal

Bahr Yousef Canal

1.00
2.45
1.85
3.00
1.85
1.55
2.20
1.80
1.85
1.00

Sources: German Agency for Technical Cooperations, Hydro Power Plant Executive Authority9, Soliman™

Renewable energy policy

The use of renewable energies is seen by some as a
good way to fight desertification and dryness in Egypt,
because 60 per cent of the country is desert.™

In April 2012, the Egyptian Ministry of Electricity
finalized drafting a new unified law for electricity, which
will be the primary legislation for the energy sector in
Egypt. It encourages investors to produce electricity
from renewable energies and other sources."

Renewable efforts were traditionally led by hydropower
but the dwindling ability to develop further resources
has led Egypt to look elsewhere. The country is
endowed with abundant wind energy resources. It has
the largest installed capacity in Africa and in the Middle
East. The Government is set to continue Egypt’s
dominance in the region with the goal of building about
7,200 MW of wind power capacity by 2020.

Egypt has a national energy strategy, although only
adopted at the level of energy policy committee of the
governing party. The strategy covers the diversification
of the energy mix, higher energy efficiency, and a
reform of the electricity, oil and natural gas markets as
well as a reduction of energy subsidies. The renewable
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energy strategy is a fundamental part of the national
energy strategy. In February 2008, the Government set
a new ambitious target of 20 per cent renewable energy
in electricity production by 2020, excluding existing
large hydropower plants. The target is based upon 12
per cent wind, 6 per cent hydropower and 2 per cent of
other renewable energy sources."

As of 2011 the Ministry of Electricity and Energy
established the New and Renewable Energy Authority
(NREA) for the purpose of promoting renewable sources
and energy efficiency.” The Supreme Energy Council
approved an energy strategy which, among other
measures, recommended preparation of the Egyptian
Combined Renewable Energy Master Plan.” *°

In April 2012, the Egyptian Government expressed
interest to further finance renewable energy and to
promote clean electricity generation to combat climate
change. The funding of about US$400 million will be
financed through the support programme of economic
development policies affiliated to the African
Development Bank."



Barriers to small hydropower development

One major barrier to the small hydropower
development is the low price of electricity, which is
highly subsidized. The governmental plan intends to
gradually accommodate the electricity prices to the
actual cost of the electricity system. The New Electricity
Law is supposed to specify the main principles of price
regulation.® In early 2012, subsidy cutting began for
heavy industry but further cuts are (as they have been
historically) resisted because of fear of stoking inflation
and further civil unrest. However, renewed pressure to
tackle the issue arose with the negotiation of an
International Monetary Fund (IMF) emergency loan
from the IMF to avert a balance of payments crisis.”’
The Government states that it plans to remove all
energy subsidies by 2017.

There is an agreed consensus that the majority of viable
hydropower resources have already being used. It is
estimated that over 85 per cent of the river Nile, has
already been exploited, which means that NREA would
obtain better marginal gains and financial support by
looking into other untapped non-hydro resources.®
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1.3.3 Morocco
Kai Whiting and Pascal Hauser, International Center on
Small Hydro Power

Key facts

Population 32,309,239"

Area 446,550 km”

Climate The prevalent climate is
Mediterranean, becoming more
extreme in the interior.*

Topography Northern coast and interior are

mountainous with large areas of
bordering plateaus, inter-montane
valleys, and rich coastal plains.

Rain Pattern | Rainfall remains low in comparison to
the northern Mediterranean
countries. The mean annual rainfall
varies between 500 mm to 2,000 mm
in the northwest, to less than 100 mm

in the southeast.”

Electricity sector overview

The Moroccan electricity sector is governed by the
state-owned Office National de I'Electricité (ONE). The
country is the only one in the region without strong
fossil fuel reserves. Therefore, Morocco has to import
the majority of its energy. An import dependency at 96
per cent makes it vulnerable to volatile energy markets,
and puts a heavy burden on the State, which controls
energy prices through the use of subsidies.’ Since 1996
the country has had access to Spanish energy through
two 25-km long AC submarine transmission cables
passing through the Strait of Gibraltar.® In 2012, the
total capacity stands at 1,400 MW with a maximum
transfer capacity of 700 MVA. There are post-2020 plans
for further reinforcement, by adding a third of the
submarine AC cable with the same characteristics of the
ones previously installed. This would enable a total
thermal capacity of 2,100 MW, while maximum transfer
capability could reach 1,400 MVA.”

Morocco’s only other interconnection for energy
imports is with neighbouring Algeria, but at a lower
capacity of 800 MW. With no plans yet to develop
further, this heightens Morocco’s dependency on the
Spanish electricity sector.’

Coal power plants, fuelled by imported hard coal, form
the backbone of the country’s generation system at 1.8
GW installed capacity (figure 1). About 12 per cent of
Morocco’s electricity demand is currently supplied by
open cycle and combined cycle gas power generation,
and this share is expected to rise with additional
combined cycle power plants coming online in the near
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future. Liquid fuels (used in diesel- or oil-fired steam
plants) still provide 13 per cent of the country’s total
demand, but the use of these energy resources is
expected to decrease in the long-term due to escalating
oil prices. The share of hydropower, is set to decline in
the future due to its limited expansion possibilities.” The
existing interconnection with Spanish electricity grid is
responsible for a 4,595 GWh import and an 8 GWh
export.® Electricity imports constituted 17 per cent of
Morocco’s electricity provision in 2011.°

Wind 2%
Gas | 11%
Hydro | 13%
Imported electricity 15%
Oil | 17%
Coal | 41%
0% 10% 20% 30% 40% 50%

Figure 1 Electricity generation in Morocco

Source: Ministry of Energy, Mines, Water and the
Environment™

Note: Data from 2010.

Although electricity consumption per capita remains low
(480 kWh per person/year), the overall electricity
demand has grown by approximately 6-8 per cent
annually since 2000. A key issue that ONE is steadily
addressing is energy poverty. The electrification rate is
around 98 per cent, with 100 per cent in urban areas."’
Currently, the majority energy demand in non-grid
connected rural areas is satisfied through firewood,
placing significant pressure on vegetation use.”” The rate
of rural electrification was only 18 per cent in 1995, but
rose steadily to 96.8 per cent by the end of 2010."* Solar
power is being targeted as a secure form of energy and
as a national way to minimize the problem of electricity
access.”

Small hydropower sector overview and potential

A century rainfall data analysis shows that the climate of
Morocco is principally characterized by drought.
Nationally, spring rainfall has declined by over 40 per
cent since 1960s. Drought seems to become more
persistent over time. The maximum dry spell length is
increasing during the rainy season. During the period
end of February to April 2012 it has increased by 15 days
compared to the same period in the 1960s, placing
pressure on drinking water supplies and hydropower.
The annual mean of rainfall varies from more than 1,000
mm per year in the mountains zones in the North to less
than 300 mm in the East and the South basins of the
country.®



SHP installed capacity (up to 8 MW) 27.4 MW
SHP potential (up to 8 MW) 44 MW
SHP installed capacity (up to 10 MW) 37.4 MW
SHP potential (up to 10 MW) 54 MW
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Figure 2 Small hydropower capacities in Morocco
Source: Agence Nationale pour le Développement des
Energies Renouvelables et de I'Efficacité Energétique™®,
Comité Maghrébin de I'Electricité”

The wind/hydro component of the Integrated
Wind/Hydro Programme, run by ONE and supported by
the African Development Bank (AfDB) is designed to
maximize wind exploitation, using excess wind energy to
store water for the later production of hydropower, and
supply water to generate hydropower during the dry
season. The project, with completion envisioned for

infrastructure and water storage facilities."” The
hydropower component specifically comprises two sub-
projects: the Abdelmoumen Pumped Power Transfer
Station Project (STEP) and the Mdez ElI Menzel
Hydropower Complex, which is designed with a nominal
capacity of 125 MW.*®

Morocco, in particular, was highlighted by the United
Nations in September 2012 as having a particular
potential for micro- and mini-hydropower plants.® In
2010, the total installed small hydropower capacity in
Morocco was 0.633 MW spread over 10 plants, with
many of them needing renovation (table 1).*°
Furthermore, ONE identified some 200 sites which could
make an improved contribution to the energy needs of
isolated areas.? However, in quantitative terms, the
total small hydropower potential of 18 MW means that
its input in the energy balance will remain limited."®

2017, is expected to support new transmission

Table 1

Micro- and mini-hydropower in Morocco
Past and current small hydropower 1990 2000 2010
Total installed capacity (operating) (MW) 0.162 0.216 0.633*
Annual production (GWh/yr) .
Number of plants 10
Average age of plants (years) 23
Percentage of private owners (%) 9
Small hydropower potential 2015 2020
Additional capacity to be completed in the future (MW) 2 4
Annual estimated production (GWh/yr) 18 46
Existing master plan for small hydropower Yes
EIA required for small hydropower Yes

Evaluation of small hydropower potential (undefined) in 2011

18 MW, 126 GWh/yr

Source: Agence Nationale pour le Développement des Energies Renouvelables et de I’Efficacité Energétique™

Table 2
Examples of micro-hydropower in Morocco
Station name Installed capacity Operating  Benefit
(kw) since
Askaw (Province d’Agadir) 200 May 2002 30 villages in township of IGUIDI close to Agar (593 homes)
Oum —Rbai? 220 December 556 homes and administrative buildings belonging to the municipality Oum Er
2004 Rbia, in the province of Khénifra.

Note: a. isolated network.

Table 3

Installed small hydropower capacity up to 10 MW in Morocco

Plant name Installed capacity Commissioning date

(MW) (Year)

Ait Messaoud 6.4 2003
Kasba Zidania 7.1 1935 and 1936
Mansour Eddahbi 10.0 1973
Bou Areg 6.4 1969
Taurart 2.0 1951
12 others 4.9 -

Source: Comité Maghrébin de I'Electricité™
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Renewable energy policy

Technical and financial support provided by the AfDB
should ensure that the goal of increasing installed
renewable energy capacity to 42 per cent by 2020
(accounting for approximately 6,000 MW of additional
renewable energy) is realized.”® Out of the 42 per cent
solar energy, wind energy and hydropower will each
represent 14 per cent.”!

Morocco has among the highest levels of sun radiation
in the world.” In recognition of Morroco’s emergence
as an early leader in developing low carbon, sustainable
energy on a large scale, AfDB approved loans in May
2012 for the first phase of the Concentrated Solar Power
(CSP) plant at Ouarzazate which is proposed to generate
120 MW to 160 MW of electricity in its first phase and
500 MW at full capacity, making it the largest CSP plant
in the world."” %

In June 2012, AfDB approved its largest project to date
for 2012 with a loan of €359 million and a US$125
million funding from the Clean Technology Fund for
Morocco’s  Integrated  Wind/Hydro and  Rural
Electrification Programme.'® Implemented by ONE,
these initiatives aim to increase national wind power
capacity by 1,070 MW and expand rural electrification
to 79,436 households in 24 of Morocco’s most isolated
and vulnerable districts."’

Decentralized renewables have not yet been deployed
in Morocco due to pending adoption of the necessary
legal and regulatory framework and further
development of the low- and medium-voltage
infrastructure. The introduction of smart metering as
part of ONE’s initiative (as of September 2012, it was
still awaiting approval from the Board) will pave the way
for the deployment of decentralized renewable
generation.24

Barriers to small hydropower development

The strong financial support provided by AfDB amongst
others is a positive sign and reward for Morocco’s
proactive approach. However, decreasing rainfall as well
as water quality and availability remain the key issues,
hindering small hydropower development in Morocco.
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1.2.4 Sudan

Abdeen Mustafa Omer, Energy Research Institute,
Sudan; Kai Whiting, International Center on Small Hydro
Power

Key facts

Population 34,206,710"

Area 2,376,000 km”

Climate The prevalent climate is hot and dry
and there is an arid desert.

Topography Generally flat, with featureless plains
and desert dominating the north

Rain Pattern The rainy season varies by region from
April to November."

Electricity sector overview

Energy power infrastructure is at the moment
developed only around selected urban centres and
strongly associated with hydropower with limited
thermal generation capacity. The national grid reaches a
half million households, less than 10 per cent of the
population; major and minor local grids serve another 5
per cent. As a result, only 30 per cent of the population
has access to electricity.2 The National Electricity Utility
(NEC) transmits electricity through two inter-connected
electrical grids: the Blue Nile Grid and the Western Grid.
The supply of electricity in off-grid zones is often based
on small diesel-fired generators for power.”

The authors believed that there was a scope for
extending the national electricity transmission and
distribution capabilities, and that Sudan has the
potential to engage in cooperative electricity
transmission projects with neighbouring Ethiopia.’
Power generation capacity tripled in just a few years,
rising from around 800 MW in 2005 to 2,687 MW in
2007, with a shift toward hydropower (figure 1).*

Thermal 45%

Hydropower 55%

0% 10% 20% 30% 40% 50% 60%
Figure 1 Electricity generation in Sudan
Source: Ranganathan and Bricefio- Garmenda*

The 2000 Energy Law opened doors to private investors
in electricity generation, transportation and distribution.
The 2001 Investment Law also did the same for foreign
investments, inviting such cooperation in particular
from China.?
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Small hydropower overview and potential

Before independence was granted to South Sudan,
Sudan had the highest hydropower capacity in the North
African region.” There are six hydropower plants in
operation, with one of them being a small hydropower
plant (below-10 MW installed capacity) (figure 2 and
table). Sennar dam is the oldest dam in the country.®

SHP installed capacity 7.2 MW

SHP potential 34.2 MW

0 5 10 15 20 25 30 35 40
Figure 2 Small hydropower capacities in Sudan
Note: A country-wide study has not been carried out.

Installed hydropower capacity in Sudan

Unit . Total
. . Units .

Station Year capacity (Number) capacity

(MW) (MW)

Sennar 1962 7.5 2 15.0

Roseires 1972/1989 40 7 280.0

Girba 1 1964 5.3 2 10.6

Girba 2 1964 2.4 3 7.2

Jabél 2003 3.6 8 304
Aulia

Merowe 2009/2010 125 10 1250.0

Source: Abuaglla’

There have been two agricultural projects, one in
Eljazeera and one in Elmanagil, estimating the power
generation potential for some irrigation structures. The
Elzajeera project focused on the assessment of four
different sites with a total estimated potential of 14.3
MW. The Elmanagil project focused on the assessment
of eight different sites with a total estimated potential
of 12.66 MW. Potential sites for small hydropower
plants are on existing irrigation dams and canals, as well
as on seasonal rivers.’

The government is currently heightening the Roseires
Dam by 10 metres, which will allow additional storage of
4 billion m® of water. This water will be used to irrigate
about 1.5 million hectares of land in the eastern part of
the country which includes two schemes of Kenana and
Rahad canals. Rough estimations indicate that each
canal may provide 20 MW of small hydropower
capacity.

At the same time, two new dams are currently under
construction at Upper Atbara and Setatit in eastern
Sudan with a total capacity of 320 MW. The dams will
also irrigate over one million hectares of land
downstream and for that two giant canals will be
constructed, each with one small hydropower plant with
a capacity of 15 MW. Two Chinese companies, China
Three Gorges Corporation (CTGC) and China Water and
Electric Corporation (CWE), were contracted for the



construction and the project will be commissioned in
2014°% A number of prospective areas have been
identified by surveys, and studies are being carried out
to explore mini hydropower resources. The current flow
of the Nile could be used to run in-stream turbines;
water could then be pumped to riverside farms. There
are more than 200 suitable sites for the use of in-stream
turbines along the Blue Nile and the main Nile. The total
potential of energy generation from mini hydropower
can be considered to be 67 000 MWh/year for the
southern region, with 3,785 MWh/year in the Jebel
Marra mountains, and 44,895 MWh/year in El Gezira
and El Managil canals. About 8.5 MW of hydropower
capacity is planned at the three plants.

Renewable energy policy

The Sudan Renewable Energy Master Plan from 2005
promoted the use of renewable sources, particularly
photovoltaic and biomass with the aim to eliminate the
dependency on conventional energy.” The major state
stakeholders in shaping renewable policies in the
country include the Ministry of Science and Technology,
the Energy Research Institute, which develops
renewable energy pilot projects; and Forestry Research
Institute covering biomass energy technologies.

Barriers to small hydropower development

Small hydropower appears to be an attractive option for

the country. However, certain barriers need to be

addressed if the objectives are to be fully achieved.

These include the following:

e Continuing social tensions and unstable security
situation in some areas: Sudan has suffered from
two prolonged civil wars rooted in economic,
political, and social division

e Low level of public awareness on the economic/
environmental benefits of hydropower and small
hydropower plants;

e Weak institutional capacity of the various energy
research institutes and the lack of clear policy.
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1.3.5 Tunisia
Pascal Hauser and Kai Whiting, International Center on
Small Hydro Power

Key facts
Population 10,732,900
Area 155 360 km®
Climate The prevalent climate is temperate
in the north with mild, rainy winters
and hot, dry summers.’
Topography Mountainous in the north; a hot, dry

central plain and a semi-arid south
that merges into the Sahara

Rain Pattern The annual average precipitation in
Tunisia amounts to about 1,580 mm
in the Atlas mountains in the north-
west, down to well below 50 mm in

the south.’

Electricity sector overview

The electricity sector is fed predominately by gas-fired
power plants from both natural gas from the country’s
own reserves and imports from Algeria. More than 90
per cent of electricity generation comes from gas. The
total installed capacity from all energy sources is
3,559 MW, generating 11,569 GWh/year.2

The majority of the electricity used in Tunisia is
produced locally by the Societé Tunisienne d’Electricité
et du Gaz (STEG), the national electric utility that is
responsible for electricity generation, transmission, and
distribution, as well as natural gas transport and
distribution.” Electricity consumption in Tunisia has
been increasing steadily for the past 30 years. From
1976 to 2006 the registered annual growth rate was
approximately 7.4 per cent.’ It is expected to reach to
about 32,000 GWh per year by 2030."

The state utility company has operated a monopoly for
many years and continues to demonstrate some
resistance to private investment in the sector. The legal
framework allows independent power projects (auto-
producers)with the possibility of selling up to 30 per
cent excess back to the grid of STEG. The Independent
Power Producers (IPPs) for direct sale to STEG are
permitted only on a case-by-case basis. The share of
power of STEG’s equipment is around 85 per cent (2,846
MW). The remaining 15 per cent represents two IPP
power plants, Rades Il and El Bibane, managed
respectively by: Carthage Power Company (with a
combined cycle of 471 MW putting into operation in
2002) and El Bibane (two gas turbines of a total capacity
27 MW put into operation in 2003).°
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A subsidiary, STEG Energies Renouvelables, was
established in May 2010 as a private law company with
the main objective to contribute to the leadership and
the development of Tunisian Solar Plan (TSP). It aims to
promote the national renewable energy policy through
the development of public-private partnerships in
renewable energy and energy efficiency, and to conduct
feasibility studies, construction, operation and
maintenance of renewable energy and cogeneration
power plants.” In early 2012, the Tunisian government
indicated that it will revise existing legislation to allow
IPPs in renewable energy. Furthermore, tax incentives
are in place for energy conservation and renewable
energy projects, such as exemption of VAT on different
products used for renewable energy technologies.®

The national electrification rate is 99.5 per cent: 100 per
cent in urban and 99 per cent in rural areas.”

Hydropower |0.40%

Wind | 1.20%

Natural gas 98.30%

0% 20% 40% 60% 80%
Figure 1 Electricity production in Tunisia
Source: Tunisian Company of Electricity and Gas’
Note: Only includes STEG electricity production, not
IPPs.

100% 120%

Small hydropower sector overview and potential
Tunisia has a modest technically developable
hydropower potential. An important constituent, which
has been developed for electricity production, can be
found in the northern part of the country. The
hydropower stations are in El Aroussia, Nebeur,
Fernana, Kasseb, Sidi Salem, Bouhertma and Sejnane
(their capacities are presented in table 2). Such
installations are permitted in this region due the
dominance of a Mediterranean climate, with hot and
dry summers and mild and relatively rainy winters.*

Table 1 and figure 1 provide an overview of small
hydropower capacities in Tunisia. In 2010, the installed
67 MW capacity of hydropower generated 50 GWh,
which represented only 0.3 per cent of the total national
generation. This share will decrease steadily as the
country will continue to depend on natural gas for
power generation and developing other renewable
energy resources such as solar and wind.”® The total
small hydropower installed capacity (2010) was 29 MW,
generating about 34 GWh of electricity (figure 2).



Table 1
Small hydropower in Tunisia

Past and current small hydropower 1990 2000 2010
Total operating installed capacity (MW) . 27.5 29
Annual production (GWh/yr) 38 42 34
Number of plants 4
(under 10MW)
Average age of plants 50
(years)
Percentage of small hydropower generating capacity owned 0
by private owners
Planned small hydropower 2015 2020
Additional capacity to be completed in the future (MW) 300 300

(pump storage) (pump storage)
Current capacity to be closed 0 0
Annual estimated production (GWh/yr) 260 260
Existing master plan for small hydropower no
EIA required for small hydropower no

Source: Chokri’
Note: Data from 2011.

Table 2
Installed small hydropower capacity in Tunisia
Station name Type of plant Type of Head  Average annual Installed capacity Start date
turbine (m) production (MW) (Year)
(GWh)
El-Aroussia Run-of river Francis 11.0 3 4.80 1956
Fernana (downstream) Run-of river Francis 152.8 10 8.50 1958
Fernanan (upstream) Run-of river Francis 26.6 3 1.20 1962
Kasseb Run-of river Francis 51.0 2 0.66 1969
Bouhertma® Run-of river Francis 37.0 3 1.20 1976, 2003
Mellegue Dam - Multiple Gates, - - 6.50 1956
Capacity 300 x 106 m’
Ben Metir Dam - - 8.50 1958
Capacity 73 x 106 m’
Kasseb Spillway dam - - 0.66 1959
Capacity 92 x 106 m’
Sidi Elbarrak Earth fill dam - 4 0.60 2003
Sejnane Capacity 264 x 106 m’
Source: Chokri®
Notes:

a. Conflict of data, start for Bouhertma also given as 1976

b. STEG mentions eight hydro plants, including El-Arrousia, Fernana, Kasseb, Bouherthma and Sejnene.

SHP installed
. 29 MW
capacity
SHP potential | unknown
t T T T T T T |
0 5 10 15 20 25 30 35

Figure 2 Small hydropower capacities in Tunisia

For the definition of small hydropower in Tunisia, see an
overview of installed run-of-river plants and dams which
use small hydropower in Tunisia. Within its policy of
development and rational use of renewable energies,
STEG launched a project of renewing the hydro stations
in order to extend their life span.

Renewable energy policy

The African Development Bank (2012) commended
Tunisia’s proactive policy with regard to the
management of energy as well as new and renewable
energies (wind, solar, sludge from treatment plants)."*
The Law No 2004-72 and its modification in 2009, Law
No. 2009-7, emphasizes the rational use of energy and
defines the sensible use of energy as a national priority
and the most important element of a sustainable
development policy. It states three principal goals:
energy saving, promotion of renewable energy and
substitution of the energy forms used previously,
wherever this offers technical, economic and ecological
benefits. Article 14 lists four areas in the field of
renewable energy, which are to be treated as priority
areas of a national promotion programme:
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1. Expansion of wind power for electricity generation;

2. Introduction of incentives for the use of solar thermal
energy;

3. Use of solar energy for further electrification of rural
areas, irrigation and seawater desalination;

4. Encouragement of the greater use of production
residues for energy generation and of geothermal
sources and small-scale hydropower plants.

As of October 2012, less than one per cent of the
Tunisian energy comes from renewable sources.
Through the completion of wind turbine installations
such as Bizerte Wind farm stage B with 70 MW, the total
installed capacity of wind is expected to be 244 MW by
the end of 2012, which equates to 5.5 per cent of the
national energy production. Solar energy is also
expected to play a bigger role in the future with a 10-
MW photovoltaic plant planned to be in operation by
2014 while a 50-MW concentrated solar power plant is
planned to be in operation in 2015. Hydropower in the
form of pumped storage systems will also be part of the
mix, with a feasibility study underway for 400-500 MW
capacity.12

The Government has planned a total capacity of 16 per
cent renewable energies by 2016. This means that 12
per cent of the electricity will be coming from
renewable energy sources such as hydropower and
wind, with an installed capacity of 1,000 MW. Small
hydropower should provide 4 per cent of the produced
electricity. By 2030, 25 per cent should come from
renewable energy sources with an installed capacity of
4,700 MW.

Barriers to small hydropower development
Hydropower generally faces the typical challenges found
across the Maghreb region: water scarcity and over-
exploitation of groundwater resources.” In addition, the
following obstacles are to be addressed:

® Administration and planning constraints: the need
of approval from the Ministry of Agriculture before
a small hydropower plant can be operated;’

e Financing: the post-revolution effect has hurt the
economy with two key sources of income
experiencing deep decline, namely tourism revenue
and declining foreign investment. The capacity of
the external financial system to support funding for
projects and Tunisian companies was generally
(including renewable energy projects) undermined
by the increase in financial risk. Also, political
tensions in Libya make investments in Tunisia
uncertain and technological innovation and
recovery all more difficult."!
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1.4 Southern Africa

Wim Jonker Klunne, Council for Scientific and Industrial Research, Republic of South Africa;
Emmanuel Michael, UNIDO United Republic of Tanzania

Introduction to the region

The Southern African region comprises five countries,
of which Lesotho, Namibia, Swaziland and South
Africa use small hydropower, with Namibia currently
having a very limited use of this technology. Botswana
does not possess any hydropower plants.

The region has various climatic conditions, from
tropical to temperate, semi-arid to desert. A high
percentage of the population lives in rural areas and
national electrification rates are generally very low

with the exception of South Africa (table 1). Lesotho,
Namibia, and Swaziland produce all or a majority of
their electricity from hydropower, while South Africa
is mostly coal dependent. All countries are members
of the Southern African Power Pool (SAPP)’; Lesotho,
Namibia and Swaziland are net importers of
electricity. Lesotho has a very small electricity sector,
thus recognizes the benefits of renewable energies. By
2020 the target for Lesotho is that 35 per cent of its
electricity for rural electrification should come from
renewables.’

Table 1

Overview of countries in Southern Africa

Country Population Rural Electricity Electricity Electricity  Installed hydropower Hydropower
(million) population access capacity generation capacity generation

(%) (%) (MW) (GWh/year) (MW) (GWh/year)

Lesotho *°© 1.930 73 16 76 200 75.7 200

Namibia ® " 2.165 62 34 393 1430 249.0 1171

South Africa *®' 48.810 38 75 44175 218591 700.0 1082

Swaziland ® “°® 1.386 79 27 150 470 60.1 124

Total 54.291 - - 44794 220 691 1084.8 1577

Sources:

a. Central Intelligence Agency2

b. International Energy Agency3

c. Swaziland Country Report4

d. Clean Energy Portal - Reegle5

e. The International Journal on Hydropower & Dams®

f. South Africa Country Report7

g. Swaziland Energy Regulation Authority8

h. NamPower’

Small hydropower definition hydropower. According to Green Jobs by the

South Africa de-facto defines small hydropower as
below 10 MW because that is the upper limit of
hydropower plants in the current bidding process.
Other Southern African countries do not have their
own definition of small hydropower.

Regional overview
Four countries in the region have adopted small
hydropower.

Lesotho will very soon be able to support projects
including small hydropower with its National Rural
Electrification Fund.'' It is to be seen, when the
National Integrated Resource Plan for Namibia’s
electric power system is published in 2013, how small
hydropower will be included. South Africa has an
Integrated Resource Plan which has given small
hydropower an allocation. The South African
Government has implemented a bidding process for
grid connected renewable energy technologies, which
resulted in an allocation of 75 MW for small
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Development Bank of South Africa, it is estimated that
the total net direct employment potential for micro
and small hydropower in South Africa in the short
term will be 300 jobs in construction, in the medium
term there will be 120 jobs in construction and 95 jobs
in operation and maintenance. In the long-term 100
. . . . . 12
jobs will be created in operation and maintenance.

Swaziland has relatively low small hydropower
potential compared to other countries in the region.
Several small hydropower plants are operational. Due
to an expected increase in electricity prices, there is
interest in refurbishing old defunct small hydro plants.

The installed small hydropower capacity, defined as
up to 10 MW, in the Southern African region is 43.12
MW, with a small hydropower potential of 383.5 MW,
(table 2). South Africa dominates the region in terms
of both installed small hydropower capacity and
available potential. Its potential includes the novel



development of harnessing hydropower using existing
infrastructure such as water distribution channels.*

Climate change poses a constraint on potential.
Namibia’s desert climate is not very suitable for
hydropower in general, even though the country has a
hydropower master plan.12 South Africa has an annual
rainfall of about 500mm, coupled with occasional
droughts or floods and seasonal river flows.

Table 2

Small hydropower in Southern Africa

(Megawatts)

Country Potential Installed capacity
(MW) (MW)

Lesotho 20.0 3.82

Namibia 108.5 0.50

South Africa 247.0 38.00

Swaziland 8.0 0.80

Total 383.5 43.12

Sources: See country reports.

Note

i. Please note that Mozambique, Zambia, Malawi and
Zimbabwe which are in the UN region, of Eastern
Africa, are also members of SAPP.
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1.4.1 Lesotho
Wim Jonker Klunne, Council for Scientific and
Industrial Research, South Africa

Key facts

Population | 1,930,493"

Area 30,300 km”

Climate Temperate; cool to cold, dry winters;

hot, wet summers

Topography | Of the total land mass, 1/4 in the west
is lowland country, the remaining 3/4
are highlands2

Rain The lowest average annual

Pattern precipitation occurs in the Senqu River
Valley (450 mm) and the highest in the
northeastern mountains zones (1,300
mm). The amount of precipitation
received is highly variable in both time
and space resulting in regular
occurrences of droughts and floods.
High intensity rainfall often leads to
flash floods that accelerate soil erosion
causing high sediment loads in rivers.
Snowfall occurs annually over the
mountain tops and once every three
years in the lowlands.

Electricity sector overview

Lesotho does not have any known indigenous sources
of oil, coal or natural gas. About three quarters of its
total energy demand is met by biomass fuels in the
forms of wood, shrubs, animals manure and
agricultural residues. The only other fuels consumed
in significant quantities are mineral coal and paraffin.

The electricity sector is thus relatively small (3 per
cent of total energy consumed) with an installed
capacity of only 76 MW, mainly from the Muela
hydropower plant linked to and managed by the
Lesotho Highlands Development Authority water
scheme to provide water to South Africa. As the
Muela hydropower plant is connected to the South
African Eskom (Electricity Supply Commission in South
Africa) grid and not to the main Lesotho electricity
grid, the country is highly dependent on Eskom and
it’s a net importer of electricity (figure 1). Maximum
peak load in the system stands at around 125 MW.

Imported

- 37.5%
electricity

Hydropower 62.5%

0% 10%  20% 30% 40% 50%  60% 70%

Figure 1 Electricity generation in Lesotho
Note: Imported electricity from Eskom South Africa

In 2011, only about 22 per cent of households had
access to electricity, with most of these being in urban
areas.’ The Government has set a goal of increasing
electrification rate to 35 per cent of total households
by 2015 and 40 per cent by 2020.

The Electricity Supply Industry in Lesotho is regulated
by the Lesotho Electricity Authority (LEA). LEA is an
independent regulator responsible for issuing licences,
approving electricity tariffs, setting and monitoring
quality of supply and service standards, and resolving
disputes between suppliers and customers. LEA has
the authority to regulate all aspects of the industry,
including the generation, transmission, distribution,
supply, import and export of electricity.4

Lesotho currently trades exclusively with Eskom. As a
member of the Southern African Power Pool (SAPP)
Independent Power Producer- in Lesotho are, in
theory, allowed, to sell to other buyers of electricity as
well.*

Electricity is supplied to customers by the Lesotho
Electricity Company (LEC). The LEC is a parastatal
entity established under the Electricity Act 7 of 1969,
and is empowered to distribute, transmit and supply
electricity. The Lesotho Highlands Water Development
Authority (LHWDA) is the agency responsible for the
generation of hydropower from the Muela
hydropower station. The roles and responsibilities of
these two bodies are set out in the 1993 Policy on the
LHWDA/LEC interface.’

Small hydropower sector overview and potential

All locally generated electricity in Lesotho is
hydropower based, with the 72 MW Muela plant
providing most of it. Currently only augmented by two
mini hydropower plants. The Lesotho Highlands Water
project does offer opportunities for more hydropower
developments and several studies have been
conducted on possible pumped-storage plants as well.

SHP installed capacity 3.82 MW
SHP potential 20 MW
0 5 10 15 20 25
Figure 2 Small hydropower capacities in Lesotho
Sources: Clean Energy Portal — Reegle®, Taele,

MokhutSoane and Hapazari5

It is estimated that the large-scale hydropower
generation potential for Lesotho is approximately 450
MW. The potential for small-scale hydropower plants
in Lesotho has been investigated in a number of
studies. By 1990 a total capacity of 20 MW had been
identified at 22 sites for both mini- and micro-
hydropower (figure 2).5 French company Sogreah



(now it is part of Artelia) has studied nine potential
sites in the range of 100 kW to 1,000 kW and
completed feasibility studies on three preferred sites:
Tlokoeng, Motete and Qacha’s Nek. In the micro
range of hydropower, it is estimated that a potential
of 20-40 feasible sites exist in the country with an
average capacity of 25 kw.®

Examples of small hydro projects:

Commissioned in the early 1990s, the Tsoelike small
hydropower plant is a 400-kW run-of-river installation
that was constructed to serve the town of Qacha’s
Nek in the south of Lesotho, near the border of South
Africa. This hydropower station was built as part of
the French development assistance to Lesotho. The
Tsoelike plant consists of the two Francis hydropower
turbines supplemented by a 200-kVA diesel generator
set located on a ledge next to the power station, and a
320-kVA set at the town of Qacha’s Nek. Previously an
isolated system, Qacha’s Nek has been connected to
the South African Eskom grid in 1997. This cross-
border connection enabled LEC to decommission
Tsoelike as it was developing serious technical and
siltation problems.

Tlokoeng is a 670-kW hydropower station built with
the French development aid to serve the town of
Mokhotlong. The station has two Francis turbines of
460 kW and 210 kW capacity, augmented by two
diesel generator sets as back up (one at the power
station with 200 kVA and another one at Mokhotlong
town with 500 kVA). The station was commissioned in
February 1990. During its operation, the plant met an
average of 27 per cent of Mokhotlong’s electricity
demand.” The station was decommissioned in
November 2002 when the 33 kV transmission line
from the Letseng diamond mine reached the town of
Mokhotlong. The difficult access situation and limited
availability of spare parts for the French-origin
equipment have inhibited refurbishment of the site.

The Katse Dam, a concrete arch dam on the
Malibamat'so River in Lesotho, is Africa's second
largest dam. It is also part of the Lesotho Highlands
Water Project, which will eventually include five large
dams in the remote rural areas. Although the main
purpose of Katse dam is water storage and diversion,
and contained a 570-kW mini hydropower plant. It is
located in gallery K (123 metres below the spillway
level) of the dam. The plant consists of a horizontal
Francis turbine and an 800-KVA synchronous
generator as the main component, together with
associated equipment. Since its commissioning in
August 2000, the plant has been running in an isolated
mode from the LEC grid, the main power source to
Katse Dam. The intention is to link the plant to the LEC
grid and have it operating continuously at an average
500 kW power output.®
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The Mantsony’ane hydropower plant (2 MW) was
financed by a grant from Norway and handed over to
LEC in February 1989. The power station is located on
the Mantsony’ane River in central Lesotho and is
feeding the LEC grid through Mantsony’ane
Substation on the 33-kV Mazenod-Taba Tseka line.
The station can operate on an isolated network when
required, but the main operational strategy has been
the daily peak Ioppingi. The station is equipped with
two Francis turbines of 1,500 kW and 500 kW,
together with a 1,900-KVA and a 650-KVA generator.
The station features a storage dam on the river and an
unlined 655-metre long tunnel from the intake to the
rock cavern power house. The design head is 35.5

metre.

Figure 3 Powerhouse of the Mantsony’ane
hydropower plant in Lesotho
© Wim Jonker Klunne

The power station was flooded at the beginning of
November 2006 and was out of operation since then.’
In 2011, LEC was in the process of rehabilitating the
power station as part of the African Development
Bank’s Lesotho Electricity Supply Project. A tender
process for the station was started in the second half
of 2011."

The Semonkong project currently has an installed
capacity of 180-kW hydropower, supplemented by a
120-kW diesel generator. The plant supplies an
isolated community of approximately 25 customers,
with the potential of adding a further 50 customers in
the future. It contains space for two 190-kW
hydropower generation units, one stand-by peak load
120 kW diesel unit, control room, switch gear room
and an office/shop/storage room. The scheme
comprises intake structure, headrace and penstock
piping, powerhouse and power generating
equipment. The intake structure consists of a 100-
metre long concrete weir, a headrace inlet with trash
rack and a simple pipe with a light steel gate for
flushing of sediment in front of the intake. The low
pressure headrace is a 290-metre long concrete pipe



and the penstock is a 150-metre long fiberglass-
polyester pipe.'

Renewable energy policy

Lesotho has identified wind, solar and hydropower as
potential renewable energy sources. Wind power
potential of a few hundred MW has been identified,
and there are currently three sites being investigated.

The Government of Lesotho and UNDP/GEF have
worked together to increase electricity access in their
rural electrification programme. The main objective is
the promotion of renewable energy for the reduction
of carbon dioxide emissions by the substitution of
paraffin and diesel with clean technology.12 A key
target, for example, was the installation of 5,000 solar
home systems by the end of 2012. Some 1,537 homes
have been installed with the system. Another project
with 500 solar units will be installed independently as
a result of its influence. From January to April 2011, an
average of 15 households per village in more than 10
villages had been electrified by independent
installers.”

Barriers to small hydropower development

In order to boost small hydropower electricity
production, viable business models for the
development of small hydropower in Lesotho need to
be found. Barriers to small hydropower development
are the difficulties to access some sites and the lack of
availability of spare parts in the local market.

Note

i. Peak lopping is a technical term for storing energy
during low demand periods for use during high
demand periods.
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1.4.2 Namibia
Kai Whiting and Lara Esser, International Center on
Small Hydro Power

Key facts

Population | 2,165,828"

Area 824,292 km”®

Climate Hot and dry desert climate with sparse
and erratic rainfall*

Topography | Mostly high plateau; Namib Desert
along coast; Kalahari Desert in east.

Rain Namibia is the driest country of sub-

Pattern Saharan Africa. Rainfall is particularly
scarce and unpredictable, aggravated
by an extremely high rate of
evaporation2

Electricity sector overview

Namibia is a part of the Southern African Power Pool
(SAPP), it contributes roughly one per cent to the total
peak demand of SAPP.? In the past, Namibia imported
more than 60 per cent of its electricity requirements
from South Africa, Zimbabwe and Zambia (figure 1).
The vast majority of electricity in Namibia has always
been produced by hydropower and since 2001 there
has been a small, stable share of coal and oil.?
Namibia is also the world's fourth largest producer of
uranium.*

The total installed electricity generation capacity in
Namibia is 393 MW. With the recent expansion in
June 2012, Namibia’s largest hydro plant is pushed up
to 330 MW. The Government states that even with
other sources in the country, the total generation still
falls short of Namibia's 550 MW demand.”

Thermal 2%
Hydropower 38%

Imported electricity 60%

0% 10% 20% 30% 40% 50% 60% 70%

Figure 1 Electricity generation in Namibia
Source: Graduate School of Cape Town®

Some 62 per cent of the Namibian population lives in
rural areas. Dispersion over large parts of the country
often makes grid extension unviable. The national
electricity access level is 34 per cent.® All of Namibia’s
17 municipalities and 19 towns are currently served
by grid electricity. While urban access levels to
electricity are at 75 per cent, rural access is much
lower at 12 per cent.’

The Government supports two energy initiatives that
help speed up the electrification process. A Regional
Energy Distribution Master Plan (REDMP) that will
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connect a large number of rural settlements to
Namibia’s main distribution grid over the next 20
years, but it is not economically feasible or technically
possible to electrify all off-grid settlements.
Approximately 1,543 rural communities will be
electrified over the next 20 years by the REDMP as
outlined by the Ministry of Mines and Energy. It is
expected that 4,315 communities will remain un-
electrified. For those settlements, there is the Off-grid
Electricity Management Plan, which, however, does
not include a hydropower option.7

The largest hydropower station, Ruacana, increased
its capacity to 330 MW in 2012." The downstream
area of Ruacana has as much as 2,000 MW of
hydropower potential according to the Ministry of
Mines and Energy.8 The country is considering a 500-
MW hydropower project that would be located at
Epupa Falls.?

The country has a Hydropower Masterplan (2008),
with a study performed on all perennial rivers, none of
which arise from within its borders. The aim of the
study was to identify and estimate the cost and
production of all potential sites in the lower Kunene,
Kavango and lower Orange Rivers.” None of the
identified sites have a capacity of less than 10 MW,
thus none falls into the generally accepted small
hydropower definition.

Small hydropower sector and overview and potential
Currently no official small hydropower definition
exists in Namibia. It has only an installed capacity of
0.5 MW small hydropower, with a potential of 108
MW (figure 2).9 The IRENA country profile says that 26
MW of its small hydropower capacity additions have
been announced (three projects), however no further
information was mentioned.”® The National
Investment Brief (2008) mentions that there are
hundreds of small farm dams scattered around the
ephemeral river basins, where small hydropower
potential could be developed.*

SHP installed capacity |0.5 MW

SHP potential 108 MW

0 20 40 60 80 100 120

Figure 2 Small hydropower capacities in Namibia
Source: The International Journal on Hydropower and
Dams’

Renewable energy policy

The Namibian constitution, Article 95 (l) is explicit in
the legality of the “Maintenance of ecosystems,
essential ecological processes and biological diversity
of Namibia and utilization of living natural resources
on a sustainable basis for the benefit of all Namibians,



both present and future”. Should the situation
warrant, the constitution also provides judiciary
powers to the ombudsman in order to ensure
environmental protection.23 Thus even if policies were
not previously explicit or absent in their calls for
renewable energy, there has been, since the
establishment of Namibia as a country, a founding
ideology which favours environmentally sensitive and
considerate development.

In 2003 the Namibian government established the
Namibian Renewable Energy Programme (NAMREP). A
Renewable Energy Action Plan followed in 2006 on
the basis of six principles:

e  Capacity building.

e Removal of institutional barriers.

e  Public awareness and social acceptability.

e Removal of financial barriers.

e Removal of technical barriers.

e Demonstrations and pilots.

UNDP Namibia (2007) reiterated the need for a long-
term energy policy and vision for sustainable
development, which looked to support
environmentally sustainable technologies and to
attain greater energy security through a steady
increase of electricity production in Namibia using
energy sources that are available.”

A cabinet directive has made solar water heaters
mandatory for all public and semi-public buildings. It
was issued as a logical step, given that the country has
one of the highest solar radiation regimes in the
world.™* The White Paper of Energy Policy (1998),
which has set the priorities of the energy agenda for
the last decade and a half, was under review in 2012
as were its energy regulatory frameworks dealing with
renewable energy procurement mechanism and
tendering. A National Integrated Resource Plan was
also underway in 2012.

Barriers to small hydropower development

The scarcity of water and dependency on neighbours
for water supply does little to encourage foreign
direct investment due to the huge effect of
precipitation on the potential for financial return from
small hydropower projects. Arguably, the Government
needs to be more active in its carbon cutting policy.
For example, as of 2012 there were no clean
development mechanism projects connected to
renewable energy in Namibia.

Meanwhile, the continuation of internal land use
conflicts with indigenous people who were concerned
about the hydropower industry and its impact on their
way of life did little to promote the technology.8 Thus,
it is important that any development is not only
harmonized with the long-term aims and objectives of
the financial investors, but also the affected
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communities, including nomadic ones. Raising
awareness and education is a major challenge which
needs to be tackled in order to overcome the social
barriers and disapproval of the stakeholders.
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