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Foreword

by Gerd Miiller, UNIDO Director General for World
Small Hydropower Development Report 2022 Executive
Summary

The COVID-19 pandemic caught the world unprepared for a complex, systemic challenge of ‘
such a scale. Livelihoods, economic progress, and social stability have been severely im-
pacted worldwide. The COVID-19 pandemic has also slowed progress towards sustainable
energy goals. In such a critical moment when multiple crises are coming together, we need
a decisive collective effort to follow through on the goals the world community agreed on
to build sustainable energy systems. We must make sure that renewable energy development is a top priority at all levels
of decision-making.

In the face of this challenge, it is especially critical to continue to collect and share knowledge about the various renewable
energy technologies. Small hydropower is one of such solutions. It has long played a key part in providing access to sus-
tainable and reliable electricity around the world. Small hydropower is a simple, adaptable and low-cost technology, which
makes it particularly suitable for remote and marginalized communities. When planned with environmental and socio-eco-
nomic aspects in mind, it provides access to sustainable renewable energy, the basis for any development which also em-
powers communities, improves livelihoods and is the basis for more development opportunities. Small hydropower offers
one answer to many questions posed by the pandemic, climate crisis and energy transition for achieving the commitments
under the Paris Agreement.

Over 60 per cent of global small hydropower potential remains untapped. There are still vast opportunities across the
globe to use it for the benefit of local communities and the planet. In order to support policy-makers, communities, poten-
tial developers and other stakeholders interested in developing small hydropower projects, the United Nations Industrial
Development Organization (UNIDO) partnered with the International Center on Small Hydro Power (ICSHP) to launch the
fourth edition of the World Small Hydropower Development Report. The first three editions have shown that the report is a
much-needed global knowledge product on small hydropower. | am proud that that this is already the fourth edition of the
report and that UNIDO and ICSHP are continuing this important work of knowledge gathering and distribution. The valuable
content of the current edition is an outcome of a collective effort of more than 200 experts and contributing organizations
from all over the world. The production of this comprehensive report would not have been possible without generous sup-
port and intellectual leadership from the Ministry of Water Resources of the People’s Republic of China and ICSHP.

I am confident that this report will contribute to the global effort to build sustainable energy systems that will help mitigate
the climate crisis and empower communities.
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Executive Summary




Preface

Providing universal access to energy remains one of the most critical economic, environmental and development challenges
facing the world today with over 700 million people, or 9.5 per cent of the global population, predominantly in rural areas,
still lacking access to electricity in 2020.1 Access to reliable and affordable electricity has an immediate and transformative
impact on the quality of life and is crucial to ensuring access to such basic services as healthcare and education. At the same
time, in both developing and developed countries, the need for clean and sustainable sources of energy is growing more
acute in the face of the climate crisis and environmental degradation. Sustainable renewable energy is, thus, a key building
block towards both the broader development goals, including poverty eradication and public services provision, and climate
crisis mitigation and prevention of environmental degradation.

As the lowest-cost renewable energy technology, hydropower remains integral to international efforts to fight the climate
crisis and ensure a clean energy future. Small hydropower (SHP), due to its adaptability to the local needs and conditions
and suitability for remote rural areas with low-density energy demand, has been at the centre of development strategies
worldwide, whilst helping reduce greenhouse gas emissions and promoting greater energy independence. If effectively and
sensitively planned, SHP projects can also offer opportunities for the empowerment of local communities, including the
usually disadvantaged groups, such as women and youth, empowering them economically and contributing to progress
towards greater equality.

In order to more effectively promote SHP as a renewable and rural energy solution and overcome existing barriers, it is
essential to identify the development status of the technology across regions and engage stakeholders to share existing
knowledge and experience. Prior to the first edition of the World Small Hydropower Development Report (WSHPDR) published
in 2013, it was clear that a comprehensive reference publication for decision-makers, stakeholders and potential investors
was needed. Today, the WSHPDR is the only global publication dedicated to the dissemination of in-depth information on
SHP development.

For the fourth time, the United Nations Industrial Development Organization (UNIDO) and the International Center on Small
Hydro Power (ICSHP), as the global knowledge leaders in the SHP sector, are continuing their partnership for the new edition
of the report, the WSHPDR 2022. The new edition contains 20 regional chapters, 166 country chapters, 12 case studies, 3
thematic publications as well as a global database of existing and planned SHP plants. The WSHPDR 2022 is the result
of an enormous collaborative effort between UNIDO, ICSHP and over 200 local and regional SHP experts from across the
globe, including engineers, academics and government officials. The current edition of the Report aims not only to provide
an update on the SHP status by country but also to expand on the first three editions by providing improvements in data
accuracy with enhanced analysis and a more comprehensive overview of the sector by country.

What is new?

Compared to the previous editions, the WSHPDR 2022 offers a more detailed analysis of the SHP status by country, covering
such aspects as operational, planned and potential SHP projects, cost of SHP development, financial mechanisms available
for SHP projects, effects of the climate crisis on SHP as well as factors favouring further SHP development. Furthermore, the
new edition includes three thematic publications addressing the topics of gender equality, youth involvement and climate
change from the perspective of SHP as well as the first global database of developed and planned SHP projects by country.
Finally, the current edition includes a collection of new case studies illustrating successful examples of SHP implementation,
focusing on the social benefits of SHP projects, as well as new technological solutions available.

Global overview

According to the WSHPDR 2022, the global installed SHP capacity for plants of <10 MW is estimated at approximately 79.0 GW
and the total known potential for SHP <10 MW (including developed capacities) is estimated at 221.7 GW. Thus, despite the
appeal and benefits of SHP solutions, much of the world’s SHP potential remains untapped (64 per cent). It should be noted
that for a number of countries, including those with very developed SHP sectors (for example, India), data on SHP of <10 MW
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are not available due to the use of different local definitions. Therefore, the global installed and potential capacity can be
assumed to be somewhat higher than the reported totals.

Compared to the WSHPDR 2019, SHP installed capacity (<10 MW) increased by 1 per cent (Figure 1). At the same time, the
estimated SHP potential decreased by 3 per cent (Figure 2) based on more accurate data obtained for a number of countries,
including Norway, Turkey and the Philippines, as well as due to the lack of data on SHP of <10 MW for some other countries.

Figure 1. Figure 2.
Global Installed Capacity of Small Hydropower of <10 MW in Global Potential Capacity of Small Hydropower of <10 MW
the WSHPDR 2013/2016/2019/2022 (GW) in the WSHPDR 2013/2016/2019/2022 (GW)
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The greatest relative increase in installed SHP capacity compared to the WSHPDR 2019 is reported for Africa with an increase
of almost 23 per cent (Figure 3). The Americas, Europe and Oceania have also seen an increase in installed SHP capacity of
approximately 11 per cent, 4 per cent and 3 per cent, respectively, compared to the previous edition of the Report. In absolute
terms, the largest increase in installed capacity is reported for Europe at 734 MW, followed by the Americas with 698 MW and
Africa with 134 MW of new capacity. Conversely, the reported SHP installed capacity of Asia decreased by approximately 1 per
cent, as a result of an updated estimation for Turkey as well as a lack of data for the 10 MW definition for some countries.

Figure 3.
Change in Installed Small Hydropower Capacity between the WSHPDR 2019 and the WSHPDR 2022 by Continent (%)
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SHP (of <10 MW) represents approximately 1 per cent of the total electricity installed capacity of the countries included in
this Report and 6 per cent of their total installed hydropower capacity. Asia continues to have the largest installed capacity
and potential for SHP of <10 MW, accounting 64 per cent and 63 per cent of the global total, respectively (Figures 4 and 5).
Europe has the highest percentage of SHP development (52 per cent for SHP <10 MW), with Western Europe having 83 per
cent of its known potential already developed. The largest known undeveloped SHP potentials are concentrated in Central
Asia, Eastern Asia and South-Eastern Asia (Figure 6).
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Figure 4. Figure 5
Share of Global Installed Small Hydropower Capacity of < Share of Global Small Hydropower Potential of < 10 MW by
10 MW by Continent (%) Continent (%)
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Figure 6.
Developed and Remaining Small Hydropower Potential of <10 MW by Region (MW)
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China continues to dominate the global SHP landscape, with 53 per cent of the world’s total SHP installed capacity (definition
of <10 MW) and approximately 29 per cent of the world’s total known SHP potential. In terms of installed capacity, China is
followed by the United States of America (USA), Italy, Japan and Norway. Together, these five countries account for almost 71
per cent of the world's total installed capacity of SHP <10 MW.

Figure 7.
Small Hydropower Installed Capacity of <10 MW by Country (MW)
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Note: Highlighted in grey are countries without data on SHP of <10 MW or no SHP plants installed.

Figure 8.
Small Hydropower Potential Capacity of 10 MW by Country (MW)
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Note: Highlighted in grey are countries without data on SHP of <10 MW.
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Africa

SHP in Africa can be characterized as having a relatively low level of installed capacity but with considerable potential for
development. Climatic and topographic characteristics vary tremendously across the continent, resulting in a large variance
in SHP potential in the north and south as compared to the east and west. The total installed capacity of SHP <10 MW in
Africa is 729 MW and the total estimated potential is 15,714 MW. This indicates that less than 5 per cent of the known SHP
potential of <10 MW has been developed so far.

Eastern Africa has the highest installed capacity of SHP of <10 MW on the continent (53 per cent of the continental total),
followed by the Middle and Northern Africa regions. The highest known SHP potential is also found in Eastern Africa (also
53 per cent of the continental total), while the lowest potential is found in Southern Africa. Of all the countries in Africa,
Uganda has the highest installed capacity of SHP of <10 MW (108 MW), whereas Kenya has the highest estimated potential
for SHP of <10 MW (3,000 MW).

Americas

Northern America and South America dominate the SHP landscape in all of the Americas, with Brazil and the USA being
leaders in terms of installed capacity and the USA also dominating in terms of known SHP potential. Countries in the
Caribbean region have significantly smaller estimated potential. However, further studies could reveal a greater potential in
the region as well as in other countries in the continent.

The total SHP capacity in the Americas is 6,937 MW, while the total potential is estimated at 25,294 MW for SHP of <10 MW.
Some countries with enormous expected SHP potential have not performed feasibility studies to determine their exact
potential capacity. Mexico, for example, is a country that is suspected to have significant SHP potential but no studies have
been conducted yet. At the same time, in the current edition, the continent’s reported potential significantly decreased
compared to the previous edition, which is primarily due to the re-estimation of the potential of Colombia. According to the
available data, approximately 27 per cent of the known SHP potential capacity in the Americas has been developed.

Asia

Asia has vast SHP resources, which are, however, unevenly distributed across the continent. The total installed SHP capacity
of Asia is 50,406 MW and the total estimated potential is 139,946 MW (for SHP of <10 MW). This indicates that approximately
36 per cent has so far been developed. The decrease in reported SHP installed capacity in comparison with the WSHPDR 2019
is primarily due to the re-estimation of the installed capacity data for Turkey.

China dominates not only the SHP landscape in Asia but also globally, accounting for over 83 per cent of the continent’s
installed capacity and 45 per cent of the known potential for SHP of <10 MW. SHP development is one of the major priorities
for countries in Asia. The key motives for SHP development on the continent are to decrease dependence on energy imports
and fossil fuels and to improve access to electricity, especially in rural areas.

Europe

Europe has a long history of SHP development, which has enabled it to reach a high level of installed capacity and potential
development. The overall installed capacity of SHP of <10 MW in the region is 20,434 MW, while the potential capacity is
estimated at 39,607 MW, indicating that 52 per cent of known potential has been developed. The increase in SHP installed
capacity in comparison to the WSHPDR 2019 is mainly due to the new capacities added in Norway, Italy and Albania.

With a wide variety of climates and landscapes in the continent, SHP potential varies across the regions. The greatest
remaining potential is concentrated in Northern Europe, primarily in Norway. Italy is the leader in the continent in terms of
installed capacity of SHP of <10 MW, followed by Norway and France.

Oceania

Oceania is the smallest region in terms of the number of countries included in this Report as well as in terms of installed
and potential SHP capacity. The total installed capacity of SHP of <10 MW amounts to 454 MW, indicating an increase of 3
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per cent in comparison to the WSHPDR 2019. The total estimated potential is 1,106 MW, thus, approximately 36 per cent has
so far been developed.

The Oceania region is very diverse in terms of SHP potential. While all the countries receive enough rainfall to merit constant
SHP production, only a few of the islands have mountainous terrain, which is usually a key factor for SHP potential. The
Australia and New Zealand region is the richest area regarding SHP potential in Oceania, however, further SHP development
is not foreseen in the region. On the other hand, the Pacific Island Countries and Territories (PICTs) are mostly flat islands
and have little or no SHP potential, thus, making topography the key barrier.
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Thematic publications

Compared to the previous editions, the WSHPDR 2022 has been expanded with three thematic publications exploring
three important aspects of SHP development: gender empowerment, youth involvement and climate change. The social
and environmental aspects of SHP development often do not receive the needed attention and the particularities of the
SHP technology can be lost in more general analyses devoted to renewable energy technologies or hydropower. These
three publications aim to address this gap in the understanding of the SHP sector by exploring the specificity of the SHP
technology in terms of how it both impacts and is impacted by gender dynamics, youth representation and climate change.
The information gathered in these publications is based on literature reviews and expert and stakeholder interviews and
is intended to highlight key themes within each topic as well as outline some of the most important directions for further
research and analysis.

“How SHP empowers women and closes gender gaps and can do more”

Empowering women and girls and closing gender gaps are critical to realizing sustainable development goals (SDG) and
ensuring a good quality of life for all. The energy sector, and in particular, decentralized systems such as SHP can facilitate
the achievement of these targets. SHP can provide not only sustainable energy but also a steady baseload, which can
facilitate positive changes to women's lives in the communities in which SHP plants are constructed and also beyond these
communities.

In countries with low levels of access to electricity, benefits of access to electricity from SHP plants for women can include
reduced time poverty and drudgery due to the use of electric appliances for household chores and economic activities.
This immediately improves women’s welfare but can also have knock-on benefits when such time is invested in studying,
income generation and other life-enhancing activities. SHP development can also create direct and indirect jobs, provide
power for productive uses and income generation and improve the delivery of critical social services including education
and health services. Making the gender approach part of project design and implementation is critical to ensuring that SHP
projects help empower women and girls across the globe, and close gender gaps. This publication discusses some of the
ways in which SHP development is empowering women and girls and closing gender gaps between women and men. Further,
it discusses the barriers to women’s participation in the SHP sector and makes some key recommendations for addressing
these barriers.

“Prospects for youth in the small hydropower sector”

Young people around the world can play a key role in creating the change required for the transformation of the global
energy system, thus, contributing to regional and international development aims, while at the same time finding and
creating opportunities for their own professional and personal development. While much of the world’s SHP potential
remains untapped, the SHP sector offers great opportunities for young professionals and entrepreneurs to get involved
in providing clean energy to communities across the world. The active participation of youth in SHP can play a vital role
in achieving a sustainable energy system because young people can bring the creative and forward-oriented thinking that
is needed for a rapid energy transition. At the same time, young people continue to face multiple barriers in accessing
the required skills to get involved in the sector as well often do not receive the needed policy, institutional and financial
support.

This publication explores different opportunities that exist for youth in the SHP sector, with examples from around the
world. It also analyzes the main barriers that young professionals considering joining or transitioning to the sector face as
well as existing challenges faced by young energy professionals, including young women, already involved in the SHP sector.
The report also provides a list of recommendations on how to overcome the existing barriers.

“Small hydropower and climate change”

Hydropower has a dual relationship with the climate crisis — it helps mitigate the impacts of changing climate but is also
subject to vulnerability because of its dependence on the hydrological regime, which is affected by climatic conditions.
Hydropower projects help displace fossil fuel energy sources (particularly, oil, coal and biomass in the case of SHP) and
limit global warming. At the same time, changes in runoff due to climate change can have an effect in the short term (days,

17

AIYWWNS FAILNIIXT -



months) and the long run with significant implications for the productive uses of SHP plants. Climate change also induces
effects in other sectors that can cascade to SHP plant operations, with competing water uses and different requirements
from the grid also affecting the operations of SHP plants. However, climate change will impact hydropower generation in
different ways depending on the region. Moreover, size influences the project’s role in mitigation and adaptation to climate
change. Due to limited capacity to store water and control floods, run-of-river SHP plants are particularly vulnerable to
changing hydrological patterns.

The current publication offers a synopsis of projected climate change impacts on SHP by region as well as makes
recommendations on climate change adaptation measures to be considered for climate change-resilient SHP and indicates
the key directions for further research on the topic.

Global SHP Database

As part of the new edition of the WSHPDR and in collaboration with local experts, UNIDO and ICSHP have created the first
Global SHP Database, which aims to gather in one place and make easily accessible detailed information on SHP projects
worldwide. The database consists of two sections: (a) existing SHP plants and (b) planned and potential SHP projects.
Currently, it includes data from 129 countries and territories across five continents, listing 6,249 existing SHP plants and
8,860 potential and planned plants. The database is intended to serve as a source of information on the current status of
SHP development by country as well as on projects that are under development or are available for investment.

The database is based on the most accurate data available, however, the completeness of data varies from country to country.
Moreover, some countries have legal restrictions on sharing data on power plants publicly and, hence, these countries were
not included in the database. This indicates that further efforts are required both on a local and international level, where
this is possible, to compile detailed information on SHP projects to have a more complete understanding of the sector. It is
hoped that the database can be further expanded in future editions.
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Case studies

The case study section of the WSHPDR 2022 comprises 12 case studies. The case studies share the best practices and
experiences from a range of countries, highlighting the potential of SHP for productive use and community development.
They demonstrate that SHP plants, when carefully planned and developed respecting the needs of communities and with
regard to local capacities, infrastructure and environment, can provide a reliable and affordable source of electricity,
revolutionizing the daily lives of communities, in particular in rural areas.

The section aims to provide real-life examples of benefits that communities can receive from SHP as well as the challenges
encountered and solutions found during the implementation of SHP projects. Each case study includes a list of lessons
learnt summarizing the factors that should be kept in mind while planning, developing and implementing SHP projects in
order to ensure their success. This information might be particularly useful for decision-makers, students, engineers and
company managers.

The case studies are gathered under the following three themes.

SHP for social and community development: Many people in the world still live without access to affordable, reliable
and clean electricity. Lack of electricity is a significant barrier to human, social and community development, specifically
impacting vulnerable groups, including women and young people. The case studies presented in this group (Brazil, Ghana,
Japan, Kenya, Tanzania and Zambia) demonstrate the benefits that SHP can offer target communities. In particular, the
discussed projects created employment opportunities, increased the standard of public service provision, improved security
and education conditions. In these cases, SHP helped communities become more autonomous, stimulated local business
and entrepreneurship and considerably improved life quality.

Technological solutions for SHP: SHP development and operation can be influenced by different factors, such as market,
weather, site location and strict environmental regulations. A range of technical solutions exist that can help adapt the
SHP technology to the local conditions and improve the control over different factors, making the SHP management more
efficient and predictable. These include retrofitting of existing civil structures (Italy case), developing a compact run-of-
river low-head hydropower concept (Hydroshaft), using innovative software solutions such as HYDROGRID's automated
data-driven optimization for SHP cascades, intelligent operation control and dispatching systems for complementary power
plants (China case), or Fichtner's Hybrid Configurator that helps design hybrid power plants and analyze their technical and
financial impact.

Green SHP: Lack of appropriate regulation and control over SHP development can result in significant ecological impact
including river dehydration, changed river ecology, reduced river connectivity and affected migratory fish and other aquatic
species. Lack of sustainable practices, can also increase the risk of socio-environmental conflicts. To maintain the ecological
safety of the sector, the future of SHP development should be in the form of green SHP, supported by regulations, guidelines,
incentive policies and practices. The Ukraine case study outlines the importance of SHP construction and operation in line
with the principles of ecological sustainability.
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Conclusions & Recommendations

SHP is a mature and versatile technology, effective for providing access to clean and sustainable electricity both in the
developing and developed world, particularly in rural areas. Through developing SHP, many countries have already taken
steps — or are beginning to take steps — to alleviate poverty and increase access to electricity. SHP also helps developed
nations achieve targets for advancing renewable energy and reducing greenhouse gas emissions.

The purpose of this edition of the WSHPDR is to illustrate the improvements achieved in the SHP sector across regions
and the great positive impacts linked to SHP development. Since the publication of the first edition of the Report in 2013,
the combined installed capacity of SHP in the world increased by 12 per cent reaching 79 GW. At the same time, known
SHP potential is estimated at 221.7 GW. Thus, the data collected in the Report demonstrate that there is still room for
improvement in the SHP sector in many parts of the world. Overall, despite the progress made in SHP development in the
last few years, many of the barriers and, hence, recommendations for the further development of the sector remain similar
to those listed in the previous editions of the Report.

The following recommendations for addressing the barriers to SHP development are provided as general recommendations
and should not be considered comprehensive.

(a) Undertake detailed resource assessments

Developing countries should undertake detailed analyses of their SHP potential to lower development costs and encourage
private investment. Developed countries would similarly benefit from undertaking detailed re-assessments of their SHP
potential, accounting for new technologies, ecological conditions, regulations as well as the potential arising from the
conversion of existing infrastructure and the rehabilitation of old sites.

(b) Develop appropriate policies and regulations

Policies and financial incentives already established for other sources of renewable energy should be extended to cover
SHP, particularly emphasizing green technology, and clear targets for SHP development should be set. Such policies and
incentives should be properly designed to account for the local conditions and draw on collaboration among agencies
responsible for water resources, environment and electricity. Government agencies should also streamline the licensing
process by creating a one-stop shop for standardized permits and contracts.

(c) Facilitate access to sustainable sources of financing

An overall strategy aiming to reduce the financial risks for investors should be developed. High initial costs need to be
overcome with easier and improved access for project developers to be able to successfully provide finance. One measure
that can mitigate this is creating awareness of SHP among local banking institutions or microfinance institutions to improve
the risk assessment and provide conducive loan conditions.

(d) Facilitate access of the SHP industry to equipment and technology

The building or improvement of industries that serve as components of SHP will aid in the overall development of the

SHP sector. In countries with insufficient local technology, access to imports can be aided through the establishment of
concessionary duties and reduced import taxes.
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(e) Provide reliable infrastructure

Developing robust grids with suitable capacity and coverage to accommodate new connections facilitates connecting SHP
plants and is critical for attracting private investment. In countries with high distribution losses, investments in distribution
systems should match those in the generation, to raise the overall efficiency of SHP projects. Establishing microgrids with
SHP providing base-load power can also offer a short to medium-term—or even permanent—solution for electrifying remote
and inaccessible communities.

(f) Improve local skills and expertise

By increasing local capacities in conducting feasibility studies, construction, operation and maintenance of SHP plants, the
whole SHP sector can become more self-sufficient and long-lasting for countries.

(g) Strengthen international and regional cooperation

The promotion of SHP by international and regional institutions is essential for mainstreaming SHP as a positive renewable
energy solution. On a more specific level, more information is needed on such topics as new SHP technologies, sustainable
models for financing and ownership of SHP projects, the effectiveness of financial incentives for SHP development and the
impact of the climate crisis on SHP. By developing South-South cooperation and triangular cooperation among developing
countries, developed countries and international organizations, international and regional agencies can facilitate the
transition of individual pilot SHP projects towards the successful implementation of full-scale SHP programmes.
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Key facts about countries

Africa
Country zz%%tsilgg Instgf)ligl ?&‘;City Pote%?gic;ll ilaep}:c)zcity Installed (<10 MW) | Potential (<10 MW)
Algeria <10 MW 471 N/A 471 N/A
Angola <10 MW 461 600.0 46.1 600.0
Benin <30 MW 0.5 95.0 0.5 N/A
Botswana N/A 0.0 N/A 0.0 1.0
Burkina Faso N/A N/A N/A 5.0 246.0
Burundi <1 MW 2.2 30.5 174 61.0
Cameroon <5 MW 1.5 N/A 1.5 970.0
Central Africa Republic <10 MW 18.8 41.0 18.8 41.0
Congo N/A N/A N/A 0.0 70.5
Cote d'Ivoire <10 MW 5.0 457 5.0 45.7
'C)sr’]“g%”atic Republic of the <10 MW 56.0 101.0 56.0 101.0
Egypt N/A N/A N/A 0.0 120.0
Equatorial Guinea N/A N/A N/A 7.5 31.9
Eswatini N/A 8.2 16.2 8.2 16.2
Ethiopia <10 MW 12.9 1,500.0 12.9 1,500.0
Gabon N/A N/A N/A 6.0 518.1
Gambia <30 MW 0.0 N/A 0.0 19.5
Ghana <1 MW 01 9.9 01 17.4
Guinea <1.5 MW N/A N/A 1.2 751.8
Kenya <3 MW N/A N/A 66.3 3,000.0
Lesotho <10 MW 3.8 38.2 3.8 38.2
Liberia <30 MW 49 592.0 49 N/A
Madagascar N/A N/A N/A 370 836.0
Malawi <5 MW 4.7 150.0 12.9 N/A
Mali <30 MW 5.7 154.7 5.7 N/A
Mauritania N/A 0.0 N/A 0.0 N/A
Mauritius N/A N/A N/A 19.7 19.7
Morocco <10 MW 30.5 300.0 30.5 300.0
Mozambique <10 MW 4.8 1,000.0 4.8 1,000.0
Namibia N/A 0.1 120.0 0.1 120.0
Niger N/A 0.0 N/A 0.0 8.0
Nigeria <30 MW 57.2 734.3 N/A N/A
Réunion <10 MW 10.6 16.6 10.6 16.6
Rwanda <5 MW 344 1111 N/A N/A
Sao Tome and Principe <10 MW 19 63.8 1.9 63.8
Senegal <10 MW 0.0 0.0 0.0 0.0
Sierra Leone <30 MW 12.2 N/A 12.2 639.0
Somalia N/A N/A N/A 0.0 4.6
South Africa <40 MW N/A N/A 42.0 247.0
South Sudan N/A N/A N/A 0.0 688.1
Sudan <5 MW N/A N/A 7.2 2,228.6
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Country ’a(;%%fi’;’z lnStggﬁglct;lel}jcity Pote(?otizll zae;]);)ndty Installed (<10 MW) = Potential (10 MW)
Tanzania <10 MW 30.5 480.0 30.5 480.0
Togo N/A N/A N/A 1.6 137.0
Tunisia N/A N/A N/A 17.0 56.0
Uganda <20 MW 186.0 400.0 107.9 2141
Zambia <20 MW N/A N/A 18.7 62.0
Zimbabwe <30 MW 314 N/A 161 120.0
Americas
Country Ic-fz%(:vlifigﬁ Instgf)lﬁgl c;ep}(;city POte(T;ile cdczp%c)lcity Installed (s10 MW) | Potential (10 MW)
Argentina <50 MW 510.0 N/A 97.0 430.0
Belize N/A N/A N/A 10.3 21.7
Bolivia <5 MW N/A N/A 991 N/A
Brazil <30 MW 6,324.6 35,765.0 1,608.2 3,737.8
Canada <50 MW 4,504.0 15,000.0 N/A N/A
Chile <20 MW 618.0 5,145.0 304.0 2,995.0
Colombia <20 MW 900.8 N/A 234.6 4,946.0
Costa Rica N/A N/A N/A 126.5 N/A
Cuba N/A N/A N/A 21.0 77.0
Dominica <10 MW 6.6 N/A 6.6 N/A
Dominican Republic <10 MW 59.7 N/A 59.7 N/A
Ecuador <10 MW 12.7 356.3 127 356.3
El Salvador <5 MW 21.7 N/A 21.7 119.6
French Guiana <10 MW 5.5 34.5 5.5 34.5
Greenland <5 MW N/A N/A 9.0 1831
Grenada N/A N/A N/A 0.0 7.0
Guadeloupe <10 MW 11.6 33.0 1.6 33.0
Guatemala <5 MW 123.0 204.9 N/A N/A
Guyana <5 MW 0.02 24.2 0.02 92.0
Haiti N/A N/A N/A 6.8 37.6
Honduras <30 MW 288.6 N/A 148.0 385.0
Jamaica N/A N/A N/A 30.6 76.2
Mexico <30 MW 699.3 N/A N/A N/A
Nicaragua <10 MW 26.6 104.7 26.6 104.7
Panama N/A N/A N/A 147.2 263.5
Paraguay <50 MW 0.0 116.3 0.0 N/A
Peru <20 MW 503.8 3,500.0 N/A N/A
Puerto Rico N/A N/A N/A 39.3 439
Saint Lucia N/A N/A N/A 0.0 2.7
Z‘;‘L’:}ta\éii’r’fei”t and the <10 MW 5.7 75 5.7 75
Suriname N/A N/A N/A 0.0 2.7
USA N/A N/A N/A 3,681.0 10,583.0
Uruguay <50 MW 0.0 231.5 0.0 208.0
Venezuela N/A N/A N/A 1.4 497
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Asia

Country L‘,Z%%figﬁ Instgf)lﬁgl c;ep}(;city POte(T;ile Cd(;%‘dty Installed (s10 MW) | Potential (10 MW)
Afghanistan <25 MW N/A N/A 83.2 1,200.0
Armenia <30 MW 382.0 431.0 340.0 N/A
Azerbaijan <10 MW 49.5 520.0 49.5 520.0
Bangladesh N/A N/A N/A 0.0 60
Bhutan <25 MW 324 23,296.0 8.4 8.9
Cambodia <10 MW 17 300.0 17 300
China <50 MW 81,300.0 128,000.0 £1,985.0 63,500.0
DPRK N/A N/A N/A 5221 N/A
Georgia <15 MW 263.0 723.9 212.2 491.8
India <25 MW 4,787.0 21134.0 N/A N/A
Indonesia <10 MW 543.0 19,385.0 543.0 19,385.0
Iran <10 MW 19.5 90.8 19.5 90.8
Iraq N/A N/A N/A 6.0 62.4
Israel N/A N/A N/A 7.0 N/A
Japan <10 MW 3,577.0 10,330.0 3,577.0 10,330.0
Jordan <10 MW 12.0 N/A 12.0 N/A
Kazakhstan <35 MW 255.0 2,354.4 118.0 1,380.9
Kyrgyzstan <30 MW 53.8 N/A 53.8 311.8
Lao PDR <15 MW 162.0 2,287.0 N/A N/A
Lebanon <10 MW 31.2 144.8 312 144.8
Malaysia <30 MW 296.0 1,500.0 N/A N/A
Mongolia <10 MW 4.7 129.5 4.7 129.5
Myanmar <10 MW 429 114.0 429 114.0
Nepal <25 MW 662.5 4,000.0 N/A N/A
Pakistan <50 MW 445.0 3,190.0 N/A N/A
Philippines <10 MW 145.0 1,265.0 145.0 1,265.0
Republic of Korea <5 MW N/A N/A 199.5 1,500.0
Saudi Arabia N/A N/A N/A 0.0 130.0
Sri Lanka <10 MW 425.0 873.0 425.0 873.0
Syria <10 MW 23.0 67.6 23.0 67.6
Tajikistan <30 MW 1421 N/A 547 30,000.0
Thailand <6 MW 190.4 700.0 N/A N/A
Timor-Leste <50 MW 0.4 N/A 0.4 219.8
Turkey <10 MW 1,662.2 4,891.5 1,662.2 4,891.5
Turkmenistan N/A N/A N/A 1.2 1,300.0
Uzbekistan <30 MW 303.6 1,392.0 87.8 N/A
Viet Nam <30 MW 3,600.0 7,200.0 N/A N/A
Europe

Country Local SHP definition Instgélgglc;epﬁc;city POte(T;ile fjae%‘dty Installed (<10 MW) | Potential (<10 MW)
Austria <10 MW 1,521.6 1,780.0 1,521.6 1,780.0
Albania <15 MW 482.0 N/A 432.0 1,963.0
Belarus <10 MW 173 250.0 173 250.0
Belgium <10 MW 76.0 103.4 76.0 103.4
Bosnia & Herzegovina <10 MW 172.2 1,005.0 172.2 1,005.0
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Installed capacity

Potential capacity

Country Local SHP definition (local def) (local def) Installed (<10 MW) | Potential (10 MW)
Bulgaria N/A N/A N/A 494.7 580.7
Croatia <10 MW 457 100.0 457 100.0
Czech Republic <10 MW 353.0 465.0 353.0 465.0
Denmark <10 MW 7.0 9.8 7.0 9.8
Estonia <10 MW 8.0 10.0 8.0 10.0
Finland <10 MW 297.5 585.5 297.5 585.5
France <10 MW 2,200.0 2,615.0 2,200.0 2,615.0
Germany N/A N/A N/A 1,674.0 1,830.0
Greece <15 MW 247.2 2,000.0 N/A N/A
Hungary <5 MW 171 28.0 N/A N/A
Iceland <10 MW 66.1 3,742.0 66.1 3,742.0
Ireland <10 MW 58.5 70.7 58.5 70.7
Italy <10 MW 3,648.4 7,073.0 3,648.4 7,073.0
Latvia <10 MW 28.0 96.0 28.0 96.0
Lithuania <10 MW 26.9 57.9 26.9 57.9
Luxembourg <10 MW 25.3 44,0 25.3 44,0
Moldova N/A N/A N/A 0.3 7.2
Montenegro <10 MW 34.7 97.5 34.7 97.5
Netherlands <10 MW 13.0 N/A 13.0 N/A
North Macedonia <10 MW 1M.4 258.0 1M.4 258.0
Norway <10 MW 2,924.0 7162.0 2,924.0 7162.0
Poland N/A N/A N/A 291.7 1,500.0
Portugal <10 MW 415.0 750.0 £415.0 750.0
Romania <10 MW 321.0 730.0 321.0 730.0
Russia <30 MW 852.9 825,844.6 168.4 N/A
Serbia <30 MW N/A N/A 109.0 N/A
Slovakia <10 MW 81.6 145.0 81.6 145.0
Slovenia <1 MW N/A N/A 164.0 180.0
Spain <10 MW 2,145.0 2,158.0 2,145.0 2,158.0
Sweden <10 MW 961.0 N/A 961.0 N/A
Switzerland <10 MW 1,000.0 1,500.0 1,000.0 1,500.0
Ukraine <10 MW 119.6 280.0 119.6 280.0
United Kingdom <10 MW 405.0 1,179.0 405.0 1,179.0

Oceania
Country Local SHP definition Instgf)lﬁglc;g:c;city POte(?;ile i’aep;:c)lcity Installed (<10 MW) | Potential (<10 MW)
Australia <10 MW 175.0 N/A 175.0 N/A
Et:igated States of Micro- N/A N/A N/A 07 9.0
Fiji <10 MW 1.3 43.2 1.3 43.2
French Polynesia <10 MW 48.6 98.0 48.6 98.0
New Caledonia <10 MW 13.0 100.0 13.0 100.0
New Zealand <50 MW 475.0 N/A 146.8 489.8
Papua New Guinea <10 MW 41.0 153.0 41.0 153.0
Samoa N/A N/A N/A 15.5 22.0
Solomon Islands N/A N/A N/A 0.4 11.0
Vanuatu N/A N/A N/A 1.3 5.4
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1.1. Eastern Africa

Countries: Burundi, Ethiopia, Kenya, Madagascar, Malawi, Mauritius,
Mozambique, Réunion, Rwanda, Somalia, South Sudan, Tanzania, Uganda,
Zambia, Zimbabwe

INTRODUCTION TO THE REGION

Countries comprising the Eastern Africa region are highly diverse in terms of geography, population dynamics and so-
cio-economic conditions, with the regional electricity sector development reflecting this diversity. Access to electricity in
the region ranges from 100 per cent in Mauritius to 7 per cent in South Sudan, which is also the lowest rate of electricity
access in the world. Across other countries in Eastern Africa, access to electricity in the region averages below 50 per cent
and displays significant disparities between urban and rural areas.

The main sources of electricity generation in Eastern Africa are thermal power and hydropower. Renewable energy sources
other than hydropower are most widely represented by solar power, which exists in nearly all countries of the region but
contributes a relatively small share of generated electricity. Kenya is the regional leader in geothermal power and, along
with Ethiopia, employs considerable wind power capacities. Bioenergy from a variety of sources, including bagasse and
bioethanol, is a widespread form of supplementary electricity generation in the region and accounts for a significant share
of installed capacity in Réunion, Ethiopia, Malawi, Mozambique, Tanzania and Zimbabwe.

The role of hydropower in Eastern Africa is very significant, although installed and potential hydropower capacities vary
widely by country. The regional leaders in hydropower generation are Ethiopia, Mozambique and Zambia. Hydropower is the
largest single source of electricity generation in these three countries and additionally in Burundi, Malawi, Rwanda, Uganda
and Zimbabwe. In Kenya, Madagascar, Mauritius, Réunion and Tanzania, hydropower is an important but supplementary
source of electricity generation. There is no operational hydropower capacity in Somalia and South Sudan, although Somalia
retains at least one major hydropower plant that is currently out of service.

27



WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

An overview of the electricity sectors of the countries in the region is provided in Table 1.

Table 1. Overview of Eastern Africa

ooy Toslpopetion SV FE ottt oy enanton
(%) (%) pacity (GWh/year) (Mw) (GWh/year)
Burundi 12 12 4 88 346 50 178
Ethiopia 15 51 30 4,817 14,553 4,07 13,655
Kenya 54 75 52 2,840 11,467 834 4,233
Madagascar 27 20 12 861 1,370 163 664
Malawi 19 1 4 574 1,887 394 N/A
Mauritius 1 100 100 844 2,882 60 116
Mozambique 32 31 4 2,915 15,603 2,204 14,826
Réunion 1 N/A N/A 903 2,978 133 423
Rwanda 13 67 N/A 210 821 95 397
Somalia 15 35 15 106 N/A 0 0
South Sudan 1 7 6 175 581 0 0
Tanzania 58 38 19 1,764 7,594 581 N/A
Uganda A IA 32 1,347 414 1,073 4,032
Zambia 18 43 14 2,981 15,040 2,399 12,332
Zimbabwe 15 48 28 2,431 9,351 1,081 5,504
Total - - - 22,856 - 13,139 -

Source: WSHPDR 2022'

Note: Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may vary.

REGIONAL SMALL HYDROPOWER OVERVIEW

Countries in Eastern Africa adhere to different definitions of small hydropower (SHP). The up to 10 MW definition is the most
common and has been adopted by Ethiopia, Mozambique, Réunion and Tanzania. Malawi and Rwanda use the up to 5 MW
definition, while Uganda and Zambia adhere to the up to 20 MW definition. Finally, SHP is defined as up to 1 MW in Burundi,
up to 3 MW in Kenya and up to 30 MW in Zimbabwe. No official definition of SHP exists in Madagascar, Mauritius, Somalia
and South Sudan.

A comparison of installed and potential SHP capacities in the Eastern Africa region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Eastern Africa (MW)

Country Local'S.HP Installed capacity Potential capacity Installed capacity Potential capacity
definition (local def.) (local def.) (s10 MW) (s10 MW)

Burundi Up to 1 MW 2.2 30.5 17.4 61.0
Ethiopia Up to 10 MW 12.9 1,500.0 12.9 1,500.0
Kenya Up to 3 MW N/A N/A 66.3 3,000.0
Madagascar N/A N/A N/A 370 836.0
Malawi Up to 5 MW 4.7 150.0 12.9 150.0*
Mauritius N/A N/A N/A 19.7 19.7
Mozambique Up to 10 MW 4.8 1,000.0 4.8 1,000.0
Réunion Up to 10 MW 10.6 16.6 10.6 16.6
Rwanda Up to 5 MW 344 1M 34.4* Mma*
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Country I&OCOI.S'HP Installed capacity Potential capacity Installed capacity Potential capacity
efinition (local def.) (local def.) (<10 MW) (<10 MW)

Somalia N/A N/A N/A 0.0 46

South Sudan N/A N/A N/A 0.0 688.1

Tanzania Up to 10 MW 30.5 480.0 30.5 480.0

Uganda Up to 20 MW 186.0 400.0 107.9 2141

Zambia Up to 20 MW N/A N/A 18.7 62.0

Zimbabwe Up to 30 MW 314 N/A 16.1 120.0

Total - - - 3891 8,263.2

Source: WSHPDR 2022

Note: *Based on the local definition of SHP.

The total installed capacity of SHP up to 10 MW in Eastern Africa is at least 389.1 MW, while total potential capacity is esti-
mated at 8,263.2 MW. Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity has
increased by 41 per cent both due to ongoing SHP development in the region and access to better data on previously-ex-
isting plants. The potential capacity has increased by 21 per cent, largely as a result of a re-evaluation of SHP potentials in
Madagascar and South Sudan.

SHP is a widespread source of electricity generation across much of Eastern Africa with the exception of Somalia and South
Sudan and is commonly utilized for electrification of remote population centres as well as off-grid agro-industrial facilities
including tea factories and multi-use facilities such as missions. SHP accounts for 23 per cent of all installed hydropower
capacity in Madagascar, 33 per cent in Mauritius, 36 per cent in Rwanda and 39 per cent in Burundi, while hydropower capac-
ities in other countries in the region are heavily dominated by large-scale plants.

Activity in the SHP sector in the region is uneven, with some countries actively pursuing SHP development and others pri-
oritizing other renewable energy sources. In recent years, construction of new SHP plants has been most active in Uganda,
Kenya, Madagascar, Rwanda and Zambia, while in other countries in the Eastern Africa region little new SHP development
has taken place and changes in reported installed capacity are generally accounted for by more precise data on previous-
ly-existing SHP plants. Additionally, SHP development and planning in parts of the region is hampered by political and
economic instability.

The national share of regional installed SHP capacity up to 10 MW by country is displayed in Figure 1, while the share of total
national SHP potential utilized by the countries in the region is displayed in Figure 2.

Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Eastern Africa (%)

Réunion 3% Mozambique 1%
EthIOpla 3% Malawi 1%
) /
Zimbabwe 4%
Burundi 5%

Zambia 5%

Mauritius 5% [

Tanzania 8%

Uganda 28%

Kenya 18%
Rwanda 9%

Madagascar 10%

Source: WSHPDR 2022

Note: Somalia and South Sudan are not included due to lack of installed SHP capacity.
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Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Eastern Africa (%)
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Source: WSHPDR 2022

The installed SHP capacity up to 1 MW in Burundi is 2.2 MW, while the estimated potential capacity is 30.5 MW, indicating that
7 per cent has been developed. For SHP up to 10 MW, installed and estimated potential capacities are 17.4 MW and 60 MW,
respectively, indicating that 29 per cent has been developed. While no new SHP plants have been commissioned in recent
years, two SHP projects with a cumulative capacity of 91 MW were in the planning stages as of 2021.

Mauritius
Réunion
Uganda
Rwanda
Zambia
Burundi
Zimbabwe
Tanzania
Madagascar
Malawi
Kenya
Ethiopia
South Sudan

In Ethiopia, the installed capacity of SHP up to 10 MW is 12.9 MW, while potential capacity is estimated at 1,500 MW, indicating
that less than 1 per cent has been developed. While Ethiopia is in the process of expanding its already considerable large
hydropower capacity, the SHP sector in the country has seen little development in the last few years and there are no plans
for the construction of any additional SHP plants in the near future.

The installed capacity for SHP up to 10 MW in Kenya is 66.3 MW, while potential capacity has been estimated at 3,000 MW,
indicating that approximately 2 per cent has been developed. The country has actively pursued SHP development, with a
large number of plants operated by the Kenya Tea Development Authority (KTDA) to support the operation of tea processing
facilities. More than 260 potential SHP sites have been identified in studies carried out over the last decade, with the highest
concentration of potential sites located in the Tana River basin. Many new SHP projects are either under construction or in
the planning stages, with the KTDA continuing to play a key role in SHP development in the country.

The installed capacity of SHP up to 10 MW in Madagascar is 37 MW. The estimate of potential capacity, updated on the basis
of a 2017 study, is 836 MW, suggesting that 4 per cent has been developed. SHP development in the country is actively on-
going, with several new plants commissioned between 2019 and 2021 and three SHP projects under development as of 2021.

In Malawi, the installed capacity for SHP up to 5 MW is 4.7 MW, while potential capacity is estimated at 150 MW, indicating
that 3 per cent has been developed. Recent activity in the SHP sector has included major reconstruction of existing SHP
plants, with the total installed capacity of SHP up to 5 MW actually decreasing as several ageing plants were replaced by a
newer SHP plant with an installed capacity of 8.25 MW in 2020. Consequently, the installed capacity for SHP up to 10 MW in
the country reached 12.9 MW. Two additional ongoing SHP projects with a total capacity of 9.5 MW have passed the feasibility
study stage.

Mauritius has an installed capacity of 19.69 MW for SHP up to 10 MW. No additional undeveloped potential has been iden-
tified, suggesting that the country’s SHP potential is fully utilized. The most recently-constructed SHP plant was commis-
sioned in 2019, but most of the country’s SHP fleet is old and requires refurbishment. A government study has been launched
to assess the existence of additional undeveloped potential.

The installed capacity for SHP up to 10 MW in Mozambique is 4.8 MW, while potential is estimated at 1,000 MW, indicating
that less than 1 per cent has been developed. Little SHP development has taken place in the country over the last decade,
as activity in the hydropower sector has been focused on large hydropower projects. The largest concentration of SHP plants
in Mozambique is located in the central parts of the country and most existing plants have an installed capacity under 1
MW. Recent in-depth studies have identified hundreds of potential SHP sites across the country with a combined potential
capacity of over 672 MW.
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The installed capacity for SHP up to 10 MW in Réunion is 10.6 MW, with an additional 6 MW of untapped potential. The total
estimated potential capacity in the country is thus 16.6 MW, of which 64 per cent has been developed. The last SHP plant in
the country was commissioned in 2018. A number of additional SHP projects are in the planning stage, all with capacities
under 1T MW.

In Rwanda, the installed capacity for SHP up to 5 MW is 34.4 MW, while the potential capacity is estimated at 1111 MW, indi-
cating that 31 per cent has been developed. The country has seen active SHP development in recent years, with several new
plants commissioned between 2017 and 2020. Likewise, 10 additional plants are expected to become operational by 2024.

Somalia has no operational SHP capacity, although the existence of one previously operational SHP plant suggests a po-
tential capacity of at least 4.6 MW if the plant were to be refurbished or rebuilt. The SHP sector in the country is stagnant,
although plans to rehabilitate the existing SHP infrastructure in the country have been announced by the Government in a
2016 report.

South Sudan likewise has no operational SHP capacity. However, the potential capacity for SHP up to 10 MW is considerable,
estimated at 688.1 MW in a 2018 study. There are no known plans for SHP development in the country on the national level
and the country overall lacks a comprehensive renewable energy framework. Existing plans for renewable energy develop-
ment focus on solar power projects and large hydropower.

The installed capacity for SHP up to 10 MW in Tanzania is 30.5 MW, while potential is estimated at 480 MW, indicating that
approximately 6 per cent has been developed. The country has over 1,600 SHP plants, most of which are operated by faith-
based groups for the provision of power to community facilities and health centres. Several SHP plants with capacities below
1 MW were commissioned between 2017 and 2019 and at least four different studies have identified hundreds of potential
SHP sites across the country.

Uganda leads the Eastern Africa region in installed SHP capacity. The installed capacity of SHP up to 20 MW in the country
is 186 MW, while estimated potential is 400 MW, indicating that 47 per cent has been developed. For SHP up to 10 MW, the
installed capacity is 107.9 MW and estimated potential is 214.1, indicating that 50 per cent has been developed. SHP develop-
ment in the country is very active, with over a dozen SHP plants up to 20 MW constructed between 2017 and 2022. Seventeen
additional SHP projects were under construction as of 2022 and 20 potential SHP sites have been identified in various parts
of the country.

The installed capacity of SHP up to 10 MW in Zambia is 18.7 MW, while the potential capacity is estimated at 62 MW, indicat-
ing that 30 per cent has been developed. The installed SHP capacity of the country has increased substantially due to the
commissioning of two new SHP plants in 2020 with a combined capacity of 10.6 MW. In addition to new stream development,
older SHP plants have either undergone refurbishment and capacity upgrades or have been decommissioned and replaced
with new plants. Several SHP projects were in various stages of development as of 2020.

The installed capacity of SHP up to 10 MW in Zimbabwe is 16.1 MW, while the estimated potential capacity is 120 MW, indicat-
ing that approximately 12 per cent has been developed. For SHP up to 30 MW, the installed capacity is 31.4 MW, although no
estimate of potential capacity is available. SHP plants in Zimbabwe are employed either as grid-connected facilities, which
are operated by private companies, or as off-grid systems owned by communities and supported by non-governmental
organizations (NGOs). One new SHP plant was commissioned in Zimbabwe in 2018 and several additional SHP projects are
under construction.
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Changes in the installed SHP capacities of countries in the region compared to the previous editions of the WSHPDR are
displayed in Figure 3.

Figure 3. Change in Installed Capacity of Small Hydropower from WSHPDR 2013 to WSHPDR 2022 by Country in Eastern
Africa (MW)
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Note: For SHP up to 10 MW with the exception of Malawi, where the local definition of SHP is used for consistent comparison with previous editions
of the WSHPDR.
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Climate Change and Small Hydropower

Almost half of the installed SHP capacity of Africa is located in Eastern Africa, with over 55 per cent of regional SHP capacity
located in the Nile River basin. Climate change impacts on SHP in the region vary significantly depending on the models
used. Projected variability in rainfall patterns and changes in temperature are likely to threaten water supply and storage,
and pose a challenge to electricity generation in countries highly reliant on hydropower. A particular risk is a potential future
decrease in wet season precipitation across the region. At the same time, expected increases in precipitation and runoffin
certain parts of Eastern Africa can present an opportunity for SHP development. For example, some watersheds in Tanzania
could see an increase in runoff of 160 per cent. Finally, climate change is expected to impact the reliability of estimates of
hydropower potential in the region and the feasibility of previously identified sites. Consequently, older estimates of SHP
potential in regional countries may no longer be accurate.

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

The development of SHP in Burundi is hampered by the lack of funds, local expertise in the SHP sector and limited hydro-
logical data. At the same time, the country has a considerable untapped SHP capacity, with a range of potential sites already
identified.

The main barrier to SHP development in Ethiopia is the Government's focus on large hydropower, which has resulted in a lack
of funding for SHP as well as a lack of detailed and up-to-date information on potential SHP sites in the country. Ongoing
political instability has been another factor holding back SHP projects. On the other hand, several recent government initia-
tives may be conducive to SHP development in the future, including a directive simplifying licensing for power generation
on mini-grids and initiatives targeting rural electrification. The country’s large untapped SHP potential suggests the country
could considerably expand its overall generation capacity through SHP development.

Despite a robust and active SHP sector, SHP projects in Kenya face long lead times, high upfront costs and a lack of coor-
dination between various government agencies responsible for SHP policy and oversight. More generally, climate change
vulnerability and conflicts over land use present additional barriers to the implementation of SHP projects. However, SHP
in Kenya also benefits from incentives including tax exemptions and feed-in tariffs (FITs), as well as from a well-established
regulatory framework for public-private partnerships. Finally, the country’s large undeveloped SHP potential is mapped in
several recent studies.

Barriers to SHP development in Madagascar include a lack of funding opportunities, lack of local manufacturing capacity
for turbines and risks induced by climate change. Enabling factors include the updated assessment of SHP potential in the
country, which suggests the feasibility of SHP development on a greater scale than previously estimated, as well as the com-
petitive per kWh cost of SHP in the country relative to other renewable energy sources.

SHP development in Malawi faces several significant obstacles including a lack of funding, lack of human capacity in the SHP
sector and lack of awareness on the benefits of SHP among local communities. In addition, the SHP sector in the country is
under pressure from environmental degradation, the vulnerability of old electrical infrastructure to extreme weather events,
and vandalism of physical assets. At the same time, the demand for additional generation capacities is very high in Malawi
due to low electricity access, and the existing untapped SHP potential in the country is well-studied. The Government pro-
vides certain tax exemptions for SHP projects and financing mechanisms for SHP are also available.

In Mauritius, the main obstacle for SHP development is the lack of identified undeveloped SHP potential. Government stud-
ies are underway to determine if undeveloped potential exists in the country, which could enable additional development in
the SHP sector. Refurbishment of ageing SHP plants could present an additional opportunity for investment.

The development of SHP in Mozambique is hampered by the lack of a consolidated legal framework and the absence of an
SHP-specific investment strategy, as well as the lack of locally-produced technology in the SHP sector. At the same time, the
largely untapped and well-studied SHP potential in the country presents an important opportunity for meeting the electric-
ity needs of remote and rural communities.

A major barrier to SHP development in Réunion is the island’s isolated location, which significantly raises the cost of proj-
ects. Additional barriers unique to the island are its status as a World Heritage Site, volcanic activity and vulnerability to
severe weather, all of which also contribute to raising the costs of SHP development. One promising direction for future SHP
development in Réunion is the construction of SHP facilities on existing water supply infrastructure, which would minimize
the impact of some of the aforementioned barriers.
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Barriers to SHP development in Rwanda include the high cost of construction caused by difficult topography, geographic iso-
lation and lack of local manufacturing capacity for SHP components, as well as unstable hydrological conditions. Enablers
include the compatibility of SHP with micro-grids using other forms of renewable energy, suitable conditions for run-of-river
plant construction and the Government's commitment to a climate-resilient model of development.

The main barrier to SHP development in Somalia is the ongoing political instability and fragmentation in the country, which
severely complicates any development work. Additional barriers include the lack of financing from the private sector, local
technical capacity in SHP and the limited regulation and oversight of the electricity sector. The main opportunity in the SHP
sector in Somalia is the potential rehabilitation of the formerly operational 4.6 MW SHP plant.

The development of SHP in South Sudan is likewise hampered by political and economic instability, as well as by a focus on
the development of fossil fuel-fired power plants, large hydropower and solar power. The main enabler for future develop-
ment in the SHP sector is the country’s large and fully undeveloped estimated SHP potential. SHP plants could be employed
to at least partially address the problem of electricity access in the country, particularly in rural areas.

In Tanzania, barriers to SHP development include the lack of financing for projects as well as the problems with long-term
financial sustainability of projects funded by NGOs, as the local customers are unable to bear the financial burden of power
development and maintenance. SHP projects are also adversely impacted by issues with long-term planning and the lack of
local technical expertise in the SHP sector. On the other hand, the country’s large untapped SHP potential has been exten-
sively studied and the country can lean on extensive experience in SHP project implementation. Additionally, Government
policy is supportive of off-grid generation, and renewable energy sources including SHP plants are incentivized with stan-
dardized power purchase tariffs.

Despite a rapid pace of development, the SHP sector in Uganda is hampered by several obstacles, including deficiencies in
the quality of the transmission and distribution network, limited local manufacturing capacity, a lengthy and bureaucratic
process of land acquisition for projects and poor implementation of environmental oversight. Despite these issues, SHP
development in the country is supported by a conducive regulatory environment and incentives for power generation from
SHP, including several categories of FITs, in addition to other forms of government support and long-term planning, partic-
ularly with regard to using SHP to extend electricity access to rural communities.

Barriers to SHP development in Zambia are multi-faceted and include a lack of accurate hydrological data, lack of a com-
prehensive energy policy, issues with power transmission, financing and incentivization of investments through tariffs. The
poor quality of the road network creates additional complications in accessing potential SHP sites. On the other hand, the
country has a stable and growing market for electricity with steadily increasing demand, as well as an array of economic and
fiscal incentives for SHP development including several categories of FITs, tax incentives, risk cost sharing and subsidies.

In Zimbabwe, barriers to SHP development include extreme weather conditions, lack of standard FITs and procurement
methods, high cost of local financing coupled with lack of access to foreign financing opportunities and the lack of local
manufacturing capacity for SHP equipment. The primary enablers of SHP development in the country are the substantial
undeveloped SHP potential and the availability of net metering for SHP projects.
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The terrain of Burundi is dominated by plateaus and mountains. Plains are only found along the
Ruzizi River, north of Lake Tanganyika, forming the border with the Democratic Republic of the
Congo. In the west of the country, mountain ranges run from north to south, culminating at Mount
Heha, which reaches 2,670 metres above sea level.2

The climate is equatorial, with temperatures ranging according to altitude, from 12 °C at high alti-
tudes in the western mountainous areas to 32 °Cin the plains, near Lake Tanganyika and at the Ru-
zizi River Plain. The capital city of Bujumbura experiences an average annual temperature of 23 °C.2

The key climate change impacts experienced by Burundi include increased heavy rainfall, leading
to floods and soil erosion; precipitation reduction and long periods of drought, resulting in re-
duced water resources; increased heat and more frequent extreme weather events. In 1991-2020
the mean temperature was 0.5 °C higher than in the 1971-2000 period and almost 1 °C higher than
in 1951-1980. Conversely, mean precipitation reduced, decreasing by an average of 7 mm per deca-
de over the 1951-2020 period.?

The wet season in Burundi lasts from October to April and the dry season from May to September.
Annual precipitation varies by region, ranging from 800-1,000 mm in the north-east to 1,600-2,000
mm at higher elevations in the mountains*

The four major rivers are the Kanyaru, Malagarasi, Rusizi and Ruvubu. The largest lakes are Tanga-
nyika, Cohoha and Rweru.?

ELECTRICITY SECTOR OVERVIEW

In 2022, the total installed capacity of Burundi was approx-
imately 88 MW, which consisted of approximately 50 MW of
hydropower, 30 MW from a diesel-fired power plant and 7.5
MW from one solar power plant (Figure 1).578° Additionally,
Burundi imports 15.5 MW from the regional Ruzizi hydro-

ation in the country in 2020 including all producers amount-
ed to 346.3 GWh, however, a breakdown by source for this
total is not available."

Figure 2. Annual Electricity Generation by Source in Burundi

power complex located on the border between the Demo-  in 2020 (GWh)
cratic Republic of the Congo and Rwanda.
Hydropower 177.5
Figure 1. Installed Electricity Capacity by Source in Burundi Thermal Power 86.6
in 2022 (MW)
Source: ISTEEBU™
Hydropower 50 -
Note: Includes only generation by REGIDESO.
Diesel 30
Solar Power 8 The World Bank reports an almost 12 per cent national elec-

Sources: Ciza,* Nsabimana,” Anadolu Agency,® REPP®

In 2020, electricity generation by the state-owned com-
pany Directorate for Production and Distribution of Water
and Electricity (REGIDESO) amounted to 264 GWh, of which
hydropower accounted for 67 per cent (Figure 2).° REGIDE-
SO owns the majority of the electricity generation capacity
in the country, however, besides its plants there are also
plants owned by the Rural Electrification Agency (ABER) and
independent power producers (IPPs). Total electricity gener-
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tricity access rate and less than 4 per cent in rural areas.?”
However, no studies to determine the electricity access
rate in the country have been carried out and these val-
ues should be considered as indicative. Overall, electricity
supply critically lags behind demand. The Government of
Burundi has implemented the policies and regulations to
improve the country’s energy sector, with a particular fo-
cus on renewable energy sources. The goal is to develop the
economy, reduce poverty and create more opportunities for
income generation from the energy sector.
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In order to improve electricity access, a number of projects
are currently under development, including, the 49 MW Ji-
ji-Murembwe, 20 MW Kaburantwa and 10.4 MW Mpanda hy-
dropower plants.” The plants most recently added to the
country's generation fleet include the 7.5 MW solar plant in
Mubuga and the 15 MW Ruzibazi hydropower plant in the
south of Bujumbura.®? In rural areas, the Government has set
up two projects, Soleil Nyakiriza and Umuco w'lterambere, in
order to increase the rate of access to electricity, mainly for
public infrastructure (health centre and secondary school)
and to create a market for solar equipment in Burundi.

The electricity transmission system in Burundi is made up of
750 kilometres of 110 kV high-voltage lines and 30 kV medi-
um-voltage lines Due to its dilapidated state, the electrici-
ty network does not support the load that passes through it,
which leads to blackouts and electricity shortages. Studies
are being finalized to rehabilitate the electricity network,
mainly in the city of Bujumbura.

The Government of Burundi has opened the country’s ener-
gy sector to private actors through the liberalization of the
renewable energy sector. Investors can participate in elec-
tricity production, transportation and distribution as well as
carry out marketing activities for the electricity produced.
REGIDESO manages the electricity transmission and distri-
bution infrastructure throughout the country, therefore, it
acts as the buyer for projects undertaken within the pub-
lic-private partnership (PPP) framework. For isolated power
plants, a legal framework is in place to facilitate customer
connection and electricity sales.

Electricity tariffs in Burundi were established in 2017 and are
uniform on the entire territory of the country with differenti-

According to the local definition, there are 16 SHP plants in
the country with a combined installed capacity of 2.2 MW
(Table 2) and an annual generation of 76 GWh.® The potential
of SHP up to 1 MW is estimated at 30.5 MW.' Following the up
to 10 MW definition of SHP, the installed capacity of Burun-
di is 17.39 MW, while the potential, as determined based on
planned SHP projects, is 61 MW.5 The changes in installed
capacity compared to the World Small Hydropower Devel-
opment Report (WSHPDR) 2019 are based on more accurate
estimates, whereas the potential estimates have remained
unchanged (Figure 3). No new SHP projects have been
launched since the previous edition of the report; however,
a number of projects are planned as part of the country’s
efforts to advance the renewable energy sector, including
the 300 kW Karonke plant and the 8.8 MW cascade at Dama.*

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Burundi (MW)

61.0
61.0
61.0

Potential
Capacity

54.0

7.4 Il WSHPDR 2022

Installed 15.8 Il WSHPDR 2019
Capacity 15.8 [ WSHPDR 2016
158 WSHPDR 2013

Sources: Ciza,® WSHPDR 2019, WSHPDR 2013, WSHPDR 2016

Note: Data for SHP up to 10 MW.

Table 2. List of Existing Small Hydropower Plants up to
1MW in Burundi

ation according to the customer type (Table 1)/ Name Location  capacity Operator Launch
(Mw) year
Table 1. Electricity Tariffs in Burundi Kayongozi Ruyigi 0.500 ABER 2013
) ) Mutumba Bujumbura 0.092 Private 2009
Tariff (FBU/  Fixed charge
Type of consumption RWh (USD/  (FBU/Month Kiganda Muramvya 0.043 Private 1990
RWh)) (Usb/kWh)) . -
Butezi Ruyigi 0.234 ABER 1987
Households (0-50 kwh) 82 (0.047) 0(0) . )
Nyabikere Karuzi 0138 ABER 1986
Households (51-150 kWh) 290 (0.166) 0 (0)
Murore Cankuzo 0.023 ABER 1985
Households (2151 kwWh) 546 (0.312) 6,822 (3.898) R .
Buhiga Karuzi 0.232 REGIDESO 1984
Commercial (0-100 kWh) 195(0.112) 4,122 (2.355) . .
Mpinga Rutana 0.020 Private 1983
Commercial (101-250 kWh) 313 (0.179) 8,266 (4.723) . .
Kigwena Bururi 0.067 ABER 1982
Commercial (2251 kWh) 399(0.228) 12,398 (7.085)
Ryarusera Muramvya 0.029 ABER 1982
Administration 313(0179) 11,500 (6.571) . .
Musongati Rutana 0.015 Private 1981
Source: Agence Bujumbura News® Kiremba Ngozi 0.068 Private 1980
Teza Muramvya 0.418 Private 1979
Masango Cibitoke 0.029 Private 1977
SMALL HYDROPOWER SECTOR Burasira Gitega 0.032 Private 1961
OVERVIEW ) .
Nyamyotsi Muramvya 0.300 Private N/A

Small hydropower (SHP) is defined in Burundi as hydropow-
er plants with capacity of up to 1 MW.

Source: Ciza,® Nsabimana’
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The total hydropower potential in the country has been esti-
mated to be approximately 1,700 MW, of which approximate-
ly 300 MW is economically viable.” Table 3 shows a list of
selected potential sites identified for SHP development in
the country.

Table 3. List of Selected Potential Small Hydropower Sites
in Burundi

Potential Type of side

Name Location capacity  (New/refurbish-

(Mw) ment)
RUVU197 Shombo 8.400 New
RUVU203 Bugendana 6.900 New
NYKI032 Itaba 6.844 New
SIKUOM Bururi 6.636 New
DAMAO15_ATL Burambi 6.091 New

Source: Ciza®

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

Table 4 shows a list of selected SHP projects available for
investment.

Table 4. List of Selected Small Hydropower Projects
Available for Investment in Burundi

: Capacity Develop-
Name location (MW) Developer ment stage
Ministry of -
Kagu 006 Cibitoke 6.0  Hydraulics, Energy Pres“tf:énarv
and Mines y
Ministry of .
Dama  Rumonge 8.0  Hydraulics, Energy PreleT(ljnary
and Mines y
Ministry of .
Muyo Rutana 7.0  Hydraulics, Energy Preler:clinary
and Mines y
Ministry of Preliminary
Musas Rutana 0.3  Hydraulics, Energy ~ " o
and Mines y
Ministry of .
Nyen Rumonge 8.0  wHydraulics, Energy PreleT('jnary
and Mines y

Source: Ciza®

RENEWABLE ENERGY POLICY

The Government of Burundi aims to promote renewable en-
ergy as part of its efforts to protect the country’s natural
resources. This includes a range of planned hydropower, so-
lar power, peat-fired and waste-to-power projects as well
as exploration of the wind power and geothermal power
potential in the country.? To support these efforts, the Gov-

ernment has prepared renewable energy legislation, which
at the moment of writing of this chapter was under consid-
eration. There are no feed-in tariffs in place.

As the majority of population uses wood as a source of en-
ergy for cooking, the Government of Burundi has planned a
programme of planting trees across the country and calls
the population to use other less polluting sources of ener-
gy, for example, ecological briquettes from biodegradable
waste.

The following laws aiming to further liberalize the electricity
sector have been implemented:

+ Law No. 1/23 of 24 September 2008 defined tax bene-
fits for investors;

+ Law No. 1/177 of 19 October 2009 established the In-
vestment Promotion Agency;

+ Law No. 100/318 of 22 December 2011 established the
ABER to develop and implement rural electrification
projects and programmes;

« Law No. 1/13 of 23 April 2015 aims to reorganize and
liberalize the electricity sector;

+ Electricity (Generation Services for Export and Elec-
tricity Importation) Regulations, 2016;

+ Electricity Licensing (Generation Services for Own Use
and Trade) Regulations, 2016;

+ Electricity (Transmission, Distribution and Electricity
Trade) Regulations, 2016

Licensing of SHP projects is overseen by the Regulatory Au-
thority of Water and Energy Sectors (AREEN) and is a rather
easy process. Each project is required to undertake an Envi-
ronmental and Social Impact Assessment (ESIA).

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

The Government of Burundi is the main source of financing
for SHP projects in the country, including through PPPs and
loans.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

So far, only minor effects of the climate crisis on the hy-
dropower sector have been recorded in the country. Elec-
tricity generation drops in the summer period, which should
be taken into account in future SHP developments. As ad-
aptation measures for the hydropower sector, the Govern-
ment uses generation from thermal power and plants trees
around hydropower plants.
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The key barriers preventing SHP development in Burundi
include:

« Lack of funds;

+ Lack of local skills and expertise;

« Limited hydrological data.

At the same time a range of favourable conditions for SHP
development exist:

« Avery low electricity access rate and need for electric-
ity sector development so that the country can devel-
op economically, socially and financially;

« Significant improvements in the business environment
in the country have been made;

« Policy focus on hydropower development;

« Arange of suitable SHP sites have been identified.
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KEY FACTS

114,963,583 (2020)'

1,129,300 km?2

Ethiopia has one of the most rugged topographies in Africa that can be categorized into five zones:
the Eastern Highlands, the Western Highlands, the Eastern Lowlands, the Western Lowlands and the
Rift Valley. The highest point in the country is the Ras Dejen (or Ras Dashen) mountain, peaking at
4,533 metres.?

Ethiopia is located in the tropical latitudes and thus experiences climatic conditions typical of tropi-
cal regions in its lowlands. The country’s highlands, however, enjoy a temperate climate due to their
elevation offsetting the desert-like conditions of the lowlands. This variety in topography translates
into mean temperatures ranging from -15 °C in the highlands to over 25 °C in the lowlands.

Ethiopia has been experiencing increasing temperatures and variabilities in rainfall patterns due to
climate change. The average temperatures have been increasing, especially in the July-September
period, by an average of approximately 1 °C since 1960, with an average increase rate of 0.25 °C per
decade. The average number of hot nights and hot days has increased, while cold days have also
been decreasing exponentially. The higher rates of warming have been observed to affect the central
regions and highland areas more, with increased evapotranspiration and reduced soil moisture. There
has also been observed a decrease in precipitation and an increase in volatility. The south-central
region, for example, has seen a 20 per cent decrease in rainfall since 1960. This has all led to increased
droughts and unpredictable rainfall patterns.*

Ethiopia experiences considerable variability in rainfall. The equatorial forests in the south and south-
west receive high rainfall. Conversely, while the Afroalpine zone on the Bale and Simien Mountains
as well as the eastern, north-eastern and south-eastern lowlands experience desert-like conditions.
Ethiopia has three rainfall seasons: the rainiest season, or Kiremt, accounting for most of the rainfall
between June and September; the Belg, which is a secondary wet season from February to May in the
central and northern regions; and the Bega in the southern regions, which occurs from October to
December. The mean annual rainfall is approximately 2,000 mm in the south-western highlands and
approximately 300 mm in the south-eastern and north-eastern lowlands.*

Ethiopia has 9 major rivers and 12 big lakes, including Lake Tana, which is the source of the Blue Nile.
There are three major drainage systems in Ethiopia: the Western drainage, which includes the Blue
Nile (or the Abay River), the Baro Rivers and the Tekeze and flows towards the White Nile in South Su-
dan and Sudan; the Rift Valley internal drainage system, including the Awash River, Omo River and the
Lakes Region; and the Shebele and Genale Rivers drainage system which flows southwards towards
Somalia and the Indian Ocean.?

ELECTRICITY SECTOR OVERVIEW

The main sources of electricity in Ethiopia are hydropower,  Figure 1. Annual Electricity Generation by Source in Ethiopia
wind power, bioenergy and solar power, respectively ac- in 2019 (GWh)
counting for 93.9 per cent, 5.8 per cent, 0.2 per cent and 0.1

per cent of total production, which amounted to 14,553 GWh

Hydropower | 4,071

in 2019. All electricity production in the country was from Wind Power [ 324
renewable sources, with hydropower alone amounting to Bioenergy [l 290

13,655 GWh in 2019 (Figure 1).5

Thermal Power (W 104
Solar Power || 20

Geothermal Power | 7

Source: IRENA®
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In 2020, the total installed electricity capacity in Ethiopia
was 4,817 MW of which hydropower, wind power, bioenergy,
solar power and geothermal power accounted for almost 85
per cent, less than 7 per cent, 6 per cent, 0.4 per cent and 0.3
per cent, respectively. Non-renewable thermal power capac-
ity amounted to 104 MW (or 2.1 per cent) in 2020 (Figure 2).

Figure 2. Installed Electricity Capacity by Source in Ethiopia
in 2020 (MW)

Hydropower 13,655

Wind Power 848
Bioenergy | 30

Solar Power | 20

Source: IRENA®

Electricity in Ethiopia is regulated by the Ethiopia Electric
Authority (EEA), while the Ethiopian Electric Utility (EEU) and
the Ethiopian Electric Power (EEP) are responsible for gen-
eration, transmission and delivery. The latter was formed by
Council of Ministers Regulation No. 302/2013.°

The EEA regulates tariffs for on-grid and off-grid electricity,
with tariffs in Ethiopia being some of the lowest in Africa due
to government incentives and a fixed cost of electricity. This
tariff underwent an amendment in 2018, after which costs
were ranging from 0.005 USD/kWh to 0.04 USD/kWh for res-
idential consumers, and for industrial consumers from 0.03
USD/kWh to 0.02 USD/kWh.

Electricity and the energy sector in general are a focal point
of the Ten-Year Perspective Development Plan (2021-2030)
of Ethiopia, also known as Vision 2030. Under Vision 2030,
Ethiopia is projected to become a lower-middle income
country and reach a 100 per cent electrification rate by 2025.
The National Electrification Programme 2.0 (NEP 2.0) is the
national strategy outlining the plan to achieve universal
access to electricity through on- and off-grid solutions. Ad-
opted in 2019, it is tied into Vision 2030 and highlights large-
scale projects to double electricity production such as the
Grand Ethiopian Renaissance Dam (GERD) and the 2,160 MW
Koysha hydropower plant. The former, a large-scale hydro-
power project, is expected to be completed by 2023 but has
already begun producing electricity and is expected to reach
a production capacity of 6,450 MW, making it the largest hy-
dropower plant in Africa.8>"°

Figure 3. Electrification Rate in Ethiopia in 2020 (%)

Total51%
Rural30%

Source: World Bank™

The country’s electrification rate was 51 per cent in 2020,
with 30 per cent of the country’s rural population having
access to electricity (Figure 3). Electrification rates are ex-
pected to increase dramatically once the GERD is operating
at full capacity."*

ALL HYDROPOWER SECTOR OVERVIEW

In Ethiopia, small hydropower (SHP) refers to plants with an
installed capacity of up to 10 MW. The installed SHP capacity
in 2018 was 12.89 MW and the SHP potential is estimated
to be at least 1,500 MW, with most potential sites located
in western and south-western Ethiopia®” The potential and
installed capacity have not changed since the publication of
the World Small Hydropower Development Report (WSHPDR)
2019 as no new data have been made available (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Ethiopia (MW)

1,500.0
Potential 1,500.0
Capacity 1,500.0
1,500.0

129 Il WSHPDR 2022

Installed | 12.9 I WSHPDR 2019
Capacity gg I WSHPDR 2016
’ WSHPDR 2013

Source: WSHPDR 2013, WSHPDR 2016, WSHPDR 2019,"® MoST"”

There is currently no reliable information on the number of
SHP plants in operation in Ethiopia. In 2017, there were 28
operational SHP plants (Table 1).

Table 1. List of Existing Small Hydropower Plants in
Ethiopia

Potential

Name River Instglled upgrade up to

capacity (RW) (kW)
Sor Sor 5,000.0 -
Aba Samual Aba Samuale 4,500.0 -
Dembi Gilo 800.0 -
Jibo Jibo 420.0 -
Yadot Yadot 350.0 -
Ropi Bilate 300.0 -
Gelenmite Gelenmite 195.0 -
Chemoga Chemoga 195.0 -
Welega Welega 162.0 -
Hulka Hulka 150.0 -
Yaye Yaye 150.0 170.0
Sotosomere Sotosomere 147.0 -
N/A - 130.0 -
Deneba Deneba 123.0 -
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Potential

Name River Instglled upgrade up to

capacity (RW) (kW)
Hagara Sodicha Lalta 43.5 55.0
Rago Senbete - 30.0 -
Rasa Dango - 30.0 -
Gobecho Il Gangea 28.0 34.0
Enkule - 27.0 -
Shebe leku - 18.0 -
Welega - 15.0 -
Murago - 15.0 -
Leku Boru 13.0 20.0
Kersa - 11.8 -
Ererte Ererte 10.0 33.0
Keramo - 10.0 -
Gera dusta - 75 -
Gobecho | Gangea 7.0 -
Total 12,887.8

Source: MoST"”

Note: Data as of 2017.

RENEWABLE ENERGY POLICY

As part of the NEP, a climate-resilient green economy ap-
proach is essential to achieving Vision 2030, and renewable
energy is stated as one of the four pillars of this green econ-
omy. To achieve the Vision 2030 target of universal electric-
ity coverage fixed by the Government of Ethiopia, a focus
is made on the expansion of renewable energy in both the
on- and off-grid mode.’

One of the policies addressed in the NEP is the National
Biogas Programme (NBP) launched in 2009 with the aim of
providing biogas digesters to Ethiopian households. In the
first phase of the project, over 14,000 rural households were
serviced and 360,000 low-income households are targeted
for the current phase Il. Further efforts to improve clean en-
ergy access in low-income households in the country were
manifested in the National Improved Cookstove Programme
(NICP), a programme launched in 2010 with the aim of pro-
viding cleaner cooking technologies to divest from tradi-
tional biomass-based fuels (firewood, charcoal). Within the
first five years of implementation of the programme, over 9
million improved cookstoves had been distributed in Ethio-
pia. Under the Rural Electrification Fund launched in 2003,
more than 45,000 solar home systems have been provided
to previously unelectrified communities in Ethiopia and over
200 technicians were trained in the operation and mainte-
nance of solar home systems.’

In response to the growing demand for renewable energy via
off-grid systems, the Government of Ethiopia partnered with
the International Development Association (IDA) to launch

41

the Market Development Credit Line (MDCL) as part of the
Electricity Network Reinforcement and Expansion Project
(ENREP). Through this credit line, imports of technologies
and equipment for renewable energy projects are facilitat-
ed by the supply of retail loans to Ethiopian private sector
enterprises and small and medium-sized enterprises for up
to two years, at 12 per cent interest and with guaranteed ac-
cess to forex. The credit line also enables wholesale loans to
Ethiopian micro-financial institutions in the local currency
for up to six years at 6 per cent interest. The Government of
Ethiopia is also considering alternative financial institutions
to allow consumers in remote areas to be able to pay for
their solar tariffs as part of the NEP?

The Government has also implemented feed-in tariffs (FITs)
for solar and wind projects, depending on the scale and lo-
cation of the project, of between 0.05 USD/kWh and 0.06
USD/kWh.*

As a way to promote SHP development, the Government of
Ethiopiaintroduced the Ethiopian Rural Energy Development
and Promotion Centre (EREDPC). The EREDPC is overseen by
the Ministry of Water, Irrigation and Energy and is mandated
to promote and provide financing for SHP projects in rural
Ethiopia through a rural electrification fund. Feed-in tariffs
(FITs) are also being considered for hydropower to encour-
age private sector participation.®

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP plants are regulated by the same legislation as larger
hydropower projects. The main legislation and regulation
documents in Ethiopia concerning hydropower projects are:

+ Energy Proclamation No. 810/2013 (as amended by
Proclamation No. 1058/2018);

+ Energy Regulation No. 447/2019 (Energy Regulation),
which supplements the Energy Proclamation. It regu-
lates the consent and permit procedures for genera-
tion, transmission and distribution licenses, and pro-
vides guiding principles on tariffs;

- Investment Proclamation No. 1180/2020. This is the
key piece of legislation that regulates investments in
any sector, including energy;

« The Federal Water Resources Management Policy
(1999).

BARRIERS AND ENABLERS TO SMALL
HYDROPOWER DEVELOPMENT

The development of new SHP projects is hampered mainly
by:

- The lack of available relevant information on the state
and future of SHP in the country, which can discourage
prospective investors;

+ Although studies of hydropower potential are regu-
larly conducted in the country, they often target larg-
er-scale hydropower;
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Increasingly volatile political situation and conflicts
affect SHP development as entire regions of the coun-
try are often out of access or too dangerous to be vis-
ited for potential site analysis. Many water resources
are also found in these out-of-reach zones of conflict;
The focus on large-scale hydropower projects to re-
spond to the growing demand for electricity, such as
the GERD project, is likely to eclipse the potential of
SHP in solving those issues, particularly in remote and
rural areas.

Lack of expertise in manufacturing, installation and
maintenance of equipment or parts for SHP plants;
Expansion of irrigation projects in small hydrostreams
may prevent hydropower development downstream.

blers for SHP development in Ethiopia include:
Government support for renewable energy in general:
this is an encouraging sign as future policies are likely
to keep reflecting this engagement;
Institutional support for hydropower development
through encouraging policies that target small-scale
renewable energy development, particularly in rural
Ethiopia;
Considerable water resources and SHP potential in
Ethiopia;
Increasing foreign investment and private sector in-
volvement in small-scale off-grid reflects an increas-
ing interest in renewable energy solutions to the elec-
trification issues of the country;
Establishment of the EREDPC with a mandate to pro-
mote renewable energy technologies for rural electri-
fication. Under the EREDPC, soft loans with low inter-
est rates are available to private power producers;
The mini-grid directive launched in 2020 simplifies
the process of obtaining licences for electricity gen-
eration, distribution and sale as well as tariff setting.
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KEY FACTS

53,771,300 (2020)'

580,370 km?2

Kenya is located across the equator and is characterized by a diverse topography varying across
its 47 counties.? Its Indian Ocean coastline contains swamps of the East African mangroves. Inland
are broad plains and numerous hills. Central and western Kenya is characterized by the Rift Valley,
home to the country’s highest mountain and the second highest mountain in Africa, Mount Kenya,
with an altitude of 5,199 metres above sea level. The landscape of Kenya includes deserts, such as
the Chalbi, as well as glaciated mountain ranges.?

The climate of Kenya ranges from tropical in the southern, western and central regions to arid and
semi-arid in the north and north-east.* Meanwhile, the country’s central highlands have an equa-
torial climate.® Temperatures average 27 °C in the coastal areas, 19 °C in the capital, Nairobi, and
13 °Cin the mountains®

Climate change in Kenya has been well-documented, with both minimum and maximum daily tem-
peratures on the rise since the early 1960s. Between 1960 and 2006, the minimum temperature has
increased by 0.7-2.0 °C and the maximum by 0.2-1.3 °C.” Regionally, western parts of the country
have seen the most significant temperature rise, with surface temperatures around Nairobi having
risen by more than 2.5 °C since the 1960s. On the contrary, coastal areas have experienced more
moderate warming trends. Projections of climate change for countries in the Eastern Africa region,
including Kenya, forecast an increase in mean annual temperatures of 2.2 °C by 2065 and 4.0 °C by
2100 under a high-emissions scenario.?

The two rainy periods in Kenya are set apart by dry periods and referred to as the “long rains”, from
March to May, and the “short rains”, from October to December. These have extensive implications
for the country’s agricultural system, with different crops being grown during each rainy period.
The average annual rainfall is 630 mm, with a variation from less than 200 mm in northern Kenya
to over 1,800 mm on the slopes of Mount Kenya.?®

The drainage system of Kenya consists of five major basins: Lake Victoria, Rift Valley, Athi and the
coastal area, Tana and Ewaso-Nyiro/North-Eastern. The two largest perennial rivers are the Tana
(724 km) and the Athi-Galana-Sabaki (390 km). Both empty into the Indian Ocean.®

ELECTRICITY SECTOR OVERVIEW

The electricity sector of Kenya is characterized by a diver-
sified energy mix and a high degree of reliance on renew-
able energy sources (RES). Petroleum products still form
a major component of the national energy consumption,
including for electricity generation, and demand for them
continues to increase by approximately 10 per cent annu-
ally. However, Kenya is also endowed with an abundant RES
potential, varying in type across geographic areas. The solar
power potential is high across the country, while potential
for biomass and hydropower is plentiful in the wet, forested
central and southern regions. The wind power potential is
highest in the north-west and parts of the Great Rift Valley,
which also contains much of the country’s geothermal ener-
gy resources.234

The installed generation capacity of Kenya has been in-
creasing in recent years, and rose from approximately 2,819

MW in 2019 to 2,840 MW in 2020; however, the effective and
contracted capacity in 2020 reached only 2,708 MW, in part
due to the impact of the COVID-19 pandemic on the country’s
electricity sector">'® Geothermal power was the single larg-
est contributor of installed capacity in 2020 at 863 MW (30
per cent). Meanwhile, hydropower contributed 834 MW (29
per cent), thermal power 752 MW (26 per cent), wind power
338 MW (12 per cent), solar power 51 MW (2 per cent), and
biomass 2 MW (less than 1 per cent) (Figure 1) The geo-
thermal power capacity expanded substantially in 2019 with
the addition of the 165-MW Olkaria V plant, cementing the
position of Kenya as one of the world leaders in geothermal
power'®" Given the additional importance of hydropower in
the country’s energy mix, the geothermal power capacity of
Kenya is crucial in ensuring the security of electricity supply
in periods of drought, with traditional thermal power de-
ployed in a supplementary capacity. By the end of 2021, the

43

VIId4VY NY3LSv3




WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

installed capacity of traditional thermal power is expect-
ed to decrease to 622 MW, reflecting the country’s ongoing
transition to RES

Figure 1. Installed Electricity Capacity by Source in Kenya in
2020 (Mw)
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Source: Government of Kenya™

In 2020, annual electricity generation in Kenya equalled
11,466.9 GWh, increasing slightly from 11,408.6 GWh in 2019.
Of this total, 93 per cent of electricity was generated from
renewable sources; geothermal power provided 5,059.8 GWh
(44 per cent), hydropower 4,232.7 GWh (37 per cent), wind
power provided 1,331.4 GWh (12 per cent), and solar power
88.4 GWh (1 per cent). Generation of electricity by thermal
power, the only non-renewable source, accounted for 754.5
GWh (7 per cent) (Figure 2).6

Figure 2. Annual Electricity Generation by Source in Kenya
in 2020 (GWh)
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In 2019, wind power generation experienced a more than
four-fold increase relative to the previous year and reached
1,562.7 GWh, due to the full operationalization of the 310 MW
Lake Turkana wind power plant, while solar power genera-
tion increased by nearly seven times relative to 2018 due to
the commissioning of the Garissa power plant. However, in
2020 generation from both energy sources decreased slight-
ly. In 2019, imports of electricity reached 212.0 GWh, but de-
creased to 136.7 GWh in 2020.5%

In 2020, the total electricity supply decreased to 11,603.6
GWh from 11,620.7 GWh in 2019, with domestic demand fall-
ing to 8,796.4 GWh from 8,854.0 GWh over the same period.
Transmission and distribution losses amounted to 2,790.7
GWh in 2020, accounting for 24 per cent of the total electric-
ity supply.® Prior to 2020, Kenya had been experiencing an
upward trend in electricity demand. The rise in demand has
been associated with the increased number of consumers
connected to the grid and the Government's efforts to at-
tain universal access to electricity by 2022, as laid out in the

A

Kenya National Electrification Strategy 2018-2022.” However,
the economic slowdown induced by the COVID-19 pandemic
led to a decrease in electricity demand of up to 8 per cent,
with a system peak demand of 1,926 MW in February 2020
dropping to 1,465 MW in April 2020 Further expansion of
generating capacity to meet the rising demand is targeted at
geothermal power, as part of a push to eliminate generation
from fossil fuels.?

In 2018, access to electricity in Kenya stood at 75 per cent,
with 52 per cent in rural areas (Figure 3).22 Nationwide, al-
most 54 per cent were connected to the national grid and
another 22 per cent were using off-grid solutions as their
main source of electricity.?’ By 2020, overall access to elec-
tricity increased to 77 per cent, establishing Kenya as a
regional leader in electricity access. The number of con-
sumers connected to the national grid has grown rapidly in
recent years, from 3,611,904 customers in 2015 to 7,576,145
in 2020, with an average annual increase of approximate-
ly 19 per cent. During the 2019/2020 reporting year alone,
over 400,000 new customers were connected to the national
grid. Rural connections reached 1,502,943 customers in 2020,
accounting for approximately 20 per cent of all connec-
tions™ These results were achieved through a number of
interventions by the Government of Kenya in collaboration
with development partners, including the Last Mile Connec-
tivity Programme (LMCP), electrification of all public primary
schools, the Global Partnership on Output-Based Aid (GPO-
BA), the Rural Electrification Programme (REP), the Kenya
Off-Grid Solar Access Project (KOSAP), the Slum Electrifica-
tion Project (SEP), the Lifeline Tariffand the Energy and Cash
Plus Initiative.”

Figure 3. Electrification Rate in Kenya in 2018 (%)

Total75%
Rural52%

Source: The World Bank?'

Despite the accelerating growth of the electrification rate,
nearly 25 percent of the population still lack access to elec-
tricity® Obstacles to full electrification include high connec-
tion charges, high costs of supplying electricity to rural ar-
eas, lack of incentives for private investment, inappropriate
technical standards, general lack of capacity, administrative
barriers and demands for excessive compensation for the
issuing of development licences.

The key institutions in the energy sector of Kenya include
the following:

Ministry of Energy and Petroleum (MOEP), the lead
Government institution in charge of making and ar-



ticulating energy policies as well as granting and re-
voking generation and distribution licences upon the
recommendation of the Energy and Petroleum Regu-
latory Authority (EPRA);

Energy Tribunal, an independent legal entity that arbi-
trates disputes between parties in the energy sector;
Energy and Petroleum Regulatory Authority (EPRA),
previously the Energy Regulatory Commission (ERC),
the independent regulator established under the
Energy Act, 2019. EPRA’s mandate includes licensing,
technical and economic regulation, enforcement and
compliance and handling of complaints and dispute
regulation;

Kenya Power and Lighting Company (KPLC, also Kenya
Power), a public company that transmits, distributes
and retails electricity to customers in the country;
Kenya Electricity Generating Company (KenGen), a
state-owned company that owns approximately 72 per
cent of the country’s installed capacity and is respon-
sible for developing new public sector generation fa-
cilities to meet increased demand;

Rural Electrification and Renewable Energy Corpora-
tion (REREC), mandated by the Energy Act, 2019 to be
the lead agency for the development of renewable
energy resources other than geothermal power and
large hydropower, in addition to its previous mandate
of rural electrification;

Geothermal Development Company (GDC), a wholly
state-owned Special Purpose Vehicle that undertakes
surface exploration of geothermal fields, explora-
tions, appraisals, drilling, steam production and en-
tering into steam sales agreements with investors in
geothermal electricity generation;

Electricity Transmission Company (KETRACO), a wholly
state-owned company responsible for the develop-
ment of the national transmission grid network and
for the facilitation of regional power trade through
the transmission network;

Independent Power Producers (IPPs), involved in gen-
eration either on a large scale or in renewable energy
projects under the feed-in-tariff policy;

Nuclear Power and Energy Agency (NPEA), former-
ly Kenya Nuclear Electricity Board (KNEB), a state-
owned corporation established under the Energy Act,
2019 and charged with the responsibility of promoting
and implementing the country’s Nuclear Power Pro-
gramme as well as carrying out research and develop-
ment for the nuclear energy sector. To date, no nucle-
ar plants have been built in Kenya;

Kenya Renewable Energy Association (KEREA), an in-
dependent non-profit association dedicated to fa-
cilitating the growth and development of renewable
energy enterprises in the country;

Private distribution companies are proposed under
the Energy Act, 2019 with the intention of enhancing
competition in the distribution sector and thereby
improving efficiency. It is envisaged that future power
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distribution will involve the purchase of bulk power
from power generating companies. With KETRACO fa-
cilitating the transmission, generating companies will
be able to sell power directly to consumers;

+ County governments, which, under the Energy Act,
2019, are required to prepare county energy plans for
the Cabinet Secretary. Some counties provide supple-
mentary funding for rural electrification;

+ Independent entities that act as arbiters in disputes
between parties in the energy sector;

+ Mini-grids, supplying electricity to a localized group of
customers not covered by the national power grid as
approved by EPRA.

Over the last years, the Government of Kenya has acceler-
ated its efforts in upgrading the existing transmission and
distribution networks and building new ones for effective
power evacuation. The national grid network is composed
of 400 kv, 220 kV and 132 kV transmission systems, while
the distribution network includes 66 kV, 33 kV and 415/240
V systems.™ The total length of the transmission and dis-
tribution network increased to 243,207 kilometres for all
voltage levels in 2019/2020, compared to 59,322 kilometres
in 2014/2015, with the length of the transmission network
alone at 7174 kilometres The expansion of the network has
been spearheaded by KETRACO. As of the moment of writing
of this chapter, KETRACO was in the process of constructing
approximately 4,500 kilometres of new lines as well as con-
necting the power systems of Kenya and Ethiopia through
the construction of a 1,045-kilometre 500 kV high voltage
direct current (HVDC) transmission line and 2,000 MW HVDC
converter substations at both ends of the line.?* The Ken-
ya-Ethiopia electricity interconnection will represent the
longest transmission line in Eastern and Middle Africa, as
well as the first direct current line in Kenya having 500 kV
high-voltage direct current.?® The entire national intercon-
nected electricity distribution network is operated by KPLC.

EPRA sets, reviews and adjusts electricity tariffs and tariff
structures in line with key policy objectives.?" The set tar-
iffs must be approved by the regulator before enforcement.
Retail electricity tariffs vary according to the customer cat-
egory (Table 1).
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Table 1. Electricity Tariffs in Kenya for 2018/2019

Consumption Electricity = Demand
- charge  charge (KSH/
Consumer category lirmt)ﬁ;li\)/)h/ (KSH/RWh  RVA (USD/
(USD/kwh)) RVA))
Pzzrg‘\egt'c""fe“"e <100 10.0(0.09) -
([’zig"sit'c'ord'”ary >100  15.8(014) -
(SZTSI:/)Commerc'al T Upto100  10.0(0.09) -
(SZT}SI\'/)Cmmerc'al 2 40145000 156 (014) -
(clg?\r;')e“'a” Industrial 15000 12.0(011) 800 (7.28)
a‘;’ﬂ\';;erc'a” Industrial  \ o imit  109(010) 520 (4.73)
(c3°3”|'(r\7)erc'a” Industrial  \o imit 105 (010) 270 (2.46)
(Cg’ﬁmk':/‘frc'a” Industrial o imit 103 (0.09) 220 (2.00)
g‘;rzmk"v‘;“'a” Industrial  \ o imit  101(0.09) 220 (2.00)
Street lighting No limit 7.5 (0.07) -

Source: EPRA,® KPLC*

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Kenya (MW)

Potential
Capacity

Il WSHPDR 2022

66.3
Installed | 39.4 [l WSHPDR 2019
Capacity gg% [ WSHPDR 2016

WSHPDR 2013

Source: Government of Kenya, KPLC,'®* MOEP* The World Bank,* Vogeler
et al.,>’ EPRA,*> WSHPDR 2019,** WSHPDR 2013,>> WSHPDR 2016%*

SHP development in Kenya accelerated following the intro-
duction of the feed-in-tariff (FIT) policy in 2008, with the
majority of new SHP plants constructed by the Kenya Tea
Development Authority (KTDA). The plants are expected to
significantly reduce energy costs of operation for KTDA tea
factories as well as generate surplus electricity, which will
be sold to the national grid.>' A list of the 20 most recently
commissioned SHP plants is displayed in Table 3.

Table 3. List of Selected Operational Small Hydropower
Plants in Kenya

Location Capacity Launch
Name (River)  (MW) Operator Year
SMALL HYDROPOWER SECTOR Iraru Iraru 1.50 KTDA 2017
OVERVI EW Nyakwana Kisii 2.00 KTDA 2017
. GenPro Power
. . T Fall K 5.00 2017
The definition of small hydropower (SHP) in Kenya generally eremi ratis yuwa Systems Ltd.
includes hydropower plants with an installed capacity of up  Gura Gura 5.80 KTDA 2016
to 3 MW (Table 2), but some government sources define SHP Chania Chania  1.00 KTDA 2016
as plants of up to 10 MW.?2¢2° For the purposes of this chap- . .
P P . . purp P North Mathioya/ . Metumi Power
ter, the up to 10 MW definition will be used. Metumi Mathioya  5.60 Co Ltd 2016
.. . Lower Nyamindi Nyamindi 1.80 KTDA 2016
Table 2. Definitions of Small Hydropower in Kenya y y
South Mara S,‘J" “rth 2.00 KTDA 2016
Category Capacity range (RW) ara
R Nyabunde Gucha 0.50 KTDA 2016
Pico <5
: Gikira Gikira 0.51 Kengen 2014
Micro 5-100 Tindi Fall
- indinyo Falls
Mini 100-1,000 Tindinyo Falls Yala 1.50 Resort 2014
Small 1,000-3,000 Imenti Imenti 0.90 KTDA 2009
Source: MOEP? Ngure® Kleen Energy Embu 6.00 N/A 2008
Community MHPs ~ N/A 0.02 Community 2002
. . . . Mukenge- .
As of 2019, total installed capacity of SHP up to 10 MW in  Thima ria 0.01 Community 2001
Kenya stood at 66.26 MW, including 26.99 MW operated by hamb hamb :
KenGen and 39.27 MW by private companies and rural com- Kathamba Kathamba 0.00 Community 2001
munities?*®s02 Undeveloped potential capacity for SHP ~ Tungu-Kabiru Tungu  0.01 Community 2000
up to 10 MW is estimated at 3,000 MW.?>** Compared to the James Finlay 5 Kericho 110 Tea Company 1999
World Small Hydropower Development Report (WSHPDR) (James Finlay)
2019, installed capacity increased by approximately 68 per  Diguna N/A 0.40 Missionary 1997
cent due to up-to-date information on recently commis-
P i James Finlay 4 Kericho 0.3 Tea Company 1984

sioned plants becoming available. Potential capacity has
remained the same as no new country-wide studies of SHP
potential have been conducted since 2004 (Figure 4).3
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(James Finlay)

Source: Government of Kenya, KPLC,® MOEP* The World Bank,* Vogeler
et al.,>” EPRA,*> WSHPDR 2019*




Various studies conducted in Kenya over the past 10 years
have identified many prospective sites for SHP develop-
ment.*¥’3 More than 260 individual potential hydropower
sites have been identified, with the largest number found
in the Tana River drainage basin, an area with a high pop-
ulation density and energy demand.*® Both existing and
prospective SHP plants in Kenya are often designed as
stand-alone electricity supply facilities for agro-industrial
establishments, in particular tea factories. A survey of 72
tea factories in Kenya indicated that 80 per cent are locat-
ed 3-15 kilometres away from a potential hydropower site,
although no detailed assessments of potential have been
carried out. The KTDA can be expected to continue playing a
major role in the development of SHP in the country, having
committed itself to an array of SHP projects to be commis-
sioned throughout the 2020s“ Table 4 displays several SHP
projects currently under construction.

Table 4. List of Selected Ongoing and Planned Small
Hydropower Projects

capaci- Planned
Name Location %P Developer Launch
ty (MW)
Year
. . Hydro Project
Kianthumbi Meru 0.51 Service Peters Ltd. 2021
Gatiki Small Power
Hydro Plant 960 Technologies 2022
Nithi Hydro Tha'ral'<a 5.60 Frontier 2025
Nithi
Kipsonoi1  Bomet 060  KIDA(Settet 2025
Power Co.)
Buchangu 4.50 Global Sustainable 2026

Ltd.- Buchangu

Source: Government of Kenya,* The World Bank®

RENEWABLE ENERGY POLICY

The Energy Act, 2019 introduced various reforms to the ener-
gy sector of Kenya, aligning the sector with the Constitution
of 2010 regarding the functions of the national and county
governments.“® Notably, through the introduction of the RES
FIT system, the Act developed on the FIT policy introduced
by MOEP in 2008 and reviewed in 2010, 2012 and 2021. The
2021 FIT Policy is a revision of the 2012 FIT Policy, with sub-
stantial changes introduced to the process of RES project
development in Kenya to better align the Policy with the En-
ergy Act, 2019 and other recent developments in the Kenyan
energy sector. The FIT policy has been supplemented by the
Renewable Energy Auction Policy (REAP) of 2021; FITs now
apply to RES power plants not exceeding 20 MW and rely-
ing on biomass, biogas or small hydropower, while energy
auctions have replaced FITs for solar and wind power and
for all RES plants above 20 MW.2The current FITs for RES are
listed in Table 5.
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Table 5. Feed-in Tariffs for Renewable Energy Projects in
Kenya as of 2021

Plant type Installed Standard FIT pi)cr(;l{gslsf
capacity (Mw)  (USD/RWh) the tariff
0.5 0.090
Hydropower 8%
10 0.082
Biomass 0.5-10 0.095 15%
Biogas 0.2-10 0.095 15%

Source: Ministry of Energy*

Note: For values between 0.5 MW and 10 MW, interpolation shall be
applied to determine the tariff for hydropower.

The Energy Act, 2019 was adopted to consolidate the laws
relating to energy and the promotion of RES, replacing the
previously adopted Energy Act of 2006, Kenya Nuclear Elec-
tricity Board Order of 2013 and the Geothermal Resources
Act 0f 1982. The new Act gave greater recognition to non-tra-
ditional energy sources, including RES and nuclear energy.*
Additional legislation important for the RES sector includes:

+ Sessional Paper No.4 of 2004, which cemented the
process of liberalizing the energy sector started in the
1990s;

+ the Electricity Licensing Regulations of 2012, which
detail the permit and licensing requirements that are
applied to any individual or entities undertaking or
planningto engage in electricity generation, transmis-
sion, distribution or retail supply business;

+ the VAT Act (2013) and the Amended VAT Act (2014),
which exempt investors in RES from value-added tax
and import duties on temporary and permanent ma-
terials and equipment required for RES projects;

+ the Public-Private Partnerships Act of 2013, which pro-
vides for the participation of the private sector in the
financing, construction, development, operation and
maintenance of public infrastructure and develop-
ment projects; and

+ the Public Procurement and Asset Disposal Regula-
tions of 2020, which seek to harmonize and operation-
alize public procurement procedures.?*

+ Renewable Energy Auction Policy (REAP) 2021, the pri-
mary objective of which is to procure renewable en-
ergy capacity in line with the LCPDP and the Integrat-
ed National Energy Plan (INEP) at competitive prices
through the establishment of energy auctions.”

In additional to regulatory legislation, promotion of RES de-
velopment in Kenya is realized through the following strat-
egies and plans:

+ The long-term development strategy of Kenya, Vi-
sion 2030, targets energy access as a key enabler for
achieving its development targets, including project-
ed increases in population, which are in turn expected
to lead to a rise in electricity demand. According to
the Least Cost Power Development Plan (2011-2031),
the demand for electricity in Kenya is projected to
grow to 15,065 MW by 2030;
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Sustainable Energy for All (SE4ALL) Action Agenda,
which outlines how the country will achieve universal
access to modern energy services, increase the rate of
energy efficiencyand increase the share of RES in the
energy mix to 80 percent by 2030;

The Kenya Electricity Sector Investment Prospectus
2018-2022, which outlines investment and financing
opportunities in geothermal power development,
power generation, electricity transmission and distri-
bution, off-grid electrification and energy efficiency,
The Investment Plan for Scaling-Up Renewable Energy
(SREP), currently under implementation, supports the
development of hybrid mini-grid systems based on
RES for electrification in rural areas where grid exten-
sion is unlikely to be viable in the short and medium
term.

The Least Cost Power Development Plan (LCPDP) 2021
-2030, which highlights the Government's intention to
prioritize the development of geothermal, wind and
solar energy plants as well as solar-fed mini-grids for
rural electrification

The available incentives for RES development in Kenya in-
clude:
« Exemption from stamp duty for registration of com-
panies;
Exemption from stamp duty for instruments executed
in transactions relating to loans from foreign sources
for the purposes of investing in the energy sector;
Investment deductions at the rate of 100 per cent
for power generating plants and equipment, includ-
ing the building housing the power generating plant
and plants operating within Export Processing Zones;
and at 150 per cent for plants located outside Nairobi,
Mombasa and Kisumu;
Insurance cover by the Multilateral Insurance Guaran-
tee Agency (MIGA);
Development of Public Private Partnerships by the
Government in line with the Public Private Partnership
Act No. 15 of 2013;
Letters of support issued by the Government to both
project companies and their financiers to enable proj-
ect implementation;
Kenya has no restrictions on converting or transfer-
ring investment funds;
Foreign Investment Protection Act, Chapter 518, which
guarantees capital repatriation and remittance of div-
idends and interest to foreign investors.

Licences and permits required for operating a power plant
in Kenya include a generation licence and a distribution Li-
cence, both issued by MOEP; water rights (in the case of hy-
dropower), obtained from the Ministry of Water Resources;
and an Environmental Impact Assessment issued by the Na-
tional Environmental Management Authority of the Ministry
of the Environment. In case of sale of power to the grid, ad-
ditional requirements include a power purchase agreement
and adherence to generation and distribution standards.*
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Finally, approval of development permissions and building
plans by the relevant county government and registration of
the project site as a workplace with the Director of Occupa-
tional Safety and Health under the Occupational Safety and
Health Act, 2007.

COST OF SMALL HYDROPOWER
DEVELOPMENT

The cost of SHP construction in Kenya varies considerably
based on location and the difficulty of preparing a site for
construction, as well as other factors including the local
economy and tax regime.®® It is generally considered that
the location and site preparation determine approximately
75 per cent of project costs, against only 25 per cent for the
equipment.”” The investment cost of an SHP plant in Kenya
ranges anywhere from 1,000 to 20,000 USD/kW.*® Mainte-
nance costs of SHP plants in Kenya are relatively small in
comparison to other technologies such as diesel genera-
tors. The initial investment cost as well as negative impacts
on the environment can be greatly reduced by utilizing al-
ready existing impoundments and weirs.?®

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Financing models utilized by developers in Kenya involve a
combination of several approaches including community fi-
nance, public funding, equity investment, grants and loans
from local financing institutions. For instance, in 2015, KTDA
signed a KSH 5.5 billion (USD 50 million) loan agreement
with the International Finance Corporation (IFC), in part-
nership with the Global Agriculture and Food Security Pro-
gram (GAFSP), the French Development Finance Institution
(Proparco) and the Netherlands Development Finance Com-
pany (FMO) to fund the construction of seven SHP projects
across tea growing regions.*®

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT.

The hydropower sector of Kenya as a whole is vulnerable
to climate change, creating broad implications for the en-
tire economy due to the relative weight of hydropower in
the country’s energy mix.* Reduced rainfall in recent years
has already made hydropower production increasingly
unreliable, forcing the Government of Kenya to introduce
new policies and strategies that place a greater emphasis
on promoting other RES.*® Furthermore, climate change is
putting additional pressure on traditional fuels including
firewood and charcoal, access to which is becoming increas-
ingly restricted as forest cover has receded.” SHP projects
can expect to face resistance if they are perceived as further
limiting access to these resources.



BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Some of the main obstacles to the development of RES, and
SHP specifically, in Kenya include the following:

+ Relatively long lead times for RES projects (from five
to seven years);

+ High upfront investment and capital costs, including
the cost of ancillary infrastructure due to long dis-
tances to existing load centres;

+ Political risks and conflicts relating to land use;

+ Inadequate expertise and technical capacity in the
RES sector as well as limited local capacity to produce
RES materials and equipment;

+ Lack of coordination between government agencies in
policy implementation and promotion of RES projects,
excessive licensing requirements as well as weak en-
forcement of standards and regulations;

+ Vulnerability to climate change;

+ Lack of awareness of the economic benefits of RES.

Additional barriers, specifically pertaining to the implemen-
tation of the FIT policy, include the following:
+ Insufficientdata and analytical tools to accurately for-
mulate the tariff rates for different technologies;
+ Lack of awareness of FITs among potential investors;
+ No clear guidelines on power purchase agreement ne-
gotiations;
 Preference for certain RES technologies over others.

Enablers for SHP development include:
+ High potential capacity of SHP, little of which has been
realized so far;
+ Incentives, including FIT and exemptions from certain
taxes and duties on RES; and
+ Favourable climate for private investors, which in-
cludes a robust public-private partnership framework.
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Madagascar

Joelinet Vanomaro, Technical Director of Rural Electrification Agency (ADER)

KEY FACTS

26,923,353 (2021)"

587,295 km?2

Referring to its physical map, Madagascar has an asymmetry with respect to its main axis. The wes-
tern part extends gently towards the Mozambique Channel, while the eastern part has a very steep
slope leading towards the Indian Ocean. Topographically, the island can be divided into three main
parts: the central highlands with an altitude ranging from 800 to 1,500 metres and a peak of 2,876
metres (Maromokotra), followed by the eastern slopes and finally the sedimentary zone of the
north-west, west and south.?

Madagascar lies in the tropics and has two seasons and five main climatic regions comprising the
East Coast, Uplands, West Coast, Southern and Sambirano regions. The cool, dry season begins
in mid-April and ends in mid-October. The hot, rainy season begins in mid-October and ends in
mid-April of the following year. The temperature is very varied in these areas but the absolute
minimum of 1 °C is observed in the highlands (Antsirabe) in July, while the absolute maximum
temperature was recorded in the extreme south at a value of 43.6 °C.*

The trend of temperature increase has been significant in Madagascar since 1950. By 2055, the an-
nual average temperature is projected to increase by 1.12.6 °C. Each region will have a variation
in rainfall, but it is expected to be more intense in the western part. The number of more intense
cyclonic disturbances has increased and the most affected areas have migrated towards the north-
east of the island. As far as cyclones are concerned, the average annual number is not expected to
change but the number of intense cyclones is expected to increase by 2100.5¢

Rainfall varies across the five climatic regions. Annual average rainfall exceeds 2,000 mm in the
East Coast and in the Sambirano region. The Uplands, West Coast and Southern regions have an
annual rainfall of 1,200, 950 and 600 mm, respectively. The annual minimum is 500 mm as observed
in the South, which has a semi-arid climate. The maximum rainfall can be found in the East Coast,
which has a hot and humid climate, at a value of 3,700 mm with 260 rainy days per year.*

There are more than 10 major rivers in Madagascar. Their tributaries constitute river networks
scattered across different corners of the big island. The drainage pattern is a consequence of the
asymmetric nature of the country’s relief. As a result, the rivers in the west are longer, while those
in the east are shorter and have a more accentuated course with numerous waterfalls, sometimes
of considerable height. The periodic passage of tropical depressions, especially in the eastern and
north-eastern parts of the country, makes the hydrological regimes extremely complex.?

ELECTRICITY SECTOR OVERVIEW

Madagascar uses several energy sources to generate elec-  Figure 1. Annual Electricity Generation

tricity: hydropower, hybrid solar photovoltaic-diesel, heavy
fuel oil and diesel. In 2020, 50.2 per cent of the produced
electricity came from renewable sources, while 49.8 per cent
came from fossil fuel sources. The total electricity genera-
tion in 2020 amounted to 1,370 GWh (Figure 1). Biomass and
wind power plants are also used but in negligible propor-
tions compared to the other sources. The total installed ca-
pacity of the country was 861.2 MW in 2020, with renewable
sources accounting for approximately 22 per cent (Figure 2).”
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by Source in Madagascar in 2020 (GWh)

Diesel NN 3799
Heavy Fuel Oil |GG 295.0
Hydropower IS 163.4
Solar Power W 22.4
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Wind Power | 0.2

Source: Ministry of Energy and Hydrocarbons’




Figure 2. Installed Electricity Capacity by Source in
Madagascar in 2020 (MW)
Hydropower I 6643
Heavy Fuel Oil T 5141
Diesel mmm—— 1683
Solar Power W 233

Source: Ministry of Energy and Hydrocarbons’

Madagascar does not import or export electricity due to a
lack of geographical proximity to other countries. With re-
gard to electricity access, the data collected by the Rural
Electrification Development Agency (ADER) in January 2020
shows a national rate of almost 20 per cent, dividing the
number of people with access to electricity infrastructure
by the total population. Electrification rate is 12 per cent in
rural areas and 67 per cent in urban areas.9

Figure 3. Electrification Rates in Madagascar in 2020 (%)

Total20%
Rural12%

Source: ADER®

The electricity sector has been liberalized since 1999 follow-
ing law No. 98-032 on the reform of the electricity sector.
This liberalization is improved and confirmed by Law 2017-
020 of 10 April 2018 on the Electricity Code of Madagascar.®
Thus, the private sector is encouraged to finance all or part
of the infrastructure through a contract signed with the Gov-
ernment for a fixed period of time.

The explanatory memorandum of the Electricity Code of
Madagascar also specifies the attributions of the public
sector.? The public sector is composed of the Ministry of En-
ergy and Hydrocarbons, the Regulator and ADER. Since the
adoption of the Electricity Code, ADER has been responsible
for defining national electricity policy and coordinating the
planning of all projects in the sector. Its remit is also the
development of electrification in rural and peri-urban areas
and the implementation of national policy in these areas.

Currently, Madagascar has three interconnected grids: RIA
(Antananarivo), RIT (Toamasina) and RIF (Fianarantsoa), with
the other major cities and rural villages supplied by off-grid
power plants.® Two projects are being implemented for the
interconnection of RIT with RIA first and RIA with RIF later,
through the PRIRTEM | and PRIRTEM Il projects supported
by the African Development Bank and the European Union.®

Tariff regulation is the subject of an entire title of the Elec-
tricity Code of Madagascar. It concerns sales of power and
energy and their surpluses between the different actors in
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both interconnected and off-grid networks. The Regulator is
empowered to approve the regulated tariffs. For national net-
works managed by national companies, four tariff zones are
established according to the energy source that feeds them.
In decentralized rural electrification, the tariff varies accord-
ing to the business plan presented by the operator. In 2020,
the average household electricity tariff was 0.120 USD/kWh
and the average tariff for businesses was 0.118 USD/kwh."

Several governmental decrees (notably Decree 2005-062
of 25 January 2005, Decree 2001-803 of 19 September 2001
and Decree 2003-194 of 4 March 2003) specify the role of
the Regulator, which is responsible for the control of the
electricity sector, including the determination and publica-
tion of regulated prices and fees, as well as the monitoring
of their correct application.? The supervision of the respect
of the quality-of-service standards, the control and respect
of the competition principle, the mediation service, the fol-
low-up and control of the execution of the concession and
authorization contracts, the supervision of the elaboration
of the Grid Code are also part of its attribution.®

SMALL HYDROPOWER SECTOR
OVERVIEW

Madagascar does not have an official classification of hy-
dropower plants. Thus, this chapter uses the definition of
small hydropower (SHP) as plants with capacity up to 10 MW.

The installed capacity of SHP in Madagascar is 37 MW, of
which 26.3 MW is available capacity. There are currently 36
installed SHP plants, of which 25 are operational. The other
11 with a total capacity of 0.5 MW require refurbishment.®
Twenty-six of the plants, with a total capacity of 6.62 MW,
are off-grid. Compared to the World Small Hydropower De-
velopment Report (WSHPDR) 2019, the installed capacity
increased by 12 per cent as a result of the commissioning
of three new power plants (Figure 4, Table 1). The reason
for the increase of the potential figures is access to more
advanced and accurate data. According to the results of a
study undertaken by ESMAP, which was completed in 2017,
the unexploited theoretical potential of SHP up to 10 MW
in Madagascar is 799 MW, making the total potential capac-
ity 836 MW.? This study was performed by SHER consultancy
using their internal software SiteFinder and based on an as-
sumption of a 50 per cent annual average flow rate.

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Madagascar (MW)

) 836.0
Potential 82.0
Capacity 82.0

N/A

37.0 Il WSHPDR 2022

Installed 33.0 [ WSHPDR 2019

Capacity 2321-0 [ WSHPDR 2016

S WSHPDR 2013

Source: ESMAP? WSHPDR 2013,* WSHPDR 2016, WSHPDR 2019,° ADER™
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Table 1. List of Selected Operational Small Hydropower
Plants in Madagascar

Ca- Launch
Name Location  pacity  Operator
(MW) year
Behenjy RIA 2.00 Hydro Mado 2021
Androkabe Androkabe 1.50 BETC Nanala 2019
Ambatomanoina Ambatoman- 0.10 BETC Nanala 2019
oina
Ankazomiriotra  Ankazomiri- 012 Green Power (2009)
otra 2018*
Amberivery Amberivery  0.04 Association 2017
FIMJA
Amboasary Nord Amboasary 0.06 AIDER 2016
Nord
Sahambano Sahambano 0.70 ERMA 2015
Ankilizato Ankilizato 0.10 HIER 2015
Soavina Soavina 0.06 HIER 2015
Fandriana Fandriana  0.56 HIER 2014
Andriba Andriba 0.09 SERMAD 2014
Sahasinaka Sahasinaka 0.08 ECOGEMAT 2014
Tolongoina Tolongoina  0.06 SM3E 2013
Tsiazompaniry RIA 5.00 HFF 2010
Maroantsetra Maroantsetra 2.58 TOZZI GREEN 2010
Ambaravaranala Ambarava-  0.04 AIDER 2010
ranala
Andriantsemboka Andriantsem- 0.01 AIDER 2009
boka
Andriantsiazo Andriantsiazo 0.01 AIDER 2009
Antetezambato Antetezam-  0.05 ADITSARA 2003
bato
Namorona RIF 5.60 JIRAMA 1980

Source: ADER™

Note: * The plant was constructed in 2009, but is undergoing
refurbishment since 2018 following destruction after a cyclone in 2017.

In addition to the existing SHP capacity, three more projects
were under development as of early 2021 (Table 2).

Table 2. List of Ongoing Small Hydropower Projects in
Madagascar

- _ Planned Stage of
Copaci- Devel- & 0 develop-

Name Location

ty (W) oper year ment

Bealanana Bealanana 0.40 HIER 2021 95%

Sahatona Sahatona  1.60 HIER 2021 95%

Maheriara Maheriara  0.70 BETC 2022 80%
Nanala

Source: ADER™
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Several aspects hamper SHP development in Madagascar.
Thus, turbine manufacturing is not yet well-developed in
the country and most turbines are still imported, which in-
creases the cost of project implementation. The maximum
power of locally manufactured turbines is 100 kW, but their
efficiency is not entirely satisfactory. Additionally, rainfall
reference stations do not cover the entire territory and
geographical interpolations are often required, which intro-
duces error. The hydrological monitoring of the rivers and
streams, on which SHP plants are developed, is insufficient
In fact, it is often the case that daily monitoring is orga-
nized at the time of the elaboration of the feasibility studies
and subsequently stops when the services of the consulting
firms hired to carry them out are completed.

Exchange with countries already advanced in turbine man-
ufacturing and related technology transfer is strongly rec-
ommended to further develop the sector in Madagascar.
In connection with the implementation of the SHP devel-
opment programme, hydrological monitoring with the in-
stallation of rain gauges should be carried out at the sites
planned for development and should be continuous even if
the plant is already in operation.

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

As of early 2021, the following SHP projects were at an ad-
vanced stage of study and ready for development. They
have been identified in the Indicative Regional Develop-
ment Plans. The selection of operators for their develop-
ment is subject to a call for tender.

Table 3. List of Small Hydropower Plants Available for
Development in Madagascar in 2021

Potential Type of site
Name Location capacity (m) (new/refur-
(Mw) bishment)
Belaoko Lo- Belaoko Lo- 8.0 48.0 New
koho koho
Andriamanja-  Andriamanja- 1.3 73.0 New
vona vona
Angadanoro Angadanoro 33 38.7 New
Mandalobe Mandalobe 0.6 26.6 New
Ampasimbe Ampasimbe 0.7 61.0 New

Source: ADER™

RENEWABLE ENERGY POLICY

Madagascar has ratified the Paris Agreement on climate
change through Law 2016-019 and is currently developing a
national strategy for each sector” For the energy section, a
consultation with all stakeholders was organized in Febru-
ary 2021. The Letter of Energy Policy 2015-2030 remains the



official document containing quantified objectives in terms
of renewable energy use.® The objective is to have an 85 per
cent share of renewable energy sources in the energy mix
by 2030, of which 75 per cent is to come from hydropower,
5 per cent from solar power and the remaining 5 per cent
from wind power. To achieve this energy mix target, in 2015
the Government launched a call for tenders for the devel-
opment of two hydropower plants: the Volobe project with
a capacity of 120 MW and the Sahofika project of 205 MW.*%
As of early 2021, the future concessionaire had already been
selected and the negotiations on the purchase contract and
the concession contract were underway. In addition, the
Government, which was elected in 2019, has set a target of
doubling renewable energy capacity from 400 MW to 800
MW by 2023 and achieving a 50 per cent electricity access
rate, including 40.8 per cent access in rural areas, where
80 per cent of the population lives. In rural areas this is to
be achieved in part by the development of SHP with a total
power of 35 MW until 2023, with the following phasing: 3 MW
in 2021, 6 MW in 2022 and 26 MW in 2023.

According to Law 2017-020 of 10 April 2018 on the Electricity
Code of Madagascar, tariffs should reflect costs. In the case
of distribution to end customers, tariff setting must take
into account the customers’ ability to pay and the operator’s
financial equilibrium. This law also contains incentives for
the use of renewable energy by providing for tax breaks. But
the clauses on these measures are referred to in the finance
law. In practice, these measures consist of customs duty ex-
emptions and VAT exemptions. In the case of injection into
the grid, priority is given to energy from renewable sources.

With regard to the price per kWh, the tariff applied on the
national grid varies according to the energy source, with four
tariff zones being distinguished. This difference can also be
seen in the tariffs applied in isolated networks, where no
standardization is carried out, but the fact remains that lo-
calities supplied by hydropower find their tariffs more af-
fordable compared to localities served by other sources.

The development of a hydropower plant takes a long time
and is not always in line with the promises made by candi-
dates at election time. The elaboration and implementation
of a multi-annual development programme for hydropower
plants can contribute to policy decisions on SHP. Current-
ly, a national electricity access strategy is being developed,
and such a programme should be derived from this docu-
ment as soon as it is finalized.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

For the moment, the Government has not yet issued a
specific policy for the development of SHP in the country.
Concerning the existing regulations, a clear evolution is
apparent since the adoption of Law 2017-020 compared to
the former Law 98-032.7' This is particularly the case for new
thresholds of capacities submitted to each regulatory re-

55

gime. For example, under the old law, an SHP plant of more
than 150 kW would be classified under the concession re-
gime, whereas under the new law this limit has been raised
to above 5 MW. Currently, hydropower plants with a capacity
of less than 500 kW are subject to the declaration regime
and those between 500 kW and 5 MW fall under the autho-
rization regime.

The awarding of a contract may be the result of a call for
tenders launched by the Government or of an unsolicited
application. Whatever the applicable regime, any develop-
er must sign a contract with the Government represented
by the Minister of Energy and Hydrocarbons or ADER as the
case may be. According to the Electricity Code, an environ-
mental study is mandatory before developing a project,
with the requirements depending on the categorization of
the project, as determined by the National Environmental
Office.

COST OF SMALL HYDROPOWER
DEVELOPMENT

The average cost of SHP development in Madagascar can be
estimated at 3,278 USD/kW. This estimate is deduced from
three power plants with capacities of 1.3-8 MW.” It should be
noted that estimating cost per GWh generation remains dif-
ficult to produce. For SHP plants of 60-100 kW, out of the six
projects already completed, the average cost is 3,632 USD/
kw. It should be noted that these estimates only account for
the generation, but not transmission and distribution costs.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Currently, there is no fund dedicated specifically to the de-
velopment of SHP in Madagascar. The National Fund for Sus-
tainable Energy (FNED), created by Law 2017-021 of 19 De-
cember 2017 is dedicated to financing projects focused on
the use of renewable energy, of which SHP is a part, and en-
ergy efficiency. However, the fund is not yet functional.? The
absence of a development bank in Madagascar also makes
it difficult for project developers to obtain loans.

To date, most of the SHP projects carried out have been
partly financed by the European Union, KfW, the German
Agency for International Cooperation (GIZ), the United Na-
tions Industrial Development Organization (UNIDO) or by
foundations receiving grants from the environment or cli-
mate change funds. Projects are initiated either by the Gov-
ernment or by non-governmental organizations (NGOs). For
the time being, the fund managed by UNIDO through the
project Improving Access to Energy for Productive Use from
Small Hydropower Plants in Rural Areas in Madagascar is
the only one dedicated to activities related to SHP devel-
opment in Madagascar. For SHP projects in rural areas, the
Government generally participates either through the Na-
tional Electricity Fund or through partners in investment
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subsidies. The payback period is 7-10 years for projects in
rural areas subsidized at 70 per cent of the initial invest-
ment”

The existence of some climate change related funds or
funds from the Global Environment Facility are discussed
informally and at meetings, but no clear communication has
reached other sectors working on mitigation, such as ener-
gy. The same is true for carbon credits, where the process
is still aberrant for project developers. Awareness raising in
the relevant sectors is required.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The hydrological regimes of rivers in Madagascar are being
disrupted by climate change and the forecasts made 10-20
years ago do not correspond to reality any longer. As recent-
ly as 2020, several large hydropower plants were operating
at only 10 per cent of their capacity during low-water peri-
ods. No statistics are available at the moment on the effect
of climate change on energy consumption in Madagascar.

The climate crisis, leading to the disruption of hydrologi-
cal regimes, can distort estimates. Water availability due
to exponential forest degradation, at a rate of one million
hectares in 13 years (between 2004 and 2017), hampers the
development of SHP in the country.? Environmental protec-
tion must be effective, including reforestation campaigns
carried out with careful monitoring. The protection of the
watersheds of each SHP project is among the priorities, with
accompanying measures for stakeholders dependent on its
exploitation before project implementation.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

In Madagascar, SHP development faces several key barriers,
namely natural, financial, technical, communication and po-
litical ones. Importantly, the lack of a dedicated fund acts
as a barrier to get projects off the ground. The effective op-
erationalization of the FNED, with the concretization of the
commitments of technical and financial partners, will con-
tribute to the development of SHP projects. In addition, the
establishment of a development bank would make it easier
for project developers to obtain loans at reasonable rates.
Systematic consultations with stakeholders in the energy
sector during the budget and activity programme develop-
ment phase related to the use of these funds will greatly
contribute to the development of SHP.

The following points summarize the main barriers to SHP
development in the country that have been identified:
Turbines are mainly imported and not manufactured
locally;

Future risks associated with climate change as well as
difficulty to attain hydrological estimates due to cli-
mate variability;
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Lack of a dedicated government fund;

Insufficiency of minfall monitoring systems in place;
Lack of direct lines of communication for financing
opportunities;

Insufficient stakeholder consultation in the energy
sector;

Short election cycles incoherent with project develop-
ment timescales.

The following points summarize the main enablers for the
SHP sector that have been identified:

SHP has an attractive cost per kWh compared to other
renewable energy sources;

The possibility of a new multi-annual development
programme for hydropower derived from the national
electricity access strategy;

The availability of resources off-grid for SHP develop-
ment.
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Malawi
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KEY FACTS

19,129,952 (2020)"

118,480 km? 2

Malawi lies within the Great Rift Valley system. Lake Malawi, a body of water 580 kilometres long
and lying at 460 metres above sea level, is the country’s most prominent physical feature. Approxi-
mately 75 per cent of the land surface is a plateau lying at between 750 and 1,350 metres above sea
level. Highland elevations rise to over 2,440 metres in the Nyika Plateau in the north and to 3,000
metres at Mount Sapitwa, the country’s highest point. The lowest point is on the southern border,
where the Shire River meets the Zambezi at 37 metres above sea level.

The climate of Malawi is sub-tropical, with a rainy season lasting from November to April, a cool
season between May and mid-August and a hot season from mid-August to November. Variations
in altitude in Malawi lead to wide differences in climate, with the rainy season lasting longer in the
northern and eastern mountains. Mean annual temperature is 24 °C, with average daily maximum
temperatures in November reaching 29 °C, while dropping to 23 °C in July.?

In 2006, rise in average annual temperatures in Malawi was estimated at 0.9 °C over a 30-year
period.* Several climate change models predict a countrywide increase of 1.4-3.2 °C in maximum
temperature and a 1.6-2.9 °C increase in average annual temperatures by the mid-21° century, rela-
tive to the 1990s, with no significant seasonal difference in temperature rise. Over the same period,
models predict a countrywide increase in annual precipitation of up to 25 per cent. On a regional
level, precipitation is expected to increase in the north and decrease in the south.’

Precipitation is heaviest along the northern coast of Lake Malawi, where the average annual rain-
fall is more than 1,630 mm. Approximately 70 per cent of the country averages between 750 mm and
1,000 mm of precipitation annually.?

The main water source in the country is Lake Malawi, stretching along the eastern borders with
Tanzania and Mozambique and accounting for approximately 20 per cent of the country’s total
area. The most significant river is the Shire (402 km), which is Lake Malawi’s only outlet, flowing
south into Mozambique where it meets the Zambezi.?

ELECTRICITY SECTOR OVERVIEW

As of June 2020, total installed capacity in Malawi amount-
ed to 574.0 MW, of which hydropower contributed 394.3 MW
(nearly 69 per cent of the total), conventional thermal pow-
er 141.8 MW (approximately 25 per cent), including 78.0 MW
of emergency generators and 51.6 MW of peaking generators
running on diesel, solar and wind power combined 19.4 MW
(3 per cent) and thermal power from biomass 18.5 MW (3 per
cent) (Figure 1). The major generating capacities are owned
and operated by the Energy Generating Company (Malawi)
Limited (EGENCO), with emergency generators, peaking gen-
erators and a number of other facilities including plants uti-
lizing renewable energy sources (RES) operated by smaller
private entities.5’81°
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Figure 1. Installed Electricity Capacity by Source in Malawi
in 2020 (Mw)
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Source: Taulo et al.,® Chiwayula,” EGENCO,® Ministry of Finance, Economic
Planning and Development,® USAID™

In 2019, annual electricity generation reached 1,887 GWh, a
slight increase from the 1,808.6 GWh and 1,792 GWh gener-
ated in 2017 and 2018, respectively. However, in 2020 gen-
eration decreased across the country, with monthly gener-
ation in March 2020 only reaching 139.3 GWh, experiencing
a steady decline from the 160.3 GWh generated in July 2019.
As the overwhelming majority of electricity generation in



Malawi is provided by hydropower, low water levels in Lake
Malawi and reduced flow in the Shire River in the second
half of 2019 were responsible for this significant decline in
output. Peak electricity demand and consumption have also
fluctuated in recent years, with peak demand amounting to
299.6 MW in 2019 (down from 335.3 MW in 2015) and domestic
consumption equalling 568.2 GWh in 2019 (down from 766.3
GWh in 2016). The main consumers of electricity in Malawi in
2019 were industry (44 per cent of total) and domestic users
(36 per cent), with general use consumption (19 per cent)
and exports (1 per cent) making up the remainder. At the
same time, the number of individual consumers connect-
ed to the grid has more than doubled over the last decade,
from 205,045 in 2011 to 439,187 in 2019. The Integrated Re-
source Plan developed by the Government of Malawi proj-
ects that peak demand will reach 1,158 MW by 2025 and 1,873
MW by 2030.°

In 2019, access to electricity decreased to just over 11 per
cent nationally (4 percent in rural areas), from 18 percent
(11 per cent rural) in 2018 (Figure 2)." Even for those with
electricity access, supply is erratic and subject to frequent
shortages and outages due to load shedding. The Govern-
ment of Malawi has been looking to tap small-scale off-grid
RES plants including solar power, wind power and small hy-
dropower (SHP) to meet electricity demand in isolated areas
where grid extension is difficult, aiming to increase nation-
wide access to electricity to 30 per cent by 2030.%%

Figure 2. Electrification Rate in Malawi in 2019 (%)

™

Total 11%
Rural 4%

Source: World Bank"

Electricity generation in Malawi is primarily carried out by
EGENCO, created after the unbundling of the Electricity Sup-
ply Cooperation of Malawi (ESCOM). ESCOM, which previ-
ously was the sole provider of on-grid electricity in Malawi,
has been unbundled into three companies, with EGENCO re-
sponsible for generation and operating all the major hydro-
power plants in the country. Power Market Limited (PML) is
responsible for buying the generated electricity and ESCOM
itself is responsible for transmission and distribution. Ad-
ditionally, some generation is carried out by independent
power producers (IPPs) that include Mulanje Hydro Limit-
ed as well as Aggrekko, which operates the emergency die-
sel-fuelled generators.’

Electricity tariffs differ depending on the type of customer
and the phase supply being used and are lower than the
tariffs in the South African Development Community (SADC)
region and other neighbouring countries. The tariffs are reg-
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ulated by the Malawi Energy Regulatory Authority (MERA),
which is also the main regulator of all other fuels.” Tariffs
for domestic, commercial and industrial users as of 30
March 2020 are displayed in Table 1.

Table 1. Electricity Tariffs in Malawi in 2021

Type of customer Description Tariff (USD/RWh)
Single phase supply 0.0978
Domestic
Three phase supply 01420
Single phase supply 01471
Commercial
Three phase supply 01627
On-peak 01790
Industrial
Off-peak 0.0621

Source: ESCOM™

The Government of Malawi is making efforts to increase the
capacity of generated electricity through upgrades to exist-
ing power plants and the construction of new ones, plan-
ning to increase annual generation to 3,300 GWh by 2030.
Feasibility studies are currently underway for various ener-
gy sources, including hydropower, coal, biomass, geother-
mal power and wind and solar power. As of 2020, the Gov-
ernment had signed 11 power purchase agreements (PPAs)
with developers to install an additional 328 MW of capacity
by 2027. Plans are also underway to connect to the Zambian
and Tanzanian power grids, providing investors with access
to regional power markets including the Southern Africa
Power Pool (SAPP). Programmes such as the Malawi Rural
Electrification Programme (MAREP) and Malawi Electricity
Access Project (MEAP) are ongoing with the aim of expand-
ing electricity access in both rural and urban areas.®’

In general, the electricity sector in Malawi faces many chal-
lenges, including lack of IPPs and lack of financial resources
and clear policy guidelines to promote private investors in
the electricity sector. Additionally, shifting weather patterns
have been creating instability in hydropower generation, re-
quiring the procurement of emergency diesel generators in
order to meet demand. In 2013, the Millennium Challenge
Corporation provided the Government of Malawi with funds
totalling USD 350.7 million in order to help overcome some
of these challenges.®

SMALL HYDROPOWER SECTOR
OVERVIEW

In Malawi, SHP is defined as hydropower plants with an in-
stalled capacity of less than 5 MW. As of 2021, total installed
capacity for SHP plants under 5 MW in Malawi was approx-
imately 4.7 MW, while SHP capacity up to 10 MW was 12.9
Mw.6718 Based on studies of previous years, proven SHP
potential amounts to at least 7.7 MW and theoretical po-
tential has been estimated at 150 MW.*?° This indicates that
approximately 4 per cent of the country’s known theoreti-
cal SHP potential has been developed so far. Compared to
data from the World Small Hydropower Development Report
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(WSHPDR) 2019, the installed capacity for SHP up to 5 MW
has decreased marginally as more precise data on opera-
tional plants became available and also due to the replace-
ment of older SHP plants with a new SHP plant of over 5 MW
installed capacity.”

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Malawi (MW)

150.0
Potential 150.0
Capacity 150.0

47 Il WSHPDR 2022
Installed [ 5.6 Il WSHPDR 2019
Capacity [ 5.6 [ WSHPDR 2016

>8 WSHPDR 2013

Source: Ministry of Energy and Mining,? Taulo et al.,° Chiwayula,’ Gilkes,®
Ministry of Energy,” Jonker Klunne;® Kaunda et al.,” WSHPDR 2019,
WSHPDR 2013,2 WSHPDR 2016%

Note: Data for SHP up to 5 MW.

As of 2021, the Wovwe SHP plant in Karonga is the only
grid-connected SHP under 5 MW operating in Malawi, with
an installed capacity of 4.35 MW.? The 8.25 MW Ruo-Ndiza
SHP plant in Mulanje, another grid-connected power plant
that falls under the up to 10 MW definition of SHP, was oper-
ational as of 2020 and is the largest SHP project in Malawi.
The plant, located at the Lujeri Tea Estates, replaced two old
SHP plants of 0.84 MW and 0.46 MW at the same location®*®
Additionally, several mini- and micro-hydropower plants
are operational on isolated mini-grids, including two plants
of 60 kW and one 100 kW plant that are part of the Mulan-
je Electricity Generating Agency (MEGA) mini-grid in Bondo,
the 70 kW Chipopoma SHP plant and the 10 kW Kavuzi SHP
plant.*? Operational SHP plants are listed in Table 2.

Ongoing SHP development includes the construction of an-
other 4.5 MW power plant at the Wovwe site to bring the
total installed capacity of the plant to 9.5 MW.” Additional-
ly, upgrades have been planned to the MEGA group of SHP
plants by a non-governmental organization called Practi-
cal Action to bring the entire network to 2 MW of capacity.
Components of the Practical Action programme originally
included the development of several new SHP plants of up
to 500 kW capacity, aiming to reach an annual SHP genera-
tion target of 15.6 GWh, with funding provided by the Global
Environment Facility (GEF) and the Government of Scotland.
Completed upgrades have brought the MEGA mini-grid to its
current capacity of 220 kW. Also, a grant was awarded by
EEP Africa to Practical Action to develop an SHP plant at
Usingini with an initial planned capacity of 300 kW and a
total potential capacity of 5 MW. However, Practical Action
has recently reduced its presence in Malawi and additional
MEGA upgrades as well as the Usingini project have been
delayed, with the latter in advanced stages of planning.”"72
Ongoing SHP projects are listed in Table 3.
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Table 2. List of Operational Small Hydropower Plants in
Malawi
Loca- Capaci- Plant Launch
Name tion  ty (MW) Head type Operator year
Mulan-
Ruo- je, Lu- Run-of- Mulanje Hydro
Ndiza jeri Tea 8.250 230 river Ltd 2020
Estate
MEGA3 BOMdO 100 nya RUNOF veca D 2019
Mulanje river
Kavuzi Electric-
Kavuzi Nkhata- 0010 N/A Ru.n-of- ity Generation 2018
bay river  and Supply
Association
MEGA2 BONdO ga60  nya RUNOF yeca it 2016
Mulanje river
Man-
Chipo- tc.ht_awe, 0070 N/A Ru.n-of- Communi- 2015
poma  Living- river ty-owned
stonia
MeEGA1 BOMdO o060 5o RUNOF veealtD 20m
Mulanje river
Wovwe Run-of-
SHP Karonga 4.350 N/A river EGENCO 1996

Source: Chiwayula,’ Gilkes,” Ministry of Energy,” Jonker Klunne,®
EGENCO,” MEGA,* GEF SGP*

Note: SHP plants of up to 10 MW.

Table 3. List of Ongoing Small Hydropower Projects in
Malawi

Loca- Capaci- Head Type De- Planned Devel-
Name . of vel- launch opment
tion ty (MW) (m)
plant oper  year stage
RuN- Feasibil-
Wovwe Karon- L 2023- ity study
i ga 45 N/A oferrw N/A 2023 com-
pleted
Feasibil-
ity study
Run- and
... Nkha- . .
Usingini 5.0 150 of-riv- N/A N/A  design
tabay
er plans
com-
pleted

Source: Chiwayula,” Ministry of Energy,” EGENCO?

Several other previously functional SHP plants are current-
ly out of operation, including one in Matandani maintained
by the Malawi Industrial Research and Development Centre,
as well as the Kongwe and Malosa SHP plants. These sites,
with a total installed capacity of 358 kW when operational,
could be potentially refurbished. Additionally, the Malawi
Rural Electrification Programme (MAREP) Master Plan Study
carried out by the Japan International Cooperation Agency
(JIcA) identified 33 potential SHP sites, including 11 prom-
ising sites with a total estimated potential capacity of 345
kw.m826 Several potential sites for SHP plant construction or
refurbishment are listed in Table 4.



Table 4. List of Selected Potential Small Hydropower Sites
in Malawi

. Potential capacity Type of site
Name Location (kW) (new or refur-
bishment)
Matandani  Neno district 28 Refurbishment
Katowo Hewe River 45 New
Ruarwe L'Z”f‘kh””' 50 New
River
Nthalire Choyoti River 60 New
Sandama Nswazi River 75 New

Source: Chiwayula,” Jonker Klunne,® JICA%

RENEWABLE ENERGY POLICY

The new National Energy Policy (NEP) of Malawi, issued in
2018, and the Malawi Renewable Energy Strategy, developed
in 2017, both provide for the development of RES in the
country. The 2018 National Energy Policy aims to increase
hydropower capacity, extend the national grid as well as
expand the implementation of mini-grids in remote areas
based on hydropower generation. Increases in hydropower
capacity and output are to be achieved through the con-
struction of new plants by IPPs as well as upgrades to ex-
isting plants. While hydropower is expected to provide the
bulk of the country’s generation, the Policy also outlines di-
versification into other energy sources including solar pow-
er, wind power and coal.”

The Malawi Renewable Energy Strategy includes the follow-
ing elements:

 Incentives for RES technologies including tax waiv-
ers, which have been put in place starting with the
2020/2021 fiscal year to reduce the cost of RES devel-
opment;

+ Promotion of research and development in RES and
increasing the number of undergraduate and gradu-
ate courses in RES offered by technical universities in
Malawi, as well as training programmes in RES offered
by other stakeholders;

+ Awareness campaigns by various media organizations
to promote RES;

+ Establishment of the Malawi Renewable Energy Part-
nership Group (MREPG) in 2018 to oversee the imple-
mentation of RES projects in Malawi and provide co-
ordination for RES stakeholders;

+ The implementation of feed-in tariffs (FITs) and a PPA
framework for RES, still in development stages.?®

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP development in Malawi is covered by regulations ap-
plied to hydropower in general, outlined in the National
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Energy Policy. Legislation on hydropower in Malawi differ-
entiates between grid-connected and stand-alone (off-grid)
projects. In the case of grid-connected projects, the de-
veloper is given the generation licence only, after meeting
the necessary technical, safety and environmental require-
ments, which include an environmental impact assessment.
Power from grid-connected hydropower IPPs is sold to Pow-
er Market Limited and distributed exclusively by ESCOM. In
the case of off-grid projects, hydropower plants (including
SHP plants) can operate as a mini-grid where the developer
is given generation, transmission and distribution licenc-
es after meeting the necessary requirements. Some of the
requirements are that the system should be of the same
standard as the main grid for easy integration and sell elec-
tricity at a tariff approved by the Malawi Energy Regulatory
Authority.??

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Financial support for SHP development in Malawi is pro-
vided by a variety of international and local entities. In-
ternational organizations providing funding for SHP have
included the World Bank, the United Nations Development
Programme (UNDP), the European Union Energy Facility, the
Organization of the Petroleum Exporting Countries (OPEC)
Fund for International Development and the Global Envi-
ronmental Facility Small Grants Program (GEF SGP).”"2425 Bj-
lateral support for RES and hydropower development has
been provided by the United States Government through
the United States Agency for International Development
(USAID) and the Millennium Challenge Corporation (MCC),
while the Japan International Cooperation Agency (JICA) and
the Scottish Government have supported projects specif-
ically focused on SHP!®5% Local funding for SHP has also
been provided by the Ministry of Energy as well as by pri-
vate investors and international non-governmental organi-
zations with a presence in the county.”

COST OF SMALL HYDROPOWER
DEVELOPMENT

Costs of SHP development in Malawi have varied consider-
ably based on project size and location. The recently com-
missioned Ruo-Ndiza 8.25 MW SHP plant carried a total
project cost of USD 16 million, or 1,939 USD/kW.*° The Usig-
ini SHP project with a preliminary capacity of 300 kW and
eventual planned capacity of 5 MW was initiated with funds
totalling USD 328,125 (1,093 USD/kW), but has been affected
by severe delays.” On the other end of the spectrum, JICA's
Master Plan Study for MAREP estimated construction costs
of between USD 299,890 and USD 1,213,930 for 11 prospective
sites of 5-75 kW, averaging between 12,629.2 USD/kW and
94,690 USD/kW.? From these figures it becomes clear that
micro-hydropower projects in Malawi are significantly more
expensive than projects in the 1-10 MW range.
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EFFECT OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Malawi is heavily dependent on hydropower for electricity
production and has already been experiencing severe gen-
eration shortfalls due to low water levels in Lake Malawi
and the Shire River, particularly in 2020.° Extreme fluctua-
tions in rainfall have also caused flooding, causing damage
to hydropower infrastructure. Projections of future weather
pattern changes by the mid-21%t century predict an increase
in rainfall in the northern part of the country (up to 40 per
cent during the wet season) and a decrease in the south (up
to 75 per cent during the dry season). Significantly, several
climate models predicted an increase in runoff of nearly 182
per cent during the wet season in the northern part of the
country and a moderate 11 per cent decline in the south.’
These data suggest that SHP in Malawi is threatened not
only by water scarcity but also by the increased likelihood
of flood damage, particularly in the north.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Some of the key barriers to SHP development in Malawi in-
clude:

+ The lack of investors to develop SHP due to limited
financing capacity;

+ Environmental degradation, with deforestation from
logging and farming activities upstream and near the
river banks leading to rivers drying up;

+ Lack of human capital to build and operate SHP plants
in Malawi;

+ Lack of information and awareness among communi-
ties on the benefits of SHP;

+ Old electricity infrastructure vulnerable to extreme
weather events;

- Vandalism of infrastructure such as transformers.

Enablers for SHP development include:

+ Acute demand for additional generation capacity due
to very low electrification rate in the country;

+ Availability of financing mechanisms;

+ Tax exemption on all RES equipment;

+ Availability of detailed data on potential SHP sites
and large untapped SHP potential;

+ Existing political will to develop the energy sector.
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Mauritius
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KEY FACTS

1,265,475 (2019)"

1,868 km?"

The island, located in the south-west of the Indian Ocean, was formed by volcanic activity. It has
sandy beaches and fringing coral reefs, which surround most of the 322 kilometres of its coastline.
The topography is categorized by undulating plains in different parts of the island and the highest
point is 828 metres, which is located at Petite Riviere Noire.>?

Enjoying a mild and tropical weather, the climate in Mauritius is divided into two seasons, namely
summer and winter. Summer is warm and humid and it runs from November to April and winter is
cool and dry lasting from June to September. October and May are the transition months. The mean
temperature during summer is 22.7 °C; the climate is moderately hot and moist. During the winter
the average temperature is 18.7 °C, with a relatively chilly and drier climate.**

Observed climate change impacts have indicated a warming trend on the island, with the average
temperature at all stations rising at the rate of 0.15 °C per decade and has already risen by 0.741.2
°C when compared to the 1961-90 long term mean. Meanwhile a diminishing trend in annual rain-
fall has also been shown. In spite of the decreasing number of rainy days, the recurrence of ext-
reme climate events, overwhelming downpours and storms with strengths equivalent to tropical
cyclones or higher has expanded over the last two decades. Future projections of climatic changes

anticipate a decrease of approximately 1020 per cent in rainfall and a temperature increase of 2
DC‘Z,A,G

The annual precipitation for the year 2020 was approximately 1,993 mm, indicating a decrease by 6
per cent from 2019. The annual average rainfall from 1971 to 2000 amounted to 2,010 mm. Despite
no fixed rainfall period, rainfall generally occurs during summer months, with an annual average
summer rainfall of 1,322 mm (1971-2000). In the winter season, the annual average rainfall is 666
mm.*

The hydraulic system of Mauritius is composed of 20 main rivers with the Grand River South-East,
located in the central-eastern region, having the longest length of approximately 28 kilometres.
Other primary waterways include the Black River, Post River, Grand River North-west and Rempart
River. Mauritius also has a few waterfalls and 10 main man-made reservoirs. The reservoirs amount
to a total capacity of approximately 67.4 m32®

ELECTRICITY SECTOR OVERVIEW

In 2019, the total power plant installed capacity in the is-
land amounted to 844.3 MW (Figure 1), while the total ef-
fective capacity was 771.9 MW. Electricity generation in 2020
reached 2,882 GWh (Figure 2), with the peak power demand
reaching 494 MW.° The bulk of electricity production in Mau-
ritius comes mainly from fossil fuels, namely coal and oil,
followed by renewable energy sources including bagasse,
hydropower, solar power, wind power and landfill gas. In
2020, coal and oil represented 76 per cent in the electricity
production mix and the rest (24 per cent) was met by renew-
able energy at 688 GWh.® Hydropower represented approxi-
mately 4 per cent of all generation, at 115.8 GWh.’
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Figure 1. Installed Electricity Capacity by Source in
Mauritius in 2019 (MW)
Thermal Power I 696.8
Solar Power M 745
Hydropower [l 60.4
Wind Power | 9.4
Landfill Gas | 3.3

Source: MREPU,’ CEB™

Note: According to MREPU, bagasse is included in the thermal installed
capacity figures.



Figure 2. Annual Electricity Generation by Source in
Mauritius in 2020 (GWh)

Thermal Power 2,194.4

Bagasse
Solar Power
Hydropower
Landfill Gas

Wind Power

Source: CSO’

In the 1950s, the state-owned Central Electricity Board (CEB)
was the only entity responsible for generating, transmitting
and distributing electricity across the island until the sugar
industry-affiliated power plants initiated the sale of elec-
tricity produced from bagasse to the CEB. This initiative was
further encouraged by the Bagasse Energy Development
Programme (BEDP) in 1991 and the Multi-Annual Adaptation
Scheme 2006-2015.° Today, electricity in Mauritius is pro-
duced by the CEB and Independent Power Producers (IPPs).
The share of the CEB’s production in 2019 was 45 per cent,
while the remaining 55 per cent was purchased from IPPs,
which are mainly from the sugarcane industry.®

Mauritius has achieved an electrification rate of 100 per
cent. The national rural electrification programme was es-
tablished in 1983, allowing the connection of 153 villages
and housing estates to the grid network. With an enlarged
economy, Mauritius now enjoys extensive power provision
infrastructure and the advantages of a steady power supply."

For most power projects, the Government of Mauritius looks
for competitive international bids and favours collaboration
between regional private bodies and international organi-
zations. In 2017, the CEB Act (1963) was amended to permit
CEB (Green Energy) Co Ltd, an entirely owned subsidiary of
the CEB, to participate in power generation from renewable
energy sources.

In 2019, the CEB's tariff programme had 24 different types
of tariffs, ranging from 316 MUR/kWh (0.074 USD/kWh) for
low-end residential consumers to a flat rate tariff of 10.01
MUR/kWh (0.023 USD/kWh) for commercial energy users.” It
should be noted that special consideration has been made
on social grounds for household electricity consumption.
For instance, the Social Tariff 110A is applicable to house-
holds receiving the government social allowance, registered
as socially vulnerable or registered under Tariffs 110 and 120
(excluding small-scale distributed generation owners) and
meeting the required monthly consumption conditions®
However, it should be noted that electricity tariffs are not
wholly cost-effective in Mauritius as industrial tariffs are
subject to cross-subsidization. With no independent pow-
er utility regulator, the CEB is solely responsible for setting
the tariffs. For this reason, proper planning is required for
restructuring the tariff system, emphasizing the need for
cost-effective production during capacity expansion.*

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no formal definition of small hydropower (SHP)
in the country. This chapter uses the 10 MW definition. In
2020, the installed capacity of SHP in Mauritius amounted
to 19.69 MW, indicating an increase of 0.35 MW compared
to the World Small Hydropower Development Report (WSH-
PDR) 2019 (Figure 3). The known potential capacity has not
changed, indicating that the full known SHP potential has
been exploited in the country. At present, there are 11 SHP
plants including the recent Bagatelle Dam, which was com-
missioned in 2019 (Table 1). All SHP plants in the country, ex-
cept for Riche en Eau and Bois Cherie, are owned by the CEB.

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Mauritius (MW)

19.7

Potential 19.7
Capacity

19.7

Installed 19.3
Capacity

Il WSHPDR 2022

Il WSHPDR 2019

[ WSHPDR 2016

WSHPDR 2013

Source: CEB,” MEPRU,'® WaterPower Magazine,” Bowers et al.,® WSHPDR
2013, WSHPDR 2016, WSHPDR 2019%

Apart from the Bagatelle Dam, Midlands Dam and La Nico-
liere, the operational lifetime of the remaining SHP plants
exceeds 50 years. The most ancient is the Reduit (now A.l.A.)
SHP plant, which was established in 1906 but refurbished in
1984. Major hydropower refurbishments projects included
the refurbishment and upgrading of the generating unit in
the Magenta plant, which was expected to be completed by
November 2019 (Table 2).® Although not an SHP project as
such, but rather a project to increase the capacity of the 28
MW Champagne hydropower plant, the Sand Souci dam is to
be fitted with a labyrinth type fuse gate, effectively increas-
ing the generation of the nearby plant by 3 GWh.2

Table 1. List of Operational Small Hydropower Plants in
Mauritius

Capacity Head Launch

Name (MW) (m) Plant type Operator year
Bagatelle 0.35 - Run-of-river CEB 2019
Dam with dam

storage
Midlands 0.35 - Run-of-river ~ CEB 2013
Dam with dam

storage
La Nicoliere 0.35 - - CEB 2010
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Capacity Head Launch

Name Plant type Operator

(Mw) (m) year
La Ferme 1.20 127  Run-of-river  CEB 1988
Le Val 4,00 183  Run-of-river  CEB 1961
with dam
storage
A.LA (previ- 1.20 50 Run-of-river CEB 1984
ously Reduit)
Ferney 10.00 123 Run-of-river  CEB 1971
Cascade 1.00 76 Run-of-river  CEB 1963
Cecille
Magenta 0.94 45  Run-of-river  CEB 1960
with dam
storage
Riche En Eau  0.20 - - Private -
Bois Cherie 0.10 - Run-of-river Private -
with dam
storage

Source: CEB,” MEPRU, WaterPower Magazine,” Bowers et al.®

Table 2. List of Planned Small Hydropower Projects in
Mauritius

Loca- Ca.- Head Plant De- Planned Stage of
Name tion pacity (m)  type vel- launch devel-
(Mw) oper year opment
Run- Refur-
of-river drit bish-
Magenta - 094 45  with 2022 ment
d Hydro
am on
storage

Source: MEPRU™

A full feasibility study determining potential SHP sites for
setting up mini- and micro-hydropower plants is yet to be
completed. There is a debate around whether the country’s
hydropower potential has been entirely exploited, as one
modelling exercise claimed that full potential has been
reached, whereas proponents of SHP in the country con-
tested this study, arguing that “the predictions did not fully
consider mini- and micro-hydropower plants, which have
gained momentum and been helpful in reducing pressure
on the main grid”’*» The Integrated Energy Plan (2013-2022)
indicated the Government's interest in developing mini- and
micro-hydropower plants in viable locations. However, with
the exception of the Bagatelle Dam, no other initiative was
taken in this direction.

RENEWABLE ENERGY POLICY

In 2008, the Government brought forward the Mauritius
Sustainable Island (MID) policy, strategy and action plan
with the vision of delivering sustainable growth and mak-
ing Mauritius an example of sustainable development. The
objective of the MID project was to achieve 35 per cent of
renewable energy generation by 2025, by exploring addi-
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tional economic incentives to advance the development of
renewable energy resources. In parallel to the MID plan, fi-
nancial support was obtained from the Government for sev-
eral renewable energy projects. These include the setting of
a 9.4 MW wind farm at Plaine des Roches, which was com-
missioned in 2015, and the installation of solar photovoltaic
farms amongst others.?

Following the Integrated Energy Plan (IEP) 2003-2012, it was
noted that little advancement occurred in the introduction
of renewable energy technologies in the country. Hence, the
Government came up with the Long-term Energy Strategy
2009-2025 with the objectives to reduce dependency on fos-
sils fuels, promote long-term sustainable development and
augment the share of renewable energy in the electricity mix
to 35 per cent by 2025. The renewable energy development
pathway advocated laid emphasis on an increasing share of
bagasse-based energy, while setting targets for fossil fuels
and green energy.”®

Another IEP (2013-2022) was adopted by the CEB with the
goal of ensuring a secure electricity future in Mauritius. Ac-
cording to the new IEP, the CEB has already begun feasibility
studies to identify potential sites for further hydropower
development.® The master plan’s pillar has been to maxi-
mize the use of the current power grid, keep energy costs
down, promote demand-side management and create op-
portunities for the private sector. According to the IEP, a 20
MW wind power plant would be installed every three years
after 2017 and a 10 MW solar power plant every three years
after 2013. However, the plan to install any 20 MW wind farm
is yet to be accomplished.?

The CEB Small-Scale Distributed Generation (SSDG) Net-Bill-
ing Scheme was announced in the 2018/19 budget speech.
Under the scheme, residential customers (who consume
up to 100 kWh per month and are in tariff categories 110,
120, and 140) will generate their own electricity as part of
a project aimed at promoting renewable energy. The SSDG
project is to be implemented in three stages over the course
of three years.” The scheme employs a net-billing system
and 2,500 residential customers will be able to receive up
to 100 kWh of electricity free of charge per month for the
next 20 years, depending on their consumption. Taking cur-
rent tariffs into account, the selected customers consuming
less than 100 kWh per month will have their electricity com-
pletely free.??

In the energy sector, the Government has been working on
legal and structural reforms. The Mauritius Renewable En-
ergy Agency (MARENA) was established by the Government
in 2016 to encourage the use of renewable power in the is-
land.®® In 2019, the Government came up with the Renewable
Energy Roadmap 2030 for the Electricity Sector, where ba-
gasse is the predominant renewable resource followed by
solar power, waste-to-energy, hydropower and wind power.®
Under the 2030 roadmap, the share of hydropower in total
electricity generation should decrease from 4.4 to 2.5 per
cent by 2030.



SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

Securing a licence of Environmental Impact Assessment
(EIA) is essential for mini- and micro-hydropower projects.
The Government's strategy has been to enable Small Inde-
pendent Power Producers (SIPPs), whether residential, in-
dustrial or commercial, to join the electricity supply market
by installing small generating units of mainly solar photo-
voltaics and wind power. A grid code has been implement-
ed to allow SIPPs generating below 50 kW of electricity for
their personal use to feed any excess into the national grid
system. To facilitate such a scheme, government initiatives,
such as removal of a standby charge on renewable energy,
were introduced.™

COST OF SMALL HYDROPOWER
DDEVELOPMENT

Data for cost estimates of SHP development in the island
are not available. However, a cost of approximately MUR 7.1
billion (USD 170 million) has been estimated for the con-
struction of a new dam of 14.3 m? capacity.?® For hydropower
plants in Mauritius, the levelized cost of energy is approx-
imately 0.020 USD/kWh, including other associated costs,
such as maintenance, refurbishment and upgrading of pow-
er plants.®

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Funding for projects in the hydropower sector depends on
the readiness of the project and the ability of the developer
to implement the project. The water resources unit, under
the Ministry of Finance and Economic Development, pro-
vides financing facilities in the form of grants. Estimates for
the year 2017/2018 indicate an allocation of MUR 487 million
(USD 11.4 million) for the construction of dams on the is-
land.?

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The longer drought period and decreasing rainfall trend
pose a challenge to the availability of water resources in the
country and thus for SHP development.® However, hydro-
power development is not only subjected to climate effects.
As a small developing island country, governmental priority
is being given to water use for household consumption pur-
poses, rather than hydropower generation.>*

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Compared to other power generating units, hydropower
plants are flexible to fluctuatingelectricity network demand.
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Hydropower plants have the capacity to quickly increase or
decrease output and can provide electricity at peak demand
conditions® Recommendations suggest a possible revamp-
ing of the hydropower sector in Mauritius through the de-
ployment of mini- and micro-hydropower plants or pumped
storage plants to cater to the intermittency of renewable
energy sources.’ The potentiality of further hydropower de-
velopment in the island is known to be limited. Exploring
mini-and micro-hydropower is still possible and the Gov-
ernment is keen to explore this potential across the island.
The CEB has already begun feasibility studies to identify
potential sites for further hydropower development. How-
ever, while revamping any hydropower facilities is possible,
striking the optimum balance between hydropower uses
and environmental impact on the restricted island ecosys-
tem is essential.

The following points summarize the main barriers to SHP
development in Mauritius that have been identified:

+ Only some locations possess the natural character-
istics for exploitation (most cost-effective sites have
been explored);

+ Potable supply, agriculture and electricity generation
compete for the water stored in reservoirs;

+ Dependency of the technology on rainfall, while cli-
mate change is influencing rainfall patterns;

+ The potential to expand the existing dam capacity is
limited;

 High cost associated with hydropower plant construc-
tion;

+ Lack of resources to conduct feasibility studies;

+ Environmental impact of SHP.

The following points summarize the main enablers for SHP
development that have been identified:
+ Government feasibility studies are underway to deter-
mine whether new potential will be available.
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Mozambique

Laura Stamm, International Center on Small Hydropower (ICSHP)

KEY FACTS

32,163,045 (2021)'

799,380 km?22

Mozambique is a topographically diverse country. The northern and western regions are predomi-
nately mountainous, while low lands cover the southern regions. There are five distinct highland
regions. The Lichinga Plateau occupies the north-westernmost area along the border with Tanza-
nia, followed by the Angonia Highlands on the north-western border with Malawi. The Maravila
Highlands are found in the western pocket of land on the border with Zambia and just underneath
is the Chimboio Plateau along the western border with Zimbabwe. The highest pointin the country,
Mount Binga at 2,436 metres, is found in the Chimboio region. The Mozambique Plateau occupies
most of the northern interior, leaving a very narrow coastal plain in the north-east. In the south
and south-east, where the Mozambique Plains are found, are the lowest elevations in the country,
while small hills are found in the south-westernmost region.?

The country’s climate is mostly tropical, though the south is slightly cooler than the north. The
hottest temperatures, often reaching above 30 °C, are found along the north-eastern coastline
especially during the summer months between December and February. The coldest temperatures,
reaching 10 °C, are found in the highest altitudes along the western borders. Humidity varies gre-
atly between regions. The northern and north-eastern regions are especially humid all year while
the south is drier with a small semiarid area in the south-east.

There has been a trend of rising temperatures in Mozambique in the past decades, which is ex-
pected to continue. The country is vulnerable to extreme weather events, particularly droughts,
flooding and cyclones. These types of events have been on the increase since the 1970s. In the
upcoming decades, droughts and floods are expected to become more intense and cyclones more
prevalent.?

Rainfall varies greatly between regions and areas of the country. The northern and north-eastern
regions are the wettest, with an average annual rainfall of between 1,000 mm and 1,780 mm with
some pockets of over 2,000 mm. The west and southern interior receive the least rainfall, with
annual averages between 600 mm and 800 mm. The semiarid region in the south-west receives an
average of 300 mm in rainfall per year. The wet season throughout the country is between Novem-
ber and February, while the dry season is between April and October.?

Mozambique is a water-rich country. The major rivers flow eastwards from the western highlands
to drain into the Mozambique Channel and Indian Ocean. The largest river in the country is the Za-
mebezi flowing 819 kilometres through the central region. The major rivers in the north include the
Rovuma that creates the country border with Tanzania, the Messalo, Lurio and Ligonha. The major
rivers in the south include the Buzi, Save, Changane and Limpopo. Rivers tend to have a seasonal
flow, flooding during the end of the wet season and are slow during the end of the dry season. The
largest lakes are along the border with Malawi including Lake Nyasa and Lake Chilwa.2

ELECTRICITY SECTOR OVERVIEW

In 2020, the total installed capacity in Mozambique was
2,915 MW. Of this, hydropower accounted for 2,204 MW (just
under 76 per cent), thermal power for 602 MW (21 per cent),
solar power for 95 MW (3 per cent) and biomass for 14 MW
(0.5 per cent) (Figure 1).* The country’s energy mix has been
dominated by hydropower since the opening of the Cahora
Bassa plant in 1974. In the past few years, the country has
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been diversifying into other renewable energies, with strong
focus on solar power. The country’s first large-scale solar
power plant, with an installed capacity of 40 MW, opened
in 2019 and is located in Mocuba. Shortly after, in 2020, an
additional 41 MW solar power plant was commissioned in
Metero by French-owned power producer, Neoen.®
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Figure 1. Installed Electricity Capacity in Mozambique by
Source in 2020 (MW)

Hydropower | 2,204
Thermal Power I 602
Solar Power M@ 95

Source: IRENA*

The total electricity generated in 2019 in Mozambique was
15,603 GWh. Of this, hydropower generated 14,826 GWh (95
per cent), thermal power 711 GWh (over 4 per cent) and the
last percentage was split between 65 GWh of biomass and 2
GWh of solar power (Figure 2).“ As more recent data are not
available, this does not reflect the electricity generated by
the new Mocuba solar power plant which has an estimated
generation capacity of 79 GWh/year.

Figure 2. Annual Electricity Generation in Mozambique by
Source in 2019 (GWh)
Hydropower I 14,826
Thermal Power [ 711
Biomass | 65

Source: IRENA*

The Electricity Law of 1997 first allowed independent power
producers (IPPs) to participate in the supply of electricity
in Mozambique. Prior to this, state-owned Electridade de
Mogambique (EDM) was the main electricity supplier, with
the exception of Hidroeléctrica de Cahora Bassa S.A. (HCB),
and still holds a significant market share of electricity gen-
eration. HCB, which operates the one large hydropower
plant with an installed capacity of 2,075 MW was once mostly
owned by REN of Portugal, but since 2007 the majority own-
ership has been transferred to the Government of Mozam-
bique, which currently owns over 92 per cent of the shares.
In recent years IPPs have played an important role in the
electricity sector. The largest IPPs include Central Termo-
electrica de Ressano Garcia (CTRG) with an installed capac-
ity of 175 MW, Gigawatt Ressano Garcia with 110 MW, Nacala
floating powership with 102 MW, Kuvaninga with 40 MW and
Aggreko with temporary contracts of 122 MW and 107 MW. As
EDM is responsible for the distribution and transmission of
electricity in the county, these IPPs operate within power
purchase agreements (PPAs) with EDM.®

The Ministry of Natural Resources and Energy (MIREME) is
responsible for supervising operation and development
in the electricity sector. The Energy Regulatory Authority
(ARENE) is the organization responsible for regulating the
sector. EDM makes the final approval of tariffs for end cus-
tomers. Different tariffs are determined for five different
types of consumers: low voltage, major consumers of low
voltage, medium voltage, agriculture medium voltage and
high voltage.® Social tariffs with a special rate are provid-
ed for some low-voltage customers for 0.97 Mt/kWh (0.015
USD/kWh). The regular tariffs prices for all other customers
are listed in Table 1.
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Table 1. Electricity Tariffs in Mozambique

Type of consumer Tariff (MZN/RWh (USD/

kRWh))

Low voltage households:

<200 kWh 6.00 (0.094)
200-500 kWh 8.49 (0.130)
> 500 kWh 8.91(0:140)
Major low voltage 5.74 (0.090)
Medium voltage 478 (0.075)
Medium voltage (agricultural) 2.72 (0.043)
High voltage 4.70 (0.074)

Source: EDM’

The electrification rate of Mozambique in 2020 was just
under 31 per cent, which includes an urban rate of 75 per
cent and a rural rate of just above & per cent (Figure 3).8 The
current policy objectives of the Government and EDM are
focused on rural electrification and increasing the number
of new users on a continuous basis. While many extensions
have been carried out since 2007, there is still much to be
accomplished in order to meet targets. The most recent na-
tional plans include targets of reaching a 50 per cent elec-
trification rate by 2023 and universal access by 2030. To push
this agenda, the Government of Mozambique partnered with
the World Bank to draw up the National Electrification Plan
in 2018. As a result of the plan, the World Bank approved
a USD 82 million direct grant along with a USD 66 million
grant through a Multi Donor Trust Fund (MDTF) to expand
and densify the national grid and implement off-grid solu-
tions in some remote places.’

Figure 3. Electrification Rate in Mozambique in 2020 (%)

Total31%
Rural4%

Source: World Bank®

Improving infrastructure quality is another main focus in
the energy sector. Due to structural inefficiencies and far
distances between generation and consumption, distribu-
tion and transmission losses are substantial. In 2017, losses
amounted to approximately 26 per cent. In response, proj-
ects to strengthen the transmission network have been un-
dertaken and will continue to be important. Furthermore,
the current capacity will not be sufficientto bring electricity
to the whole population. To address this, several sites have
been identified for future projects. Many of the large-scaled
projects are with hydropower, namely Mphanda Nkuwa
(1,500 MW), HCB North bank (1,245 MW), Lupata (600 MW),



Boroma (200 MW) and Lurio (120 MW). Solar power proj-
ects are also substantial, including 43 on-grid projects that
amount to 599 MW and 343 smaller off-grid projects to bring
electricity to remote communities.®

SMALL HYDROPOWER SECTOR
OVERVIEW

In Mozambique, small hydropower (SHP) is classified as
plants with an installed capacity up to 10 MW.° In 2017, the
total installed capacity of SHP up to 10 MW was at least 4.77
MW, while the total potential capacity of SHP is estimated
to be 1,000 MW.5"" Compared to the World Small Hydropower
Development Report (WSHPDR) 2019, installed capacity has
increased by 1.4 MW due to new information and the poten-
tial capacity has remained the same (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Mozambique (MW)

1,000.0

Potential 1,000.0
Capacity 1,000.0
1,000.0

4.8 Il WSHPDR 2022

Installed | 3.4 [ WSHPDR 2019
Capacity | 23 W WSHPDR 2016
21 WSHPDR 2013

Sources: ALER,* WSHPDR 2019, WSHPDR 2016,* WSHPDR 2013"

The country’s greatest hydropower potential lies in the
Zambezi River basin at sites such as Cahora Bassa North
and Mphanda Nkuwa. The overall hydropower potential in
the country is estimated to be approximately 19,000 MW.*
Much of the potential is large hydropower, but at least 5 per
cent of it is SHP. Most of the SHP already installed is below 1
MW, with the exception of Pequenos Libombos (1.5 MW) and
Cuamba (1.1 MW) (Table 2).5

Table 2. List of Selected Existing Small Hydropower Plants
in Mozambique

Installed capacity

Name (Mw) Operator
Pequenos Libombos 1.50 IPP
Cuamba 110 EDM
Lichinga 0.76 EDM
Rotanda 0.63 FUNAE
Majaua 0.60 FUNAE
Mudha 0.10 FUNAE
Sembezeia 0.06 FUNAE
Chiurairue 0.02 FUNAE

Source: ALER®

SHP plants in Mozambique are particularly concentrated in
the centre of the country, more specifically in the Provinc-

es of Manica, Tete and Zambézia. The main players involved
in the SHP sector are EDM and the country’s Energy Fund,
FUNAE. There are additional SHP plants with capacities be-
low 30 kW that were funded and provided technical assis-
tance by the German Corporation for International Cooper-
ation (GIZ) and are operated by local private entities. Some
non-governmental organizations including Practical Action
and the Association Kwaedza Simukai Manica (AKSM) have
also been involved in the funding and execution of other
SHP projects.

FUNAE is a publicly owned organization that focuses on
small, low-cost power solutions particularly for rural or re-
mote areas. In addition to establishing five SHP plants, the
organization also carries out feasibility studies for potential
SHP projects with the aim to be invested in by private enti-
ties. Afeasibility study for a Mavonde SHP project of 0.90 MW
was carried out, approved and will begin construction once
funds become available. Studies for SHP plants in Berua and
Luaice have also been conducted, but no further progress
has been announced.® SE4ALL, in collaboration with the Afri-
can Development Bank, has expressed interest in aiding the
investment in the creation of green mini-grids to be locat-
ed in remote areas of Mozambique, which includes power
from SHP. An in-depth assessment was made in 2017 that
identified hundreds of potential SHP sites in eight provinces
with a combined capacity of over 672 MW. These mini-grids
along with others from solar power and biomass could bring
electricity to 22 per cent of the total population, especially
to the hardest to reach communities. To implement these
projects, partnerships with international companies, banks
and organizations would be necessary.®

RENEWABLE ENERGY POLICY

Mozambique is a country rich in natural resources with
vast potential for renewable energy including 23,000 MW of
solar power, 19,000 MW in hydropower, 4,500 MW of wind
power and 2,000 MW of biomass. Harnessing these poten-
tials would not only provide enough energy for the domes-
tic population, but would produce a surplus that could be
exported to surrounding countries! Recent national plans
routinely mention the development of renewable energy as
a priority. The Five Year Plan 2015-2019 discussed the use of
renewable energy to obtain other social development goals,
such as increasing the electrification rate to 33 per cent by
2019 by increasing hydropower and solar power in rural ar-
eas and using solar power to electrify schools and health
centres.® The actual national electrification rate in 2019 was
slightly more than 29 per cent, indicating that this goal was
missed by 4 percentage points.® The Energy Strategy pub-
lished in 2015 in conjunction with the World Bank put forth
the goal for the national electrification rate to reach 50 per
cent by 2023 and 100 per cent by 2030. As of 2020, the coun-
try was still 19 percentage points away from reaching the
goal in the three following years.

Some of the legal framework for foreign investment and re-
newable energy is currently undergoing review. The appli-
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cable laws presently in place are the Investment Law (Law
3/1993 and Decree 43/2009), Electricity Law (Law 21/1997,
Decree 8/2000 and Decree 42/2005), Energy Policy (Reso-
lution 5/1998 and Resolution 10/2009) and Private Public
Partnership Law (Law 15/2011 and Decree 12/2012)." In 2021,
the Government passed regulation framework for off-grid
energy production to encourage private sector involvement
in installing mini-grids in remote areas in hopes to accel-
erate electrification of these areas! As of March 2022, the
Government proposed, but not yet fully approved, an up-
date of the Electricity Law that would also encourage pri-
vate investments in the sector and make a more competitive
environment® As financial support to make the necessary
enabling conditions for private sector investments, Sustain-
able Energy Fund for Africa (SEFA) approved a USD 740,000
grant in 2015 for technical assistance to do so0.®

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

The National Water Policy (PNA, 1995) stipulates that hydro-
power installations are required to have a water use con-
cession. In addition, the 1995 policy used two mechanisms
for implementation, the Rural Water Transition Plan and the
Implementation Manual for Rural Water Projects (MIPAR).
In 2007, the PNA was revised and became the Water Policy
(PA). The revision was aimed at meeting the United Nations
Millennium Development Goals and included private invest-
ment in local water management and utilization. The Water
Policy mentions the use of water resources for standalone
and dam-connected hydropower purposes and states that
small- and medium-scale hydropower facilities should be
encouraged for off-grid electricity generation in remote ar-
eas, extension of the national electricity grid production
and transmission capacity, as well as economic develop-
ment in general."

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The challenges hindering the development of SHP in Mo-
zambique include:

Lack of a consolidated legal framework;

Absence of a strategy defining governmental invest-
ment plans for hydropower plants;

Limited information about the number and location of
the existing plants as well as potential sites;

Lack of local technologies;

Underdeveloped market.

The factors encouraging SHP development in Mozambique
include:

Over 995 MW of SHP potential is untapped which of-
fers considerable technical opportunities;

Access to electricity in the country is still far from uni-
versal, especially in rural or remote areas. SHP devel-
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opment in remote areas can bring electricity to com-
munities that have been without;
Government plans favourable to SHP development.
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Reunion

Gaelle Gilboire, Energie Réunion

KEY FACTS

868,846 (2022)"

2,512 km?2

Réunion island is the result of volcanic activity, with mountain peaks in the interior and two distin-
ct volcanoes: the Piton des Neiges (Snow Peak), which is now extinct, and the Piton de la Fournaise
(Furnace Peak), which is younger and more active. The Piton des Neiges is also the highest point
on the island at 3,072 metres above sea level.?

In general, the weather in Réunion is tropical and humid. The warm and humid season lasts from
November to April, while the drier season occurs from May to October.?> The summer, which lasts
from December to March, has a mean temperature of 26 °C on the coast. Winter, from April to No-
vember, has an average temperature of 20 °C on the coast. At higher altitudes, temperatures drop
significantly.?

Between 1968 and 2021, the average temperature in Réunion rose by 0.18 ° C per decade, or nearly
1°C in total. By 2100, the average temperature rise is projected to reach 1-3 °C, which will impact
the intensity and duration of heat waves and droughts. Between 1961 and 2021, the average rainfall
decreased by 1.6 per cent per decade. By 2100, there should be one in five extra rainy days in the
wet season and one less rainy day every five days in the dry season. The eastern part of the island
will retain much more rainfall than the western part.*

Summer (January-March) is the wettest season with approximately 200 mm of rainfall per month
falling along the coast and up to 1,000 mm in the inland areas. February is usually the wettest
month. Annual rainfall exceeds 3,000 mm on the eastern coast and is below 1,000 on the western
coast.’

Alarge number of rivers flow through Réunion, including the Riviére des Marsouins that runs abun-
dantly all year round. Other notable rivers are the Sainte Suzanne, Grand-Bois, Salazie and Mafate

Rivers.2

ELECTRICITY SECTOR OVERVIEW

Réunion Island is an overseas department and an adminis-
trative region of France. The French company Electricité de
France (EDF) is the electricity provider on the island.

In 2020, total electricity generation on the island amounted
to 2,978 GWh. Electricity was generated from thermal and
renewable energy sources, with coal dominating the gener-
ation mix at almost 37 per cent of the total. Renewable en-
ergy sources accounted for a total of 31 per cent (Figure 1).°

Total installed capacity as of December 2020 was 902.5 MW,
of which oil-fired plants accounted for 32 per cent, coal- and
bagasse-fired plants for more than 23 per cent, solar power
plants for almost 23 per cent, hydropower for 15 per cent,
fuel- and bioethanol-fired plants for over 4 per cent, wind
power for 2 per cent and biogas for 0.5 per cent (Figure 2).5
Until 2011, hydropower was the most utilized renewable
energy source, as it was one of the first renewable ener-
gy sources developed on the island. However, since 2012,
Réunion has invested in the development of other renew-
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able energy technologies and now solar power exceeds
hydropower in installed capacity.® In addition to the listed
installed capacities, there is also 6 MW of storage capacity
from two batteries.®

Figure 1. Annual Electricity Generation by Source in
Réunion in 2020 (GWh)
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Figure 2. Installed Electricity Capacity by Source in Réunion
in 2020 (MW)
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Although the cost of producing electricity is higher in
Réunion Island due to its insularity, consumers benefit from
tariff equalization, meaning that the prices are identical to
those in Metropolitan France. Basic electricity tariffs vary
according to the voltage and frequency of the electronic
devices used as well as the time of the day when they are
used. As of 2022, residential tariffs (inclusive of taxes) var-
ied from 0.1371 EUR/kWh (014 USD/kWh) to 0.1706 EUR/kWh
(018 USD/kwh).”

SMALL HYDROPOWER SECTOR
OVERVIEW

Réunion, in accordance with French legislation, defines
small hydropower (SHP) as hydropower plants up to 10 MW.
The total SHP installed capacity in Réunion is 10.6 MW (Table
1).6 The total untapped hydropower potential in the island
is estimated at 1211 MW, of which 59.1 MW is difficult to be
developed, 50.5 MW can be developed under strict condi-
tions and 11.5 has no limitations for development.? As far
as SHP is concerned, the island has 6 MW of untapped po-
tential, making it 177 MW in total” Compared to the World
Small Hydropower Development Report (WSHPDR) 2017,
both installed and potential capacity remained unchanged
(Figure 3).

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Réunion (MW)

Potential

Capacity 1211
106 Il WSHPDR 2022

Installed 10.6 Il WSHPDR 2019

Capacity 10.5 W WSHPDR 2016
10> WSHPDR 2013

Source: Energies Réunion,® Direction de 'eau,® WSHPDR 2013, WSHPDR
2016,"° WSHPDR 2019"

Hydropower on the island is produced at Riviére de l'Est
(79.2 MW), Takamaka | (174 MW) and Il (26.0 MW), Bras de
la Plaine (4.6 MW), Langevin (3.6 MW), Bras des Lianes (2.2
MW), Ligne Paradis (0.2 MW) and RT4 (0.02 MW) plants, for a
combined capacity of 133.2 MW.® Although a large share of
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the SHP potential has been tapped, there are still a number
of potential sites where micro-hydropower projects can be
developed (Tables 2 and 3)*

Table 1. List of Existing Small Hydropower Plants in
Réunion

. Capacity Launch
Name Location (Mw) Operator vear
Ligne Paradis  Saint-Pierre 0.2 SAPHIR 2018
RT4 Saint-Paul, 0.02  ALTERELEC 2013
Ermitage

Bras de . .

la Plaine Saint-Pierre 4.6 N/A N/A
Langevin Saint-Joseph 3.6 N/A N/A
Bras des Bras, Panon 22 N/A N/A
Lianes

Source: Energies Réunion®

Table 2. List of Planned Small Hydropower Projects in
Réunion

Name Location CC;;)/'GM(;;I’}/
Sainte Etienne Riverr Saint-Pierre 0.80
Restitution Riviére des Galets Saint-Paul 0.50
Ligne Paradis Saint-Pierre 0.42
Bras Cilaos - Maniron Saint-Louis 0.39
Bras Cilaos - Bellevue Saint-Louis 0.24
Bras cilaos - Larrey Saint-Louis 0.15
ILO - RT8 Saint-Leu 0.10
Capteur de pression — A501C02 Saint-Pierre 0.07
PT13000 Interconnection ILO - BC Les Avirons 0.07
Community reservoir “ville2” Petite-Ile 0.06
ILO - RT3 Saint-Paul 0.04
ILO - RT6 Saint-Leu 0.04

Source: Regional Council of Réunion™

Table 3. List of Potential Small Hydropower Projects in
Réunion

. Potential ca- Type of site (new/
Name Location pacity (MW)  refurbishment)
Matarun Cilaos 0.011 New; pipeline
network
N/A West coast 0.018 New; pipeline

network

Source: Regional Council of Réunion™
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RENEWABLE ENERGY POLICY

Act No. 2015-992, Article 1, of 17 August 2015 lays down the
guidelines for energy policies and renewable energy for
French overseas departments™ The law states that overseas
departments should be energy-autonomous by 2030, with
an intermediate goal of 50 per cent of renewable energy in
the energy mix by 2020. In addition, incentive mechanisms
are also in place to encourage the development of renew-
able energy, including tax exemptions, direct subsidies and
feed-in tariffs (FITs) controlled by EDF.

In 2017, in the Multiannual Energy Programme (PPE) the Re-
gional Council of Réunion Island and the Government of
France defined the energy policy until 2023 for the island.
The PPE set the development objectives for each renew-
able energy source for the period from 2018 to 2023 in or-
der to achieve energy autonomy by 2030. The programme
takes into account population and electricity consumption
growth, with objectives focusing on demand-side manage-
ment as well. In this document, the objective for hydropow-
er is to add 39.5 MW of capacity between 2016 and 2023.
However, the project of a new 39 MW turbine on which this
objective was based will not be realised.™

In April 2022, an updated version of the PPE was adopted
with new objectives set for 2023 and 2028. These include
reducing electricity consumption by 263 GWh/year by 2023
and 438 GWh/year by 2028 as well as stopping using coal
and heavy fuel oil for electricity generation. The two exist-
ing carbon-fired power plants will be converted to the use
of biomass. The new objectives defined for hydropower
are to add 6.6 MW of capacity by 2023 and another 1 MW
by 2028, indicating a reduced focus on hydropower in the
new edition of the PPE in favour of other renewable energy
sources.”

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The main barriers to SHP development include:

Costly technology due to the insularity of the island
and the related costs of transportation and taxes,
which limits contractors’ willingness to undertake fi-
nancial risks and invest in Réunion;

Climatic variations and destruction coupled with vol-
canic activity are other risk variables of the island that
investors and contractors need to face;

Réunion is classified by the United Nations Education-
al, Scientific and Cultural Organization (UNESCO) as a
World Heritage Site, which has two main consequenc-
es: first, environmental impact assessments are strin-
gent; and second, the price of land per square metre
has experienced a significant increase, affecting initial
investment expenditures;

Ineffective coordination between local and overseas
authorities prolongs the implementation process for
project owners;

Lack of local technical support;
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Lack of information and contradictory sources, slow-
ing down the process of development.

On the other hand, the key enablers include:

Availability of undeveloped SHP potential;

Policy support of renewable energy;

Availability of irrigation and water treatment infra-
structure on which SHP plants could be installed.
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Rwanda

Davy Rutajoga, International Center on Small Hydro Power (ICSHP)

KEY FACTS

12,955,736 (2021)'

26,338 km?2

Rwanda is a landlocked country that lies 120 kilometres south of the equator in the Tropic of
Capricorn. Rugged with steep hills and deep valleys, the altitude ranges from approximately 1,000
metres above sea level in the east to the 4,507 metre peak of Mount Karisimbi in the Virunga Volca-
no Range in the west of the country.??

Rwanda has a temperate tropical highland climate characteristic of high-altitude regions in the
equatorial belt. Average annual temperatures range between 23 °C and 24 °C in lowlands and
reach up to 17 °C in high altitude areas. Generally, temperatures vary little throughout the year.*

As a country that relies heavily on rain-fed agriculture, Rwanda is highly vulnerable to rising tempe-
ratures as well as the irregular rainfall patterns that have been projected to increase in the future.
Increases in temperature of between 1.4 °C and 2.6 °C have been observed in the south-western
and eastern regions of the country between 1971 and 2016. Precipitation also exhibited noticeab-
le variations, with mean rainfall decreasing significantly in January, February, May and June and
increasing significantly from September to December. Climate projections for the high-emissions
scenario estimate an annual mean temperature increase of 1.1 °C between 2020 and 2039, 1.9 °C
between 2040 and 2059, 2.9 °C between 2060 and 2079 and 3.9 °C between 2080 and 2099. Annual
precipitation is also likely to increase, with a higher intensity of heavy rainfall. These variations in
temperature and precipitation are projected to also impact water resources, which could in turn
impact the energy sector.’

Rwanda experiences relatively abundant rainfall through its two rainy seasons: the long rainy sea-
son (March to May) and the short rainy season (September to November). The eastern plains enjoy
an annual rainfall of between 700 mm and 1,100 mm, the central plateau of between 1,100 mm and
1,300 mm and the highlands of between 1,300 mm and 1,600 mm. The areas around the town of
Bugarama and Lake Kivu benefit from an annual rainfall of between 1,200 mm and 1,500 mm. The
mean annual precipitation in the country is 11777 mm.>

Located in the Great Lakes region of Africa, Rwanda has 101 lakes split into two basins: the Nile ba-
sin to the east and the Congo basin to the west. The country’s hydrological network covers appro-
ximately 8 per cent of the national territory, with 10 per cent of the water draining into the Congo
basin. The largest lake in Rwanda is Lake Kivu, a methane-rich lake shared with the Democratic
Republic of the Congo.®

ELECTRICITY SECTOR OVERVIEW

The electricity supply in Rwanda is made up of domes-
tic generation and electricity imported from neighbouring
countries and regional shared power plants.® The main
sources of electricity in Rwanda are hydropower, thermal
power (diesel and methane) and solar power accounting for
approximately 48 per cent, 46 per cent and 6 per cent, re-
spectively, of total production, which amounted to 821 GWh
in 2019 (Figure 1). Renewable energy contributed a com-
bined 54 per cent of the electricity generated.’
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Figure 1. Annual Electricity Generation by Source in Rwanda
in 2019 (GWh)
Hydropower I 397
Thermal Power I 377
Solar Power M 45
Bioenergy | 2

Source: IRENA’

The total installed capacity in 2020 was 210.1 MW, of which
approximately 45 per cent came from hydropower, 49 per
cent from thermal power (diesel, methane, peat) and 6 per
cent from solar power (Figure 2). Thermal power is only used



during peak hours due to the high operating costs associat-
ed, with hydropower taking over during off-peak hours as
a cheaper option. Additionally, Rwanda imports electricity
from the National Electricity Company of Congo (SNEL) and
the Uganda Electricity Transmission Company (UETCL).8

Figure 2. Installed Electricity Capacity by Source in Rwanda
in 2020 (MW)

Hydropower I 94.7
Diesel GGG 58.8
Methane ——— 29.8

Peat [ 15.0
Solar Power [l 11.8

Source: REG®

In Rwanda, the dominant consumers of electricity are
households, followed by industries and the public sector,
with consumption rates of approximately 51 per cent, 42 per
cent and 6 per cent, respectively (Figure 3). The per capita
consumption rate is expected to increase to 3,080 kWh in
2050 from 50 kWh in 2019, with at least 60 per cent of the
electricity to be generated from renewable energy sources
under the Vision 2050 strategic plan for the transformation
and modernization of the country.®

Figure 3. Electricity Consumption by Sector in Rwanda (%)

6%

[l Households
M Industrial Sector
M Industrial Sector

5% 1%

Source: World Bank®

Electricity in Rwanda is distributed by the Rwanda Energy
Group (REG), a Government-owned corporation which over-
sees all energy development and investment plans in the
country under the auspices of the Ministry of Infrastructure
(MININFRA). Private entities can purchase, build and operate
power plants in Rwanda, but the distribution is handled by
the REG. As of 2021, the cumulative connectivity rate was
67 per cent of Rwandan households, including approximate-
ly 49 per cent connected through the national grid and 19
per cent accessing through off-grid systems (primarily solar
power). An electricity access target of 100 per cent of house-
holds by 2024 with 69 per cent connected through the grid
and 31 per cent off-grid has been set by the Government.®

Electricity tariffs are established by the REG and are based
on flat rates and smart meters that measure levels of elec-
tricity consumption. The electricity tariffs for the main
groups of consumers are listed in Table 1.
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Table 1. Average Electricity Tariffs in Rwanda

Average electricity tariff

Type of consumer Type of rate

(Usp/kwh)
Residential Smart meter 0.089-0.245
Commercial Smart meter 0.157-0.201
Industrial Flat rate 0.106-0.151
Industrial 2 Smart meter 0.094-0.134
Public sector Smart meter 0.126

Source: REG™

Based on a study conducted by Israel Electric on the cur-
rent and forecasted electricity demand in Rwanda for the
years 2016-2040, an average of a 10 per cent annual demand
growth rate has been estimated.® As part of the Vision 2050
plan, the development of electricity connectivity focuses
on hydropower as the area with the most potential to meet
the demand due to the abundance of water resources in the
country and region.®

SMALL HYDROPOWER SECTOR
OVERVIEW

Small hydropower (SHP) plants in Rwanda are defined as
plants with an installed capacity of up to 5 MW. There were
29 SHP plants operating in Rwanda in 2020 out of 333 iden-
tified potential sites, with a total installed capacity of 34.4
MW and an available capacity of 18.66 MW.® The total theo-
retical SHP potential capacity in Rwanda is estimated to be
111.1 MW (based on planned projects and identified sites)."
Compared to the World Small Hydropower Development Re-
port (WSHPDR) 2019, the SHP installed capacity increased as
a result of the commissioning of new plants, whereas the
potential estimate remained unchanged (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Rwanda (MW)

. 1111
Potential 111.1

Capacity

Il WSHPDR 2022
W WSHPDR 2019
I WSHPDR 2016

WSHPDR 2013

Installed
Capacity

Source: REG,® WSHPDR 2019," WSHPDR 2016, WSHPDR 2013

Note: Data for SHP up to 5 MW.
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Table 2 lists 20 of the SHP plants operational in Rwanda.

Table 2. List of Selected Operational Small
Hydropower Plants in Rwanda

Installed Available Launch
Plant name . . Operator
capacity capacity year
Mukungu 0.016 0.0096 IPP 2020
Kigasa 0.272 0.000 IPP 2020
Nyirantaruko 1.840 1.2000 IPP 2020
Rubagabaga Hy-
Rubagabaga 0.450 0.2400 dropower Ltd. 2019
Rukarara V
Mushishito 2.300 1.2000 IPP 2019
RwazaMuko 2600 15600 RwazdHydro- o q.
power Ltd.
Gaseke 0.500 0.5238 Novel Energy 2017
.. Rwanda Moun-
Giciye Il 4.000 1.6000 tain Tea (RMT) 2016
Giciye | 4.000 1.6000 RMT 2013
Nyirabuhom- RGE Energy UK
bohombo 0.500 0.1750 Ltd 2013
Rukarara Il 2.200 11550 Prime Energy 2013
Mukungwa I 3.600 2.6280 Prime Energy 2013
Musarara 0.400 0.2205 Amahoro Energy 2013
Gashashi 0.280 0.1120 Prime Energy 2013
Nshili | 0400 02400 GOvernmentof .,
Rwanda
Nyabahanga| 0200 oo covernmentof ..,
Rwanda
Janja 0200 01600 ROEEnersyUK 555
Ltd
Mazimeru 0.500 0.2450 Carera-Ederer 2012
Cyimbili 0300 01500 AdreHydro&En- .,
ergycotel
Nkora 0680 03400 AdreHydro&En- .,
ergycotel
Nyamyotsi | 0100 00600 AdreHydro&En-

ergycotel

Source: REG®

In addition to the existing SHP plants, a further 10 SHP
plants are planned in Rwanda, with some expected to start
commercial operation between 2022 and 2024 (Table 3). The
total nominal capacity of the planned SHP plants with an in-
dividual capacity of less than 5 MW is 32.8 MW and the nom-
inal capacity of all planned plants up to 10 MW is 52.4 MW.®
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Table 3. List of Selected Planned Small Hydropower
Projects in Rwanda

Plant name Nominal capacity (MW) Planned launch year
Ngororero 2.7 2022
Nyundo 4.5 2022
Rwondo 23 2022
Base | 2.9 2024
Base Il 2.9 2024

Source: REG®

MININFRA commissioned a study to identify potential hy-
dropower sites, which was carried out in 2006-2007 by SHER
ingénieur-conseil, a Belgian-based company funded by the
Belgian Development Corporation. Through this study, a hy-
dropower atlas highlighting the different potential areas for
hydropower development was developed. Each identified
site was classified based on its potential capacity, from pi-
co-hydropower sites (up to 5 kW) to larger sites with more
than 1 MW of capacity. Almost 50 per cent of the potential
sites were found to be in the range of 5-100 kW. The theo-
retical hydropower potential capacity identified in the study
totalled 82.6 MW, including 61.2 MW at already equipped or
soon-to-be equipped sites.?

RENEWABLE ENERGY POLICY

The renewable energy sector is led by the Rwanda Energy
Policy (REP), established as a guiding framework for the sec-
tor in 2015, following Law No. 21/2011 of 23 June 2011 govern-
ing electricity in Rwanda. Under the REP, the Rwanda Util-
ities Regulatory Authority (RURA) is mandated to regulate
the supply of sufficient, reliable, affordable and sustainable
energy to all customers. This supply follows the targets set
for renewable energy by the Energy Sector Strategic Plan for
2018/19-2023/24, which guides the implementation of the
REPM

As part of the Vision 2050 plan, Rwanda is putting climate
resilience and a low-carbon economy at the heart of its de-
velopment. To this end, the share of renewable energy in the
country's generation mix is targeted to reach at least 60 per
cent by 2035.° SHP is an integral part of the country’s effort
towards achieving this goal, with sustainable small-scale
generation installations in rural areas being a key compo-
nent of the Green Growth and Climate Resilience Strategy
of Rwanda. This strategy is highlighted in the country’s Na-
tionally Determined Contribution (NDC), with the increased
use of hydropower (both large and small) representing the
largest share of the identified greenhouse gas (GHG) mitiga-
tion potential.®

As part of the country’s effort to promote SHP, a feed-in tar-
iff (FIT) scheme was introduced between 2012 and 2015 by
the Energy, Water and Sanitation Authority (EWSA) in close
collaboration with the RURA. The scheme covered hydro-
power plants ranging in capacity from 50 kW up to 10 MW



and located within 10 kilometres from the transmission net-
work (Table &). Although the policy expired after a duration
of three years and has now been replaced by renewable en-
ergy tenders, this does not affect the projects that signed
power purchase agreements (PPAs) under the scheme

Rwanda Utility Regulatory Authority (RURA), with the fee de-
pending on the planned capacity of the project (Table 5).

Table 5. Electricity Generation Licence Fees in Rwanda

during that period?® Capacity Fee (USD)
Less than 0.5 MW 5,000
Table 4. Small Hydropower Feed-in Tariffs in Rwanda
0.5-1 MW 10,000
Plant installed capacity (MW) Feed-in tariff (USD/RWh) 1-5 MW 15, 000

0.05 0.166
0.10 0.161
0.15 0.152
0.20 0.143
0.25 0.135
0.50 0.129
0.75 0.123
1.00 0.118
2.00 0.095
3.00 0.087
4.00 0.079
5.00 0.072
6.00 0.071
7.00 0.070
8.00 0.069
9.00 0.068
10.00 0.067

Source: RURA™®

Rwanda is a signatory to the United Nations Sustainable En-
ergy for All Initiative (SE4ALL) and the Regional Strategy on
Scaling up Access to Modern Energy Services adopted by the
Council of Ministers of the East African Community. As such,
the country adopted policies to create an environment that
enables off-grid energy service provision including the de-
velopment of small-scale renewable energy solutions.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP plants are regulated by some of the same legislation as
larger hydropower projects. The main legislation and reg-
ulation documents in Rwanda concerning hydropower are:
+ The National Energy Plan (2015);
+ RegulationsNo.001/ENERGY/RURA/2012 0f09/02/2012
On Rwanda Renewable Energy Feed-In Tariff (2012);
+ Guidelines N0.02/GL/EL-EWS/RURA/2019 On Minimum
Technical Requirements for Mini-Grids in Rwanda
(2019).

Any energy generation project in Rwanda, including SHP
plants, is required to receive a generation licence from the
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Source: RDB”

In addition to the generation licence fee, a licence applica-
tion fee of USD 500 is to be paid.” As part of the application,
the following documents have to be filed:

+ Application letter addressed to the RURA Director
General;

+ Original receipt of the application fee payment;

+ Domestic company registration certificate from the
Rural Development Board (RDB);

+ Business plan;

+ Copy of the feasibility study of the project;

+ Environmental Impact Assessment Certificate;

« Memorandum of understanding/Concession agree-
ment between the Republic of Rwanda and the ap-
plicant;

+ Power purchase agreement (not applicable to provi-
sional licence);

« District authorization approving planned activities;

+ Copies of applicant’s financial statements audited by
an independent auditor for the previous three years
for the existing companies and the initial balance
sheet for newly formed companies;

+ Other relevant information detailed in the Electricity
Licensing Regulations depending on the type of li-
cence applied for”

All licensing of power plants in Rwanda is acquired through
the RDB, which oversees development projects in the coun-
try. The RDB is open to investors who wish to invest in SHP
projects and has a directory of potential SHP sites and
projects to accommodate investors. Most SHP projects are
Government-funded through the RDB and the REG, with the
remaining projects owned by companies and IPPs.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

With Rwanda depending on hydropower for most of its elec-
tricity generation, the effects of climate change are likely to
significantly affect the energy sector in the country. Indeed,
variations in rainfall patterns have already been observed
and changes in mean temperature are predicted to occur,
threatening water storage and supply.® In addition, hydro-
power is also vulnerable to the increased risk of damage to
infrastructure, including roads, dams, turbines and supply
lines, caused by floods. On the other hand, increased rain-
fall could also present an opportunity for SHP development
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as it would increase generation capacity at potential sites,
which would bring the country closer to its goal of 60 per
cent share of renewable sources in the generation mix by
2035.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Tho

ugh SHP development presents an opportunity for

Rwanda to reach its target energy goals, there are factors
that hinder that development, such as:

Ena

RE

3.

High costs associated with construction due to the rel-
atively complex design of SHP plants, which require
significant custom engineering. With few manufactur-
ers to purchase from, the prices of building equipment
are relatively high;

Rwanda does not manufacture the necessary equip-
ment for SHP plants and has to import them from out-
side of Africa, with import costs being relatively high
due to the lack of a sea port in the country;

The siltation as a result of the erosions caused by the
hilly topography of the country and human activity
(e.g., agriculture);

The water levels drop by approximately 30 per cent
during dry seasons, which affects generation by SHP
plants;

The mountainous topography of the country makes
transmission and distribution relatively expensive.s?

blers for further SHP development in Rwanda are:
The availability of undeveloped potential SHP sites,
which, due to their distributed nature, might be com-
plimentary to micro-grids to provide 24/7 generation
in combination with solar photovoltaic (PV) installa-
tions;
Domestic production of electricity eliminates the need
for foreign currency used for imports;
Most potential SHP sites identified are suitable for de-
velopment using run-of-river methods, which do not
require large dams to impound water and, hence, are
less environmentally challenging and more cost-effec-
tive;
The Government's strategy to transition to a cli-
mate-resilient and low-carbon model of development
specifically highlights the need for small-scale renew-
able energy production.
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Somalia (Federal Republic of)

Victor Odundo Owuor, One Earth Future Foundation

KEY FACTS

15,442,905 (est. 2019)

627,340 km?2

Located in the Horn of Africa, Somalia boasts the longest coastline of any country in the continent.
In the north, higher plateaus and mountains reach between 900 and 2,100 metres above sea level,
gradually declining into a central plateau. In the south, the region transitions into lower coastal
plains and fertile agricultural areas between the Jubba and Shabelle Rivers, before extending into
low pastureland on the border with Kenya.?

Somalia has a semi-arid to arid climate, which is determined by its location in the Intertropical
Convergence Zone.* Temperatures range between 20 °C to 40 °C in the south with cooler tempera-
tures along the coast and reach as high as 45 °C in the northern coastal plains.®

Since 1991, the median annual temperature in Somalia has increased by 1-1.5 °C. Climate change
projections predict that median annual temperatures will further increase by another 3.4-4.3 °C
by the year 2100. Extreme weather phenomena are becoming more common and harder to predict.
While a slight increase in rainfall of approximately 3 per cent is predicted by 2050, an increase in
droughts and dust storms has also been observed. Additionally, the changing global and regional
weather patterns have led to massive locust invasions in the Horn of Africa, costing Somalia appro-
ximately 20 per cent of national crop yields in 2020.57

The major wet season (Gu) lasts from April to June, followed by the Haggai season, which brings
relatively cool temperatures with drier conditions on the inland plateau and light showers along
the coast.® The Deyr rains occur from October through November, which lead into the longer dry
Jilaal season spanning from December through March. Precipitation levels range from 700-800
mm/year in the Jubba and Shabelle regions to less than 100 mm/year along the northern coast.*

The majority of the country’s water resources are dominated by surface water obtained from the
Jubba and Shabelle Rivers, with 90 per cent of flows originating in the Ethiopian Highlands. Total
internal water resources, including both surface and ground water, average 6 km?/yr.?

ELECTRICITY SECTOR OVERVIEW

As of 2020, the installed electricity capacity of Somalia was
estimated at 106 MW, down from an estimated historical ca-
pacity of 175-180 MW prior to the outbreak of the civil war
in the early 1990s. The majority of the country’s electricity
is supplied by fossil fuel-based thermal generators (100.0-
103.4 MW), with some renewable energy generated through
solar and wind power (2.6-6.0 MW) (Figure 1).>%° Within the
energy sector as a whole, as much as 80 to 90 per cent of
energy originates from biomass sources, with the greatest
share represented by charcoal. Fossil fuel usage accounts
for 10 per cent of the energy mix, of which diesel-powered
generators represent approximately 2 per cent.?®
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Figure 1. Installed Electricity Capacity by Source in Somalia
in 2020 (MW)

Thermal Power 100

Solar & Wind
Power

Source: AfDB,* USAID?®

The decades’ long civil war has undermined and destroyed
much of the energy sector of Somalia. The combination
of the protracted conflict and subsequent statelessness
has significantly reduced the country’s electrical genera-
tion capacity, namely through the destruction of electrical
grids and by allowing infrastructure to fall into disrepair.
Perhaps just as damaging was the effect that the war had
on reducing international investment, the availability of a
skilled workforce and Government regulatory oversight. In
recent years, an added element of concern is the security



risk that Al Shabaab and other armed militia groups pose to
any large-scale infrastructure projects due to the potential
for inflicting significant damage to the country’s economic
system."

Precise and reliable data relating to installed capacity and
electricity generation is difficult to obtain due to the frag-
mented nature of the energy sector and the sparse avail-
ability of data. The World Bank reported that 29.9 per cent
of the population has access to electricity in 2016, which
translated into an estimated 270,000-679,073 individual con-
nections to households and businesses, while the most re-
cent World Bank estimate indicates a 35.3 per cent electric-
ity access rate in 2018 (Figure 2)M Other recent estimates
put electricity access at as low as 16 per cent of the total
population.? In terms of overall electricity consumption, es-
timates indicate that Somalis rank in the bottom 1 per cent
of the world average at 28.7 kWh per capita and that some
2.4 million households do not have electrical power

These numbers do not reflect the vast disparity that exists
between rural and urban populations’ access to electricity.
Electrification in rural areas is limited or non-existent due
to the lack of infrastructure and connections to a larger
electrical grid structure However, it should be noted that
rural electricity access has shown gradual improvement
with the added accessibility and convenience of solar pho-
tovoltaics (PV) technology, which has allowed some house-
holds and businesses to access electricity on a smaller,
individual scale. Urban electrification varies by city and re-
gion, depending on the level of infrastructure and the gen-
erating capacity of privately owned electrical companies.?
For example, estimates of electricity access in Mogadishu
and Somaliland have reached as high as 60 to 70 per cent,
whereas smaller cities, such as Merka, only have 23 per cent
access.” The latest World bank estimates suggest a 60.5 per
cent electricity access in urban areas, but only 14.6 per cent
access in rural areas.?

Figure 2. Electrification Rate in Somalia in 2018 (%)

Total 35.3%
Rural 14.6%

Source: World Bank®

As a result of the weakened state of the Somalian public
energy sector, the private sector has taken a primary role
in sourcing and providing electricity. Rather than through
large, centralized systems of power generation, the majority
of electricity in Somalia is generated by small independent
providers operating through local or regional companies.
Without the Government oversight, these independent pow-
er companies have improvised their own local systems of
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electricity distribution, but lack a coherent interconnect-
ed grid between generators that could promote more effi-
cient and cost-effective economies of scale! In addition to
these independent networks, there is also a smaller subset
of semi-public utility companies that provide electricity to
large urban areas, but they operate on dated grid systems
and are only present in selected cities, including Hargeisa,
Qardo, Berbera and Bosaso.?

While the flexible and adaptive nature of the private sec-
tor energy companies has its advantages, including access
to private funding sources in the Somali diaspora and fast
mobilization, they also have distinct weaknesses. The radial
system of individual electrical networks is characterized by
medium- to low-tension power supplies, which are further
diminished by transmission losses of up to 50 per cent of
starting power levels. Compared to other African countries
or even other fragile and conflict-affected countries, this is
four and two times higher than the average rate of losses,
respectively.? This means that, on average, voltage rates are
typically 220-400 V, but are often as low as 150-220 V. As a
result, most households with access only use electricity for
lighting purposes or other low current appliances.

The national and regional Governments are responsible for
overseeing and implementing the energy sector policy. In
2010, the Ministry of Mining, Energy and Water Resources of
Somaliland passed an Energy Policy that initiated a regula-
tory framework for the region. In conjunction with the Ener-
gy Policy, Somaliland has made multiple attempts to pass
an Electrical Energy Act, which would establish a formal
legal framework overseeing tariff rates, administration and
skilled training initiatives; however, the Act has not been ad-
opted as of 2021 Overall, no legislation has been passed at
the federal level that specifically addresses the electricity
industry. However, in 2016 the Government partnered with
the African Development Bank Group to complete an Energy
Sector Needs Assessment, which laid out multiple strategies
aimed towards expanding the electrical capacity of Somalia.
One such strategy calls for increasing the supply of electric-
ity to regional capitals through hybrid mini-grids, implying
close to 200 MW of additional generating capacity over a
10-year period.>To date, the Government does not have the
necessary staff or budget to initiate such projects and re-
quires international donor support to accomplish its large-
scale energy infrastructure goals.

This lack of regulation and oversight extends into the afford-
ability of electricity as well. With average rates between 0.80
and 1.20 USD/kWh (Table 1), the electricity tariffs in Somalia
rank among the highest in the world, especially when con-
sidering that the GDP per capita in 2017 was USD 434.21.3"
Most power companies do not have a formal metering sys-
tem and instead charge by the number of light bulbs or the
number of appliances powered within a household or busi-
ness. Some independent providers have even utilized tiered
rates, meaning that some public and private institutions like
mosques or government facilities pay a lower rate as com-
pared to other consumers or nothing at all.
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Table 1. Electricity Tariffs in Somalia

Tariff type Price (USD/RWh)
Nationwide average 0.80-1.20
Single-phase supply 0.60-1.20
Three-phase supply 0.65-0.80

Source: AfDB,* REEEP™

Regional variation in price is largely dependent upon the
energy provider, the level of available infrastructure and
the consumer’s proximity to urban centres or the primary
electricity generation source. In order to supplement its en-
ergy needs and to offset high tariffs, Somalia has tapped
into power surpluses in neighbouring countries. In 2014, the
Federal Government entered into a shared understanding
with Kenya and Ethiopia to build a hydropower plant on
their shared border on the Dawa River and has worked with
Ethiopia to connect to its grid system in areas along the So-
maliland border as well as in Puntland.? In the long term,
there has also been discussion around utilizing the Eastern
African Power Pool (EAPP) as a potential source of electric
power, but the current load and lack of interconnection in
Somalia suggest limited benefits for the required cost.

SMALL HYDROPOWER SECTOR
OVERVIEW

Somalia has no official definition for small hydropower
(SHP). This chapter adopts the working definition of hy-
dropower plants with an installed capacity of up to 10 MW.
Currently there are no operational hydropower plants in the
country; however, there is some potential to rehabilitate
plants that were in place prior to the civil war. The current
state of SHP does not reflect the historical development
and use of hydropower in Somalia. Though it has fallen into
disrepair, the Fanoole hydropower dam was completed in
1982 in partnership with China. The plant was designed to
generate electricity for local communities in Jililand Marere
and to support an agricultural programme focused on sugar
cane and rice irrigation® In their 2016 Intended Nationally
Determined Contributions (INDC) report, the Somali Federal
Government announced plans to rehabilitate the dam'’s hy-
dropower infrastructure for an estimated USD 28 million.®
If completed, the refurbished plant would restore 4.6 MW
of power as well as re-establish two standby generators
with a capacity of 1,600 kW. This dam has the potential to
reinvigorate the agricultural sector in the Middle and Low-
er Jubba Valley, but the project includes extensive repairs
and rechannelling the path of the river which was diverted
during the 1998 EL Nifo rainy season. The SHP potential of
Somalia is unknown and is based only on known planned
projects. Somalia remains a very challenged jurisdiction
and no changes have occurred in its SHP sector since the
World Small Hydropower Development Report (WSHPDR)
2019 (Figure 3).
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Figure 3. Small Hydropower Capacities in the WSHPDR
2019/2022 in Somalia (MW)

Potential

Capacity

Installgd 0.0 [l WSHPDR 2022
Capacity | 0.0 I WSHPDR 2019

Source: AfDB,* REEEP* WSHPDR 2019"
Note: Somalia was not covered in WSHPDR 2013 and WSHPDR 2016.

Relative to the abundance of hydropower generation in
Ethiopia, Somalia has a much more limited capacity. The
country has an estimated economic potential capacity of
100-120 MW of total hydropower, which is concentrated
along the Shabelle and Juba Rivers in the south.>" Histori-
cally, there were also plans to construct the Bardheere plant
upstream of the Fanoole plant with a capacity of 493 MW,
but the civil war effectively halted the project. This reflects
many of the challenges faced by Somalia in initiating SHP
projects, namely the lack of financing from the Govern-
ment and international donors, the current unpredictable
weather patterns affecting Eastern Africa, concentration of
already scarce resources to combat the COVID-19 pandem-
ic and the high degree of terrorist activity conducted by Al
Shabaab in the region.

RENEWABLE ENERGY POLICY

As mentioned, charcoal currently represents the most cost
effective and accessible energy source in Somalia. Howev-
er, the proliferation of charcoal consumption and its export
to international markets in the Middle East has resulted in
widespread deforestation, environmental degradation and
negative health outcomes. The rising cost of charcoal (which
sits at approximately 50 per cent of household incomes)
and the vast potential for solar and wind power generation
have driven the Federal and regional Governments to inte-
grate renewable energy into their development plans and
policies (Table 2).2

Table 2. Renewable Energy Potentials in Somalia

Type Potential Location/Region

Solar power 200 kW /km? Coastal south-central Somalia
Wind power  30-45 GWh/km? Puntland and Somaliland
Hydropower 100-120 MW Juba and Shabelle River region

Source: Federal Government of Somalia,® REEEP™

Given the lack of any regulatory frameworks, renewable en-
ergy has been integrated into the larger discussion and the
legislative push towards formal energy policy in Somalia.
The different regional Governments have committed to a
number of energy and renewable energy policy objectives
(Table 3).



Table 3. Energy Policies in Somalia

Source Year  Policy Objective
2014-2015
Economic  Incorporated provisions for
Federal Recovery renewable energy integration
Govern- Plan
ment of _
Somalia 2,\?;;;?;[9 Sustainable Energy Investment
2016 Develop- Policy and Engrgy Strategy pro-
vision
ment Plan
Promotion of renewable energy
technologies and reduction of
taxes and duties on importing
renewable equipment;
Increased budget allocation to
ministries overseeing renewable
energy activities;
Somaliland Somalijl-  Infrastructure resources (i.e.,
Ministry of

2010 and Energy transportation and communi-
Policy cations) to help administrators
implement and monitor renew-

able energy-related activities;

Energy and
Mining

To develop and sustain effi-
cient use of renewable energy
resources as part of the energy

mix, in ways that increase afford-
able access in urban and rural
areas.

Identified renewable energy as
one of four key priorities for the

2014-2016 economy;

Puntland
Govern- Set a target of a 20 per cent

ment Plan increase in solar and wind power
generation and usage over a
five-year period.

Puntland 2013

Source: Federal Government of Somalia,® One Earth Future,” REEEP
Watanabe & D’Aoust™

COST OF SMALL HYDROPOWER
DEVELOPMENT

There is very little data on the cost of potential SHP projects
in Somalia now or in the future. However, a partial estimate
of the costs of the refurbishment of the Fanoole plant is
provided in Table 4.

Table 4. Cost of the Refurbishment of the Fanoole
Hydropower Plant

Project component Cos.t (USD
million)

Initial cost of construction (1977-1982) 50.0
Refurbishment of dam and electrical facilities 17.0
Rehabilitation of canals and river channel 2.0
Rebuilding of offices, residential buildings and 5.5
connected agricultural facilities

Contingency and administrative costs 3.7
Total (refurbishment) 28.2

Source: Federal Government of Somalia™
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EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

As there is no current or projected SHP development in So-
malia, it is difficult to gauge the possible impacts of climate
change on its trajectory. While some increase in rainfall is
expected over the next 30 years, precipitation and, thus,
runoffare also likely to become less predictable and experi-
ence greater variation. However, the main aspect of climate
change that is adversely affecting the prospects of SHP de-
velopment in Somalia are the climate change impacts on
the local population, including:
+ Drought and land degradation undermining agricul-
tural and pastoral livelihoods;
+ Extreme weather displacing populations from affect-
ed regions;
+ Increased confrontation between communities over
dwindling resources.

These factors have led to continued social, political and
economic instability in Somalia and have effectively made
any kind of large-scale construction impossible in many
parts of the country, particularly in the Shebelle and Juba
River basins where much of the country’s SHP potential is
located.’

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The key challenges that Somalia faces in developing SHP
are as follows:

+ Security concerns surrounding regional terrorist
groups, such as Al Shabaab, and the potential for SHP
infrastructure and energy grids to be targeted or at-
tacked;

+ Limited regulation and oversight of the electricity sec-
tor;

+ Lack of field studies for SHP potential;

+ Low domestic resource mobilization coupled with
on-going efforts to combat the COVID-19 pandemic
have deepened fiscal pressures;

+ Limited Government capacity to administer and regu-
late the energy sector;

+ Lack of a skilled workforce to design, build and main-
tain SHP and renewable energy infrastructure due to
the protracted conflict;

+ Absence of an interconnected grid system with high
enough capacity to support transmission and usage of
electricity for both urban and rural populations;

+ Aging equipment and poor infrastructure in thermal
generation, which contributes to up to 50 per cent of
electricity loss;

+ Scarcity of private sector financing for renewable en-
ergy projects and materials;

+ Limited interconnection with regional power pools,
particularly those in Ethiopia and Kenya;

+ Low donor support for large-scale government proj-
ects, including those for rehabilitating SHP plants in
poor condition and initiating a mini-grid system in key
urban areas.
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The main prospect for SHP development in Somalia remains
the refurbishment of the Fanoole plant on the Juba River.
The plant’s infrastructure is still largely intact and prelimi-
nary plans for proposed works were drawn up in 2015. Re-
furbishment of the plant, if completed, is expected to have
a major positive impact on local agricultural productivity.
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South Sudan

International Center on Small Hydro Power

KEY FACTS

11,381,377 (2020)!

633,907 km?2

South Sudan mostly consists of mountains, plains and plateaus. The central region is relatively flat
and has multiple swamps, while the peripheral areas are higher in elevation. Near the southern
border with Uganda lies the Imatong Mountain Range, home to the country’s highest peak, Mount
Kinyeti, which culminates at 3,187 metres.?

South Sudan has a tropical climate. Temperatures are generally high at an average of 25 °C, often
exceeding 35 °C in the dry season (January-April). In the centrally-located capital city of Juba, tem-
peratures reach an average high of 34.5 °C and an average low of 21.6 °C.*

South Sudan is affected by global warming. In recent years, the frequency and intensity of extreme
climatic events has increased, including floods and droughts. Heatwaves and droughts have also
been reported. Since the mid-1970s, the country has experienced a 10-20 per cent decrease in long
rains. The agricultural areas, usually receiving the most rainfall in South Sudan, have experienced
an 18 per cent decrease in precipitation. This country-wide decrease in precipitation is projected
to reach a peak decrease, between 2010 and 2039, of 150 mm between June and September. Aver-
age temperatures in the country are projected to increase by 0.6-1.7 °C by 2030 and by 1.1-3.1 °C by
2060.°

South Sudan experiences a rainy season from April to November, although this can vary from re-
gion to region. The lowland areas of Jonglei, Bahr El Ghazal, Eastern Equatoria and the Upper Nile
receive annual precipitations between 700 mm and 1,300 mm. However, the southern tip of Eastern
Equatoria receives less rainfall (approximately 200 mm). The southern upland areas receive the
most rain and the northern areas the least. Western Equatoria receives between 1,200 mm and
2,200 mm of precipitation annually.*

The hydrological landscape of South Sudan is dominated by the Nile River system, which runs
from south to north and is joined by its tributaries: the Bahr Al-Arab, Sobat and Bahr El Ghazal. A
large swampy area, the Sudd wetland, occupies the centre of the country and is one of the largest
freshwater ecosystems in the world. It incorporates an area of about 57,000 km?2.°

ELECTRICITY SECTOR OVERVIEW

Due to the status of South Sudan as the newest nation in
Africa, which it became after gaining independence in 2011,
the electricity sector in the country is still undeveloped.
The transmission system has not been updated nor has the
country’'s renewable energy potential been exploited. The
main source of electricity in South Sudan is thermal power,
which accounted for 580 GWh, or 99.8 per cent, of the to-
tal electricity generation of 581 GWh in 2019 (Figure 1). Solar
power accounted for 0.2 per cent, or 1 GWh, of the total elec-
tricity generated that year.®

Due to the country’s history of civil war and its relatively
recent cessation from Sudan, little electrical infrastructure
has been built. There is no extensive electricity grid in the
country and most businesses and individuals rely on their
own diesel-powered generators for electricity. The total in-
stalled electricity capacity in South Sudan in 2020 was 175
MW, with thermal power and solar power accounting for
approximately 99.4 per cent and 0.6 per cent, respectively
(Figure 2).

Figure 1. Annual Electricity Generation by Sources in South
Sudan in 2019 (GWh)

Thermal Power N 174

Solar Power | 1

Source: IRENA®

Figure 2. Installed Electricity Capacity by Source in South
Sudan in 2020 (MW)

Thermal Power 580
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Source: IRENA®
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Due to the lack of an extensive electricity grid and overall
electricity infrastructure, South Sudan has the lowest rate of
electrification in the world. The total electrification rate in
the country was 7 in 2020, with less than 6 per cent rate of
access in rural areas (Figure 3).%8

Figure 3. Electrification Rate in South Sudan in 2020 (%)

v

Total7.2%
Rural5.6%

Source: World Bank’®

South Sudan is endowed with considerable natural resourc-
es, including crude oil and natural gas. Crude oil exports
form the backbone of the country’s economy, with Sudan
being one of the main importers.

The South Sudan Electricity Corporation (SSEC) is the only
electricity utility in the country and is mandated with the
production, distribution and supply of electricity. It is over-
seen by the Ministry of Electricity, Dams, Irrigation and Wa-
ter Resources. The SSEC has also undertaken the task of
overseeing the rehabilitation of the few power plants dam-
aged during the civil war through partnerships with other
countries, particularly China. This partnership with China
has also resulted in the construction of 33 kV transmission
lines that are to supply 20,000 customers with electricity,
as well as the production of 13,450 prestressed concrete
poles for power plants that are being built for the purpose
of creating an extensive national grid and establishing in-
terconnections with neighbouring countries. A loan of USD
14.6 million from the African Development Bank has been
approved for the grid project, supplementing the initial loan
of USD 26 million issued in 2013. The new loan was approved
in 2017 and construction began in 2018.°

Electricity tariffs in South Sudan were set in 2014 and re-
viewed in 2017 to reach an average of 0.43 USD/kWh.°

SMALL HYDROPOWER SECTOR
OVERVIEW

South Sudan does not have an official definition of small
hydropower (SHP). Despite abundant natural resources
and considerable hydropower potential, there are no SHP
plants in the country. There is an estimated SHP potential
of 688.1 MW that is yet to be exploited.”" This is a 2,686 per
cent increase from the estimated SHP potential in the World
Small Hydropower Development Report (WSHPDR) 2019 and
is based on a more recent study of SHP potential in Sub-Sa-
haran Africa (Figure 4).
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Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in South Sudan (MW)
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Sources: Korkovelos et al.,” WSHPDR 2013,> WSHPDR 2016,° WSHPDR
2019

RENEWABLE ENERGY POLICY

South Sudan does not have a renewable energy policy
framework. Despite considerable renewable energy po-
tential, the developed renewable energy is in the form of
individual rooftop solar panels. Plans have been discussed
and technical evaluations have been completed for a 20
MW solar farm financed by the African Import-Export Bank.
There are also plans to build hydropower plants. The SSEC
is looking for investors to build a 120 MW hydropower plant
near the capital city of Juba and a 1,080 MW Grand Fula Dam
near the border with Uganda, with construction expected to
start within five years of securing funding. The hydropower
projects proposed by the Government are all large-scale.®

BARRIERS AND ENABLERS TO SMALL
HYDROPOWER DEVELOPMENT

The development of new SHP projects is hampered mainly
by:
A lack of feasibility studies on potential sites due to
civil war;
+ Focus on developing the national grid and exploiting
the natural crude oil and gas reserves;
+ Lack of attention to SHP projects in favour of larger
hydropower projects;
+ Lack of private investors due to the volatile economy
and concerns over renewed armed conflicts;
+ Lack of a renewable energy policy framework.

Enablers for SHP development in South Sudan include:
+ Considerable identified SHP potential;
+ The particularly low rate of access to electricity might
influence the Government of South Sudan to provide
solutions to isolated peoples in the form of SHP.
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Tanzania

Wakati Ramadhani Mwaruka, Small Hydropower Centre Tanzania, University of Dar es Salaam

KEY FACTS

57,637,628 (est. 2020)!

948,740km?"

The landscape of mainland Tanzania is generally flat and dominated by plains along the coast,
transitioning to a central plateau and highlands in the north and south. The highest peak in the
country is Mount Kilimanjaro at 5,895 metres, located in the north-east.?

The climate in Tanzaniais tropical. In coastal areas climate is hot and humid, while in the north-wes-
tern highlands it is cool and temperate. There are two rainy seasons: the short rains are generally
from October to December, while the long rains last from March to June. In the central plateau,
climate tends to be dry and arid throughout the year.?

In 2020, annual precipitation in the country reached 1,227 mm, 198 mm above the long-term (1981-
2010) average, making 2020 the fifth wettest year on record since 1970. Projections of climate chan-
ge predict an increase in mean seasonal temperatures of over 2.0 °C by 2050 and of up to 3.8 °C by
2100 in various parts of the country, with increases most pronounced between June and August.>*

Mean annual rainfall in Tanzania ranges from 500 mm to more than 2,500 mm. The average durati-
on of the dry season is between five and six months. Rainfall patterns have recently become much
more unpredictable, with some regions receiving extremely low or extremely high annual rainfall.®

Tanzania is surrounded by water bodies covering an area of 59,050 km? or approximately 6 per
cent of the total area of the country. Major water bodies include the Indian Ocean on the east
coast, Lake Victoria in the north-west, Lake Tanganyika in the west and Lake Nyasa in the south.
River resources in Tanzania are divided into nine water basins: the Pangani River Basin, Rufiji River
Basin, Lake Victoria, Wami-Ruvu, Lake Nyasa, Lake Rukwa, Lake Tanganyika, Internal Drainage and
the Ruvuma and Southern River Basins. Major rivers in Tanzania include the Rufiji, Great Ruaha,
Kagera, Ruvuma, Wami, Malagarasi, Mara and Pangani.>®

ELECTRICITY SECTOR OVERVIEW

The total installed capacity of Tanzania as of 2022 amounted
to 1,764 MW, with thermal plants (primarily gas-fired) pro-
viding 1,116 MW (63 per cent) of the total, hydropower pro-
viding 581 MW (33 per cent), biomass providing 63 MW (4 per
cent) and other energy sources, including wind and solar
power, providing 4 MW (less than 1 per cent) (Figure 1).

Figure 1. Installed Electricity Capacity by Source in Tanzania
in 2022 (Mw)

Thermal Power [ 1,116
Hydropower [N 581

Biomass [l 63

Wind Power | 2

Solar Power

2

Source: USAID’

The country’s electricity subsector is dominated by the grid
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network owned by the state-owned company Tanzania Elec-
tric Supply Company Limited (TANESCO). However, the 2009
Electricity Act opened the sector for private companies and
ended the 40-year monopoly held by TANESCO. The pene-
tration of independent power producers (IPPs) so far has
been limited but steadily increasing.

Domestic generation of electricity in Tanzania during the
2019/2020 fiscal year reached 7,594.3 GWh, while imports
amounted to 111.3 GWh. TANESCO accounted for 81 per
cent of the domestically-generated electricity, while IPPs
accounted for the remaining 19 per cent.® According to the
World Bank, access to electricity in 2019 was approximately
38 per cent nationwide and 19 per cent in rural areas (Figure
2).? Peak electricity demand in 2018 was 1,045.7 MW and is
projected to reach approximately 4,020 MW by 2025,



Figure 2. Electrification Rate in Tanzania in 2019 (%)

Total 38%
Rural19%

Source: World Bank®

Despite the abundance of small hydropower (SHP) resourc-
es in most parts of the remote areas of Tanzania, the rural
areas of the country remain virtually unelectrified. For many
years the country’s rural electrification efforts were focused
on grid extension, which has proved to be economically
unsustainable and financially prohibitive. Decentralized re-
newable energy has been considered as an alternative to
shift the country’s focus from grid extension to rural electri-
fication. The Rural Energy Act of 2005 established the Rural
Energy Board, Rural Energy Fund and Rural Energy Agency,
which are responsible for the promotion of improved access
to modern energy in rural areas. Standardized Power Pur-
chase Agreements (SPPA) and Standardized Power Purchase
Tariffs (SPPT) have been established specifically for small
power producers. Since the country’s energy sector reform
in 2005, there has been a considerable increase in electrifi-
cation rates in urban and rural areas, which has been largely
underpinned by the efforts of the Government in deploy-
ing renewable energy technologies, including hydropower.
These efforts have resulted in nearly 70 per cent of rural
villages achieving electricity access by the end of 2021.?

In December 2020, TANESCO entered into an agreement
with six renewable energy producers to purchase 19.16 MW
of generation capacity to be connected to the national grid
in various parts of the country. The agreement includes 10
MW from the Kahama solar power project, 5 MW from the
Kigoma solar power project, 1.7 MW from the Madope hydro-
power project, 1.2 MW from the Maguta hydropower project,
0.9 MW from the Luponde hydropower project and 0.36 MW
from the ljangala hydropower project, developed by Nisha-
ti Lutheran Investment! Furthermore, development of the
privately-owned 5.39 MW Kitewaka SHP project is underway,
with construction to commence in 2022

The biggest power infrastructure project in Tanzania in re-
cent years is the 2,115 MW Nyerere hydropower plant, with
construction ongoing as of 2021 The project is expected
to greatly boost electricity generation in the country upon
completion, reducing both generation costs and end-user
electricity tariffs.

Electricity tariffs for consumers in Tanzania are approved by
the Energy and Water Utility Regulatory Authority (EWURA)
and are divided into categories based on consumer type
and electricity use. Service and energy charges were last re-
viewed in 2016, with the average tariff set at 250.62 TZS/kWh
(011 USD/kwh).e

SMALL HYDROPOWER SECTOR
OVERVIEW

Tanzania defines SHP plants as hydropower plants with an
installed capacity below 10 MW. The installed SHP capaci-
ty of Tanzania is estimated at approximately 30.5 MW as of
2022, including isolated and off-grid SHP plants. The total
estimated potential SHP capacity is 480 MW, indicating that
approximately 6 per cent has been developed so far.5"?
Relative to the World Small Hydropower Development Re-
port (WSHPDR) 2019, installed SHP capacity increased mar-
ginally by less than 1 per cent due to a new SHP plant com-
missioned in 2019, while potential SHP capacity remained
the same, owing to lack of up-to-date studies of SHP poten-
tial (Figure 3).5

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Tanzania (MW)

480.0

Potential 480.0
Capacity

30.5 Il WSHPDR 2022

Installed 30.4

Capacity 25.0
25.0

Il WSHPDR 2019
Il WSHPDR 2016
WSHPDR 2013

Source: WSHPDR 2019,° Small Hydropower Centre Tanzania,” Michael,”
Kassana et al.,”” WSHPDR 2013,>° WSHPDR 2016*

Most of the developed SHP projects in Tanzania are owned
by private entities and are not connected to the national
electricity grid. For many years, SHP development was pro-
moted mainly by missionaries for provision of power to
community facilities such as health centres, schools and vo-
cational centres. Grid-connected SHP plants contribute just
15 MW of the total installed SHP capacity. Five SHP plants in
the 300-8,000 kW range are owned by TANESCO, while faith-
based groups operate more than 1,617 SHP plants, with a
range of capacities from 15 kW to 800 kW and an aggregate
capacity of 2 MW. A partial list of existing SHP plants in the
country is displayed in Table 1, while several ongoing SHP
projects are listed in Table 2.7

Table 1. List of Selected Existing Small Hydropower Plants
in Tanzania

. Capacity Launch
Name Location (MW) Operator vear
Tanapa- Arusha 0.080 Arusha National 2019
Arusha Park
Salala/ Makete/ Nishati Associate /
Ludilu Ludewa 0.068 Village Community 2017
Kiliflora Arusha o280 Kiliflora Company ),
LTD
. Songea/Ru- Benedictine Sisters
Tulila vuma >-000 of St. Agnes, Chipole 2016
Lilondo Sonvguene:éRu- 0.040 Village Community 2015
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. Capacity Launch
Name Location (MW) Operator year
lyovi Kilosa/Moro- 55 Private 2015
goro
Mban- Mbinga/Ru- 1,000 Apdoya Hydroelec- 2015
gamao vuma tric Power Company
Matombo Matombo/ 0.020 Village community 2013
Morogoro
Ludewa/ RC Njombe diocese
Mawengi - 0.300 andvillage com- 2013
Njombe d
munity
Mwenga Mufmd|/ 4.000 Mufindi Tea Com- 2010
Iringa pany
Mbingu Ifakara/Moro- 0.850 Mbingu Sisters Con- 2009
goro vent
. Lushoto/ . .
Kinko Tanga 0.010  Village community 2006
Ludewa/ RC mission/Mavan-
Mavanga . 0150 ga Village commu- 2002
Njombe -
nity
. RC mission/CEFA/
Matembwe  Njombe 0150 Matembwe Village 1986
Ngaresero Arusha 0.015 M.H Leach 1982
Lugarawa Lu.dewa/ 0140 RC Mission 1979
Njombe
Kitai Songea/Ru- 0.045 Prisons Dept/ 1976
vuma Government
Ikonda Makete/ o, RC Mission 1975
Njombe
Nyagao Lindi 0.016 RC Mission 1974
Isoko Tukuyu/ 0.016  Moravian Mission 1973
Mbeya

Source: Small Hydropower Centre Tanzania,” Michael,® Kassana et al.”

Table 2. List of Selected Ongoing Small Hydropower
Projects in Tanzania

Capacity Development

Name Location (Mw) Developer stage
Sunda Feasibility
Tunduru DC &

Falls  Tunduru 3.000 study
SHPP CAMS SKY AFRICA completed
Lupali . Benedictine Sis- Under
SHPP Njombe  0.640 ters — Imiliwaha construction

Tandala Diaconi-
ljangala cal Centre/Nishati Under
SHPP Makete  0.360 Lutheran Invest- construction
ment
Maku- L Andoya Hydro Feasibility
umeme -
rukuru River 0.350 Electric Company study

SHPP Ltd completed
Mbulu Arusha Technical Under
SHPP Mbulu0.070 College construction

Source: Small Hydropower Centre Tanzania”
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A number of surveys have been carried out assessing SHP
potential in Tanzania. At least four different studies have
identified hundreds of potential SHP sites in different parts
of the country, with estimates of total potential capacity
ranging between 7776 MW and 40812 MW. Considering a
probable degree of overlap between these studies, the total
potential SHP capacity in the country is somewhere in the
300-500 MW range, with 480 MW considered a reasonable
upper limit»e2

The most recent comprehensive assessment of the SHP po-
tential in Tanzania was carried out by the World Bank in 2017
through its Energy Sector Management Assistance Program
(ESMAP), under close supervision of the Rural Energy Agen-
cy. Several prospective SHP sites identified by ESMAP are
listed in Table 3.

Table 3. List of Selected Potential Small Hydropower Sites
in Tanzania

Potential capacity

Name River Connection (MW)
Momba | Momba  Sumbawanga 5.860
Minigrid
Mbagala Mbagala Masasi Min- 3.530
igrid
Mfizi Il Mfizi  'Panda Min- 3.040
igrid
. . Sumbawanga
Lwazi Lwazi Minigrid 2.100
. . . Mbinga
Kitandazi Il Mbinga Minigrid 0.330

Source: ESMAP®

RENEWABLE ENERGY POLICY

While there is no comprehensive renewable energy policy in
Tanzania, the Government has issued policy statements and
legislation that include provisions in support of renewable
energy. These include the Rural Energy Act of 2005, which
established the Rural Energy Agency and Rural Energy Fund,
as well as the Electricity Act of 2008, which established
procedures for the diversification of generation sources.
The SPPA/T framework established by EWURA provides ad-
ditional regulatory support for small producers and is re-
viewed annually to reflect operating costs. As of 2018, a re-
newable energy feed-in tariff (REFIT) policy draft was under
review by EWURA.

Small-scale power producers (0.1-10 MW) based on RES are
regulated by EWURA under the small power projects (SPP)
framework, which assigns technology-specific standardized
power purchase tariffs (SPPT) based on a capacity range.
SPPTs effective as of May 2019 are displayed in Table 4.



Table 4. Standardized Power Purchase Tariffs for Small
Power Producers in Tanzania in 2019

Capacity Price (USD/RWh)

(Mw) SHP  Wind power Solar power Biomass Bagasse
0.10-0.50  0.1065 0.1082 0.1054 0.1015  0.0971
0.51-1.00 0.0990 0.0995 0.0984 0.0934 0.0909
1.01-5.00 0.0895 0.0942 0.0924 0.0864 0.0856
5.01-10.00 0.0783 0.0888 0.0834 0.7600 0.0755

Source: ENURA®

Additionally, EWURA applies separate regulations to very
small power projects (VSPPs) up to 100 kW, which are able
to set retail tariffs without EWURA's approval. To qualify for
the VSPP status, a project must meet several thresholds in-
cluding a return on equity of 18.5 per cent, a debt-to-equity
ratio of 70:30 and a depreciation period of 20 years, among
others. SHP up to 100 kW must have a capacity factor of no
less than 55 per cent to qualify for the VSPP status.>?

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

Tanzania has nine Basin Authorities, which in addition to
other functions are responsible for issuing water permits
to water users (including SHP developers and operators) as
well as for annual fee collection from permit holders. The
developer must submit project details to the relevant Basin
Authority prior to the start of the project in order to receive
the water use permit. After receiving the permit, the devel-
oper pays annual water use fees based on the volume of
water used for power generation.

COST OF SMALL HYDROPOWER
DEVELOPMENT

SHP projects in Tanzania are heavily reliant on imported
technology and foreign expertise, driving up development
costs. The 850 kW Ifumbo hydropower plant, constructed in
2008, carried a total project cost of USD 5.5 million, indi-
cating a cost of USD 6,470 per installed kW. Funding for this
project was largely provided by a Swiss donor.” The ongoing
construction of the Kitewake SHP plant, with a total planned
capacity of 5.39 MW, is expected to cost a total of USD 21 mil-
lion, or 3,896 USD/kW. Meanwhile, two run-of-river cascades
currently under construction in the Rift Valley and the Great
Ruaha Basin, consisting of several plants and totalling 17
MW of planned capacity each, will cost USD 46 million and
USD 65 million, with respective costs of 2,706 USD/kW and
3,824 USD/kW.?¢ These numbers indicate a clear cost-saving
trend as projects increase in scale.
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EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Observed and projected changes in the hydrological regime
in Tanzania both point to an increase in surface runoff and
precipitation in the coming decades. Climate projections
under the RCP8.5 scenario indicate an increase of as much
as 27 per cent in annual precipitation by the mid-21*t centu-
ry. Surface runoffis expected to increase by anywhere from
13 per cent to 94 per cent during the same period across
the country, with certain watersheds experiencing an in-
crease of up to 160 per cent.”” While gradual increases in
runoff could be beneficial for the long-term sustainability of
hydropower generation in the country, extreme locally con-
centrated runoff events and flooding could pose a threat to
hydropower infrastructure in those areas.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Tanzania is endowed with abundant SHP potential but most
of the surveyed sites have not yet been developed. The ma-
jor challenges hampering SHP development in the country
are summarized below:

+ Low financial sustainability for project developers in-
cluding NGOs and municipal authorities;

+ Lack of local expertise and human resource develop-
ment in the SHP sector, additionally hampered by a
framework that tends to concentrate knowledge and
talent in government ministries and cause a lack of
qualified third-party personnel at the local level, par-
ticularly in rural areas;

+ Lack of local technology and manufacturing capacity
for SHP;

+ Inability of rural customers to bear the financial bur-
den of power infrastructure development;

+ Lack of long-term planning with regard to rural elec-
trification;

+ Insufficientinformation about potential sites and oth-
er hydrological data, with existing inventories not ex-
haustive or up-to-date;

+ Inadequate development incentives and awareness of
the benefits of SHP,

+ Lack of joint ventures in the form of public-private
partnerships.

Enablers for SHP development in Tanzania include the fol-
lowing:

+ Substantial existing untapped SHP potential across
the country;

« Abundant water resources and stable prospects for
water resource exploitation even in the face of cli-
mate change;

+ Existing studies and surveys mapping hundreds of po-
tential SHP sites;

+ Substantial national experience with SHP develop-
ment and generation;
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+ Government policy supportive of off-grid generation
and small power plants as the primary means of rural
electrification.
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Uganda

George Kimbowa, Wageningen University and Busitema University

KEY FACTS

44,269,594 (est. 2020)'

241,551 km?2

The topography of Uganda mainly consists of a plateau with heights ranging from 800 metres to
2,000 metres. The country is bounded by several mountain ranges including the Rwenzori Moun-
tains along the western border, with Margharita Peak on Mount Stanley, the third highest in Africa,
rising to 5,109 metres, and Mount Elgon rising to 4,320 metres. The Western Rift Valley runs north
to south through the western half of the country. The lowest point in Uganda is at 621 metres on
the surface of Lake Albert.?

Uganda has a generally warm, tropical climate varying from a rainforest/monsoon climate in the
south-east to a savannah climate in the north. The country’s mean annual temperature is appro-
ximately 26 °C, with maximum temperatures between 18 °C and 31 °C and minimum temperatures
between 15 °C and 23 °C. Temperatures are lower in the south-west and higher in the north and
north-east, where the country experiences semi-arid conditions. Seasonally, temperatures are
coolest between June and August and warmest from December to May.**

Climate change projections for Uganda vary according to different scenarios, but an increase by
1.5-2.0 °C is projected by the 2060s and by as much as 2.5 °C by the 2090s under RCP4.5, relative to
the 2010s. Under RCP8.5, an increase of as much as 5.0 °C is projected by the 2090s.°

Uganda receives an annual rainfall ranging from 400 mm for the eastern Karamoja region to 2,800
mm for the Lake Victoria and Mountain Elgon regions, with an average of 1,180 mm.%’ The country
experiences two rainy seasons, with heavy rains from March to May and lighter rains from October
to December. The dry seasons are from December to February and from June to August.*

Most of Uganda belongs to the Nile drainage basin, except a small portion in the north-east of the
country that drains into the Lake Turkana and Lotikipi basins in Kenya. Approximately 16 per cent
of the total land area of the country is covered by wetlands and open water, with the south-east
dominated by Lake Victoria, the source of the White Nile River, which extends into neighbouring
Kenya and Tanzania’ The White Nile flows north, connecting Lake Victoria, Lake Kyoga in Central
Uganda and Lake Albert on the border with the Democratic Republic of the Congo.? The Albert Nile
flows northwards out of Lake Albert into South Sudan. Other major waterbodies in Uganda include
Lake George and Lake Edward, located along with Lake Albert in the western arm of the East African
Rift Valley. Most of the lakes in Uganda are transboundary, with the exception of Lake Kyoga and
Lake George.®

ELECTRICITY SECTOR OVERVIEW

Uganda is endowed with a variety of natural energy re-
sources, including both renewable and non-renewable
energy sources such as hydropower, biomass, solar pow-
er, geothermal power, peat and fossil fuels. Biomass is the
predominant energy type in Uganda, accounting for 94 per
cent of the country’s total energy consumption. In terms
of power generation, the renewable energy power genera-
tion potential of Uganda is estimated at 5,300 MW. This in-
cludes over 2,000 MW of hydropower potential, 1,650 MW of
biomass cogeneration potential and 450 MW of geothermal
power potential. Uganda additionally has considerable peat
reserves estimated at 250 million tons and an average daily
irradiation of 51 kWh/m2?
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The total installed capacity in Uganda was 1,346.6 MW in
2021, including hydropower with 1,072.9 MW (approximately
80 per cent of the total), bagasse-fired cogeneration plants
with 111.7 MW (8 per cent), thermal power with 101.1 MW (8
per cent), and grid-connected solar power with 60.9 MW (5
per cent) (Figure 1)1° Over the last 20 years the installed ca-
pacity of Uganda has more than tripled, amounting to just
400 MW in 2000. By mid-2022, total installed capacity in the
country was expected to increase by another 600 MW with
the upcoming commissioning of the Karuma hydropower
plant'2



Figure 1. Installed Electricity Capacity by Source in Uganda
in 2021 (MWw)

Hydropower G 1,072.9
Cogenerationi- 111.7

Thermal Poweri- 101.1
Solar Poweri- 60.9

Source: ERA™

In 2019, total generated electricity amounted to 4,413.7 GWh,
with hydropower accounting for 4,032.0 GWh (91 per cent of
the total), cogeneration for 196.8 GWh (4 per cent), thermal
power for 103.9 GWh (approximately 2 per cent) and solar
power for 81.0 GWh (less than 2 per cent) (Figure 2). While
overall electricity generation has been rising steadily since
2015, the contribution of thermal power has been on the
decline since 2017, underlining the ongoing shift towards re-
newable energy sources, particularly, the expansion of hy-
dropower and solar power®

Figure 2. Annual Electricity Generation by Source in Uganda
in 2019 (GWh)
Hydropower I 4,032.0
Cogeneration M 196.8
Thermal Power §103.9
Solar Power [ 81.0

Source: ERA®

The single bulk supplier of electricity in Uganda, Uganda
Electricity Transmission Company Limited (UETCL), pur-
chased 4,329.4 GWh of electricity during the 2019/2020
fiscal year and sold 4,171.4 GWh, with transmission losses
(approximately 4 per cent) accounting for the difference.
Electricity sales are partially driven by exports to neigh-
bouring countries including Kenya, Tanzania, Rwanda and
the Democratic Republic of the Congo. During the 2019/2020
fiscal year, electricity exports amounted to 220.8 GWh, a 7
per cent decrease from the previous fiscal year™ The decline
in exports was largely caused by declining demand in Kenya,
which has been improving domestic generation and trans-
mission capacities in the regions importing electricity from
Uganda. The previous high demand in Kenya for electricity
from Uganda was driven in part by an earlier price reduction
of nearly 50 per cent on electricity from the latter. As such,
Uganda has been gradually losing revenue from electricity
exports.®

According to the World Bank estimates, the national rate of
access to electricity in Uganda was 41 per cent in 2019, with
almost 71 per cent access in urban areas and 32 per cent in
rural areas (Figure 3). Access to electricity has been improv-
ing rapidly over the last few years, having stood at 19 per
cent nationwide in 2015.° However, Uganda still has one of
the lowest levels of per capita electricity consumption in

the world at 215 kWh per year, compared to the Sub-Saharan
Africa average of 552 kWh per capita and the world average
of 2,975 kWh per capita.” Electricity consumption is damp-
ened by significant electricity export volumes.

Figure 3. Electrification Rate in Uganda in 2019 (%)

Total 41.3%
Rural 31.8%

Source: World Bank™

The demand for electricity has been growing at an average
annual rate of 10-12 per cent. The number of customers con-
nected to the grid has also been increasing rapidly, from
a total of 801,667 in 2015/2016 to 1,620,505 in 2019/2020,
driven primarily by the expansion of connectivity in the
domestic sector”® Domestic peak demand had declined
in 2020 from an average of 650 MW to approximately 530
MW due to the impact of the COVID-19 pandemic, but re-
covered later in the year and reached a maximum value of
689 MW in December®™" In anticipation of growing demand,
the Government has undertaken several large hydropower
projects, including the aforementioned ongoing 600 MW
Karuma hydropower project, as well as the 183-MW Isimba
Falls hydropower plant commissioned in 2019.° A key ele-
ment in the energy sector policy of Uganda is the Uganda
Vision 2040 strategic plan, which identifies electricity gener-
ation as a key intervention for ensuring the socioeconomic
transformation of the country. With Uganda having met the
2020 target of 30 per cent electricity access, the plan aims
to reach 80 per cent access by 2040, targeting an increase of
approximately 6 per cent year-on-year.?

Prior to 2001, all generation, transmission, distribution, sale,
import and export of electricity in Uganda was managed by
the Uganda Electricity Board (UEB), a mandated monopoly.
In 2001, UEB was unbundled into three separate companies
in line with the stipulations of the Electricity Act of 1999. The
Uganda Electricity Generation Company Limited (UEGCL),
the UETCL, and the Uganda Electricity Distribution Company
Limited (UEDCL) are now each responsible for generation,
transmission and distribution of electricity, respectively. In
addition to UEGCL, generation is also carried out by a num-
ber of independent power producers (IPPs), including Es-
kom Uganda Limited and public-private partnerships (PPPs).
Private companies also play a significant role in electricity
distribution. These include Umeme Limited, West Nile Rural
Electrification Company (WENRECo), Bundibugyo Electricity
Cooperative Society (BECS), Kyegegwa Rural Energy Co-op-
erative Society (KRECS), Pader-Abim Community Multi-Pur-
pose Electric Co-operative Society (PACMECS), Kilembe
Investments Limited (KIL), Hydromax and Kalangala Infra-
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structure Services Limited (KIS). The emergence of private
distribution companies in recent years has been one of
the factors behind the significant rise in electricity access
across the country™#

The Electricity Regulatory Authority (ERA), established in
2000, is the legal supervisor of the electricity sector and is
mandated by the Electricity Act of 1999 to issue licences for
electricity generation, transmission, distribution, sale, im-
port and export, in addition to establishing a tariff structure
and approving rates of charges, among other functions. The
UETCL negotiates prices with power generation companies
through power purchase agreements (PPAs) subject to ap-
proval by the ERA. Power is sold to distribution companies
at a bulk supply tariff (BST), reflective of the power purchase
and transmission costs. The distribution companies then
sell electricity to the end users in line with an ERA-approved
tariff schedule. The setting and approval of end-user elec-
tricity tariffs considers changes in macro-economic factors
such as fluctuations in international fuel prices, the vari-
ation of the currency exchange rate (UGK/USD), local and
international inflation levels and energy generation mix. "2

The largest electricity distribution agency in Uganda is
Umeme Limited. Tariffs for end users purchasing electricity
from Umeme Limited are updated quarterly, with tariffs for
the period July-September 2021 ranging from 177.5 UGX/kWh
(0.05 USD/kWh) to 816.9 UGX/kWh (0.23 USD/kwh).?

SMALL HYDROPOWER SECTOR
OVERVIEW

The definition of small hydropower (SHP) in Uganda is hy-
dropower plants with an installed capacity of up to 20 MW.?
However, for the purposes of comparison with the World
Small Hydropower Development Report (WSHPDR) 2019, the
up to 10 MW definition of hydropower will also be referred
to in the current chapter.

In Uganda, SHP plants are largely privately owned and op-
erated by IPPs, with some supplying electricity to isolated
grids. As of 2022, 25 SHP plants up to 20 MW were operat-
ing in Uganda with a total installed capacity of 186.0 MW. Of
these, 20 plants were up to 10 MW, with a total installed ca-
pacity of 107.9 MW.2%2\2 The most recent estimate of poten-
tial capacity for SHP of up to 20 MW was approximately 400
MW, while potential capacity for plants up to 10 MW is esti-
mated at 2141 MW, based on the combined total of existing
SHP plants, ongoing projects and identified potential SHP
sites.2?2? This suggests that approximately 50 per cent of
estimated SHP potential has already been developed in the
country. Compared to the WSHPDR 2019, the installed capac-
ity of SHP up to 10 MW in Uganda has more than doubled,
due to the construction of many new SHP plants in recent
years (Table 1). Meanwhile, the estimate of potential capac-
ity for SHP up to 10 MW increased by approximately 7 per
cent, due to more accurate data on existing SHP plants and
planned projects (Figure 4).”

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Uganda (MW)

2141

Potential 200.0

Capacity 200.0
210.0
W WSHPDR 2022
Installed 51.8 [ WSHPDR 2019
Capacity W WSHPDR 2016
WSHPDR 2013

Source: Nabutsabi,> van der Ven,® WSHPDR 2019,” WSHPDR 2013,
WSHPDR 2016%

Note: Data for SHP of up to 10 MW.

Table 1. List of Selected Existing Small Hydropower Plants
in Uganda

. Capacity Plant Launch
Name Location (MW)  type Operator vear
. Kikagati
Kikagati Isingiro 15.57 Reser Power Com- 2022
District voir
pany (KPC)
Kya;)r:m- Run-of-  RWenzori
Nyamasagani 1 ! 15.00 . Hydro (PVT) 2021
Kasese river Ltd
District
Kyarum-
. ba, Run-of-Nyamagasani
Nyamasagani 2 Kasese 6.00 river 2 HPP Ltd 2021
District
Siti Il Hydro- C\;‘sz?_ Run-of- Flgon Hydro
electric Power " 16.50 - Siti (Pvt) 2019
N Bukwo river A
Station A Limited
District
Ziba-Kyambura -
Hydroelectric RuPINizl 76 RUN-Of o) 2019
. District river
Power Station
Ndugutu Hy-  Bundi- RUN-of- zlrgél; ngv—
droelectric bugyo  5.90 . Pany 5019
. b river Uganda
Power Station District =
Limited
Sindila Hydro-  Bundi- RUn-of- erng(l)l; PS:I_
electric Power bugyo 5.25 . Pany 5019
. L2 river Uganda
Station District R
Limited
Kyang-
Nku§| power WE'ilI, 9.60 Ru.n-of- PA Technlcal 2018
station Hoima river  Services
District
South Asia
Kilembe, __¢ Energy Man-
Nyamwaml_)a Kasese 9.20 Ru.n of agement 2018
Power Station I river
District Systems
(EMS) LLC
Kawem- Lubilia
Lubilia Power be, Run-of- Kawembe
Station Kasese 240 river Hydro Lim- 2018
District ited
. Butiaba,
Wak! Power Masindi  4.80 Ru'n—of— Hydromax 2018
Station o river Ltd
District
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. Capacity Plant Launch
Name Location M) type Operator year
Mahoma, Mahoma
g/lts;:ic;r:a POV\’erKa\barole 2.70 erjir\]/e?f Uganda 2018
District Limited
Bwindi Com-
Buhoma, munity Micro
Bwindi Kanungu 0.06  N/A Y 2018
District Hydro Power
Ltd
Muvumbe Maziba, Run-of- Muvumbe
ower station Kabale ~6.50 river Hydro (U) Ltd 2017
P District y
Rwimi -
- ! Rwimi EP
RW|m| power Bunyang- 554 Ru.n-of- Company 2017
station abu river A
S Limited
District
Siti | Hydro- Siti, Run-of- Elgon Hydro
electric Power Bukwo  5.00 river Siti (PVT) 2017
Station District Limited
Buse-
Kabalega Pow-
er Station/ ruka, g5 Reser- Hydromax ;..
Hoima voir Ltd
Buseruka .
District
Paidha,
Nyagak power oo n 0 350 RUNOF yenpeco 2012
station o river
District
Mpanga, Africa Energy
Mpa.nga Power Kam- 18.00 Ru.n-of-Management 2011
Station wenge river Systems EMS
district Mpanga Ltd.
Kanungu Hy-

. Kanungu, __ ¢ [Eco Power
droelectric o hingu 660 RUTOF Tyganda 201
Power Station/ . . river >

district Limited.
Ishasha

Source: Nabutsabi,? ERA,;°* van der Ven,” Frontier Energy,**2 AKDN,*
KHPL,** African Power Platform?

Table 2. List of Selected Ongoing Small Hydropower

Projects in Uganda

Ca-
. ac- Plant Planned
Name Location P Developer launch
ity type
(M) year
Run-
.. Yumbe, Yum- .
Agbinika be District 20.0 oferrlv N/A 2025
. Run-
Nyagak II Pi'("jg?étzr?cr?' of-riv-  UEGCL 2023
er
Run-
Achwa Ill Achwa, Gull 406 ofriv- N/A 2022
District
er
Nengo, Run- Jacobsen
Nengo Bridge Ru_kungm 6.7 of-riv- Elektro AS 2022
District er
. Run-
Nyagak IIl P?)fg?;'czr?cn':- 56 ofriv- UEGCL 2022
er

Source: van der Ven,? WSHPDR 2019,” Katutsi et al.*

In recent years, intensive SHP construction has been taking
place in Uganda. As of 2020, there were 20 SHP projects in
various phases of completion with a total potential capacity
of 141.8 MW, of which 91.8 MW were for SHP of up to 10 MW;
however, by 2022 three of these projects had been complet-
ed, including the 6 MW Nyamasagani-2 SHP plant, leaving
the remaining undeveloped capacity up to 10 MW at 85.8
MW. Additionally, 20 potential SHP sites of up to 10 MW have
been identified with a total estimated potential capacity of
approximately 20.4 MW.°#'2+2” Several ongoing SHP projects
and identified potential SHP sites are listed in Tables 2 and
3, respectively.

Table 3. List of Selected Potential Small Hydropower Sites
in Uganda

Location Potent!al Type of site (new or refurbish-
Name (district) <P acity ment)
(Mw)
Kaka Kasese 7.20 New, preliminary technical stud-
ies carried out under Greenewus
Energy Africa Ltd
Rwizi  Mbarara 1.00  New, preliminary technical studies

carried out under Ntama Bamwine
Hydropower Company Ltd.

Nyahu- Bundib- 0.65  New, preliminary technical studies

ka ugyo carried out under AERDP by MEMD
Sezib- Mukono 0.50  New, preliminary technical studies
wa carried out under AERDP by MEMD
Tokwe Bundib- 0.40  New, preliminary technical studies

ugyo carried out under AERDP by MEMD

Source: ERA,* CSTD,* WSHPDR 20197

The cost of SHP development in Uganda is considerable, av-
eraging approximately USD 3-4 million per installed MW.?
Nevertheless, SHP development is considered an important
element of poverty reduction efforts in Uganda, especial-
ly for isolated rural communities suffering from poor or
non-existent connectivity to the national grid.

RENEWABLE ENERGY POLICY

The Renewable Energy Policy of Uganda, adopted in 2007,
aims to increase the use of modern renewable energy
sources through the introduction of the feed-in tariff (FIT)
remuneration mechanism and standardization of PPAs. The
objective is to encourage both individual investors and com-
panies to invest in renewable energy generation in Uganda.
The policy mandated the publication of a standardized PPA
with FITs determined periodically; the creation of a renew-
able energy department; promotion of biofuel cultivation, in
collaboration with the National Forestry Authority (NFA) and
Ministry of Agriculture, Animal Industry and Fisheries (MAA-
IF); and the development of appropriate legislation and fi-
nancial incentives for the production of biofuels.”

Renewable Energy Feed-in Tariffs (REFITs) introduced un-
der the Renewable Energy Policy apply to renewable energy
power plants of installed capacity of 0.5-20 MW, including
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SHP plants. However, to qualify for REFIT, renewable energy
projects must be connected to the national grid and must
represent the development of additional capacity, whether
on existing power plants or through the construction of a
new power plant. Existing capacities are thus excluded from
applying for support under the REFIT programme. The RE-
FIT should be able to translate into cash revenue that will
not require the investor to resort to a capital subsidy and
be included in the standardized PPA. Initially, REFITs were
structured to differentiate between peak, shoulder and off-
peak prices, to reflect the higher value of power in the peak
period, as well as between short-to-medium and long-term
prices to reflect the higher risk of load shedding in the short
to medium term. Subsequently, REFITs were simplified to a
single rate based on installed capacity only.2?"%

For the period 2021-2023, base REFIT tariffs for hydropower
of 0.5-20 MW were set as follows, with a 20-year guaranteed
payment period:
+  0.5-5 MW: 0.0792 USD/kWh;
+ 5-10 MW: linear tariff structure ranging from 0.0751-
0.0792 USD/kWh, with each 0.1 MW increment assigned
a progressively lower tariff;
+ 10-20 MW: 0.0751 USD/kWh.38

Further financial support for renewable energy projects
became available with the adoption of the Global Energy
Transfer Feed-in-Tariff (GET-FIT) in 2013. The GET-FIT is ap-
plied on top of the REFIT as a result-based subsidy on a per
kWh basis, to cover the difference between the REFIT and
the Levelized Cost of Electricity (LCOE). GET-FIT is assigned
in the form of grants through a competitive bidding pro-
cess.>® The significant recent improvements in the distri-
bution and access to electricity in Uganda are in large part
owed to the favourable regulatory environment created by
the Renewable Energy Policy.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

Developers of renewable energy sources apply for a gener-
ation licence or licence exemption with the ERA and appli-
cations are processed within a maximum of 180 days fol-
lowing submission. Additional licensing bodies include the
Directorate of Water Resources Management (DWRM) for the
water abstraction permit; the National Environment Man-
agement Authority (NEMA) for the environmental permit;
and UETCL, which concludes the PPA agreement with the
power producer. The licensing process for SHP also involves
the publication of notices in the National Gazette and the
national newspaper to solicit any potential objections to
the project from other potential stakeholders. The Hydro
Power Association of Uganda (HPAU), a non-profit organiza-
tion that brings together private hydropower development
companies in Uganda, is involved in the promotion of and
lobbying efforts for SHP.40*

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Climate change projections for Uganda under RCP4.5 predict
little change in annual precipitation, with fluctuation within
the range of £10 per cent by 2065-2095, relative to 2015. Sea-
sonally, large increases in winter rainfall of upwards of 100
per cent are possible, while regionally, a decrease of up to
20 per cent is likely in the Lake Victoria area. Under RCP8.5,
significant decreases of up to 30 mm per month are pos-
sible in the southern part of the country by 2065-2095.° As
Uganda is heavily dependent on hydropower, fluctuations
and changes in regional precipitation distribution could
have potentially far-reaching effects. In 2003-2007, a par-
ticularly severe drought decreased hydropower generation
in the country by over 60 per cent.2According to some cal-
culations, available hydropower capacity may decline by as
much as 26 per cent by 2050 relative to 2025, although oth-
er models predict an increase of approximately 15 per cent
over the same period. The uncertainty of projections sug-
gests that the impact of climate change on hydropower will
be manageable as long as the Government maintains course
with its current large-scale expansion plan in the sector.®

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Although the development of SHP in Uganda has acceler-
ated in recent years, it still faces a number of significant
obstacles, including the following:

+ Access to electricity primarily hampered by poor
transmission and distribution infrastructure despite
growth of generation capacity;

+ Potential for adverse environmental impacts due to
institutional and legal weaknesses, in particular poor-
ly implemented environmental and social impact as-
sessments (ESIA);

+ Bureaucratic, complex and slow land acquisition pro-
cess that affects overall project costs and timely con-
struction of transmission line infrastructure;

+ Limited local manufacturing capability for hydropow-
er equipment as well as insufficient implementation
experience and technical capacity;

+ The need for substantial upfront investment capital;

+ Social concerns including the resettlement and com-
pensations for populations affected by development
projects.

Factors enabling SHP development in Uganda include:

+ The ‘unbundling’ of the state-owned Uganda Electric-
ity Board (UEB);

+ The establishment of a Rural Electrification Agency
(REA) by the Government of Uganda to promote on-
grid and off-grid rural electrification led by the private
sector;

+ Governmentinvestment in least-cost power technolo-
gies to provide adequate and reliable service;
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Collaboration with the East African Community on re-
gional power interconnection;

Conducive regulatory environment and incentives
aimed at diversifying the country’s generation mix.
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Zambia

Ernest Banda, Kangwa Bwembya, Reynolds Mukuka and Oscar Sinkala, ZESCO Ltd.

KEY FACTS

17,885,422 (2020)"

752,612 km??

The country is located on the great plateau of Central Africa, at an average altitude of 1,200 metres and
rises to a higher plateau in the east. The country has three main topographical features: mountains,
with an altitude of at least 1,500 metres; a plateau, with an altitude ranging from 900 metres to 1,500
metres; and lowlands, with an altitude of 400-900 metres.?

There are three seasons in Zambia: cool and dry from May to August, hot and dry from September to
November and warm and wet from December to April. In the warm wet season, frequent heavy sho-
wers and thunderstorms occur. Average temperatures are moderated by the height of the plateau. In
the cool season maximum temperatures vary from 15 °C to 27 °C, with morning and evening tempera-
tures as low as 6-10 °C and occasional frost on calm nights in valleys and hollows which are sheltered
from the wind. During the hot season maximum temperatures range from 27 °C to 35 °C.*

Zambia has continued to experience climate change and climate variability. The projected climate
change impacts include: rises in temperature, shifts in precipitation and possible increases in the fre-
quency and intensity of weather events. The country has experienced some of its worst droughts and
floods in the last two decades. The mean annual temperature in Zambia has increased by 1.3 °C since
1960, representing an average increment rate of 0.29 °C per decade. Meanwhile, the mean annual rain-
fall over the country has decreased by an average rate of 1.9 mm per month (2.3 per cent) per decade
since 1960. The mean annual temperature is projected to increase by 1.2-3.4 °C by the 2060s and by
1.6-5.5 °C by the 2090s. The proportion of total rainfall coming from extreme precipitation events,
sometimes resulting in flooding, is expected to increase. The future trends in the country are towards
higher average temperature, erratic precipitation and possible decrease in total rainfall.?

Zambia receives moderate rainfall ranging from an annual average of approximately 600 mm in the
south of the country to over 1,400 mm per year in the north. The country’s annual average rainfall is
1,000 mm. The rainfall pattern over the whole country is similar, with most precipitation falling bet-
ween November and March, but the amount of rain varies considerably. In the north of the country
rainfall is 1,250 mm or more a year, decreasing southwards to Lusaka where it is approximately 750 mm
annually. South of Lusaka rainfall is dictated more by the east and south-east trade winds. Rainfall in
this area is 500-750 mm.’

The country has five main rivers: Zambezi, Kafue, Luangwa, Luapula and Chambeshi. The five main
river basins incorporate the several small river basins at which small hydropower potential is vast.
The country’s major lakes are Tanganyika, Mweru, Mweru Wa Ntipa, Bangweulu and the artificial lakes
include Kariba and Itezhi-tezhi. Large hydropower plants are mainly located in the lower areas of the
above catchments, while the small hydropower potential is mainly concentrated in the upper areas.>®

ELECTRICITY SECTOR OVERVIEW

The electricity generation mix in Zambia is predominantly  Figure 1. Installed Electricity Capacity by Source in Zambia
made up by hydropower. In the fourth quarter of 2019, of the  in 2019 (MW)
total installed capacity of 2,981 MW hydropower accounted

for 80 per cent (Figure 1). The remainder of the generation

Hydropower (I 2,398.5

mix was composed of coal (300 MW, 10 per cent), heavy fuel Coal NN 300.0
0il (110 MW, & per cent), solar power (89 MW, 3 per cent) and  Heavy Fuel Oil m 110.0

diesel (84 MW, 3 per cent).”

Solar Power [l 89.1
Diesel W 83.6

Source: ERB®
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In 2019, the country's installed capacity increased to 2,981.2
MW from 2,898.2 MW in 2018, representing a near 3 per cent
increase. This was mainly attributed to the commissioning
of the 54.3 MW Bangweulu and 34 MW Ngonye solar power
plants as well as the 67 kW of solar-powered micro-grids. On
the other hand, the Zambia Electricity Supply Corporation
(ZESCO) decommissioned 5.28 MW of diesel power plants,
including: Kabompo (2.0 MW), Zambezi (1.4 MW), Mufumbwe
(0.8 MW), Lukulu (0.3 MW) and Chavuma (0.8 MW). The diesel
decommissioning was largely motivated by the connecting
of the districts to the national grid.®

Despite the increase in installed capacity, the generation
sent out to the grid declined from 16,189 GWh in 2018 to
15,040 GWh in 2019, reflecting a 7 per cent decrease. This
was due to a poor rainfall pattern recorded in the 2018/2019
rainy season. Of the total generation in 2019, hydropower
accounted for 82 per cent (Figure 2).°

Figure 2. Annual Electricity Generation by Source in Zambia
in 2019 (GWh)

Hydropower 12,332.4
Coal

Heavy Fuel Oil
Solar Power

Diesel

Source: ERB?

The electricity industry in Zambia is governed by the Elec-
tricity Act of 1995 and the Electricity Amendment Act of
2003. The electricity industry was liberalized in 1995 to at-
tract investment in power generation, transmission and dis-
tribution. Currently, it consists of the vertically integrated
public utility company ZESCO Limited, independent power
producers (IPPs) and power distribution companies. These
entities are responsible for the generation, transmission,
distribution and supply of electricity. Private sector players
that provide services include Copperbelt Energy Corporation
(CEC), Lunsemfwa Hydro Power Company, Maamba Collieries
Ltd and Zengamina.

ZESCO owns the four main hydropower plants located in
the southern part of the country: 990 MW Kafue Gorge, 720
MW Kariba North Bank, 108 MW Victoria Falls and the new-
ly commissioned 120 MW ITT. A fifth large hydropower plant
is owned by Itezhi Tezhi Power Corporation (120 MW). The
country also has operational small hydropower (SHP) plants
with a combined installed capacity of 89.8 MW and owned by
ZESCO and IPPs.?

The electricity sector is overseen by the Ministry of Energy
(MoE), which provides policy guidance, while the Office for
Promoting Private Power Investment (OPPPI) has the role of
promoting private investment in power projects. The sector
is regulated by the Energy Regulation Board (ERB), which is
responsible for licensing, tariff setting and monitoring the
quality of supply and service standards. The Rural Electrifi-

cation Authority (REA) is a statutory body that was created
through the enactment of the Rural Electrification Act 2003
to increase access to electricity in rural areas.’

The general outlook for the electricity industry in Zambia
is positive both in the short and long term. To address the
current power deficit, ZESCO established a special purpose
vehicle (SPV), Kafue Gorge Lower Power Development Cor-
poration (KGLPC), to spearhead the construction of the 750
MW Kafue Gorge Lower hydropower plant at an estimated
cost of USD 2.2 billion. The first unit of the plant was com-
missioned in July 2021.%

Zambia is divided into 10 provinces: Central, Copperbelt,
Western, Eastern, Luapula, Lusaka, Muchinga, Northern,
North-Western and Southern. Copperbelt and Lusaka are
the only provinces with access to electricity above 50 per
cent, while many other provinces have 10 per cent or less.’

In 1994, the Government established the Rural Electrifica-
tion Fund (REF) by committing the sales tax to electricity
and has been trying to increase the electrification rate in
rural areas by executing projects funded by REF. At that time,
the household electrification rate was approximately 20 per
cent countrywide, and only 2-3 per cent in rural areas. As of
2019, 43 per cent of the population had access to electricity,
and 14 per cent of rural population had access (Figure 3)."

Figure 3. Electrification Rate in Zambia in 2019 (%)

Total 43%
Rural 14%

Source: World Bank™

The Government has been strengthening policies and insti-
tutions related to rural electrification. In December 2003, the
Rural Electrification Act was ratified to establish the REA and
to improve the management of the REF!® The Government,
through the Rural Electrification Master Plan (REM), has set
a target to increase electrification rates to 66 per cent of
households by 2030, of which 90 per cent would be for urban
areas and 51 per cent for rural areas.”

Despite the country’'s vast renewable and non-renewable
energy sources, few of these have been developed to im-
prove the attractiveness of the energy sector and to transfer
the benefits for industrial expansion, employment creation
and poverty reduction! The development of large hydro-
power plants in Zambia has historically been driven by the
industrial needs of energy for mining, whereas SHP devel-
opment has historically been initiated to provide power to
areas that are far from the national grid, areas that were ex-
tending from the Southern Province towards the Copperbelt.
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ZESCO transmits power at various voltage levels, namely 330
kv, 220 kv, 132 kv, 88 kV and 66 kV.* These voltage levels are
stepped down to 33 kV and 11 kV for distribution at substa-
tions. The main 330 kV transmission lines are running north
to south in the middle of the country because the copper
mines, which are the largest load centres, are located in
the north and the main generation plants are located in the
south. Copperbelt Energy Corporation (CEC) has most of the
mining and large industrial customers, who are supplied at
66 kV or higher voltage in Copperbelt Province, while small
customers within the CEC service area are supplied by ZES-
CO. In 2019, ZESCO recorded annual average transmission
and distribution losses of 5 per cent and 11 per cent, respec-
tively.® In off-grid locations, small IPPs and non-governmen-
tal organizations (NGOs) are supplying electricity with either
SHP or diesel power plants through the isolated distribution
network.

The country has made progress in gravitating towards
cost-reflective electricity tariffs through an upward adjust-
ment of tariffs by 75 per cent implemented in 2017, follow-
ing the electricity crises of 2015 and 2016. This is after Zam-
bia was identified as having the lowest electricity tariffs in
sub-Saharan Africa in 2014.” In 2019, the ERB commissioned
a cost-of-service study to establish the efficient cost of sup-
plying power to various customer categories and determine
the cost-reflective tariff levels. ™ The 2020 tariff rates for
residential customers, commercial customers and social
services are reflected in Table 1. Fixed monthly charges were
abolished in 2020.®

Table 1. Electricity Tariffs in Zambia in 2020

Final electricity

Customer Consumption band (RWh/

category month) P riczgl\gVWWSJSD)
Residential R1< 100 0.47 (0.026)
R2 101 - 300 0.85 (0.047)
R3 >300 1.94 (0.110)
Commercial C1<200 1.07 (0.059)
C2>200 1.85 (0.100)
Social Ser-  Schools, hospitals, orphanag- 119 (0.066)

vices es, churches, water pumping &
street lighting

Source: Energy Regulation Board™

SMALL HYDROPOWER SECTOR
OVERVIEW

Zambia classifies SHP plants as units between 0.5 MW and
20 MW. Plants less than 0.5 MW are regarded as micro-hy-
dropower plants. Plants from 20 MW to 100 MW are classified
as medium hydropower plants and those having installed
capacities greater than 100 MW as large hydropower plants.
Despite the national definition, this chapter takes the 10 MW
definition, keeping consistent with previous editions of the

World Small Hydropower Development Report (WSHPDR) for
reasons of accurate comparison.

Based on the up to 10 MW definition, there are 18.7 MW of
SHP capacity. The increase in installed capacity compared to
the WSHPDR 2019 is mainly attributed to the commissioning
of the 10 MW Musonda and 0.64 MW Kasanjiku SHP plants in
2020. There has been no change in potential capacity esti-
mates (Figure &).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Zambia (MW)

Potential

62.0
62.0
Capacity 42.0
N/A
187 Il WSHPDR 2022
Installed 12.9 I WSHPDR 2019
Capacity 12.9 [ WSHPDR 2016

WSHPDR 2013

Source: ERB,”" JICA® Ministry of Energy and Water Development,"
ZESCO LTD,? WSHPDR 2013, WSHPDR 2016,® WSHPDR 2019"

Note: Data for SHP up to 10 MW.

The SHP sector in Zambia is currently undergoing a rehabili-
tation transformation, with the scaling-up of old plants and
development of new plants being in various stages of proj-
ect development. As of 2021, based on the local definition of
SHP up to 20 MW, the total installed capacity for micro- and
small hydropower plants stood at 60.5 MW (Table 2).° ZESCO
Ltd is currently rehabilitating two SHP plants: the Chishimba
plant is being rehabilitated and upgraded from 6 MW to 15
MW and the old Lusiwasi 12 MW plant is being replaced by
new plants upstream and downstream with capacities of 15
MW and 86 MW. The Musonda plant was upgraded from 6 MW
to 10 MW in 2020. In 2019, REA commissioned the 0.64 MW
Kasanjiku plant in Mwinilunga district?

Table 2. List of Installed Small Hydropower Plants in
Zambia

Ca-

. .. Head Plant Launch
Name Location pacity (m) type Operator ear
Run-
Musonda Mansa 10.000 29  of- ZESCO 2020
river
Lusiwasi Run-
Serenje 15.000 90  of- ZESCO 2020
Upper 11 .
river
Mwini- Run-
Kasanjiku13 0.640 10 of- REA 2019
lunga .
river
Run-
Lunzua Mbala 14.800 248 of- ZESCO 2015
river
. ) Shi- Run-
ZE'Wa“ga” wangan- 1.000 14 of-  ZESCO 2012
du river
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Ca-
Name Location pacity ’-I(fr?)d l:lanet Operator LGZZ?'
(MW) yp y

Run- Zengamina
Zengamina lkelenge 0.750 17  of- Power Com- 2007
river pany

Run-  Private

Mporokoso Mporoko- 0.005 3 of- Local Devel- 2007
30 river oper

Mayuk-

wayukwa Run-

(not opera- Kaoma 0.028 2  of- UNHCR 1993

tional since river

2015)

Run- Mutanda
Mutanda Solwezi 0.003 -  of- Evangelical 1990
river  Centre

Mwini- Run-  Private
Sachibondu 0.015 - of- Local Devel- 1987

lunga .
river oper
Mwini- RUN- | vawu Mis-
Lwawu 0.050 - of- . 1984
lunga . sion
river
Run-
Mangango Kaoma 0.017 - of- Maf‘g%‘”g" 1960
. Mission
river
o . Run- 1967
Lusiwasi Serenje 12.000 90  of- ZESCO (1974)
river
. Run- 1959
Chishimba  Kasama 6.000 - of- ZESCO (1971)
river
Mwini- Run- \vang'ombe
Nyang’ombe 0.073 - of- lwyangom -
lunga . Cooperative
river
Katibun- Run- yatibunga
Katibunga 0080 -  of- ibunga - _
ga river Mission

Note: Based on Zambian SHP definition of up to 20 MW.

Source: ERB,™® JICA,”® Ministry of Energy and Water Development,”" ZESCO
LTD™

With electricity demand in Zambia projected to increase at
a rate of approximately 4 per cent per annum and given the
current national and regional power deficit, there is need
to deal with various bottlenecks in the hydropower devel-
opment process in Zambia.?' ZESCO hydropower database,
updated in 2016, indicates that the statistics of theoretical
hydropower potential was on the order of 8,000 MW.** How-
ever, only 30 per cent of this potential has been developed
to date."Several SHP plants are in planning at various stag-
es of development (Table 3).

Table 3. List of Selected Planned Small Hydropower
Projects in Zambia

Capaci- Head Plant Devel- Stage of de-

Name Location ty (MW) (m) type oper velopment

Mumbu- Mporoko- 18.8 331 Run- ZESCO Pre-feasi-

ruma o) of-river bility
Chishim- Kasama  15.0 - Run- ZESCO Implementa-
ba of-river tion

Mbulu- Mporoko- 12.3 87 Run- TBA  Pre-feasi-
motuta SO of-river bility

Kapamba Mpika 120 175 Run- TBA  Feasibility
of-river

Kakonko Kawamb- 8.0 73  Run- ZESCO Pre-feasi-
wa of-river bility

Source: ZESCO,2 UNIDO,? OPPPI,> Hangzhou Guowang Technology Co.
Ltd.,> JICA™

RENEWABLE ENERGY POLICY

The policy framework governing renewable energy in Zam-
bia is driven by the National Energy Policy. It was formu-
lated in 1994 and sought to promote optimal supply and
utilization of energy for socioeconomic development in a
safe and healthy environment. Due to the realization of the
strategic nature and integrated nature of energy in econom-
ic development, the National Energy Policy 1994 has been
revised to ensure that the role of energy in relation to other
economic dynamics are taken care of. In particular, emerg-
ing cross-cutting aspects related to sustainable industrial
development were not addressed in the National Energy
Policy 1994.26 The National Energy Policy of 2019 recognizes
the critical role played by renewable energy in poverty al-
leviation and national development. The policy also consid-
ers the need for climate change mitigation and adaptation
measures while advancing the sustainable development of
the sector™

The demand for renewable energy has seen significant
growth in recent years as the market has been exploring
alternative sources of energy, with renewable energy prov-
ing to be a viable alternative. In 2016, the ERB completed
developing The Renewable Energy Regulatory Framework
(RERF). The RERF was developed in line with the National
Energy Policy (2008), the Biofuels Regulatory Framework,
the Regulatory Framework for Off-Grid Systems, the Re-
newable Energy Feed-in-Tariff (REFIT) Strategy and other
relevant legislation. These documents individually strive to
facilitate the implementation and diversification of the en-
ergy sector to promote renewable energy technologies and
improve access to modern forms of energy. The RERF puts
all these requirements in one document covering renewable
energy-based electricity generation with the aim of achiev-
ing the following:
+ Facilitating implementation of the Government’s pol-
icy to diversify the energy mix and provide modern
forms of energy to rural communities;
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+ Consolidating and rationalizing existing regulatory
frameworks;

+ Promoting investment by having a clear regulatory
framework that outlines entry requirements for the
sector;

+ Providing clear internal guidelines to facilitate renew-
able energy deployment

In 2016, the Government of the Republic of Zambia and
Kreditanstalt fur Wiederaufbau (KfW) initiated the Global
Energy Transfer Feed-in Tariff (GETFIT) programme. The pro-
gramme is designed to leverage private sector investment
into renewable energy generation projects. It intends to
fast-track a portfolio of small-scale renewable energy gen-
eration projects, up to a maximum of 20 MW each, including
SHP projects promoted by private developers. It is envis-
aged that the full implementation of the GETFIT programme
will be done as soon as the REFIT Strategy is launched and is
also contingent on the finalization of the following support
mechanisms:
+ Development of the procurement guidelines;
+ Development of the Standard Implementation Agree-
ment;
+ Agreeing on the quantum of the GETFIT subsidy on the
REFITs.®

To develop a balanced REFIT, various methodologies and
options were considered. Zambia shall apply a methodol-
ogy following the cost-based approach, which implements
a rate of return methodology and payment calculated using
costs and return expectations of project investors.?” In 2020
39 SHP sites were approved for feasibility study rights under
the program.®

Licences to generate electricity from renewable energy
sources are to be issued by the ERB. The generation licence
essentially grants the producer the right to develop, finance,
construct and operate the power plant, as well as the right
to sell the electricity to the off-taker. ZESCO shall be the
designated buyer of all the power delivered under the REFIT
programme. The details of the off-take arrangement shall
be set out in a standardized, technology-neutral power pur-
chase agreement (PPA). The term of the PPA shall be at least
20 years from the commercial operation date.?

The greenhouse gas (GHG) emissions of Zambia are relative-
ly low given the country’s reliance mostly on hydropower
for electricity generation. However, recently, more conven-
tional energy sources have been commissioned such as the
Maamba coal-fired power plant, which started operation
in 2016. As a result, CO, emissions per capita have been
slowly increasing since 2007. Furthermore, approximate-
ly 70 per cent of energy consumed in Zambia comes from
firewood and charcoal, which is both unsustainable and
unhealthy for consumers. Under the framework of the In-
tended Nationally Determined Contributions (INDC) to the
2015 Climate Change Agreement, Zambia intends to reduce
its CO,eq emissions by 25 per cent by 2030 compared to the
baseline business-as-usual scenario through domestic ef-
forts with limited international support, and by 47 per cent

with substantial international support. This is equal to a to-
tal emissions reduction of 38 MtCO,eq, which will require an
investment of USD 50 billion by 2030. This will be achieved
by implementing three programmes driven by the country’s
Climate Response Strategy and supported by the National
Policy on Climate Change and national development poli-
cies, including energy, forestry, agriculture, water, town and
country planning, sanitation and transport.?®

Zambia does not have a national uniform tariff and devel-
opers may charge different tariffs subject to regulatory ap-
proval. However, retail tariffs must be approved by the ERB,
which uses the revenue requirement or rate of return meth-
odology. In principle, cost-reflective tariffs may be proposed
by developers. The country does not yet have an electricity
pricing regime for behind-the-meter storage applications.
Apart from the tariff, ERB also approves customer connec-
tion charges. The ERB draws its mandate to determine elec-
tricity tariffs from the Electricity Act, Cap 433, Section 8.*

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

The relevant policies and regulations in Zambia that govern
developments such as SHP projects include the following:

 Zambia National Energy Policy (2019);

* Electricity Act No. 14 of 1995;

+ Energy Regulation Act Cap 436 (2003);

-+ Rural Electrification Act (2003);

+ Zambian Grid Code 2006;

+ REFIT Strategy (2017);

+ Water Resources Management Act (2011);

+ Environmental Management Act (2011);

+ Lands Act (2015);

+ National Heritage Conservation Commission Act

(1989).

The feasibility study rights for the development of SHP
plants in Zambia are granted by the MoE through the fol-
lowing process:
+ Application for the issuance of feasibility study rights
to the Permanent Secretary;
+ OPPPI/DOE assessment of the application;
+ Interim rapid grid assessment and OPPPI/DOE recom-
mendation;
+ Permanent Secretary issues a letter granting feasibil-
ity study rights.

Permitting and licensing of SHP plants involves the acquisi-
tion of land that in most cases sits under customary tenure
in Zambia. Hydropower projects also require water rights
and stringent health safety and environmental standards
are compulsory to prevent accidents during construction or
operation of power plants. All projects must comply with
requirements from the regulatory government agencies. The
steps for obtaining a licence for combined generation, dis-
tribution and supply of electricity for solar and hydropower
plants are as follows:

+ Business registration with the Patents and Companies
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Registration Agency (PACRA);

+ Securing land tenure rights;

+ Clearance from the Department of National Parks and
wildlife;

+ Concession from the National Heritage Conservation
Commission (NHCC);

+ Environmental permit from the Zambia Environmental
Management Authority (ZEMA);

+ Water use permit for power generation from the Water
Resource Management Authority (WARMA);

« Investment endorsement from the ERB;

+ Tariff approval from the ERB;

+ Issuance of a combined licence for generation, trans-
mission, distribution and supply of electricity.

COST OF SMALL HYDROPOWER
DEVELOPMENT

The capital cost of SHP development in Zambia depends on
the size of the project and existing site conditions, such as
topography, geology and hydrology. Based on the estimates
of planned and recently commissioned plants, capital cost
ranges from USD 8.7 million for a less than 1 MW plant to
USD 76 million for an 18.8 MW plant. Costs per MW of in-
stalled capacity range from USD 2.4 million to USD 14.5 mil-

lion 1016,21,22,23,24,25

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

GETFIT Zambia has received significant contributions from
the Government of Germany, which will ensure the success-
ful implementation of the first phases of the programme.
The largest share of the funds (approximately 70 per cent)
will be used for subsidies for SHP projects. In the GETFIT
Zambia context, such subsidies are referred to as Viabili-
ty Gap Funding, designed to close the gap between the of-
fered power tariffs and the tariff necessary for investors to
achieve the required rate of return on investment. This way,
substantial amounts of private capital can be leveraged to
the Zambian power sector.*

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Hydropower is directly affected by climate change in the
sense that the latter alters the amount of water available
for generation and potentially the seasonal distribution
of runoff. Climate change has an impact on firm energy
yield, the cost of energy production and plant operations.
Furthermore, climate change will also affect design risks
for new hydropower projects in terms of changes that will
result in greater uncertainty concerning extreme weather
phenomena such as flooding and droughts, which will in
turn affect the project costs. Based on the report on the cli-
mate impacts on hydropower in Africa, the regional mean

hydropower capacity factor is projected to decrease due to
climate change by approximately 3 per cent by the year 2099
compared to the baseline period of 2010-2019.”'

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Notwithstanding the barriers and challenges highlighted,
SHP development is expected to accelerate in response to
recent initiatives, including studies highlighting the magni-
tude of the untapped SHP potential in Zambia, the transpar-
ent permitting processes, new financial incentives and the
introduction of better policies. In many cases, SHP develop-
ment can be achieved with minimal impact, thus supporting
the country’s economic and environmental goals. Further,
it is anticipated that SHP will form part of the solution to
the growing demand for a rural electrification programme
in the country.

The Zambian hydropower industry presents great opportu-
nities for investment and growth. However, the industry also
faces challenges that include, among others, the following:

+ Water resources development and management: Lack
of the hydrological data necessary to adequately ass-
es the available potential on the small river basins;

+ Energy policy: Lack of a comprehensive energy pol-
icy to deal with the requirements of private plants
interfacing with the national grid, for example, the
feed-in-tariff has affected the process of private sec-
tor participation in hydropower generation especially
SHP, which are vital for the sustainable development
of rural districts;

+ Transmission of power: The challenge of the cost of
transporting electricity generated from renewable
sources through the transmission system to the con-
sumption centres of the country affects the bankabil-
ity of projects considering that suitable hydropower
potential is mainly located in remote areas of Zambia;

+ Tariff structure and return on investment: The tariff
structure in Zambia is still not cost-reflective;

+ Financing: Access to capital markets remains a chal-
lenge for the general local private sector investors
newly entering the hydropower industry. Due to the
high capital investments required in hydropower, the
development of SHP plants has not progressed at the
pace required to meet various load requirements;

+ Inability to attract investment: The challenges related
to energy policies, feed-In-tariffs and cost-reflective
tariffs directly affect the ability to attract investment;

- Access to sites: The poor road networks in rural areas
make it difficult and expensive to carry out any work.

Despite of the barriers stated above, the hydropower indus-
try presents great opportunities for investment and growth.
In addition, the Government of Zambia has put in place en-
abling polices and regulations meant to attract investments
in energy sector. The key enablers for the development of
SHP include, among others, the following:
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+ The power sector was declared a priority sector under
the Zambia Development Agency Act No. 11 of 2006
through the issuance of SI No. 15 of 2011. This regula-
tion declares the building of mini-hydropower plants,
solar power, thermal and hydropower plants eligible
for fiscal incentives;

« The GEFIT Zambia programme aims to facilitate pri-
vate sector investment in small- and medium-scale
renewable energy IPPs in Zambig;

+ The REFIT strategy is aimed at accelerating private in-
vestments in small- and medium-sized renewable en-
ergy projects in order to increase the number of play-
ers in the electricity subsector and ultimately increase
access to clean energy services;

+ Transparent project allocation procedures, with proj-
ects being committed to developers by way of feasi-
bility study rights granted by the MoE;

« Economic incentives to encourage investment, includ-
ing fiscal incentives (e.g., tax incentives), non-fiscal
incentives (risk cost sharing, support of land acquisi-
tion) and a capital-smart subsidy (for projects devel-
oped under the REA);

+ Migration towards cost-reflective tariffs from tariffs
that were highly subsidized was commenced in 2017;

+ Sufficient and sustained market for the generated
electricity, with the demand for power growing at a
rate of approximately 4 per cent per annum.
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Zimbabwe

Shorai Kavu, Ministry of Energy and Power Development
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KEY FACTS

14,645,000 (2019)'

390,760 km??

Zimbabwe is a landlocked country lying entirely within the tropics. It straddles an extensive high
inland plateau that drops northwards to the Zambezi Valley, where it borders Zambia, and drops
southwards to the Limpopo Valley and the border with South Africa. Zimbabwe has an average
elevation of 1,500 metres above sea level and the highest peak is in the Nyangani Mountains to
the north-east of the country at 2,592 metres.>*

The hot season occurs from mid-August to mid-November, with daytime temperatures ranging
from 26 °C to 36 °C. The rainy season is from mid-November to mid-March and can be interrupted
by 4-5 dry spells. The cool season occurs from mid-May to mid-August with mild daytime tempe-
ratures ranging from 20 °C to 29 °C. The dry season occurs from mid-March to mid-May, with mild
and sunny weather and temperatures ranging from 23 °C to 31 °C#

Zimbabwe, like many other areas of Southern Africa, has increasingly been exposed to rising tem-
peratures and increased rainfall variability due to a changing climate.*

The maximum rainfall is received in the eastern highlands, with annual rainfall of more than 1,000
mm. The Highveld receives an annual average of more than 500 mm of rainfall. The climate and
rainfall patterns of Southern Africa have varied greatly for at least the last three centuries, leading
to recurrent droughts of varying severity.>*

Zimbabwe has six drainage basins. The largest being the Zambezi and the Limpopo basins. The
western parts of the Matabeleland region are connected to the Okavango inland drainage basin
through the Nata River. Parts of the Mashonaland and Masvingo regions drain through the Save
River into the Indian Ocean. Two other drainage basins covering parts of the Manicaland region
and draining into the Indian Ocean through Mozambique are the Pungwe River to the north and
the Buzi River to the south.?

ELECTRICITY SECTOR OVERVIEW

The electricity sources in Zimbabwe include coal for ther-  Figure 1. Annual Electricity Generation by Source in

mal generation, large hydropower, small hydropower (SHP), ~ Zimbabwe in 2018 (GWh)

solar power and diesel/petrol for backup systems.® In 2018,

a total of 9,351 GWh of electricity was generated in the coun- Hydropower 5,504.1
try, including by individual power producers (IPPs) (Figure 1).  Thermal Power 3,660.3
Generation from power plants owned by Zimbabwe Power
Company (ZPC) increased by 25 per cent from 7,216 GWh in
2017 to 9,037 GWh in 2018, mainly due to the increased water ~ Source: ZERA’

allocation at the Kariba Dam.” Renewable energy genera-  Note: Data for solar power generation from IPPs and off-grid sources is
tion made up 61 per cent of all electricity generation in 2018 ~ not publicly available and thus not included.

(5,688 GWh).” This is a significant increase from 2017, when
renewable generation made up 50 per cent. The individual ~ Table 1. Annual Electricity Generation from ZPC and IPPs
contributions from the power plants in 2018 are depicted in

Biomass [ 186.6

Generation Generation

Table 1.
Power plant Energy source 2017 (GWh) 2018 (GWh)

ZPC-owned plants

Hwange Coal 3,202.0 3,425.0
Kariba Hydropower 3,850.0 5,377.0
Harare Coal 75.0 66.0
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Generation Generation

Table 2. Installed, Available and Achievable Capacities from

Py lant E . .. .
ower plan Nergy source  »017 (Gwh) 2018 (GWh) Different Producers in Zimbabwe in 2021 (MW)
Munyati Coal 38.0 81.0 . .
Ener Installed Available Achievable
Bulawayo Coal 51.0 88.0 Source sourgc]g capacity capacity capacity
(Mw) (Mw) (Mw)
IPPs
. . Kariba South

Nangani Mini-hydropower  111.0 2.0 hydropower  Hydropower 1,050.0  1,050.0  1,050.0

Renewable Energy plant

Hippo Valley Es- Biomass 0 63.2

tates Hwange thermal | 9200 7500  715.0
power plant

Triangle Limited Biomass 33 83.9 Small thermal

Border Timbers Biomass 0 0 plants (Munyati, Coal 329.0 80.0 45.0
Bulawayo,

Chisumbanje Biomass 10.8 39.5 Harare)

Dema Emergency Diesel 48.2 0.2 Small hy-

Peaking Plant dropower 306 306 306

Kupinga Mini-hydropower 79 131 IPPs Solar PV 10.0 10.0 10.0

Claremont Mini-hydropower 0.4 17 Bagasse 88.0 N/A N/A

Source: ZERA? Communi- Hydropower 0.4 0.4 0.4
ty-owned
(off-grid) Solar PV 3.0 3.0 3.0

As of 2021, Zimbabwe had a total installed capacity of 2,431 qoal 24310 19240 1,854.0

MW, of which 1,050 MW was from the Kariba South hydro-
power plant, 920 MW from the Hwange thermal power plant,
a combined 329 MW from small coal-fired thermal plants
(Harare, Bulawayo and Munyati) and 132 MW were contribut-
ed by IPPs and community-owned off-grid systems (Figure 2,
Table 2). The capacity from bagasse was for the private use
of sugarcane and ethanol producing firms. Available capac-
ity stood at approximately 1,924 MW.58

The Kariba South hydropower plant extension project of 300
MW was completed in 2018 raising the plant's installed ca-
pacity to 1,050 MW.>"° The Hwange thermal power plant ex-
tension project with a capacity of 600 MW is under construc-
tion and expected to have the first 300 MW unit in operation
by 2022 despite delays due to COVID-19 restrictions.o"

Figure 2. Installed Electricity Capacity by Source in
Zimbabwe in 2021 (MW)

Thermal Power 1,249

Hydropower 1,081
Biomass 88

Solar Power | 13

Source: AfDB,* MoEPD?®

Source: AfDB,* MoEPD?®

The capacity of IPPs from photovoltaic (PV) solar power
plants includes the 2.5 MW Riverside power plant by Nyan-
gani Renewable Energy Private Limited and the 2.5 MW Cen-
tragrid power plant. The Riverside power plant, commis-
sioned in January 2018 to supply the national grid, is the
first phase of the 10 MW project planned for a site in Mutoko,
Mashonaland East Province of Zimbabwe.? The Centragrid
plant is located in Nyabira, Mashonaland West Province of
Zimbabwe, and was commissioned in October 2019.® Three
planned solar power plants owned by ZPC, with 100 MW of
capacity each, are yet to reach financial closure.?

The country imports electricity from the regional utilities to
cover up for the local supply deficit: 50 MW of firm capacity
from the Cahora Bassa Hydroelectric (HCB) of Mozambique
and 50 MW of firm capacity from Eskom of South Africa. Vari-
able imports operate on the Day-Ahead Market, managed by
the Southern African Power Pool (SAPP) Coordination Cen-
tre. Zimbabwe has no firm capacity exports due to limited
local generation capacity.®

According to the Zimbabwe National Statistics Agency (ZIM-
STAT), the country’s electrification rate was at 48 per cent
in 2017 (Figure 3). Twenty-eight per cent of rural popula-
tion had access to electricity and the urban electrification
rate stood at 86 per cent* Approximately 80-90 per cent
of the rural population depend on wood fuel and kerosene
for cooking and lighting according to the Zimbabwe Infra-
structure Report published by the Africa Development Bank
(AfDB) in 2019.5 Food processing tasks, such as grain milling,
are usually carried out with a diesel-powered system, with
a few now using electricity. Although Zimbabwe is endowed
with an abundance of renewable energy resources such as
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solar power, wind power, biomass and SHP, including run-
of-river plants and inland dams, these are still not fully uti-
lized.

Figure 3. Electrification Rates in Zimbabwe in 2017 (%)

Total 48%
Rural 28%

Source: ZIMSTAT™

The energy sector in Zimbabwe is overseen by the Ministry
of Energy and Power Development (MoEPD). Below MoEPD
is the Zimbabwe Energy Regulatory Authority (ZERA), which
ensures fairness in the sector. ZERA oversees the operations
of the Zimbabwe Electricity Supply Authority (ZESA) Hold-
ings Private Limited Subsidiaries, the oil companies and
IPPs. The Zimbabwe Electricity Transmission and Distribu-
tion Company (ZETDC) and ZPC are subsidiary companies of
ZESA Holdings, and the oil companies include both public
and private companies. In addition, ZESA ensures fair tar-
iffs and the quality of the provision of other services to the
consumers.’

The national electricity grid has capacities ranging from 11
kv for low voltage to 33 kV, 36 kV, 66 kV, 360 kV and 420 kV for
interconnections with the region. The grid is interconnected
to the Southern African Development Community (SADC) re-
gion with the Zimbabwe grid being central. The operations
of the regional grid are coordinated by the SAPP Coordina-
tion Centre, which is based in Zimbabwe.

To ensure the implementation of the country’s pricing pol-
icy, Zimbabwe established the ZERA in 2012 in line with the
SADC regional requirements. ZERA, in consultation with
MOEPD, is responsible for the designing of the electricity
pricing policy, as well as analyzing and approving tariff ap-
plications by both the state utility and the IPPs. ZERA may
review tariffs for licensed operators when they apply, ac-
cording to their needs. According to information recorded
in the Zimbabwe Infrastructure Report of 2019 prepared by
the AfDB, ZERA last reviewed the standard tariff schedule
for the electricity sector in January 2013. An application for
a 49 per cent tariff review was submitted by ZETDC as a bid
to move from 0.099 USD/kWh to 0.147 USD/ kWh. However,
after stakeholder consultations, it was resolved to keep the
tariff at 0.099 USD/kwh.®

The tariff structure differentiates between domestic users
who pay fixed charges and those who pay as per consump-
tion levels. There is a lifeline support offered by subsidizing
the first 50 kWh per month for all residents at approximately
0.02 USD/kWh. Low-demand non-residential consumers are

charged both a fixed rate and flat variable rates depending
on their consumption and metering system (Table 3). For
comparison, the average electricity tariff in the SADC region
ranges between 0.03 and 0.17 USD/kWh.®

Table 3. Average Electricity Prices in Zimbabwe (USD/kWh)

Sector 2015 2016 2017 2018
Industrial 0.0897 0.0940 0.0849 0.0804
Domestic 0.0980 0.0998 0.0996 0.0994
Overall ap- 0.0991 0.1004 0.0966 0.0961
proved

Average tariff  0.0986 0.0986 0.0986 0.0986

Source: AfDB®

SMALL HYDROPOWER SECTOR
OVERVIEW

In Zimbabwe, SHP is defined as hydropower with an in-
stalled capacity of up to 30 MW.*> Based on the up to 10 MW
definition, Zimbabwe had an installed SHP capacity of 16.1
MW (grid-connected and off-grid) as of December 2020.” The
total potential capacity for SHP up to 10 MW is estimated at
120 MW according to MoEPD, which includes both reservoir
and run-of-river sites!® Compared to the World Small Hy-
dropower Development Report (WSHPDR) 2019, the potential
capacity remained the same, whereas the installed capacity
increased by 6 per cent (Figure 4). The total installed ca-
pacity for SHP up to 30 MW in Zimbabwe is 31.35 MW, which
includes a 15.25 MW power plant not included under the up
to 10 MW definition of SHP>"e”

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Zimbabwe (MW)

120.0
120.0
120.0
120.0

Potential
Capacity

Installed
Capacity

Source: MoEPD,"®* WSHPDR 2019,” WSHPDR 2013, WSHPDR 2016"
Note: Data are for SHP up to 10 MW.

The off-grid systems, which are community-owned and have
been sponsored by the non-governmental organizations
Practical Action and Oxfarm, reached an operational capac-
ity of approximately 400 kW by 2017'® The grid-connected
SHP plants are privately owned by IPPs, which include Nyan-
gani Renewable Energy (NRE), Kupinga Renewable Energy
(KRE) and Bonemarrow Investments. These have separate
Power Purchase Agreements (PPAs) with ZETDC as the sole
owner and operator of the national grid (Table 4).78
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A number of SHP projects are currently under development
(Table 5).

Table 4. List of Operational Small Hydropower Plants in
Zimbabwe

Ca-
. .. Plant Launch
Name Location pacity tvpe Operator ear
RUn-of- Nyangani Re-
Pungwe B Nyanga 15.3 . newable Energy 2014
river
(NRE)
RUN-of- Nyangani Re-
Pungwe C  Nyanga 3.8 X newable Energy 2016
river
(NRE)
RUN-of- Nyangani Re-
Pungwe A Nyanga 2.8 . newable Energy 201
river
(NRE)
__¢Nyangani Re-
Hauna Nyanga 2.3 Ru.n of newable Energy 2017
river
(NRE)
__¢Nyangani Re-
Duru Nyanga 2.2 erjir\]/e(;f newable Energy 2010
(NRE)
RUN-of- Nyangani Re-
Tsanga B Nyanga 21 . newable Energy 2018
river
(NRE)
__ ¢ Kupinga Re-
Kupinga Nyanga 1.6 Ru.n of newable Energy 2017
river
(KRE)
RUN-of- Nyangani Re-
Nyamingura Nyanga 1.1 . newable Energy 2010
river
(NRE)
Claremont Nyanga 0.3 Run-of-  Bonemarrow
river Investment

Source: ZERAY

Table 5. List of Ongoing Small Hydropower Projects in
Zimbabwe

Ca- Stage of
Loca- pac- Plant 9
Name . . Developer develop-
tion ity  type ment
(Mw)
Tsanga A Nyanga 2.7 Run-of- Nyangani Renew- Construc-
river able Energy (NRE) tion
Tsanga C Nyanga 2.2 Run-of- Nyangani Renew- Construc-
river able Energy (NRE) tion
Rusitu Nyanga 1.0 Run-of- Rusitu Power Construc-
river Cooperation tion
Great Zim- Masv- 5.0 Inland GreatZimbabwe Licensed
babwe Hy- ingo dam Hydro Private
dro Power Limited
Plant

Source: ZERAY

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

Funding is required to update pre-feasibility and feasi-
bility studies on several sites especially the inland dam
sites. Partnerships and investors for the sites are welcome
to boost electricity supply security in the country. Sites
will be made available to potential investors and partners
(Table 6).8

Table 6. List of Selected Small Hydropower Projects
Available for Development

Potential Type of site (new/
Name Location  capacity {gfurbishment)
(Mw)
Tokwe Mukosi Mwenezi 15.0 Inland dam, new
Orsbone Nyanga 3.0 Inland dam, new
Odzani 0Odzi 2.4 Run-of-river, new
Nyahonde Nyanga 1.7 Run-of-river, new

Immaculate Tech-
nology

Masvingo 1.6 Inland dam, new

Source: ZERA

Note: List compiled in 2021.

RENEWABLE ENERGY POLICY

Since the establishment of the Electricity Act of 2002, IPPs
have been allowed to develop power generation plants.?
There is also a National Energy Policy (NEP) that was
launched in 2012, which summarizes the potential of SHP in
the country and encourages the increased use of renewable
energy sources in the country’s energy supply mix.' The NEP
is also supported by the country’s economic blueprint, the
Zimbabwe Agenda for Sustainable Socio-Economic Trans-
formation (ZIMASSET). The ZIMASSET was succeeded by
the Transitional Stabilization Programme (TSP), which was
launched in 2018 and ran from October 2018 to December
2020. The focal areas of the TSP included: stabilization of
the macro-economy and the financial sector; introduction
of necessary policy and institutional reforms to transform
to a private sector-led economy; and launch of ‘quick-wins’
to stimulate growth.”’ The TSP was underpinned by Vision
2030 Towards an Upper Middle-Income Country. Vision 2030
will be implemented in two phases with the first National
Development Strategy launched in 2020 to run from 2021
until 2025.2 The above documents do not elaborate much
on the development of renewable energy sources, such as
SHP. The country now has a National Renewable Energy Pol-
icy (REP) in place which was launched in 2019.” The REP pro-
motes investment in renewable energy sources, including
SHP as well as both on- and off-grid projects.”

Zimbabwe, through the Ministry of Environment, Water and
Climate (MEWC), has prepared and submitted the Third Na-
tional Communications to the United Nations Convention on
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Climate Change (UNFCCC). A Climate Change Response Strat-
egy was developed for the country, as well as a Climate Pol-
icy.? The country also ratified the Paris Agreement and has
submitted Nationally Determined Contributions (NDCs), with
hydropower development as one of the measures aimed at
the mitigation of, and adaptation to, climate change effects.
It is also worth noting that future hydropower development
in Zimbabwe will need to ensure robustness and capability
for survival against climate change effects.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

There is no particular regulation or legislation targeting SHP
development in Zimbabwe. The sector is governed by the
same laws that apply to fossil fuels and other renewable en-
ergy sources. The principal law is the Electricity Act of 2002
supported by the Energy Regulatory Act of 2011. There are
also the Electricity Licensing Regulations of 2008 amended
by Statutory Instrument 55 of 2015. In 2018 the net-metering
regulations also came into force.”

COST OF SMALL HYDROPOWER
DEVELOPMENT

SHP projects in Zimbabwe have been developed mostly by
private players and on a case-by-case basis. Therefore, the
findings of feasibility studies as well as data on develop-
ment costs are owned by the private developers.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

The Infrastructure Development Bank of Zimbabwe (IDBZ)
in 2019 called for a bid for consultancy to carry out feasi-
bility studies for the Odzani power plant on the Odzani Riv-
er2* However, there is no record of the finalization of the
procurement process. ZERA developed some feed-in-tariffs
(FITs), which have yet to be approved by the Government.”
The REP has a policy statement for all SHP projects within
a capacity of 30 MW to be procured through FITs once they
are approved.”

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Even though hydropower development is listed among the
mitigation solutions for climate change, at the same time
the sector is also at risk of being affected negatively by
changes in rainfall patterns. Some negative effects have
already been witnessed, as reduced water levels affected
power generation at the Kariba hydropower plant during
certain seasons over recent years.® Some climate records
in the country have demonstrated that Zimbabwe is already
experiencing the effects of climate change, especially rain-

fall variability. The induced water stress threatens to reduce
the runoff necessary to sustain SHP plants, especially the
run-of-river ones.”

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Policies and regulations have a bearing on the rate of SHP
development in the country. From 2011, when ZERA came
into existence, followed by the NEP, the trend of SHP devel-
opment has been on the rise. A greater impact is expected
with the REP in place and a procurement framework being
worked on by MoEPD.?

The following are the main barriers to SHP development in
Zimbabwe:

+ The effects of extreme weather conditions;

+ Lack of FITs and standard procurement methods: cur-
rently tariffs are negotiated on a case-by-case basis;

+ High costs of local funding: local banks offer short-
term loans at high interest rates;

+ Difficulties in accessing foreign funding by most po-
tential developers: very few IPPs have managed to
reach financial closure for an SHP project;

+ Lack of funding for feasibility studies to ensure the
bankability of projects: most project sites fail to at-
tract funding due to the unavailability of bankable
feasibility studies;

+ No locally manufactured equipment: all turbines, gen-
erators and control equipment are imported.

The development of SHP in Zimbabwe is expected to be fur-
ther enabled by the REP and the net-metering regulations
which are now in place.
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1.2. Middle Africa

Countries: Angola, Cameroon, Central African Republic, Congo, Democratic
Republic of the Congo, Equatorial Guinea, Gabon, Sao Tome and Principe

INTRODUCTION TO THE REGION

Middle Africa is well-supplied with water resources and hydropower is the primary source of electricity generation for
most countries in the region. The exceptions include Sao Tome and Principe and Congo, which rely heavily on thermal
power, and Gabon, which is well-supplied with domestic fossil fuel resources and where thermal power forms the
mainstay of electricity generation along with hydropower. In other countries in the region, thermal power plays a
supplementary role, providing a very significant share of installed capacity but contributing only a small share of total
electricity generation. Renewable energy resources other than hydropower are represented mainly by solar power and
bioenergy, although their contribution to electricity generation is minor.

In many countries in the region, nationwide electricity access stands at less than 50 per cent, with very significant
disparities between urban and rural areas across the entire region apart from Sao Tome and Principe. The lack of
electricity access in such countries as Angola and the Democratic Republic of the Congo, both major electricity producers,
highlights the insuf-ficient connectivity and reliability of the transmission and distribution networks, with transmission
and distribution losses in some countries reaching 40 per cent of total generation. In this context, distributed power
generation could potentially have a positive impact on regional rates of electricity access.
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An overview of the electricity sectors of the countries in the region is provided in Table 1.

Table 1. Overview of Middle Africa

Total popula-  Electricity Electricity = Hydropower in-  Hydropower

Electricity Total installed

Country tion (million  access, total access, rural . generation stalled capacity  generation
people) (%) (%) capacity (MW) (GWh/year) (Mw) (GWh/year)
Angola 31 46 7 5,931 17,777 3,729 12,562
Cameroon 27 65 25 1,547 7,006 950 5,230
Central African Republic 5 32 16 A 157 19 148
Congo 6 48 13 794 2,988 228 872
Eheemc‘:fn'ggc Republic of 90 19 1 2,802 9,990 2,750 9,855
Equatorial Guinea 1 67 7 406 479 127 448
Gabon 2 93 63 632 2,332 332 981
Sao Tome and Principe 0.2 76 7 39 110 2 5
Total - - - 12,193 - 8,137 -

Source: WSHPDR 2022

Note: Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may vary.

REGIONAL SMALL HYDROPOWER OVERVIEW

In the Middle Africa region, the definition small hydropower (SHP) as hydropower plants with an installed capacity of up to
10 MW is adhered to by Angola, the Central African Republic, the Democratic Republic of the Congo, and Sao Tome and Princi-
pe. Additionally, in Angola the up to 50 MW definition is used on occasion. In Cameroon, SHP is defined as plants up to 5 MW
in the context of rural electrification programmes. No official definition of SHP exists in Congo, Equatorial Guinea and Gabon.

A comparison of installed and potential SHP capacities in the region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Middle Africa (MW)

Installed Potential

Country l(-j(;]c‘sqlifi’;ﬁ capazigé )( local capaz'g/{ )( local Insta(léig ,cwavp‘)/;zc:ty POte?;%l &%ac:ty
Angola Up to 10 MW 46.1 600.0 46.1 600.0
Cameroon Up to 5 MW 1.5 N/A 1.5 970.0
Central African Republic Up to 10 MW 18.8 41.0 18.8 4.0

Congo N/A N/A N/A 0.0 70.5
gs:‘g‘;”atic Republic of the Up to 10 MW 56.0 100.9 56.0 100.9
Equatorial Guinea N/A N/A N/A 75 31.9

Gabon N/A N/A N/A 6.0 518.1

Sao Tome and Principe Up to 10 MW 19 63.8 1.9 63.8

Total - - - 137.8 2,396.2

Source: WSHPDR 2022

The total installed capacity of SHP up to 10 MW in Middle Africa is 137.8 MW, while the potential capacity is estimated at
2,396.2 MW. Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity has in-
creased by 21 per cent, largely due to more accurate data becoming available on the total capacity of SHP plants in Angola.
Small increases in installed capacity were also observed in Cameroon and Gabon, while in the rest of the region installed
SHP capacity either remained the same or actually declined. The estimate of potential capacity increased by 29 per cent,
largely due to the availability of new data on the technical SHP potential in Gabon.
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SHP plays a particularly important role in the Central African Republic and Sao Tome and Principe, where it accounts for 100
per cent of installed hydropower capacity. In other countries in the Middle Africa region, the hydropower sector is dominat-
ed by large-scale plants and the contribution of SHP to the generation of electricity is relatively small. Recent activities in
the SHP sector in the region have mainly focused on the rehabilitation of existing SHP plants, although one new plant was
commissioned in 2021 in Cameroon.

The national share of regional installed SHP capacity by country is displayed in Figure 1, while the share of total national SHP
potential utilized by the countries in the region is displayed in Figure 2.

Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Middle Africa (%)

Sao Tome and
Principe 1%
Gabon 4%W r Cameroon 1%
Equatorial
Guinea 5%

Central African

Republic 14% Democratic Republic

of the Congo 41%

Angola 34%

Source: WSHPDR 2022

Note: Congo not included due to a lack of SHP capacity.

Figure 2. Utilized Small Hydropower Potential up to 10 MW by Country in Middle Africa (%)

100%
90%
80% Il Additional SHP potential
70%
60%
50%
40%
30%
20%
10%

0%

M Installed SHP capacity

Democratic Republic
of the Congo
Central African
Republic
Equitorial Guinea
Angola

Sao Tome

and Principe
Gabon
Cameroon

Congo

Source: WSHPDR 2022"

The installed capacity of SHP up to 10 MW in Angola is 46.1 MW, while the potential capacity is estimated at 600 MW, indicat-
ing that nearly 8 per cent has been developed. The identified potential is contained in 100 different sites identified in 2015
as part of the country’s Energy Strategy to 2025. Of these, at least six have been selected for priority investment by 2025.

In Cameroon, the installed capacity of SHP up to 10 MW is 1.5 MW, accounted for by a single SHP plant. The country’s SHP
potential is estimated at 970 MW, indicating that less than 1 per cent has been developed, but no detailed assessment of
existing sites is available. One SHP project with an installed capacity of 2.9 MW is under development, but its commissioning
was stopped due to the civil war.

The Central African Republic has an installed capacity of 18.8 MW for SHP of up to 10 MW, while estimated potential capacity

is 41 MW, indicating that 46 per cent has been developed. The country has two SHP plants in operation, while construction of
a third plant with a capacity of 10 MW was suspended due to political instability, and the plant is in need of rehabilitation.
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At least 15 sites suitable for SHP development have been identified in the country, and the construction of one additional
SHP project is ongoing as of 2021.

There is no installed SHP capacity in Congo. The potential capacity for SHP has been most recently estimated at 75 MW and
is entirely undeveloped. At least 27 potential SHP sites have been identified throughout the country, with capacities ranging
between 6 kW and 10 MW. Several feasibility studies of potential SHP sites supported by various international institutions
have been recently completed, and a number of additional studies were either ongoing or in the planning stages as of 2021.

In the Democratic Republic of the Congo, the installed capacity for SHP of up to 10 MW is 56 MW, while potential capacity
is estimated at 100.9 MW, indicating that 55 per cent has been developed. No new SHP construction has taken place in the
country in the last several years, although five new SHP projects were in the planning stages as of 2021.

The installed capacity for SHP of up to 10 MW in Equatorial Guinea is 7.5 MW, while potential capacity is estimated at 31.9
MW, indicating that nearly 24 per cent has been developed. There are three operational SHP plants in the country, with the
largest one, the 3.8 MW Riaba SHP plant, operating at only a fraction of its installed capacity and in need of extensive repairs
and upgrades. At least 36 potential SHP sites have been identified in the country and detailed evaluations of the sites are
ongoing.

Figure 3. Change in Installed Capacity of Small Hydropower up to 10 MW from WSHPDR 2013 to WSHPDR 2022 by Country in
Middle Africa (MW)
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Source: WSHPDR 2022, WSHPDR 2013,> WSHPDR 2016,> WSHPDR 2019*

Gabon has an installed capacity of 6 MW for SHP of up to 10 MW, provided by three SHP plants. The potential capacity is
estimated at 518.1 MW, indicating that approximately 1 per cent has been developed. Recent activity in the SHP sector in the
country has been limited to the refurbishment of existing plants and updated studies of the country’s SHP potential.

In Sao Tome and Principe, the installed capacity for SHP up to 10 MW is 1.9 MW while potential is estimated at 63.8 MW,
indicating that approximately 3 per cent has been developed. There is only one operational SHP plant in the country, while
three others have been decommissioned and are in need of extensive refurbishment or reconstruction. Thirty-four potential
SHP sites have been identified in the country, but no new SHP projects are currently planned.
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Changes in the installed capacities of SHP up to 10 MW in the countries in the region compared to the previous editions of
the WSHPDR are displayed in Figure 3.

Climate Change and Small Hydropower

Countries in the Zambezi River basin, which includes Angola, have already experienced climate change, especially rainfall
variability. The projected continuous rise in evaporation and evapotranspiration due to increased temperatures could spur
higher water stress in the region. However, the impacts on runoff are yet uncertain.

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

The main barriers to SHP development in Angola are the lack of stability in regulations governing asset ownership, the
awarding and return of concessions, land acquisition and power purchase agreements, as well as a general lack of experi-
ence with investor relations, public-partner partnerships and Build-Operate-Transfer schemes. Additionally, the country has
limited technical expertise in the SHP sector, with large hydropower taking precedence in national development.

At the same time, the large untapped SHP potential in the country and favourable topography, a multitude of identified
SHP sites offer many opportunities for investment in the sector, particularly in light of increasing access to international
financing.

Obstacles to SHP development in Cameroon include a lack of detailed assessments of SHP potential, lack of financing, un-
reliable infrastructure and an absence of local capacity for manufacturing electromechanical equipment. Enablers include
the very significant untapped SHP potential in the country, increasing momentum in favour of renewable energy resource
development and the strong need for rural electrification.

SHP development in the Central African Republic is hampered by a lack of incentives, monopolization of the electricity
sector, which discourages investors, lack of technical capacity, limited financial resources and political unrest. However, the
topography and hydrology of the country are overall favourable for SHP and projects can be undertaken with the support of
a number of international institutions and financing mechanisms that have a presence in the country.

In Congo, barriers to SHP development include a lack of incentives and technical capacity, high cost of electricity transmis-
sion, gaps in the legal and regulatory framework regarding SHP, and expected decreases in river flow during the dry season,
which could undermine the viability of run-of-river plants. The main enablers for SHP development in the country are the
untapped SHP potential and a relatively liberalized electricity market.

The development of SHP in the Democratic Republic of the Congo is held back by the weak enforcement of the institutional
and regulatory framework for private investment in the energy sector, high cost of development, lack of affordable financial
mechanisms, lack of a renewable energy policy and focus on large-scale generation. The liberalization law passed in 2014
could act as an incentive for SHP development if properly enforced, allowing the country to take advantage of its substantial
untapped SHP potential.

The main barrier to SHP development in Equatorial Guinea is the high cost of SHP relative to other energy sources, in par-
ticular subsidized fossil fuels, as well as lack of incentives for renewable energy and lack of detailed data on potential sites.
The main enablers are the remaining untapped SHP potential and interest in SHP development in the country on the part of
international development institutions.

Barriers to SHP development in Gabon include inadequate infrastructure, lack of local expertise, high costs and excessive
bureaucratization. However, the regulatory environment for private investment is expected to improve and the country is
aiming to transition from an oil-based economy to one reliant on renewable energy. The SHP sector is expected to benefit
from the system-scale approach outlined in the Government’s planned changes to the licensing process for hydropower
projects, and be able to take advantage of the recently-identified and large SHP potential.

The main barrier to SHP development in Sao Tome and Principe is the lack of an institutional framework and policy mech-
anisms that would enable the realization of the country’s identified SHP potential. However, SHP is seen as a promising
solution for extending electricity access to the country’s rural and remote areas, as well as decreasing its heavy reliance on
fossil fuels.
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KEY FACTS

31,127,674 (est. 2020)"

1,246,700 km? 2

The topography of Angola is characterized by a narrow coastal plain in the west from which rise bro-
ad tablelands lying at over 1,000 metres above sea level, a high plateau in the centre and mountain
ranges to the south reaching up to 2,400 metres. The highest point is Mount Moco, at 2,620 metres
above sea level, in the Huambo Province.>*

The climate in Angola is tropical, with a warm rainy season from September to May and a cooler dry
season from June to August. The country is divided into two climatic regions, the coast and interior.
The annual average temperature ranges between a minimum of 17°C and a maximum of 27 °C.2

Based on historical data, the mean temperature increased by 1.5 °C from 1960 to 2016. The frequency
of hot days increased, while cold days decreased in the period of 1960-2003. The mean annual pre-
cipitation has been decreasing, at an average rate of 2 mm per decade. A greater decrease in late
summer precipitation and increase in precipitation variability in the central-south transition area
have also been observed. Climate models have predicted a continuous increase in temperature.
From 2040 to 2059, an increase of 2 °C is projected, with rapid warming to take place in the interior
and eastern parts of the country. There is a wide range of predictions for the change in precipitation
across the country, with the predominant prediction indicating a decrease of mean annual precipi-
tation by almost 14 mm (CMIP5 projections, RCP 8.5, Ensemble). However, the annual maximum 5-day
rainfall for a 25-year period return is expected to rise by 15 mm.>¢

The cooler months in Angola (June-August) are very dry, with almost no rainfall. The wet season (Oc-
tober-April) receives between 100 mm and 250 mm of rainfall per month.The total rainfall decreases
from north-east towards south and the western coast. Annual rainfall averages 984 mm 245

Most of the rivers in Angola rise in the central mountains, draining in all directions. The perennial
rivers are concentrated in the north and centre, while in the south there are only three perenni-
al rivers: the Cunene, Cuando and Cubango. Of the many rivers draining into the Atlantic Ocean,
the most important ones are the Cuanza and Cunene. Other major rivers include the Cuango, drai-
ning northwards to the Congo River system, as well as the Cuando and Cubango Rivers, draining
south-eastwards to the Okavango Delta in Botswana. There are no sizable natural lakes in Angola.*”

ELECTRICITY SECTOR OVERVIEW

Electricity generation in Angola in 2019 was 17,777 GWh. Ap-  from thermal power and another 1 per cent from bioenergy
proximately 71 per cent of this total was from hydropower,  and solar power plants (Figure 2). The increase in capacity in
almost 28 per cent was produced by oil- and gas-fired ther-  recent years mainly originated from the hydropower plants
mal power plants and approximately 1 per cent was from  of Cambambe 2 and Ladica, with 960 MW and 1,670 MW (five
bioenergy and solar power (Figure 1).8 units out of six already commissioned), respectively, and the

thermal combined-cycle power plant of Soyo, with 500 MW.°

Figure 1. Annual Electricity Generation by Source in Angola

in 2019 (Gwh)

Figure 2. Installed Electricity Capacity by Source in Angola
in 2020 (Mw)

Hydropower | 3,729

Thermal Power | 2,137
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Source: IRENA®

Hydropower e 12,562
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Source: IRENA®

In 2020, the total installed capacity of Angola reached 5,931
MW, of which 63 per cent was from hydropower, 36 per cent
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In 2019, 45.6 per cent of the population of Angola had ac-
cess to electricity, with almost 74 per cent access in urban
areas, while the most recent data from the World Bank in-
dicate that only 7.3 per cent of rural areas had access to
electricity in 2018 (Figure 3).° The rate of electrification is
not homogeneous throughout the country! The National
Company for the Distribution of Electricity (ENDE) had a
total of 1,585,000 clients in 2018 divided into residential,
services and industrial consumers. For comparison, in 2015
ENDE served 1,275,468 clients. Of the customers served by
ENDE, approximately 200,000 were provided with electricity
through prepaid meters.>?

Figure 3. Electrification Rate in Angola in 2018 (%)

Total 45.6%
Rural7.3%

Source: World Bank™

The electricity consumption in Angola reached 11.6 TWh,
in 2020.® According to United Nations Statistics Division
(UNSD) data, between 2014 and 2018 electricity consumption
increased by 24 per cent. In 2018, households accounted for
59 per cent of total consumption and losses amounted to 12
per cent With uneven electrification, the consumption is
concentrated in the northern region.*

The Regulatory Institute for Electricity and Water (IRSEA)
was established in 2016 by Decree No. 59/16, transferring
all rights and obligations from the Regulatory Institute for
Electricity Sector (IRSE). The role of IRSEA is to regulate ac-
tivities of production, transport, distribution, sale and use
of electricity in the Public Electricity System (SEP) as well as
to regulate the commercial relationship between SEP and
agents that are not linked to it The design principles of
this established model aim to develop a competitive pro-
cess for both public and private generation and to establish
an Independent Transmission Operator, which will also act
as a single buyer for all electricity generated in the SEP*

The electricity tariff categories are approved by Presidential
Decrees No. 4/11 and No. 178/20 and defined by Executive
Decree No. 122/19, which provides the basis for the calcula-
tion of tariffs. The rates are composed of two components,
one based on the power and the other one based on con-
sumption. The low voltage tariff rates are within the range
of 2.46-14.74 AOA/kWh (0.004-0.026 USD/kWh), medium
voltage rates are 9.61-11.54 AOA/kWh (0.017-0.020 USD/kWh)
and the high voltage rate is 7.31 AOA/kWh (0.013 USD/kWh)
(Table 1)1

Table 1. Electricity Tariffs in Angola

Consumption
Power component

Category (A0A (USD) per ni) mpCen (40K
Low voltage

Social household 1 0 2.46 (0.004)
Social household 11 80.00 (0.120) 6.41(0.011)
Street lighting 45,00 (0.080) x pc 7.05 (0.012)

Single-phase household  90.00 (0.160) x pc ~ 10.89 (0.019)

Three-phase household  100.00 (0.180) x pc ~ 14.74 (0.026)

Commerce and services  100.00 (0.180) x pc  14.74 (0.026)

Industry 100.00 (0180) x pc ~ 12.82 (0.023)

Medium voltage

Commerce and services  160.00 (0.280) x P 11.54 (0.020)

Industry 160.00 (0.280) x P 9.61(0.017)
High voltage

Industry 115.00 (0.200) x P 7.31(0.013)
Distributors 115.00 (0.200) x P 7.31(0.013)

Source: IRSEA®

Note: pc — contracted power (kVA), P — the maximum point of 15
consecutive minutes (kW).

Presidential Decree No. 256/11, defining the National Policy
and Strategy for Energy Security, established goals for the
electricity sector until 2025 For its implementation, short-
term plans were defined. The plan for 2013-2017 fell short
of what was initially planned. The following, 2018-2022 ac-
tion plan has three development programmes and subpro-
grammes, which include the expansion of electricity access
in urban areas, municipalities and rural areas; the optimiza-
tion and sustainable management of the electricity sector;
and private participation in the production and distribution
of electricity.*"

SMALL HYDROPOWER SECTOR
OVERVIEW

The common definition of small hydropower (SHP) in Angola
is up to 10 MW, although plants of up to 50 MW are often
referred to as SHP as opposed to large hydropower of up
to 1,000 MW and 2,000 MW. The installed capacity of SHP in
Angola amounts to 46.1 MW (Table 2), indicating a significant
increase since the World Small Hydropower Development
Report (WSHPDR) 2019 (Figure 4). The estimated potential
capacity, as identified by the Angola Energy Strategy 2025
of the Ministry of Energy and Water (MINEA), is 600 MW from
100 different sites® A list of known planned SHP projects is
presented in Table 3.

Figure 4 presents a summary of SHP data made available
by the National Water Resources Information System (INRH)
and the Public Electricity Production Company (PRODEL-
EP)1920 However, this list has not been updated since the
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publication of the WSHPDR 2019, providing the same esti-
mate of SHP installed capacity of 131 MW as reported in the
previous edition. Additionally, it is also known that ENDE
manages SHP plants of up to 5 MW each, with a total in-
stalled capacity of 33 MW." The sum of these two figures
gives the installed capacity of 461 MW. The significant in-
crease in SHP installed capacity since the previous edition
of the report may be related to the uneven dispersion of
information, in addition to the new investments made in
this sector.

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Angola (Mmw)

Potential
Capacity 861.0
nstalled 46.1 [l WSHPDR 2022
nstatte 13.1
Capacity | 12.9 Il WSHPDR 2019
10.0 Il WSHPDR 2016

WSHPDR 2013

Source: WSHPDR 2019,* Gesto," National Energy Atlas,® INRH,” PRODEL-
EP2° WSHPDR 2013, WSHPDR 2016*

Note: Data for SHP up to 10 MW.

Angola has a significant hydropower potential. However, the
development and rehabilitation of power plants have not
succeeded in keeping the supply in line with the expanding
demand. The technical potential is estimated at approxi-
mately 80 TWh/year and the economic potential is 72 TWh/
year (18 GW). Information on SHP potential in the country
was assembled in the Atlas of the Hydropower Resource.82

Table 2. List of Selected Operational Small Hydropower
Plants in Angola (up to 50 MW)

Name Location Ca(f\)ﬂavss'ty
Lomaum Benguela 50.0
Matala Huila 40.8
Mabubas Uige 25.6
Chicapa Lunda Sul Province 16.0
Biopio Benguela 15.2
Chiumbe Dala Lunda Sul Province 12.0
Cunje Il Bié 75
Luquixe Il Uige 21
Cunje | Bié 1.6
Rapidos do rio lifune Nmt))(t;ﬁ?ag:;go, 11
Cuando Huambo 1.0

Source: INRH,” PRODEL-EP?

Table 3. List of Selected Planned Small Hydropower
Projects in Angola

Capacity Stage of develop-

Name Location (MW) ment

Luachimo Lunda Norte 8.4 Works ongoing

Luquixi Uige 21 Rehabilitation

Source: INRH,”” PRODEL-EP*

The national plan for the electricity sector up to 2025 in-
tends to develop new SHP plants for achieving the renew-
able energy installed capacity targets and to promote elec-
trification of isolated rural areas™® From the 100 potential
locations identified for SHP by MINEA, seven were selected
with potential to supply nine municipal townships through
isolated systems, including the Cutato, Quedas de Kaquina
and M’Pupa Rapids SHP plants.>?? The 2025 Angola Power
Sector Long-Term Vision lists the priority investments for
the 2018-2025 horizon, with several potential SHP projects
identified for priority investment (Table &). Other poten-
tial sites not identified in the long-term vision also remain
available for SHP development (Table 5).

Table 4. Small Hydropower Sites Prioritized for Investment
for the 2018-2025 Horizon

Capacity  Total Investment

Name (Mw) (USD million)
Andulo 0.5 31
Kuito 2 0.6 37
Kuando 2.0 12.4
Liapeca 4.0 24.8
M’'Bridge 4.6 28.4
Other ongrid 48.0 240.7
Cuemba (off-grid) 0.5 31
Other off-grid 28.3 220.5

Source: MINEA”

Table 5. List of Small Hydropower Projects Available for
Investment

Potential Type of site

Name Location capacity (new/refur-
(Mw) bishment)

F.Caala Balombo 1.22 New

Balombo Balombo 9.60 New

Freitas morna Ambriz, Bela vista 8.00 New

Rapidos do rio Nambuangongo, New

. 1.06

lifune Muxaluando

Bocoio Bocoio 2.58 New

Source: National Energy Atlas®™
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RENEWABLE ENERGY POLICY

The Electricity Sector Transformation Programme (PTSE) is
a result of the National Policy and Strategy for Energy Se-
curity and is divided into four implementation phases, the
latest being over the period 2021-2025. It proposed a power
sector reform involving three different measures: diagno-
sis, mobilization and change management; electric sector
restructuring; and operational and functional improvement
of public companies, implemented from 2012 to 2016. The
studies conducted by this programme also recommend the
incentivized participation of the private sector in renew-
able energy development in rural areas via feed-in tariffs
and a partial liberalization of distribution systems and the
energy sector, including full participation of independent
power producers (IPPs) and the improvement of the energy
mix.*?5?¢ This is proposed to be implemented until 2025.%
Recently, in 2021, a law was established for independent
energy production.

The restructuring of the electricity sector began in 1996, with
the publication of the General Electricity Law 14-A/96, which,
together with the Energy Security Policy of 2011, paved the
way for the publication of new regulations essential for the
energy market, and the amendment of the General Electric-
ity Law, Law No. 27/15. Laws and Regulations published to
establish the legal regime for the exercise of the activities of
generation, distribution and supply of electricity, including
by IPPs, are:
+ General Electricity Law No. 14-A/96;
+ General Electricity Law No. 27/15;
 Electricity Production, Transport, Distribution and
Commercialization Activities Regulation, Presidential
Decree No. 76/21;
+ Electricity Supply Regulation, Presidential Decree No.
27/07;
+ Regulation of Independent Electric Energy Production,
approved by Presidential Decree No. 43/21;
+ Regulation on the licensing of facilities for the use of
electricity, Presidential Decree No. 40/04;
+ Regulation of Electricity Production, Transport and
Distribution facilities, Presidential Decree No. 41/04;
+ Private investment law, Presidential Decree No.
10/215%

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

In early 2021, some changes were made in the regulatory
framework of Angola which encourage the renewable en-
ergy sector, namely Decrees No. 76/21 and 43/21.° Further-
more, the Government of Angola has a specific decree for
the model of concession contracts and the purchase and
sale of electricity for SHP projects (No. 82/10). This is a le-
gal instrument for public-private partnerships, aiming at the
launch of the public tender for SHP and associated trans-
port systems, as part of MINEA's intention to promote access
to electricity in the isolated locations of the country.

The high-potential SHP sites identified under the Angola
Energy Strategy 2025 programme are to be further studied.
These feasibility studies aim to launch tenders for a total of
100 MW in mini- and small-scale hydropower projects.”

COST OF SMALL HYDROPOWER
DEVELOPMENT
The mean cost of SHP installed in Angola is estimated at

approximately 6.2 million USD/MW (Table 6), with the values
being based on the Angola Energy 2025 strategy.®

Table 6. Estimation of Small Hydropower Development
Costs in Angola

Name Cost (million USD/MW)
Andulo 6.20
Kuito 2 6.7
Kuando 6.20
Liapeca 6.20
M’'Bridge 6.7
Cuemba 6.20

Source: MINEA™

FINANCIAL MECHANISMS FOR SMALL
HYROPOWER PROJECTS

The Angola action plan for the energy sector 2018-2022
mentions that the main sources of financing of energy sec-
tor projects are: the Public Investment Programme (ordinary
revenue of the treasury or the external and internal fund-
ing); revenues and financing of companies in the sector; or
private investment with contingency guarantees." Some pol-
icies are planned to be defined in Angola, including financial
incentives, such as:

+ Agreement for power purchase (PPAs) with feed-in tar-

iffs over a reasonable period of time;
 Setting rates of return-on-investment for capital;
+ Tax reductions (e.g., on income tax and imports).

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The climate projections predict a continuous temperature
increase of approximately 2 °C from 2040 to 2059. This in-
crease will lead to a rise of evaporation and evapotranspi-
ration. The loss of water by evaporation in a reservoir can
reduce the attractiveness of storage SHP plants. Besides,
climate change will globally decrease mean annual precipi-
tation by approximately 13 mm in the same timeframe. The
impact that increased temperature and evapotranspiration
may have on runoff is yet uncertain and must be closely
monitored since it may reduce the availability of water for
SHP operation.
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are still several barriers to SHP dissemination in An-
gola, including:

+ Limited experience of developing energy projects with
private investors, as IPPs under Build-Operate-Trans-
fer (BOT) or similar arrangements, as well as in the
form of public-private partnerships;

+ Lack of stability in the rule of law and governance, for
asset ownership, concession award and return, land
acquisition, claim management, power purchase/sell-
ing and unpaid bills retrieval;

+ Deficient long-term financial models for providing af-
fordable renewable energy to customers;

+ Limited availability of technologies for mini, micro-
and pico-hydropower;

- Fragile operation and management framework, re-
garding norms and standards and human resources
capacity;

+ Power purchase agreements priced in the local cur-
rency.»?

Nonetheless, there are also several enablers to SHP devel-
opment in the country:
+ Political will to facilitate investment in the energy sec-
tor;
+ Favourable topography and water availability for SHP
development;
+ Increased presence of international financial institu-
tions following the peaceful transition in presidential
power in 2017.
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Cameroon

Joseph Kenfack, National Advanced School of Engineering

KEY FACTS

27,224,262 (2021)'

475,440 km?

Four geographical regions can be distinguished in Cameroon. The northern region is occupied by a
savannah plain sloping down towards the Chad Basin. The central region is a transitional area bet-
ween the western and northern regions and is dominated by the Adamawa Plateau at 900-1,500 me-
tres above sea level. The north-western region consists of volcanic mountains reaching over 2,400
metres, with Mount Cameroon (4,095 metres) being the highest point in the country. Finally, the west
is occupied by lowlands reaching up to 600 metres above sea level.?

The climate differs between the north and the south of the country. In the south there are two dry
seasons, in November-March and in June-August, with mean temperatures ranging between 22 °C
and 29 °Calongthe coast. In the north, the dry season lasts from October to March and temperatures
range from 23 °Cto 26 °C.?

Climate change has significantly affected Cameroon and disrupted weather and precipitation pat-
terns, making trend predicting more complex. The observed effects include more frequent extreme
weather conditions, false starts to seasons, heavier rainfall and as a result floods as well as recur-
rent droughts, which, in turn, have resulted in the advancement of the desert. These impacts are
expected to become more severe as global warming continues. By 2100, the average annual tempe-
rature is predicted to see a 1.5-4.5 °C increase depending on the region.*

The average precipitation varies from 500 mm to approximately 3,000 mm, peaking at 10,000 mm at
Mount Cameroon.®

In the south of Cameroon, water flows towards the Atlantic Ocean or the Congo River catchment via
the Sangha River and in the north, towards the Benoue River or Lake Chad. Thus, the river system can
be broken down into four subsystems of different sizes. The Atlantic catchment is the largest of the
four subsystems, with the Sanaga River alone draining a catchment area of 135,000 km? and having a
plurennial flow reaching 2,000 m?/s at Edea. The Sangha catchment includes three tributaries of the
Sangha River, i.e., the Dja, Boumba and Kadei. The Sangha in its turn is a tributary of the Congo River.
The Benoue River, forming the Benoue catchment area, is the largest of the Niger River’s tributaries
with a plurennial flow of 250 m*/s. The tributaries of Lake Chad include the Vina and Mbere. Both
rivers form the western branch of the Logone, which runs into the Chari that feeds Lake Chad.®

ELECTRICITY SECTOR OVERVIEW

Total electricity generation in Cameroon in 2019 was approx- The country’s installed capacity is 1,547.3 MW, with

imately 7,006 GWh, of which hydropower accounted for al-
most 75 per cent, gas for almost 19 per cent, heavy fuel oil
(HFO) for 4 per cent and light fuel oil (LFO) for almost 3 per
cent (Figure 1)

Figure 1. Annual Electricity Generation by Source in
Cameroon in 2019 (GWh)

Hydropower 5,229.7
Gas
HFO

LFO

Source: Eneo’

hydropower accounting for 950 MW.2 Hydropower is the
main source of electricity generation. There are also
several thermal power plants sustaining generation in grid-
connected areas as well as operating off-grid. There are no
electricity imports or exports, however, there are plans to
connect Cameroon with Chad and Nigeria to mitigate the
high cost of electricity generation in these countries. In 2020,
the national electrification rate in Cameroon was nearly 65
per cent and the rural electricity access rate was 25 per cent
(Figure 2).510
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Figure 2. Electrification Rate in Cameroon in 2020 (%)

Total65%
Rural25%

Source: World Bank®™®

The Ministry of Water and Energy (MINEE) and the Electricity
Development Corporation (EDC) oversee the energy sector in
Cameroon. The Rural Electrification Agency (AER) promotes
rural electrification and the Electricity Sector Regulation
Agency (ARSEL) approves electricity tariffs and determines
electricity standards. The utility company Eneo is in charge
of electricity generation and distribution, while the National
Electricity Transport Company (SONATREL) manages the
electricity transmission network. Cameroon has three main
independentgrids: the southern, eastern and northern grids.
The electricity sector has been privatized since 1998. Kribi
Development Corporation (KPDC), Dibanba Development
Corporation (DPDC) and Memve’Ele are the most important
generation companies outside Eneo. Nachtigal Hydro
Company (NHPC) is constructing a 420 MW hydropower plant
and will be the biggest generation company after Eneo.

After commissioning the first small hydropower (SHP)
plants in the early 1930s, Cameroon switched to large-
scale hydropower development, with a number of plants
commissioned in the late 1980s. For several decades, no
new hydropower plants were commissioned in Cameroon
due to an unfavourable economic situation. Nonetheless,
hydropower remains the main source of electricity
generation in the country. However, there are also plans
to develop large-scale solar power plants to reduce the
currently high use or thermal power. The development of
SHP can also have a high positive impact on the country,
especially in rural and remote areas that experience such
issues as high voltage drops due to the long distances of
transmission and regular power shortages from selective
power cuts or the aging medium-voltage network. Overall, in
a developing country such as Cameroon, electricity demand
is always on the rise (estimated to grow at an average
annual rate of 4 per cent until 2040), to the point that the
development of energy infrastructure does not manage to
keep up, leading to selective power cuts even in large cities."

The role of foreign investment is crucial for the development
of the electricity sector in Cameroon. The ongoing generation
projects are mainly funded through foreign funds as the
national banking system provides very limited support to
investment in the sector due to high interest rates.

The electricity tariff system has remained unchanged since
2012. The rates are uniform all over the country and do not
vary throughout the year but depend on the voltage level

and the amount of energy consumed. Domestic consumers
pay between 50 CFA/kWh and 99 CFA/kWh (0.077-0.150 USD/
kWh)2 Current tariffs do not represent the actual cost of
electricity generation and are heavily subsidized by the
Government.”®

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of SHP in Cameroon, however,
there is a specific regulation for power plants of up to 5 MW
for rural electrification. For the purposes of this chapter, the
standard up to 10 MW definition will be followed.

In 2021, the 1.48 MW Mbakaou SHP plant was commissioned
(Table 1), increasing the installed SHP capacity in the country
compared to the World Small Hydropower Development
Report (WSHPDR) 2019 The Mbakaou plant became the first
SHP plant to be developed in the country in decades and
there are plans to further boost the SHP sector. The plants
developed in the early 1930s were abandoned because of
the grid extension from large-scale plants, but could be
rehabilitated. There might also exist other smaller-scale
plants developed by non-governmental organizations,
such as the 20 kW plant in Tchouadeng, however, there is
no accurate information on their installed capacity and
operational status® The total potential is estimated at
970 MW and remains unchanged compared to the previous
edition (Figure 3)¢

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Cameroon (MW)

970.0
970.0

Potential

Capacity 615.0
22.0
15 B WSHPDR 2022
Installed | 1.0 W WSHPDR 2019
Capacity | 0.5
oo [ WSHPDR 2016

WSHPDR 2013

Source: Afrik21,* WSHPDR 2019,® WSHPDR 2013,” WSHPDR 2016"

A detailed assessment of the SHP potential in the country
is yet to be carried out, however, new SHP projects are
most needed in the mountainous areas where the network
experiences high voltage drops. One project under
development is the 2.9 MW Ngassona plant (Table 2).

Table 1. List of Existing Small Hydropower Plants in
Cameroon

. Capacity  Head Launch
Name Location (MW) (m) vear
Mbakaou i ovaou 15 15 2021
Carriere

Source: Kenfack®
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Table 2. List of Planned Small Hydropower Projects in
Cameroon

Loca- Ca.— Head Devel- Planned Development
Name tion pacity (m)  oper launch stage
(Mw) year
Commis-
Ngas- B N
sona Massa 5o 45 apr nja Siomingbut
ka stopped due
(RUMPI) PE
to civil war

Source: Kenfack®

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

Table 3 shows a list of selected SHP sites available for
development.

Table 3. List of Selected Potential Small Hydropower
Projects Available for Investment in Cameroon

Potential Type of site

Name Location  capacity Head (m) (new/refur-

(Mw) bishment)
Manjo Manjo 4.6 24.3 New
Bafang Bafang 29 100 New
Batie Batie 1.6 115 New
Nchi Maron 1.2 50 New

Source: Kenfack®

RENEWABLE ENERGY POLICY

The climate change policy is monitored by the Ministry of
Environment in collaboration with other institutions. The
Government's policies regarding renewable energy are be-
ing enhanced by new regulations under preparation, includ-
ing plans and programmes relevant to SHP, especially the
funds for feasibility studies.

According to the National Development Strategy 2020-2030,
the country’s total installed capacity is to reach 5,000 MW
by 2030. The energy mix is to be based on hydropower, so-
lar photovoltaics, gas-based thermal power and biomass. In
the hydropower sector, the focus is on large-scale projects
that are to be realized via public-private partnerships (PPP)
or independent production. However, the Government will
also encourage the construction of mini-scale hydropower
to meet household demand for electricity. Legislation aimed
at stimulating domestic private investment in such projects
is to be developed.”

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP is governed by the same regulations as the entire elec-
tricity sector. However, specific government plans and pro-
grammes targeting SHP are highlighted in the framework
for rural electrification, especially for capacities below 5
MW. There are plans to review the legislation and regula-
tions related to titles awarded to new plants, including SHP
plants. The licensing process for SHP plants is the same
as for other technologies and requires all documents from
the feasibility studies, including the environmental impact
assessment (EIA).

COST OF SMALL HYDROPOWER
DEVELOPMENT

The total cost of the Mbakaou SHP project was approximate-
ly USD 6.9 million.®

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

While subsidies and other incentives and forms of financial
support can be obtained from the Government, SHP projects
usually rely on foreign funds. Many international institutions
are willing to fund the development of SHP in Africa, includ-
ing Cameroon.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Despite the large potential and the strong will of the Gov-
ernment, the development of the SHP sector has been very
limited so far. The key barriers to SHP development include:

+ Lack of a detailed assessment of SHP potential;

+ Lack of funds for SHP development;

+ Need for capacity building;

+ Lack of mature projects;

» Unreliable infrastructure;

+ No local production of electromechanical equipment.

The key enablers for SHP development are:

« Great SHP potential,

+ SHP can provide a solution to grid unreliability in rural
areas;

» Liberalized sector;

+ Available grid code;

+ Strong policy focus on renewable energy develop-
ment, including SHP.
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KEY FACTS

4,745185 (2019)

623,000 km??

The Central African Republic is a landlocked country. The lowest point in the country is the Oubagui
River at 335 metres above sea level, while the highest point is Mount Kayagangiri at 1,420 metres
above sea level. Rolling hills cover the centre and the south of the country. The south-east is occu-
pied by a dense tropical forest, while the northern part of the country is flat, similar to a savanna.

The climate in the Central African Republic is warm, equatorial and humid, and has defined rainy
and dry seasons. Temperatures vary between 19 °C and 30 °C during the wet season, from May to
October, and range from 18 °C to 40 °C in the dry season, from November to April.*

Future climate scenarios indicate a temperature increase on the order of 1.4-2.2 °C, assuming low
greenhouse gas emissions, and 1.8-2.7 °C, assuming high emissions. The probability of extreme cli-
matic hazards occurring could increase with climate change, with the main hazards consisting of
heavy rains followed by floods and droughts.*

Heavy rainstorms frequently occur during the rainy season (May-October). Maximum annual preci-
pitation can reach up to 1,800 mm. In the Karre Mountains the average rainfall is estimated at 1,500
mm. The north of the country is drier than the south. The average annual precipitation across the
country is 1,373 mm.*°

There are important waterways harmoniously distributed across the territory of the Central African
Republic. In the north of the country, the Chari River tributaries flow. The Ubangi River is one of the
most iconic in the country, forming the southern border with the Democratic Republic of the Congo.
The river has numerous tributaries, such as the Chinko, Kotto, Lobaye, Mbari and Ouaka. The Mbo-
mou River (or Bomu) represents the Ubangi River's headstream, flowing 725 km towards the west,
and also contributes to forming the border with the Democratic Republic of the Congo.*

ELECTRICITY SECTOR OVERVIEW

The total installed capacity of the Central African Republicin  which is higher than the average across Sub-Saharan Africa
2019 was approximately 41.2 MW, including 22.0 MW of ther-  (between 18 and 20 per cent).

mal power capacity, 18.9 MW of hydropower and 0.3 MW of
solar power (Figure 1).5

Figure 2. Annual Electricity Generation by Source in the
Central African Republic in 2019 (GWh)

Figure 1. Installed Electricity Capacity by Source in the

Central African Republic in 2019 (MW) Hydropower 148
Other RE 8
Thermal Power 22.0
Fossil Fuels | 1
Hydropower 18.9

Solar Power | 0.3

Source: African Energy Portal®

Gross electricity production was estimated at approximately
155 GWh at the end of 2018, and reached 157 GWh in 2019.
Roughly 148 GWh were produced by hydropower in 2019, 8
GWh came from other renewable energy sources, and 1 GWh
from thermal power plants (Figure 2). Transmission loss-
es are estimated at 7 per cent of the electricity produced
in 2017, while distribution losses amounted to 33 per cent,

Source: AFREC’

Total access to electricity in the country reached 32 per cent
at the end of 2019, indicating a three-fold increase since
2010.° However, access to electricity is unequally distribut-
ed between urban and rural areas. Thus, 55 per cent of the
urban population had access to electricity in 2019 against 16
per cent of rural population.’
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Figure 3. Electrification Rates in the Central African
Republic in 2019 (%)

Total32%
Rural16%

Source: World Bank®

Currently, the electricity supply in the Central African Re-
public remains lower than the demand. Furthermore, de-
mand forecasts for the coming years predict a growth in
peak demand from 80 MW in 2010 to 403 MW in 2030 in the
low-growth scenario.®

The Ministry of Development for Energy and Water Resourc-
es (MDEWR) oversees the electricity sector in the country,
with a Directorate General for Electricity established as part
of the Ministry. The entity in charge of electricity produc-
tion, transport and distribution is Energie Centrafricaine
(ENERCA), which is a public organization founded in 1963
and owned by the Government. The two other main agen-
cies in the Central African Republic are the Rural Electrifi-
cation Agency (ACER) and the Autonomous Electricity Sector
Regulatory Agency (ARSEC).®

Hydropower in the country is delivered to the capital city of
Bangui by two transmission lines with 17.5 MVA and 35 MVA
of transit capacity. Losses in the electricity transmission and
distribution system are high, due to the age of the facilities
and difficulties to carry out adequate maintenance®

Electricity tariffs are determined by cumulative hours of us-
age per month. The mixed tariffs for low-tension consumers
in 2021 were 0413 USD/kWh for usage of up to 65 hours, 0.14
USD/kwWh for up to 130 hours and 0.15 USD for over 130 hours
of usage. Mid-tension tariffs range from 0.044 to 0.070 USD/
kWh." Access to electricity in small cities and rural areas is
very limited due to the price gap and the lack of infrastruc-
ture. To cover investment and operational expenses, the
average electricity price should be approximately 0.2 USD/
kWh.2 This price difference induces a deficit of approximate-
ly USD 7 million per year (0.4 per cent of Gross Domestic
Product).? The higher tariffneeded is due mainly to losses in
transportation and distribution as well as losses related to
invoice collection and overstaffing, which are the highest in
Africa, and represented 48 per cent of the budgetary deficit
in the energy system in 2014.?

SMALL HYDROPOWER SECTOR
OVERVIEW
The small hydropower (SHP) definition in the Central African

Republic refers to plants of up to 10 MW. As of 2021, the total
installed capacity of SHP in the country was 18.75 MW, made

up of two plants: Boali | (8.75 MW) and Boali Il (10.00 MW)
(Table 1). It is estimated that Boali | could reach an addition-
al capacity of up to 9.5 MW through rehabilitation works. A
further 10 MW was scheduled for the Boali Il plant, which
never was commissioned due to political instability in the
country. At the current state, the Boali Ill plant is not com-
plete and cannot produce electricity without a rehabilita-
tion (dam monitoring and electro-mechanical devices). As
a result of this, the total installed SHP capacity figure has
decreased since the World Small Hydropower Development
Report (WSHPDR) 2019, which counted the Boali lll plant as
operational. The potential estimate remains unchanged as
no new data were made available (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in the Central African Republic (MW)

41.0
Potential 41.0
Capacity 41.0
41.0

Il WSHPDR 2022

Installed 29.0 W WSHPDR 2019

Capacity 19.0 340 M WSHPDR 2016

WSHPDR 2013

Source: WSHPDR 2013,* WSHPDR 2016, WSHPDR 2019,* Manso &
Barnoud"”

Table 1. List of Operational Small Hydropower Plants in the
Central African Republic

. € ead  Plant Launch
Name Location pacity (m) tvpe Operator ear
. M’bali Run-of- 1955-
Boali | River 875 52 river ENERCA 1969
Boalin MDAl 4500 64 RUNOF pnpRea 1076
River river

Source: International Journal on Hydropower & Dams™

Potential for SHP development in the country exists in the
following locations: Baboua, Bambari, Bangassou, Berbérati,
Bocaranga, Bossangoa, Bouar, Bria, Carnot, Kaga-Bandoro,
Kembe, Mbaiki, Ndélé, Paoua and Sibut'® The SHP poten-
tial is estimated at 41 MW as was reported in the previous
editions of the WSHPDR. Additionally, 30 sites suitable for
development of hydropower plants of varying sizes were
identified, with capacities between 0.5 MW and 180 MW.°
However, the site names are not known.

The United Nations Development Programme (UNDP), in
collaboration with the Global Environment Facility (GEF),
attempted to develop electricity generation capacities and
encourage investment in Western and Middle Africa, includ-
ing the Central African Republic. The project aimed to de-
velop 36 SHP plants in the region, alongside creating an SHP
network. However, in 2011 the project was cancelled for the
entire region due to regional political instability.?
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Table 2. List of Planned Small Hydropower Projects in the
Central African Republic

Ca-

Loca- pac- Head Plant Planned Stage of

Name tion ity (m) type Developer launch develop-
) year ment
Boali Mbali 5 Res— yroen _ Feasibili-
1] River ervoir ty study
. g Run- S
Boalil Mbali  of _ _ Feasibili-
bis River . ty study
river
China
. - Run- Gezhouba Under
B_oal| I M_bal| 10 64 of- Group Cor- 20227 con-
bis River

river poration struction

(CGGC)

Source: ENERCA™

The incomplete Boali Il plant includes an embankment dam
approximately 30 metres in height and 780 metres in length.
The plant is located in the central concrete block of the dam
between the overflow spillways, but has never been com-
missioned. The dam monitoring ceased in 2010. The dam is
only used, at the current time, for water flow regulation for
the hydropower cascade formed by the Boali | and Boali Il
plants downstream. Commissioning Boali Il would allow
adding up to 7.5-10.0 MW of capacity without an addition-
al territorial footprint. A preliminary safety assessment was
carried out in 2019 and revealed dam security and moni-
toring deficiencies. In the meantime, emergency measures
have been recommended and further studies have started.
It can already be stated that Boali Ill will need large civil and
electro-mechanical works in order to put the 10 MW plant
in operation and to secure water storage for the entire SHP
cascade of Boali I, Il and III.

A new power plant named Boali Il bis is presently under
construction next to the existing Boali Il plant. Another new
project called Boali | bis is planned downstream from the
existing Boali | plant, but investment for it has not been yet
secured.

In addition, ENERCA plans to develop small, mini- and mi-
cro-hydropower plants for a total of 40 MW before 2030. Ad-
ditionally, also some larger hydropower plants (> 10 MW) are
to be developed (Lobaye, Dimoli, Lancrenon, Kotto).® There
are also plans to provide power supply to areas in the Cen-
tral African Republic from the future Mobayi SHP plant in
the neighbouring Democratic Republic of the Congo.”

RENEWABLE ENERGY POLICY

The Central African Republic aims to reduce its emissions
by at least 5 per cent and 25 per cent by 2030 and 2050,
respectively, compared to its baseline emissions in the busi-
ness-as-usual scenario for both years.?? The country also
aims to reduce emissions of short-lived climate pollutants,

which have a significant short-term global warming poten-
tial and harmful effects on health, agriculture and ecosys-
tems. In addition, the entire national territory is exposed to
extreme climatic hazards such as droughts and heavy rains
followed by flooding. The Government aims to strengthen
the country’s resilience to climate change in key sectors.?

The Central African Republic envisages a holistic approach
to climate change mitigation by integrating the adjustment
of national policies and strategies, the improvement of leg-
islative and regulatory frameworks, the development of ca-
pacities and technology transfers in certain priority areas.
The following energy sources are being encouraged:

+ Small and micro-hydropower plants;

+ Solar thermal and photovoltaic energy;

+ Processes for the methanization of organic matter;

+ Improved carbonization.2

Apart from micro-hydropower plant development, the con-
struction of a solar power plant at Bangui, a 72 MW hydro-
power plant at Lobaye, a 180 MW hydropower plant at Di-
moli and the Mobayi hydropower plant is also planned in
the next 15 years.

Micro-hydropower and solar power are the key targeted
technologies, while most renewable energy sources, such as
wind and geothermal power, are still widely unexplored in
the country.?? There is existent potential for the geothermal
energy, however, no studies were conducted to determine
it. Wind speed measurements show promising potential at
above 5 m/s and, therefore, wind power could also be a via-
ble alternative for electricity generation in the country. The
high costs associated with the development of solar power
might limit its use in the Central African Republic to certain
applications or services.?

The economic reforms initiated by the Government to en-
courage private investment in the Central African Republic
have led to the following framework document set:
+ Law No. 01.10 of 16 July 2001, instituting a charter of
investments in the Central African Republic;
+ Ordinance No. 05.001 of 1)January 2005 on the Electric-
ity Code of the Central African Republic;
 Decree No. 010.092 of 18 March 2010 defining the Na-
tional Energy Policy.

These instruments provide a framework for investment in
the energy sector but above all offer investors the means to
implement their projects.™

There is no specific legislation or regulation for SHP.

COST OF SMALL HYDROPOWER
DEVELOPMENT

No consolidated estimates of the average cost for the devel-
opment of SHP in the Central African Republic are available.
Of the three small Boali plants, only the cost of Boali Ill can
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be found in open sources.? However, the 10 MW capacity of
this plant has never been fully installed and put into oper-
ation, therefore, the cost per MW may not be relevant. Cost
estimates of the largest hydropower plant projects planned
over the next 15 years were used to obtain an estimate of
the cost per MW of installed capacity in the Central African
Republic. The average cost of hydropower installed capacity
appears to be approximately 3.7 USD/MW (Table 3). Average
cost of SHP development is unavailable.

Table 3. Cost Estimation for Hydropower Plants in the
Central African Republic

Cost per unit of in-

Proj ect fost )(USD stalled capacity (USD
million/MW)
Dimoli (180 MW) 275 1.5
Lobaye (72 MW) 180 2.5
Kotto (60 MW) 500 8.3
Boali I11 (10 MW) 25 2.5
Average 3.7

Source: UNFCCC,?2 ADF*

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Nowadays, the Central African Republic remains dependent
on multilateral funding and donations (World Bank, African
Development Bank and United Nations Industrial Develop-
ment Organization) as well as bilateral financing (European
Central Bank, French Development Agency and Export-Im-
port Bank of China). This is not always a reliable way of
funding projects, as they may be cancelled due to political
instability in the region.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The evolution of rainfall due to climate change varies great-
ly according to the scenarios, with some projecting a slight
increase in annual rainfall, while others project irregular
variations in precipitation. Furthermore, there are no com-
prehensive studies for the Central African Republic showing
the potential impact of future rainfall variation on avail-
able river runoff. Temperature increases may induce larg-
er evaporation and therefore the water balance of existing
reservoirs must be reassessed, in particular that of Boali Ill,
where the reservoir surface is large (40 km?). Besides, the
probability of occurrence of extreme climatic hazards could
increase with climate change. The main hazards are heavy
rains followed by floods and droughts.” Existing SHP plants
as well as new projects will need to be rehabilitated or de-
signed to be resilient to such hazards (as recommended by
the International Hydropower Association).

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are multiple barriers to SHP development in the

country. Some of the most important ones are the following:

+ The strong monopoly in the electricity sector disin-

centivizes investors, increases the project-related
costs and limits potential profit;

+ Lack of feed-in tariffs and other support schemes for
SHP development;

+ Lack of trained staffable to ensure efficientoperation,
maintenance and management of SHP plants;

+ Limited financial resources and political unrest might
deter future investment in SHP;

+ No standards for SHP are developed in the region,
which makes current access to electricity from SHP
generators unreliable and affects the prospects for
future projects.>?

However, due to its known benefits and potential, also ef-
forts are being made to implement future SHP policies in
the Central African Republic. The main enablers for SHP de-
velopment are:
+ Existing contact with organizations in the field facili-
tates the development strategy (ENERCA, ACER);
+ Climate and topography are suitable for hydropower
development;
+ The will to develop SHP and rural electrification proj-
ects;
+ Local presence of International Financial Institutions;
+ An investment programme through ENERCA, including
SHP development scheduled between 2016 and 2030.
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Gilbert Nzobadila, African Energy Commission; Boniface Hervé Mabikana Voula, Ministry of Energy and

Hydraulics1*

KEY FACTS

5,518,000 (2020)'

342,000 km?

The coastal area is a plain approximately 40 kilometres wide and 160 kilometres long between
Gabon and Cabinda? There are three dominant mountain ranges in Congo. The Mayombé Massif,
or Mayumbe, is an old low-lying chain of mountains with deep river gorges that extends from the
mouth of the Congo River in the south and to the Kouilou-Niari River in the north and parallels the
coast.2 The neighbouring Niari region hosts a valley and another mountain range, Chaillu Massif,
reaching elevations of 400-700 metres above sea level before extending into south Gabon.? Beyond
the Niari Valley lies a series of plateaus at approximately 490 metres. A vast plain occupies the
north-eastern part of the country. The highest peak is Mont Nabemba (1,020 metres) located in the
north-west.?

The climate in Congo is mostly hot and humid with heavy precipitation, due to the country’s geogra-
phical location and the coastal plain. The north of the country has an equatorial climate, while the
south has a tropical one. Average temperatures vary between 24 °C and 28 °C throughout the year.?

Congo is projected to see a 1°Crise in mean annual temperatures by 2050 and to experience increa-
sed heat wave durations. The area will also see an increase in annual rainfall by 2046-2065 and an
intensification of rainfall.?

Precipitation is abundant but varies throughout the year and across regions, with the equator cros-
sing the country in the middle. The north of Congo experiences a dry season from November to April
and a rainy season from April to November, whereas in the southern part the rainfall pattern is the
exact opposite. Annual precipitation in the country averages 1,200 mm but often surpasses 2,000
mm. In the north, average annual precipitation ranges between 1,500 and 2,000 mm, while in the
south precipitation can be lower than 1,500 mm and reach 1,200 mm near the coast.?

The major river is the Congo River. Its main northern tributary, the Ubangi River, flows southwards
and forms the country’s eastern border. The largest right-bank tributaries of the Congo River include
the Sangha, the Likouala, the Alima, the Nkeni, the Lefini, the Djoue and the Foulakari.? The Koui-
lou-Niari is another major river that flows south-west from its source in the plateau region to Kayes
and into the Atlantic. On the stretch from the Niari valley to Makabana it is known as the Niari River.?

ELECTRICITY SECTOR OVERVIEW

From 2018 to 2019, overall electricity generation in Congo  Figure 1. Annual Electricity Generation by Source in Congo
increased by 5 per cent, however, most of this generationin-  in 2019 (GWh)

crease was made up by thermal power generation from the
gas-fired Congo Power Plant (Centrale Electrique du Congo,
CEC) Pointe-Noire (Figure 1).% In contrast, hydropower gener-
ation decreased by 22 per cent, from 1,120 GWh in 2018 to 872
GWh in 2019. This decrease mainly came from the Imboulou
hydropower plant, whose generation in 2019 decreased by
more than 30 per cent compared to 2018 (Table 1).4

*Translated from French by Tamsyn Lonsdale-Smith, ICSHP

Thermal Power 566
Hydropower 228

Source: E2C (a.k.a E2C.SA)*
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Table 1. Annual Electricity Generation by Power Plant in
Congo in 2015-2019 (GWh)

In- Annual generation (GWh)
stalled

Power ca-

plant  pacity 'YP€ 2015 2016 2017 2018 2019
(Mw)*

:mbou' 120 MAO" 035 6gus 7028 6453 4331

ou power

Mouk- Hydro-

oukou- 74 V90" 3945 4301 4739 4490 4135

lou power

Liovesso 19 A" n\ia 125 264 257 258

power

Djoué

(non-op-

erational 15 Hydro - - - - -

. power

since

2007)

CEC Ther-

Pointe- 484 mal 1,434.5 1,643.5 1,646.7 1,719.2 2]115.3
Noir power

Djeno
(non-op- Ther-
erational 50 mal N/A  N/A N/A - -
since power
2018)
Brazza- Ther-
. 32 mal 4.8 2.2 2.0 3.0 0.4
ville
power
Total 794 2,537.3 2,772.7 2,851.8 2,842.2 2,988

Source: E2C,% LCA,> ANDRITZ HYDRO,® E2C"
Note: *As of 2020.

As of February 2020, the installed capacity of Congo was at
least 794 MW. Of this, thermal power accounted for approx-
imately 71 per cent and hydropower for 28 per cent (Figure
2).587 The renovation works of the gas-fired power plant CEC
Pointe-Noire were completed in February 2020, increasing
the plant’s installed capacity to 484 MW and, therefore, the
country's total installed thermal power capacity to 566 MW.?
The total hydropower capacity is 228 MW, including the 15
MW of the non-operational Djoué plant. The largest hydro-
power plant in the country is the Imboulou plant of 120 MW,
which came online in 2010 and supplies electricity to the
city of Brazzaville. In addition to its domestic capacity, Con-
go imports 50 MW from the Inga hydropower plant in the
Democratic Republic of the Congo (DRC).>¢ The electricity
grids of the DRC and the Republic of Congo are intercon-
nected.

Figure 2. Installed Electricity Capacity by Source in Congo
in 2020 (Mw)

Thermal Power 2,115.7

Hydropower 872.4

Source: LCA,> ANDRITZ HYDRO,® E2C

More than half of the country’s total installed capacity
comes from the gas-fired power plant at Pointe-Noire (Ta-
ble 1). The role of this plant is particularly important during
the dry season when generation by hydropower plants de-
creases. The plant has three turbines, which have operated
in parallel with the Inga hydropower plant in the DRC since
2015. The Government expanded the plant with the addi-
tion of a third 1770 MW turbine. The two pre-existing turbines
were at a capacity of 314 MW (each one was upgraded from
150 to 157 MW), bringing the total capacity of the plant up to
484 MW.” The work for this project commenced in 2019 and
was completed on 18 February 2020.8 The plant has the po-
tential to reach up to 1 GW in the future with efficiency im-
provements and the addition of a proposed fourth turbine.’
The Djeno thermal power plant has not been in operation
since the transfer of its operating capacity to Kouilou Power
SAin 2018.°

There are four hydropower plants in the country, however,
only three of them are operational. In 2018, as part of the
reforms undertaken in the sector, the Government launched
the bidding for tenders for hydropower projects. The Djoué
hydropower plant has not been functioning since 2007 due
to flooding and subsequent rehabilitation work.® In 2018,
Yunnan Linkun Investment Group agreed to rehabilitate the
plant According to other sources, the task of completing a
feasibility study and providing technical assistance for up-
grading the power plant from 15 MW to 30 MW was awarded
to Studio Pietrangeli Consulting Engineers™™ It is unclear
if any of this planned rehabilitation, extension and mod-
ernization work at the Djoué power plant is continuing as
planned. The most recently constructed hydropower plant,
the Liouesso plant, with a capacity of 19.2 MW, was commis-
sioned in the northern Sangha Department on the Sangha
River in 2017 The installation of this plant aimed to foster
economic activity in the region. Previously, users had access
to electricity for only a couple of hours per day.”?

Figure 3. Electrification Rate in Congo in 2019 (%)

Total 48%
Rural13%

Source: World Bank®

In 2019, 48 per cent of the country’s population was con-
nected to the electricity grid, and only 13 per cent in rural
areas (Figure 3).® In comparison, 9 per cent of the rural pop-
ulation had electricity access in 2010, mostly due to access
to mini-grids fuelled by diesel or gasoline! The electricity
demand of Congo has been growing and is expected to ex-
ceed 1 GW by 2027" In particular, the demand of the Pointe-
Noire special economic zone is expected to reach 700 MW,
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the demand of the city of Brazzaville 250 MW and the de-
mand of the potash mines in Kouilou 150 MW.* With this in
mind, the Government aims to increase the electricity gen-
erating capacity of the country.

The projects under development include the Chollet hy-
dropower plant, with a capacity of 600 MW, which is to be
jointly developed by Cameroon and Congo. The plant will
be located in the Ngbala region of Congo on the Dja Riv-
er and will make up part of the Central Africa Power Pool
(CAPP). The project envisages the construction of electricity
lines between the two countries and will interconnect their
electricity networks. Congo will be the major beneficiary of
the project, receiving 300 MW of the capacity, Cameroon will
receive 60 MW and the remaining 240 MW will go to neigh-
bouring countries. The contract on the construction of the
plant was signed in 2010, however, little progress had been
made until 2017 when the Intergovernmental Committee of
the two countries met to confirm the intention to accelerate
the development of the project.® Following another meeting
in 2020, the technical and feasibility studies were scheduled
to take place during the first quarter of 2021, after which the
questions of financial mobilization and construction of the
project are to be addressed.” Another project under con-
sideration is the 80-100 MW hydropower plant of Mourala,
on the Louessé River®The feasibility study for the Mourala
project has been completed and as of 2019 research for fi-
nancing was underway.® A number of other potential hydro-
power projects are currently under consideration.?

On 9 April 2019, the Government of Congo and the Ministry
of Energy and Hydraulics signed a memorandum of under-
standing with the China Railway 20th Bureau Group Co Ltd
(CR 20GC) to develop the Gorges de Sounda hydropower
project in the Kouiloi department.?’ The memorandum of
understanding defined the manner in which the project will
be implemented and that CR 20GC will lead the feasibility
studies, including environmental and social impact reports,
thereby completing preliminary studies undertaken by the
International Finance Corporation (IFC). In November 2017,
the IFC recommended a capacity between 486 MW and 616
MW and an optimal concept at a 70 metre full supply level,
in consideration of the environmental and social impact of
the project.2? The studies performed by CR 20GC were ex-
pected to propose a higher capacity estimate than that pro-
posed by the IFC study while minimizing the environmental
and social impact. This new study is in response to the Gov-
ernment’s aim to maximize the potential of the project and
explore optimal options between 80 and 100 metres of full
supply level.

The electricity sector of Congo is regulated by the Ministry
of Energy and Hydraulics, and the National Agency for Ru-
ral Electrification (Agence Nationale d’Electrification Rura-
le, ANER) oversees the electrification of rural areas. In 2003
and after the creation of the Agency for the Regulation of
the Electricity Sector (I'Agence de Régulation du Secteur de
l'électricité, ARSEL), the sector was liberalized, legally end-
ing the state-owned monopoly. However, a major role in
the electricity market was still played by the state-owned

company the National Electricity Company (Société Natio-
nale d’Electricité, SNE), which was founded in 1967 through
Law No. 67. SNE produced, transported, distributed and mar-
keted electricity and maintained electrical infrastructure.
After liberalization, it still held monopoly over electricity
production until 2018.% The electricity sector opened up to
private investors in 2018, and international financial insti-
tutions such as the International Monetary Fund and the
World Bank have supported privatization, competition and
economic reforms in the sector.”

In February 2018, the Government approved the plan to
dissolve the SNE as well as the National Water Distribution
Company (Societe Nationale de Distribution d’Eau, SNDE)
since they proved to be inefficient and failed to reach suf-
ficient profitability despite state investment. Following the
sector reforms, the Heritage Company for the Electricity
Sector (Société de Patrimoine pour le secteur de l'élec-
tricité, SPSE) was created. The creation of two other gov-
ernment agencies also ensued: the Society for Electricity
Transportation (La Société de Transport de l'électricité, STE)
and the Heritage Society for the Water Sector (La Société de
Patrimoine pour le Secteur de ['Eau, SPSEA), which manage
the sector based on public service concession contracts be-
tween the Government and public and private operators.®
As of 2021, CEC S.A. is the main electricity producer, owned
20 per cent by ENI and 80 per cent by the state, and oper-
ates independently after attaining a licence from the Minis-
try of Energy and Hydraulics.* The reform of the electricity
sector is expected to attract investment into the sector, and
boost the struggling economy.”

Electricity in Congo is transmitted via 110 kV and 220 kV lines
and distributed via 30 kV, 20 kV, 6.6 kV, 380 V and 220 V lines.
Following Decree No. 681 of 19 March 1994 by the Ministry of
Commerce, Consumption and Small and Medium Enterpris-
es, electricity tariffs in Congo have been unified across the
country and divided into three categories: low voltage, pub-
lic lighting and medium and high voltage. Electricity prices
vary depending on these three categories and the level of
consumption regardless of the type of consumer. Low volt-
age tariffs vary between 31.2 XAF/kWh (0.019 USD/kWh) and
49.08 XAF/kWh (0.030 USD/kWh).28 Small producers outside
of the national grid may negotiate prices with the consum-
ers, according to Article 20 of the National Electricity Code.*

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Congo, therefore, this report uses the standard definition of
SHP as hydropower plants with a capacity of up to 10 MW.

At present, Congo has four large hydropower plants. The
smallest plant is at a capacity of 19.9 MW, the Liouesso plant,
was commissioned in 2017 and constructed by the China Ge-
zhouba Group.” The potential for hydropower development
in the country has been estimated at approximately 14 GW,
as defined by Government Decree No. 2010-822 of 31 Decem-
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ber 2010.2° The technical potential has been estimated at
3.9 GW, of which approximately 4 per cent has been devel-
oped.”® The main potential for hydropower development is
located in the Plateaux region, the Sangha region, Cuvette
and Cuvette-Ouest. The potential for SHP development is
assumed to be quite significant, but there are no publicly
available feasibility studies and no ongoing SHP projects in
Congo at this time. Compared to the results of the World
Small Hydropower Development Report (WSHPDR) 2019, the
installed SHP capacity has not changed and stayed at zero,
whereas the potential capacity increased by 9 per cent due
to revised calculations (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2016/2019/2022 in Congo (MW)

. 70.5
Potent!al 65.0
Capacity 50.0
Installed 88 [l WSHPDR 2022
Capacity | o' [l WSHPDR 2019

[ WSHPDR 2016

Source: WSHPDR 2013,* WSHPDR 2016, WSHPDR 2019%

A Global Environment Fund-funded United Nations Develop-
ment Programme (UNDP) project, Small Hydropower-based
Mini-grids for Rural Electrification in Congo-Brazzaville, is
planning 12 feasibility studies, but the project was still in
its infancy as of 2019 and faced technical setbacks due to
management and satellite data interruptions.™

The Hydropower Atlas developed by the UNDP in 2008 iden-
tified 17 potential SHP sites with capacities ranging between
6 kW and 6 MW and a combined capacity of almost 21 MW
(Table 3)® Another study identified 10 potential sites with
estimated capacities ranging between 5 MW and 10 MW with
a combined capacity of at least 50 MW.?' Based on these two
estimates, the potential of SHP in Congo should be at least
70.5 MW. An additional feasibility study of seven potential
mini-hydropower sites was proposed by the African Devel-
opment Bank, and six feasibility studies are currently un-
derway under the African Development Bank's Light up and
Power Africa programme and expected to be approved for
2021.%

Although SHP could be used to meet the needs for electric-
ity in rural areas as well as feed into the national grid, serv-
ing as an efficient and environmentally sustainable source,
the sector has faced numerous barriers hindering its devel-
opment. The gaps in the regulatory framework in relation to
SHP projects, the lack of local skills to install, operate and
maintain an SHP plant as well as of local technology make
the sector less attractive than other power projects.” Anoth-
er major barrier is low electricity tariffs.>

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

Table 2 offers details on SHP projects available for develop-
ment in the country.

Table 2. List of Selected Small Hydropower Sites Available
for Development

Po- Type of
tential Head site (new/ Type of

Name Location capac- (m) refurbish- project
ity (MW) ment)
Mambouana Lekoumou 0.43 424 New Run-of-
river
Assoumoun-  Sangha 6.18 202 New Reservoir
dele
Kimpanzou Pool 5.51 380 New Run-of-
river
Kimbanda Pool 4.02 250 New Dam
Bela Pool 318 260 New Reservoir

Source: UNDP™
Note: Data from 2008.

RENEWABLE ENERGY POLICY

The Government envisages the development of renewable
energy sources available in the country, including hydro-
power, biomass, solar power and wind power, in particular
in remote areas. However, no policy or strategy promoting
renewable energy has been developed to date. As a result,
the available resources remain untapped.

The major laws and regulations of the electricity sector in-
clude:

+ Law No. 14/2003 of 10 April 2003, definingthe Electric-
ity Code and liberalizing the market;

+ Law No. 15/2003 of 10 April 2003, establishing the Na-
tional Agency for Rural Electrification (ANER);

+ Law No. 16/2003 of 10 April 2003, establishing the
Agency for the Regulation of the Electricity Sector
(ARSEL);

« Law No. 17/2003 of 10 April 2003, establishing the De-
velopment Fund of the Electricity Sector;

+ Decree No. 2010-822 of 31 December 2010, approving
the development strategy for the sectors of electrici-
ty, water and sanitation;

+ Law No. 22-2018 of 13 June 2018 establishing the disso-
lution of the National Electricity Company (SNE);

 Decree No. 295-2018 creating the new Electrical Energy
Society of Congo (Société Energie Electrique du Con-
go, E20).

In accordance with the Electricity Act of 2013, independent
power producers are required to obtain a licence. However,
for small-scale projects of electricity generation, transmis-
sion, distribution and sales in rural areas, it suffices to ob-
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tain an authorization by the corresponding Ministry. Every
project within the electricity sector is obliged to conduct an
environmental impact study prior to the commencement of
the project, according to Article 12 of the national Electricity
Code. Financial incentives for the sector are non-existent.

COST OF SMALL HYDROPOWR
DEVELOPMENT

The cost of transportation and distribution to remote vil-
lages can be quite high, especially in densely forested ar-
eas and when coupled with low demand, which lends the
argument that in Congo hydropower investments should
be made in close proximity to demand. In general, it costs
50,000 USD/km for 33 kV lines, and distribution costs can be
as much as USD 2,000 per connection For this reason, the
development of SHP is most economically feasible at the
local village level and if connected to mini-grids.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The change in precipitation patterns and resulting hydro-
logical shift in the country affect the potential of SHP devel-
opment, mainly due to the risk of low water levels and un-
predictability. There are frequent floods in the Congo Basin
(Mossaka) and low-lying areas of the country.® Decreased
rainfall leading to aquifer deficit has affected Point-Noire,
putting pressure on the city’s water supply and disrupting
the operation of hydropower plants in the Niari Valley.*

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Large hydropower is predominant in Congo, and the general
trend in governance following the energy sector reforms in
2018 is to open up the sector to private competition. The
Government is actively seeking maximum exploitation of
power capacity and potential, despite preliminary environ-
mental and social feasibility studies recommendations, as
demonstrated by the rejected IFC study.

The SHP sector in Congo is currently non-existent, although
several small-scale plants are in the planning phase due to
international development programmes and investment.
Meanwhile, the domestic hydropower sector has continued
to invest in large-scale hydropower projects and thermal
electricity generation. Due to the distribution and connec-
tion costs, SHP development is best suited to local, vil-
lage-level projects.

The main obstacles to the development of SHP in Congo in-
clude:

+ Low rainfall in dry season due to climate change that
will decrease hydropower production, leading to de-
creased stability;?

+ Gaps in the legal, regulatory and institutional frame-

work;

+ Lack of local skilled workforce to design, install, oper-
ate and maintain SHP plants;

+ Lack of tax exemptions on SHP equipment;

+ Low electricity prices;

+ Low awareness of SHP among the population;

+ Expensive transmission costs through densely forest-
ed areas;

+ The country’s current financial situation minimizes
the potential for future financing programmes.?”

Despite these barriers, Congo has significant water resourc-
es for the development of SHP. The national electrification
policy is keen to develop this potential to serve rural areas
remote from the national electricity grid.

The main enablers for the development of SHP in Congo in-
clude:

+ Available SHP potential;

+ Increased rainfall and intensity in wet seasons due to
climate change could increase hydropower produc-
tion;

+ Existing interest from international development in-
stitutions in SHP development in the country;

+ Liberalized energy market with a relatively restrained
regulatory landscape.?

REFERENCES

1. United Nations, Department of Economic and Social Affairs,
Population Division (2019). WPP2019_POP_F01_1_TOTAL_
POPULATION_BOTH_SEXES, World Population Prospects
2019, Online Edition. Rev. 1. Available at https://population.
un.org/wpp/Download/Standard/Population/ (Accessed
15 February 2021).

2. Encyclopaedia Britannica (2018). Republic of the Congo.
Available at https://www.britannica.com/place/Repub-
lic-of-the-Congo (Accessed 15 February 2021).

3. United States Agency for International Development (US-
AID) (2018). Climate Risks in the Central Africa Regional Pro-
gram for the Environment (CARPE) and Congo Basin. Fact
Sheet. Available at https://www.climatelinks.org/resourc-
es/climate-risks-central-africa-regional-program-environ-
ment-carpe-and-congo-basin (Accessed 13 February 2021).

4. Electrical Energy Society of Congo (E2C) (2019). Internal
document transmitted to the Ministry of Energy and Hy-
draulics for energy statistics database. Provided by chapter
authors.

5. Logistics Capacity Assessment (LCA) (2017). Republic of
the Congo Additional Services. Available at http://dlca.
logcluster.org/display/public/DLCA/3.6+Republic+of+the+-
Congo+Additional+Services;jsessionid=1CB00C8C47D-
99303283F418BC7 F79BF3ttid-3.6RepublicoftheCongoAddi-
tionalServices-ElectricityandPower (Accessed 15 February
2021).

6. ANDRITZ Hydro (2017). HYDRONEWS Afrique. Maga-
zine d’ANDRITZ HYDRO, 06-2017 Frangais, Available at
https://www.andritz.com/resource/blob /227922 /a2e-

144


https://population.un.org/wpp/Download/Standard/Population/
https://population.un.org/wpp/Download/Standard/Population/
https://www.britannica.com/place/Republic-of-the-Congo
https://www.britannica.com/place/Republic-of-the-Congo
https://www.climatelinks.org/resources/climate-risks-central-africa-regional-program-environment-carpe-and-congo-basin
https://www.climatelinks.org/resources/climate-risks-central-africa-regional-program-environment-carpe-and-congo-basin
https://www.climatelinks.org/resources/climate-risks-central-africa-regional-program-environment-carpe-and-congo-basin
https://www.andritz.com/resource/blob/227922/a2e2d46e924531e9fb6b071ffd8ec1dd/hy-hydro-news-africa-fr-data.pdf

10.

1.

12.

13.

14.

15.

16.

17.

2d46€924531e9fbbb071ffd8ec1dd/ hy-hydro-news-africa-fr-
data.pdf (Accessed 15 February 2021).

Electrical Energy Society of Congo (E2C) (2020). Centrale
Electrique du Congo (CEC). 21 August 2020. Available at
https://e2c.cg/production/Centrale%20%C3%A9lec-
trique%20du%20Congo%20%28CEEC%29 (Accessed 13 Feb-
ruary 2021).

African Energy (2020). Congo adds new CEC unit but falls
short on grid infrastructure. 27 February 2020. Available

at https://www.africa-energy.com/article/congo-adds-
new-cec-unit-falls-short-grid-infrastructure (Accessed 13
February 2021).

Agence d’Information d’Afrique Centrale (2020). Centrale
électrique de Djeno : les ex-agents sollicitent l'implication
des autorités pour son fonctionnement. 11 February 2020.
Available at https://www.adiac-congo.com/content/cen-
trale-electrique-de-djeno-les-ex-agents-sollicitent-limpli-
cation-des-autorites-pour-son (accessed 24 February 2021).
Energies Media (2018). Congo: le groupe chinois Yunnan
Linkun en lice pour des projets énergétiques dont une
centrale a gaz de 2200 MW. 3 September 2018. Available at
https://energies-media.com/congo-yunnan-linkun-lice-
projets-energie-dont-centrale-a-gaz/ (Accessed 15 Febru-
ary 2021)

Studio Pietrangeli (n.d.). Djoué Hydropower (Congo): En-
gineering for upgrade of the existing hydropower plant.
Available at https://www.pietrangeli.com/djoue-hydropow-
er-plant-congo-africa (Accessed 2 February 2021).

Bayiha, W. (2017). Une centrale électrique a Liouesso pour
“désenclaver” le nord du Congo. Africanews, 31 May 2017.
Available at http://frafricanews.com/2017/05/31/unecen-
trale-electrique-a-liouesso-pour-desenclaver-le-nord-du-
congo (Accessed 15 February 2021).

World Bank (2018). Access to electricity (% of population).
Available at https://data.worldbank.org/indicator/EG.ELC.
ACCS.ZS?locations=CG (Accessed 15 February 2021).

United Nations Development Programme (UNDP) (n.d.).
Titre du projet : Mini réseaux hydroélectriques pour ['élec-
trification rurale au Congo-Brazzaville. Available at https://
info.undp.org/docs/pdc/Documents/COG/PIMS%20
4685%20PRODOC%20final%20version%20FR%20Microhy-
dro.pdf (Accessed 15 February 2021).

Mapanga, G. (2017). Congo: Les besoins en énergie dans

les dix prochaines années seront de 1000 mégawatts
contre 600 mégawatts actuellement. Les Echos du Con-

go Brazzaville, 6 November 2017. Available at https://
lesechos-congobrazza.com/economie/3693-congo-les-be-
soins-en-energie-dans-lesdix-prochaines-annees-se-
ront-de-1000-megawatts-contre-600-megawatts-actuelle-
ment (Accessed 13 February 2021).

Etoundi, E. (2018). Barrage hydroélectrique de Chollet: Entre
espoirs et inquiétudes. Afrique Progrés Magazine, 12 April
2018. Available at http://www.afriqueprogres.com/econo-
mie/5221/ barrage-hydroelectrique-de-chollet-entre-es-
poirs-et-inquietudes (Accessed 15 February 2021).

Africa Energy Portal (2020). Cameroon-Congo: the 600 MW
hydroelectric project on the Dja/Ngoko river relaunched
in 2021? 30 October 2020. Available at https://africa-ener-
gy-portal.org/news/cameroon-congo-600-mw-hydroelec-
tric-project-djangoko-river-relaunched-2021 (Accessed 15

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

145

February 2021).

United Nations Development Programme (UNDP) (n.d.).
Small Hydropower-based Mini-grids for Rural Electrifica-
tion in Congo-Brazzaville. Available at https://info.undp.
org/docs/pdc/Documents/COG/PRODOC%20PNUD%20
Small%20Hydropower.pdf (Accessed 13 February 2021).
Pool Energétique de UAfrique Centrale (2019). Etat d’Avan-
cement des projets au portefeuille du PEAC 2019. Available
at http://www.peac-ac.org/pdfs/Portefeuille_de_projet_
PEAC_2019.pdf (Accessed 24 February 2021).

Hydropower & Dams (2017). Hydropower & Dams in Africa
20177. Available at http://www.hydropower-dams.com/
pdfs/2017_Africa_Map.pdf (Accessed 13 February 2021).
Embassy of Congo, France. (2019). La China Railways 20 pro-
pose de construire le barrage de Sounda (600 MW). Press
Release, 11 April 2019. Available at https://www.ambacon-
gofrorg/index.php/l-ambassade/actualites/324-la-china-
railways-20-propose-de-construire-le-barrage-de-sounda-
600-mw (Accessed 13 February 2021).

World Bank (2019). Country Partnership Framework for the
Republic of Congo for the Period Fy20-Fy24 (Report No.
126962-CG), 12 November 2019. Available at http://docu-
mentsl.worldbank.org/curated/en/763151576206076142/
pdf/Congo-Republic-of-Country-Partnership-Framework-
for-the-Period-FY20-FY24.pdf (Accessed 15 February 2021).
Cauldwell, A. (2017). A New Landscape Approach to Assess
Alternative Hydropower Opportunities. Powerpoint pre-
sented at the IAIA Special Symposium: Mainstreaming the
Mitigation Hierarchy in Impact Assessment. Available at
https://conferences.iaia.org/wdc2017/presentations/A%20
Cauldwell%20New%20Approach%20to%20Assess%20Alter-
native%20Hydropower.pdf (accessed 24 February 2021)
Energie Electrique du Congo (E2C) (n.d.). Historique. Avail-
able at https://e2c.cg/node /19 (Accessed 13 February 2021).
ANDRITZ Hydro (2017). Republic of Congo - Moving forward
with hydropower. Hydro News Africa - Special editon. Avail-
able at https://www.andritz.com/hydro-en/hydronews/hy-
dropower-africa/rep-of-congo (Accessed 13 February 2021).
CERBAC (2018). Congo-B : Privatisation de la SNE et de

la SNDE. Centre d’Etudes et de Recherches du Bassin du
Congo, 21 February 2018. Available at http://companehe-
mie.over-blog.com/2018/02/congo-b-privatisation-de-la-
sne-et-de-la-snde.html (Accessed 13 February 2021).

Elion, C. (2018). Congo Republic plans to dissolve state
power, 101 1.1. MIDDLE Africa water utilities. Reuters, 2 Feb-
ruary 2018. Available at https://www.reuters.com/article/
us-congorepublic-utilities/congo-republic-plans-to-dis-
solve-state-power-water-utilitiesidUSKBN1FM2JP (Accessed
15 February 2021).

Energie Electrique du Congo (E2C) (n.d.). Tarifs d’Electricité.
Available at https://e2c.cg/node/45 (Accessed 13 February
2021).

Harris, M. (2017). Congo Republic’s 19.9-MW Liouesso hydro-
electric project inaugurated. Hydro Review, 30 May 2017.
Available at https://www.hydroreview.com/world-regions/
congo-republic-s-19-9-mw-liouesso-hydroelectric-proj-
ect-inaugurated/#gref (Accessed 18 February 2021).

Décret n® 2010-822 du 31 décembre 2010. Available at
http://extwprlegsi.fao.org/docs/pdf/con105795.pdf (Ac-
cessed on 15 February 2021)

VI Id4v 31aaiw


https://www.andritz.com/resource/blob/227922/a2e2d46e924531e9fb6b071ffd8ec1dd/hy-hydro-news-africa-fr-data.pdf
https://www.andritz.com/resource/blob/227922/a2e2d46e924531e9fb6b071ffd8ec1dd/hy-hydro-news-africa-fr-data.pdf
https://e2c.cg/production/Centrale %C3%A9lectrique du Congo %28CEEC%29
https://e2c.cg/production/Centrale %C3%A9lectrique du Congo %28CEEC%29
https://www.africa-energy.com/article/congo-adds-new-cec-unit-falls-short-grid-infrastructure
https://www.africa-energy.com/article/congo-adds-new-cec-unit-falls-short-grid-infrastructure
https://www.pietrangeli.com/djoue-hydropower-plant-congo-africa
https://www.pietrangeli.com/djoue-hydropower-plant-congo-africa
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=CG
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=CG
https://info.undp.org/docs/pdc/Documents/COG/PIMS 4685 PRODOC final version FR Microhydro.pdf
https://info.undp.org/docs/pdc/Documents/COG/PIMS 4685 PRODOC final version FR Microhydro.pdf
https://info.undp.org/docs/pdc/Documents/COG/PIMS 4685 PRODOC final version FR Microhydro.pdf
https://info.undp.org/docs/pdc/Documents/COG/PIMS 4685 PRODOC final version FR Microhydro.pdf
https://africa-energy-portal.org/news/cameroon-congo-600-mw-hydroelectric-project-djangoko-river-relaunched-2021
https://africa-energy-portal.org/news/cameroon-congo-600-mw-hydroelectric-project-djangoko-river-relaunched-2021
https://africa-energy-portal.org/news/cameroon-congo-600-mw-hydroelectric-project-djangoko-river-relaunched-2021
https://info.undp.org/docs/pdc/Documents/COG/PRODOC PNUD Small Hydropower.pdf
https://info.undp.org/docs/pdc/Documents/COG/PRODOC PNUD Small Hydropower.pdf
https://info.undp.org/docs/pdc/Documents/COG/PRODOC PNUD Small Hydropower.pdf
https://www.ambacongofr.org/index.php/l-ambassade/actualites/324-la-china-railways-20-propose-de-construire-le-barrage-de-sounda-600-mw
https://www.ambacongofr.org/index.php/l-ambassade/actualites/324-la-china-railways-20-propose-de-construire-le-barrage-de-sounda-600-mw
https://www.ambacongofr.org/index.php/l-ambassade/actualites/324-la-china-railways-20-propose-de-construire-le-barrage-de-sounda-600-mw
https://www.ambacongofr.org/index.php/l-ambassade/actualites/324-la-china-railways-20-propose-de-construire-le-barrage-de-sounda-600-mw
http://documents1.worldbank.org/curated/en/763151576206076142/pdf/Congo-Republic-of-Country-Partnership-Framework-for-the-Period-FY20-FY24.pdf
http://documents1.worldbank.org/curated/en/763151576206076142/pdf/Congo-Republic-of-Country-Partnership-Framework-for-the-Period-FY20-FY24.pdf
http://documents1.worldbank.org/curated/en/763151576206076142/pdf/Congo-Republic-of-Country-Partnership-Framework-for-the-Period-FY20-FY24.pdf
http://documents1.worldbank.org/curated/en/763151576206076142/pdf/Congo-Republic-of-Country-Partnership-Framework-for-the-Period-FY20-FY24.pdf
https://conferences.iaia.org/wdc2017/presentations/A Cauldwell New Approach to Assess Alternative Hydropower.pdf
https://conferences.iaia.org/wdc2017/presentations/A Cauldwell New Approach to Assess Alternative Hydropower.pdf
https://conferences.iaia.org/wdc2017/presentations/A Cauldwell New Approach to Assess Alternative Hydropower.pdf
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h
https://www.andritz.com/hydro-en/hydronews/hydropower-africa/rep-of-congo
https://www.andritz.com/hydro-en/hydronews/hydropower-africa/rep-of-congo
http://companehemie.over-blog.com/2018/02/congo-b-privatisation-de-la-sne-et-de-la-snde.html
http://companehemie.over-blog.com/2018/02/congo-b-privatisation-de-la-sne-et-de-la-snde.html
http://companehemie.over-blog.com/2018/02/congo-b-privatisation-de-la-sne-et-de-la-snde.html
https://www.reuters.com/article/us-congorepublic-utilities/congo-republic-plans-to-dissolve-state-power-water-utilitiesidUSKBN1FM2JP
https://www.reuters.com/article/us-congorepublic-utilities/congo-republic-plans-to-dissolve-state-power-water-utilitiesidUSKBN1FM2JP
https://www.reuters.com/article/us-congorepublic-utilities/congo-republic-plans-to-dissolve-state-power-water-utilitiesidUSKBN1FM2JP
https://www.hydroreview.com/world-regions/congo-republic-s-19-9-mw-liouesso-hydroelectric-project-inaugurated/#gref
https://www.hydroreview.com/world-regions/congo-republic-s-19-9-mw-liouesso-hydroelectric-project-inaugurated/#gref
https://www.hydroreview.com/world-regions/congo-republic-s-19-9-mw-liouesso-hydroelectric-project-inaugurated/#gref

WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

31

32.

33.

34.

35.

Global Environment Fund (2019). GEF Project Implemen-
tation Report (PIR): Small Hydropower-based Mini-grids
for Rural Electrification (GEF Project ID 5424). Available

at https://www.thegef.org/project/small-hydropow-
er-based-mini-grids-rural-electrification (Accessed 18
February 2021).

African Development Bank Group (2019). Congo Country
Strategy Paper 2018 - 2022. Available at https://www.afdb.
org/en/documents/document/congo-country-strategy-pa-
per-2018-2022-107414 (Accessed 13 February 2021).

UNIDO, ICSHP (2013). World Small Hydropower Development
Report 2013. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

UNIDO, ICSHP (2016). World Small Hydropower Develop-
ment Report 2016. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

UNIDO, ICSHP (2019). World Small Hydropower Develop-
ment Report 2019. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

146


https://www.thegef.org/project/small-hydropower-based-mini-grids-rural-electrification
https://www.thegef.org/project/small-hydropower-based-mini-grids-rural-electrification
https://www.afdb.org/en/documents/document/congo-country-strategy-paper-2018-2022-107414
https://www.afdb.org/en/documents/document/congo-country-strategy-paper-2018-2022-107414
https://www.afdb.org/en/documents/document/congo-country-strategy-paper-2018-2022-107414
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h
file:///Users/RHNC/redhotncool%20Dropbox/0-Team-RHNC/D-01%20UNIDO/HYDRO%202022/ALL%20REPORTS/Middle%20Africa\h

Democratic Republic of the Congo

International Center on Small Hydro Power (ICSHP)

KEY FACTS

Population
Area

Topography

Climate

Climate Change

Rain Pattern

Hydrology

89,561,404 (2020)'

2,345,410 km?2

The Democratic Republic of the Congo (DRC) is a large and topographically diverse country with high
plateaux, mountain ranges, a major valley, a large river basin and a low coastal plain. The Congo
Basin, a large rolling plain at the centre of the country, has an average elevation of approximately
520 metres above sea level. The highest elevation in the country is at Margherita Peak, part of the
Ruwenzori Mountain Range at the border with Uganda, with an estimated elevation of approxima-
tely 5,109 metres. This mountain range is part of the Western Rift Valley, which forms the country’s
eastern borders and includes the lakes Kivu, Edward, Albert, Mweru and Tanganyika. The active
volcanic Virunga Mountains are also found in this area, at the border with Rwanda.

The DRC has a largely equatorial climate with variations across the country’s vast land area. The
north and west of the country are hot and humid while the south, east and central areas are cooler
and drier. The country’s climate is driven by the seasonal migration of the Intertropical Convergence
Zone across the equator. The mean annual temperature in the country is 24.4 °C. The northern and
central to south-western areas average between 24 °C and 25 °C and the south and south-eastern
savannah areas average between 22 °C and 23 °C. The tropical climate zones in the country experi-
ence a dry season (from April to October) and a rainy season (from November to March).*5

Over the last 30 years, temperatures have been observed to increase by an average of 017 °C per
decade. It is projected that the average temperature will increase by 1.7-4.5 °C and the average
precipitation could increase by up to 8 per cent from the base period (1971-2000) by the end of the
271t century. Longer periods of dry seasons are also expected. However, no significant variations in
rainfall patterns have been observed in the DRC.>¢

The DRC experiences a mean annual precipitation of 1,504 mm, with between 140 and 160 rainy days
a year on average. In the central Congo Basin, precipitation averages between 1,800 mm and 2,200
mm a year. In the eastern regions, precipitation can reach 3,000 mm per year. In the coastal areas,
the climate is drier and precipitation averages 810 mm a year.®

The DRC is home to over half of the African continent’s surface water reserves and about one quar-
ter of the continent’s water resources, making it the most water-rich country in Africa. Approxima-
tely 30 per cent of the country’s water resources originates from neighbouring countries. The Congo
Basin covers approximately 98 per cent of the country, is the second largest in the world and hosts
the world’s deepest river, the Congo River. The other 2 per cent of the country is covered by the Nile
Basin, which contributes approximately 20 per cent of the White Nile's flow. The DRC is also home to
various rivers and lakes that it shares with its neighbouring countries, including the lakes Edward,
Kivu, Albert and Tanganyika.”

ELECTRICITY SECTOR OVERVIEW

The main sources of electricity in the Democratic Repub-

lic of the Congo (DRC) are hydropower and thermal power,  in 2019 (GWh)
accounting for 99 per cent and 1 per cent, respectively, of

total production, which amounted to 9,990 GWh in 2019. A

Hydropower 2,750

further 0.1 per cent was from solar power. Production from  Thermal Power | 29
hydropower, non-renewable thermal power and solar power Solar Power | 20

amounted to 9,855 GWh, 107 GWh and 28 GWh, respectively,
in 2019 (Figure 1).8

Bioenergy |3

Source: IRENA®

Figure 1. Annual Electricity Generation by Source in the DRC
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In 2020, the total installed capacity in the DRC was 2,802
MW with hydropower, non-renewable thermal power and
solar power contributing 98 per cent, 1 per cent, 0.7 per cent
and 0.3 per cent respectively. Installed hydropower capacity
was approximately 2,750 MW, thermal power capacity was 29
MW, solar power capacity was 20 MW and bioenergy capaci-
ty was 3 MW in 2020 (Figure 2).2

Figure 2. Installed Electricity Capacity by Source in the DRC
in 2020 (Mw)

Hydropower 9,855
Thermal Power | 107

Solar Power | 28

Source: IRENA®

The electrification rate in the DRC was 19 per cent in 2020,
with 49 per cent access in urban areas and 1 per cent in
rural areas (Figure 3), making the DRC one of the countries
with the lowest rates of electrification in the world.’ There
are significant issues of electricity shortage in the country,
which make even customers connected to the national grid
experience frequent blackouts. These issues are mainly
caused by ageing and faulty equipment and lack of regular
maintenance. Programmes for the rehabilitation of equip-
ment were designed but have not succeeded in yielding
considerable positive results yet mainly due to a gap in key
skills and unrealistic objectives given the budgetary con-
straints.®

Figure 3. Electrification Rate in the DRC in 2020 (%)

Total19%
Rural1%

Source: Energy Capital and Power®

The energy sector in the DRC is under the responsibility
of the Ministry of Energy and Hydraulic Resources (MEHR),
while the national utility responsible for the generation,
transmission and distribution of electricity is the Société
Nationale d’Electricité (SNEL). Due to the Government's
promise to decentralize the electricity sector, private elec-
tricity operators have emerged, though remain regulated by
SNEL. These include Virunga SARL, SOCODEE and BBOXX."

Over the years, the electricity grid and transmission systems
have been improved and enhanced. The high-voltage (HV)
transmission system was 2,475.7 kilometres in 1970. This HV
transmission system had extended to 5,260.7 kilometres by
1982, and by 2012 the distance serviced by the HV transmis-
sion network was 5,788 kilometres. In 2015, a second trans-

mission system (400 kV) connecting Inga and Kinshasa and
covering a distance of 277.3 kilometres was completed. This
transmission network was financed by the European Invest-
ment Bank to reinforce and secure electricity generation for
the city of Kinshasa. As of 2020, the total HV transmission
system was 6,975.36 kilometres, including 1,774 kilometres
of very HV direct current electric power transmission sys-
tem extending from Inga in the west to Kolwezi in the south.
There are several projects underway that aim to build trans-
mission lines to neighbouring countries, including Uganda,
Angola and Zambia. One of these projects is the proposed
DRC-Angola Transmission Interconnector, which could link
the two countries through a 250-kilometre 400 kV transmis-
sion lineM2m31

There are several projects in various stages of completion
to develop the energy sector in the DRC and increase access
to electricity. These include the KivuWatt project, which has
been partially completed and exploits the natural methane
reserves of the Lake Kivu, shared with Rwanda, for electric-
ity generation. There is also a concerted effort to accelerate
the development of gas for domestic use, which could prove
to be successful in providing value for the local community
due to the country’s vast resources in natural gas.>’

The largest planned electricity project is the large-scale
Grand Inga Dam Project, which, if completed, could sin-
gle-handedly provide enough generation to meet 40 per
cent of the continent’s energy demand, making it the largest
hydropower project in the world, with an estimated capac-
ity of over 40,000 MW. One of the phases of the Grand Inga
project, the Inga 1ll dam, is currently underway and could
provide 4.8 GW of capacity to the country. As the Inga Ill
project advances, several other African countries have ex-
pressed interest in the project, with Eskom of South Africa
and the Government of Angola signing agreements for the
purchase of 2,500 MW and 5,000 MW of the project capacity,
respectively.’

There are also projects that target other renewable energy
sources such as the Kinshasa Solar City Project, which aims
to build several solar power plants for a combined capacity
of 1,000 MW. These energy projects contribute towards the
country’s goals of achieving universal electricity access by
2035 and reducing greenhouse gas emissions by 17 per cent
by 2030.°

In the DRC, SNEL's tariffs are set by the Government and have
not been revised since 2009 and are thus fixed at approx-
imately 0.077 USD/KWh with variations based on inflation
rather than changes in costs. Private operators fix their own
tariffs in agreement with MEHR or relevant provincial au-
thorities. Private operator Virunga SARL charges 0.21 USD/
KWh (before taxes) in Goma and so does private operator
SOCODEE for low-volume customers. For medium-volume
customers, SOCODEE charges 0.16 USD/KWh. Private opera-
tor BBOXX charges between USD 17 and USD 100 per month
for residential power service.®
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SMALL HYDROPOWER SECTOR
OVERVIEW

In the DRC, small hydropower (SHP) is defined as plants with
an installed capacity of up to 10 MW. There was an estimated
56 MW of installed SHP capacity in 2017, which has not been
updated as of the time of writing of this chapter. The total
SHP potential identified has remained unchanged at approx-
imately 101 MW since the previous edition of the World Small
Hydropower Development Report (WSHPDR 2019) (Figure &)

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in the DRC (MW)

100.9

Potential 100.9
Capacity 100.9
100.9

56.0 Il WSHPDR 2022

Installed 56.0 [l WSHPDR 2019
Capacity 56.0 I WSHPDR 2016
WSHPDR 2013

Source: WSHPDR 2019, WSHPDR 2016,” WSHPDR 2013

There are five planned SHP projects in the DRC in Butembo,
Kakobola, Beni, Lungudi and Masisi (Table 1) out of approx-
imately 780 sites that were found to be suitable for SHP de-
velo pme nt149202122,23

Table 1. List of Selected Planned Small Hydropower
Projects in the DRC

Location Potential capacity (MW)
Butembo 9.50
Kakobola 9.30
Beni 2.40
Lungudi 1.50
Masisi 0.22

Source: UNDP™, AfDB?, IJHD?, Energy Capitol and Power?, Hydro Review?

RENEWABLE ENERGY POLICY

The DRC does not have a comprehensive renewable energy
policy framework. There is, as part of the National Strategic
Development Plan 2019-2023 (NSDP), a highlighted need for
the development of renewable energy sources, particular-
ly the tremendous hydropower potential. This, however, is
accompanied by an emphasis on the development and ex-
ploitation of natural gas.*

There are no specific government policies that target SHP
development and no direct incentives for the development
of SHP by the Government of the DRC. There are, however,
donors and funding institutions interested in investing in
the development of RE since the Government authorized
a liberalization of the electricity sector. These include the

World Bank, the African Development Bank (AfDB), the Euro-
pean Union and the United Kingdom Department for Inter-
national Development (DFIF).®

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

In the DRC, SHP plants are regulated by the same legislation
as larger hydropower projects. The main legislation and reg-
ulation documents in the DRC concerning hydropower are:
+ The 2014 Electricity Liberalization Law ref. 14/011;
« The Decree No. 18/054 of 2018 on the reduction of
production and import/export costs of electricity;
+ The Decree No. 18/053 of 2018 on setting the condi-
tions for the import and export of energy to/from the
DRC.?

COST OF SMALL HYDROPOWER
DEVELOPMENT

In the DRC, the construction costs of SHP are site-specific.
The main cost indicators are waterfall height and strength,
with the cost falling as the height rises (Table 2). These costs
are estimated based on previously built plants.?®

Table 2. Mean Costs of Small Hydropower Construction in
the DRC

Waterfall height Construction costs (USD/RW)

High (> 200 m) 1,500-2,000
Medium (30-200 m) 2,000-4,000
Low (<20 m) 4,000-6,000

Source: ANAPIZ

BARRIERS AND ENABLERS TO SMALL
HYDROPOWER DEVELOPMENT

The development of SHP in the DRC is mainly hampered by:
+ Weakened institutional and regulatory framework: the
decentralization law, the 2014 liberalization, the state
disengagement law and the law on public utilities’
transformation have not been effectively enforced
due to lack of institutional support. This constitutes
a discouraging factor for private parties interested in

SHP;

+ The centralized grid expansion in the country favours
large and centralized generation assets to the detri-
ment of smaller and localized generators such as SHP;

 High cost of initial capital and lack of affordable finan-
cial mechanisms discourage potential investors in the
energy sector;

+ Lack of institutional support for small-scale electricity
projects;

+ Lack of clear renewable energy policy in the country.
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Enablers for SHP development in the DRC include:

The 2014 liberalization law promises the decentraliza-
tion of the electricity sector, thus inviting private ac-
tors and international investors to get involved in the
sector. This would, if enforced, provide an enabling
environment for the development of SHP;

The abundant water resources in the country and the
multiple identified potential sites for SHP.
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KEY FACTS

1,432,744 (2021)"

28,051 km?2

Located in Middle Africa, Equatorial Guinea has a mainland region and an insular region. The latter com-
prises the islands of Bioko, which hosts the country’s capital of Malabo, and Annobon in the Gulf of Gui-
nea. The mainland of Equatorial Guinea begins on a narrow coastal plain, lined with mangrove swamps.
From there, the land rises into an elevated plateau of thickly forested hills to the border with Gabon,
reaching (in a few places) upwards of 1,219 metres above sea level. The highest point of Equatorial Guinea
is Pico Basile at 3,008 metres and is located on the island of Bioko, which is dominated by three extinct
volcanoes. The lowest point of the country is the costal border with the Atlantic Ocean (0 metres above
sea level).

The climate is tropical, hot and humid all year round with no specific rainy season, though rainfall is he-
aviest in October. The temperatures are higher from January to May (average of 27 °C in the city of Bata
on the mainland and an average of 26 ° C in Malabo) and lower from July to September, when they drop
to approximately 21 °C in the higher altitudes of the mainland, whereas Malabo experiences relatively
constant temperatures all year round.?

Climate change projections for Equatorial Guinea encompass increased temperatures (average increase
of 3-3.5 °C from a range of predictions under an average global temperature rise of 4.9 °C) and rainfall.
Rainfall is projected to increase by a median of 40 mm in October-December, representing an increase of
approximately 20 per cent.*®

Mean annual precipitation is 2,205 mm, although rainfall patterns vary dramatically between the islands
and mainland Equatorial Guinea. On the island of Bioko, precipitation is below 2,000 mm per year in Ma-
labo, while it exceeds 3,000 mm per year in the rest of the island. The dry season on the island of Bioko
runs from December to February, although it is more pronounced in the northern part, where Malabo is
located; the rainiest period is from May to October. The slopes of Pico Basile experience high rainfall, with
the location influenced by the prevailing wind. On the mainland, known as Rio Muni, there are two peak
rainfall periods: from March to May and from September to November. The rains are also quite abundant
from December to February, especially along the coast, and the only moderately dry period is from June
to August.>*

Aside from the sections of the Atlantic Ocean, the dominant water body is the Mbini River (known as the
Woleu River in Gabon), which runs generally from east to west through central Rio Muni. To the north, the
Campo River (called the Ntem in French-speaking Africa) marks part of the frontier with Cameroon. The
Utamboni River flows through the south. To the south-west lies the Muni, which is an estuary of various
rivers of Gabon and southern Equatorial Guinea. To the east, the de-facto border with Gabon follows the
meandering course of the Kié (or Kyé) River, rather than the legal frontier.

ELECTRICITY SECTOR OVERVIEW

Equatorial Guinea had an installed capacity of 4061 MW  Figure 1. Installed Electricity Capacity by Source in
in 2019, of which 1271 MW came from hydropower, primar-  Equatorial Guinea in 2019 (MW)
ily from the Djibloho plant (120 MW) (Figure 1). This is set

to more than double, once the 200 MW Sendje hydropower Thermal Power 2740
project is completed.” The completion date is unknown, Hydropower 1271
but expected soon following a recent investment of EUR 122 Solar Power § 5.0

million (USD 148 million) into the project. There is also a

solar-powered micro-grid with a 5 MW plant installed in 2017

in Annobon.?

Source: Wise Power Systems,? African Energy Portal®

In 2019, the majority of the total electricity generation of
478.8 GWh was produced by hydropower (447.7 GWh), with
the installed capacity of non-renewable sources (274 MW)
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only producing 31.2 GWh (Figure 2).° Final consumption was
598 GWh in 2019, excluding electricity imports, which are not
documented. The amount of solar power generation from
micro-grids is unknown.

Figure 2. Annual Electricity Generation by Source in
Equatorial Guinea in 2019 (GWh)

Hydropower 4477

Thermal Power 31.2

Source: African Energy Portal’

The state-owned electricity company Sociedad de Electri-
cidad de Guinea Ecuatorial (SEGESA) under the Ministry of
Mines and Hydrocarbons (MMIE) provides electricity under
licensed monopoly and has several subsidiaries for genera-
tion, transmission and commercial operations. The SEGESA
operates the country’s two small electricity transmission
networks, which comprise approximately 129 metres of
high-voltage lines!® The network on the mainland serves
the suburban area of Bata. The second distribution system,
on Bioko, serves the capital Malabo and connects with the
port of Luba. The electricity sector regulator is the Electric-
ity Energy Regulatory Agency, while ownership of sectoral
resources is left up to the national oil company GEPetrol.
Equatorial Guinea is a member of the Central African Pow-
er Pool. Work on drilling three oil exploration wells in the
Trident Energy-operated Block G oil production field com-
menced in 2021, and there are plans for the refurbishment
and well intervention works across existing thermal plants.

In 2018, 67 per cent of the total population in the country
had access to electricity: 90 per cent of urban residents and
only 7 per cent of rural residents (Figure 3).°

The Government of Equatorial Guinea has set electricity pric-
es for enterprises and individuals in accordance with Law No.
3/2002. The electricity consumption price varies depending
on the location and source of energy. Electricity consumers
outside of Malabo and Bata are charged a fixed tariff per kWh.
When the supplier is an independent producer, consumers
are charged 0.099 USD/kWh. For independent diesel produc-
ers the price is 0140 USD/kWh, while for independent hydro-
power producers the set price is 0110 USD/kWh.*

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Equatorial Guinea. For this chapter, the definition of up to 10
MW will be used.

Although Equatorial Guinea is estimated to have 11-26 GW
of hydropower potential, of which 50 per cent is deemed
economically recoverable, SHP has received little atten-
tion in the country. Only three SHP plants were in use as
of 2021." In the south of Bioko, the old 3.8 MW hydropower
plant in the town of Riaba has been operating at times at
as low as 2 per cent of capacity due to lack of investment in
maintenance and despite the increasing economic activity
from the nearby freeport in Luba. The Riaba plant is to be
refurbished and could see an increase in capacity to 6 MW,
while the two micro-hydropower plants at Musola (0.4-0.5
MW) and Bikomo on the mainland (3.2 MW) are in need of
upgrading! Compared to the World Small Hydropower De-
velopment Report (WSHPDR) 2019, the installed SHP capacity
remained unchanged (Figure 4). The reason for the change in
potential capacity since WSHPDR 2019 is due to access to a
new geo-spatial study released in 20188

Figure 3. Electrification Rates in Equatorial Guinea in 2018 (%)

Total 67%
Rural7%

Source: African Power Portal®

The Government of Equatorial Guinea is focusing on devel-
oping the fossil fuel industry within the country. In 2019, the
Minister of Mines and Hydrocarbons (H.E Gabriel Mbaga Obi-
ang Limawho is still in office at the time of writing) called for
USD 1 billion of investment to develop 10 new fossil-based
projects (of oil refineries and processing infrastructure).
However, it is unclear whether suitable investment was
raised for these projects.? The strategy to continue devel-
oping oil and gas resources in the country was repeated in
discussions with the African Energy Chamber in 2020 as part
of planning for recovery after the COVID-19 pandemic.®

Figure 4. Small Hydropower Capacities in the WSHPDR
2016/2019/2022 in Equatorial Guinea (MW)

Potential

Capacity mﬁ

Installed 7.5 Il WSHPDR 2022
Capacity 7765 M WSHPDR 2019
’ [ WSHPDR 2016

Source: WSHPDR 2013,* WSHPDR 2016,° WSHPDR 2019,” Korkovelos et al.’®

The Bikomo plant on the mainland (3.2 MW) was recently
rehabilitated, as announced in a 2019 project review report.”
Following the success of the Riaba and Musola plants, there
were hopes for support for a 10 MW plant at Ilachi on Bio-
ko island, as mentioned in a United Nations Development
Programme (UNDP) project document.® Although details are
not publicly available, a pre-feasibility study for the Ilachi
location as well as water resource evaluations at sites in
Belebu and Bococo Drumenwas were underway in 2019.2°
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Table 1. List of Operational Small Hydropower Plants in
Equatorial Guinea

Name Location Capacity (MW) Launch year
Musola I and Il Bioko 0.5 1942
Riaba Bioko 3.8 1986
Bikomo Rio Muni 3.2 -

Source: UNEP"

A geo-spatial analysis study conducted on GIS mapping
software in 2018 identified 30 potential micro-hydropower
sites (0.1-1.0 MW) totalling 10.9 MW and six SHP sites (1.01-10
MW) totalling 13.5 MW. The findings of the analysis suggest
that there is at least 24.4 MW of undeveloped SHP potential
in Equatorial Guinea. The exact locations, names and indi-
vidual details of the sites are unknown, but the results from
the geo-spatial mapping are visible in the study report.®

A separate study by Electricité du France (EDF) has identi-
fied 10 potential sites on Bioko Island at the six main rivers
of the Consul, Balaopi/Tiburones, Musola, Tudela/Moaba,
Ilachi, Ruma/Grande and Bao, though the individual capac-
ities were not stated. The same study found that the most
promising site for SHP development would be the Ilachi Riv-
er with a height difference of 200 metres and a combined
capacity of 12 MW in the dry season (and up to 18 MW in the
rainy season)" The exact locations or names of these sites
are not listed either and it is not known whether there is
an overlap with the sites identified in the 2018 geo-spatial
study. For this reason, the potential capacity estimate pro-
vided in this chapter is subject to error and potentially un-
derestimated, due to possible overlap of data sources and
lack of transparency.

Another project exploring SHP opportunities in Equatorial
Guinea was conducted through the UNDP. The project aimed
to complete a hydropower demonstration programme on
the island of Bioko and to support the ongoing refurbish-
ment of existing facilities at Riaba and Musola.?’ The project
had a target of installing one SHP plant and as of 2019 this
had not yet been achieved due to project delays.”

RENEWABLE ENERGY POLICY

Energy policy decision making in Equatorial Guinea primar-
ily focuses on oil and gas developments, while in the power
sector the focus is predominantly on larger-scale genera-
tion, grid extension and transmission concerns. Two main
laws responsible for the energy sector are the Fundamental
Law of 2012 and the Hydrocarbons Law No. 8/2006. As for
the electricity sector, Decree 20/2005 allows for the trans-
formation of the electricity sector™ Electricity tariffs were
set by Decree No. 03/2002 of 21 May 2002.

Apart from the electrification plan, which was unveiled by
the President in 2011, there is no longer-term renewable
energy or off-grid electrification section or separate plan.
There is a lack of procurement and licensing processes for

independent power producers (IPPs), which creates only
limited scope for renewable energy technology entrepre-
neurship and for IPPs in general There is no specific legis-
lation relating to SHP and estimates of cost of SHP specific
to the country are unavailable.

The European Union is a potential financing partner through
the ACP-EU Energy Facility. The strong business relations
between China and Equatorial Guinea may lead to addition-
al development finance. Additionally, Spain and France con-
tinue to provide some project assistance.?’ The UNDP proj-
ect on SHP mentioned above has been financed through the
Global Environment Fund.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Equatorial Guinea is vulnerable to climate shocks and rain-
fall variability from climate change and measures are be-
ing taken within the country to address the risks, however,
most are focused on forest conservation and weather anal-
ysis, rather than transitioning the energy system towards
renewable electricity generation. These commitments are
outlined in the country’s National Adaptation Plan of Action
(NAPA), which is overseen by the Ministry of Fisheries and
Environment. However, within this plan, there is little men-
tion of the energy system. There is also no large-scale inter-
national financial programme to specifically support these
ambitions.?2

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Given the Government priority to develop oil and gas re-
sources, it is not likely that Equatorial Guinea will become
a priority location for SHP relative to other Middle-African
countries, though there is a good availability of hydropow-
er resources near large anchor loads (Bioko Island). Any SHP
project in Equatorial Guinea will be entering an immature
market and developers should expect the barriers that come
with this, alongside a lack of institutional motivation for SHP.

Barriers to the development of the sector include:

+ No consideration of innovative financing mechanisms
for renewable energy developments (e.g., feed-in tar-
iffs, carbon finance), nor regulation considering SHP
development strategy;

+ High upfront costs (augmented by custom duties)
remain a factor further increasing the cost of intro-
duction of renewable sources in a small market (no
economy of scale);

+ Policy objectives largely focus on expanding the oil
and gas sector;

+ Subsidized petrochemical products do not reflect the
actual cost of fuel-generated electricity, distorting re-
newable generation as expensive;

+ Data quality issues pertaining to the exact locations
of the potential SHP sites identified.
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Enabling factors include:
+ Promising studies of viable sites for exploitation, par-
ticularly near the capital city on the island of Bioko;
+ Interest in SHP from development institutions, such
as the UNDP.
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Gabon

Annabel Johnstone, Kaboni

KEY FACTS

2.172,579 (2019)!

267,667 km? 2

Gabon is divided into three distinct regions: a narrow coastal plain to the west, a hilly mountainous inte-
rior and a savanna in the far east and south. Rainforest covers nearly 85 per cent of the country’s territo-
ry.2 Significant mountains include the Cristal Mountains in the north-east and the central Chaillu Massif
formed of granite, saddled by the Ogooué River, which carves through limestone. The highest peak in
Gabon is Mount Bengoué, in the Crystal Mountains at an elevation of 1,070 metres. The highest peak in
the Chaillu Mountains is Mount Milondo, at an elevation of 1,020 metres. The country also has hundreds
of caves located in the dolomite and limestone rock formations in the central and eastern areas.?

Located on the Equator, Gabon has a hot and humid climate all year round in the north and in inland
areas, with a short dry season from June to August. Average temperatures year-round range between 25
°Cand 27 °Cin coastal lowlands and between 22 °C and 25 °C inland. The country has experienced some
of its highest temperatures along the coast and in the capital city of Libreville.

Gabon has experienced a general warming trend with the mean annual temperature having increased
by 0.6 °C since 1960. The number of hot days in the country is projected to increase by 25-75 per cent
annually by 2060. Annual mean temperatures will increase by 1.8 °C by 2040-2059, according to the
worst-case emissions scenario of up to 5.4 °C by 2100. Climate projections indicate that warming will
occur across the country, with faster rates in the inland areas and slower rates in the coastal regions.**

Gabon receives an abundance of rainfall, typically ranging from 1,500 mm to 3,500 mm per year. The wet
season lasts from October to May, with a mean monthly rainfall of 200-250 mm and peak average rainfall
in October-November at 280 mm/month. However, mean annual rainfall in Gabon has dropped at an
average rate of 3.8 mm monthly (approximately 2.6 per cent) per decade since 1960. The coastal areas of
Gabon are expected to experience an increase in precipitation, while the inland areas may experience
decreased precipitation. Country average precipitation is expected to experience a slight overall increa-
se of 33.8 mm by 2040-2059, under a multi-model ensemble analysis of worst-case scenarios (RCP8). At
the same time, rainfall variability is expected to increase with greater intensity and frequency of heavy
rainfall.*®

Gabon has substantial renewable water resources, with 166x10° m? per year, of which 98 per cent is pro-
duced internally and found as surface water (with a 36 per cent overlap with groundwater sources). The
majority of the surface water is carried by the major river, the Ogooué (also spelt Ogowe), which is 1,200
km long and has several tributaries. Flowing through Gabon for almost its entire course, the river's drai-
nage area extends for almost 222,700 km?, within Gabon and also neighbouring Congo and Cameroon.
The river originates in the north-east in Congo, and travels through the main watersheds of the Chaillu
Massif and the Crystal Mountains, and empties into the Atlantic Ocean.s’

ELECTRICITY SECTOR OVERVIEW

In 2019, Gabon had a total installed capacity of 632.3 MW, of
which 3343 MW came from renewable sources. The dom-
inant renewable energy source in the mix is hydropower,
accounting for 332.0 MW of installed capacity, with the re-
mainder split between solar power (1.4 MW) and bioenergy
(1.2 MW) (Figure 1).8

Net production plus imports of electricity in Gabon reached
2,331.5 GWh in 2018, compared to 2,327.1 GWh in 2017. In 2018,
hydropower was the source of 980.9 GWh, a rise of over 7

per cent in just one year (913.6 GWh in 2017). Thermal gen-
eration stood at 839.8 GWh in 2018, down from 967.5 GWh in
20171 Solar power and bioenergy generation were estimat-
ed at 2.1 GWh and 14.1 GWh, respectively, in 2018.8 Thus, total
electricity generation in the country in 2018 amounted to
1,836.9 GWh (Figure 2).8" Gabon does not export electricity
and is a net-importing country. Imports of electricity have
been steadily increasing since 2013 and reached 445.6 GWh
in 2019, demonstrating an increase of nearly 11 per cent
compared to 2018.8

156



Figure 1. Installed Electricity Capacity by Source in Gabon
in 2019 (MW)

Hydropower 332.0
Thermal Power 208.0
Solar Power | 1.4

Bioenergy | 1.2

Source: African Energy Portal,® Oxford Business Group®

Note: This is an indicative estimate based on an average from several
sources.

Figure 2. Annual Electricity Generation by Source in Gabon
in 2018 (GWh)

Hydropower 980.9
Thermal Power 839.8
Bioenergy 141
Solar Power 21

Source: African Energy Portal,® SEEG™

Access to electricity across the population is at 93 per cent
nationally, with 97 per cent in urban areas and 63 per cent in
rural areas (Figure 3).2 Increased household demand (15-20
per cent increase on a yearly basis in Libreville alone) is
placing a strain on grid balancing. The Libreville grid — one
of five isolated distribution areas in the country — is expe-
riencing these pressures on the grid most strongly and load
shedding still occurs in certain neighbourhoods. The lack
of a national transmission grid has contributed to a tight
supply-demand margin in a large number of the country’s
urban areas.®

Figure 3. Electrification Rates in Gabon in 2018 (%)

Total 93%

Rural 63%

Source: Africa Energy Portal®

The Ministry of Mines, Petroleum and Hydrocarbons and the
Ministry of Energy and Hydraulic Resources have joint re-
sponsibility for the energy sector. The Société d‘Energie et
d‘Eau du Gabon (SEEG) is the sole generator, transmitter and
distributor of electric energy in the country. SEEG is verti-
cally integrated and holds a 20-year lease to the monopoly,
which was renewed in 2017. Gabon is a member of the Cen-
tral African Power Pool (CAPP).

The electricity sector is regulated by the Water and Energy
Sector Regulatory Agency. The electricity tariff is capped at
0.23 USD/kWh for low-voltage single-phase power and de-
clines to 0.09 USD/kWh based on usage (0.23 USD/kWh for

12 kW, 0.09 USD/kWh for 1 kW). For three-phase electricity,
the tariffis calculated based on the time of use: for long use
(over 2,880 hours), general use (1,441-2,880 hours) and short
use (less than 1,441 hours) the tariffs are 0.13 USD/kWh, 0.15
USD/kWh and 0.16 USD/kWh, respectively."

The electricity sector of Gabon and indeed its entire econo-
my is currently heavily dependent on the large oil resources
available within the country. Gabon is the fourth largest oil
producer in Africa, and is considered to be in the top five
richest African countries in terms of raw natural resourc-
es. The country has had plans to diversify the energy sector
and remove oil dependence since 2010, as outlined in the
Emerging Gabon Strategic Plan. The commitment to this ob-
jective was renewed in 2020 after the country was heavily
affected by the oil price crash during the COVID-19 pandem-
ic. With most of the population concentrated in the capital
of Libreville and the rural population scattered in difficult to
access areas, the current objectives are to enhance service
to those connected, lower service prices and ensure access
in rural communities!>®

Since 2016 there have been four thermal plants in the coun-
try: two in Libreville, including a 128 MW plant in Owendo
run by SEEG and a 70 MW plant in Alé nakiri run by the Social
Democratic Party (SDP); and two in Port-Gentil, including a
48 MW plant operated by SEEG and a 52 MW plant run by the
SDP, which is to be connected to the grid shortly. In addition
to the SDP-owned 160 MW Grand Poubara hydropower plant
that powers Franceville, Gabon has three major hydropower
plants operated by SEEG. The Kinguélé plant has a capacity
of 59 MW and is located roughly 200 km east of Libreville
along the Mbei River, supplying Libreville via a 224 kV line.
The second hydropower plant, Tchimbélg, is located along
the same river and has a capacity of approximately 69 MW,
while the third plant, Petit Poubara, near Franceville, has a
capacity of 38 MW. The Grand Poubara and Alénakiri plants
belonging to the SDP are operated under concession by Chi-
na-based Sinohydro and Israel-based Telemenia

Several large hydropower projects are in development: the
85 MW Ngoulmendjim plant (550 GWh of annual generation)
and the 15 MW Dibwangui plant (90 GWh) backed by the Gab-
onese Fund for Strategic Investments (FGIS) and Eranove;
and the 35 MW Kinguélé-Aval plant (204 GWh) backed by FGIS
and Meridiam. Furthermore, detailed preliminary studies of
the Booué project on the Ogooué River (412 MW, 2,950 GWh)
and the Tsengué-Lélédi project on the Ivindo River (300 MW,
1,286 GWh) have been initiated by the African Development
Bank (AfDB) on behalf of the Economic Community of Cen-
tral African States (EEECAS).® Gabon is examining financing
options for two further hydropower projects: FE2 (36 MW,
240 GWh) and Empress Falls (88 MW, 500 GWh).

In October 2019, French fund manager Meridiam signed a
33-year concession contract with the Government of Gabon
to construct a 34 MW hydropower plant on the Mbei Riv-
er, 100 km from Libreville. Construction was delayed due to
the outbreak of COVID-19 and new projections state that the
project will be completed in 20237
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SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Gabon. This chapter will use to the up to 10 MW definition of
SHP. The hydropower sector in Gabon is heavily dominated
by large-scale hydropower, and the country has significant
hydropower potential of which an estimated 6,000 MW re-
mains undeveloped® Gabon has ambitions to become a net
exporter of electricity in 2030, thus, the development of SHP
to support internal electricity demand has viability.

There are three SHP plants in Gabon with a total installed
capacity of 6 MW (Table 1) There have not been any devel-
opments in the country’s SHP sector since the publication of
the World Small Hydropower Development Report (WSHPDR)
2019. However, SEEG launched a project worth USD 12.7 mil-
lion for the rehabilitation of the Bongolo SHP plant, which
operated at half (approximately 2.5 MW) of its installed
capacity after 2010.2° The change in installed SHP capacity
since the WSHPDR 2019 is a result of this rehabilitation work,
and the change in potential capacity is due to access to new
information from a geospatial feasibility study (Figure 4).

A geospatial assessment of SHP potential in Sub-Saharan
Africa in 2018 found several opportunities to exploit mini-
and small-scale hydropower in Gabon. The study found
105.9 MW of potential capacity at 343 sites with mini-hydro-
power potential (0.1-1 MW) and 4121 MW of potential capaci-
ty available from 129 SHP sites (1-10 MW), resulting in a total
of 5181 MW of technical SHP potential. Though the locations
and names of these sites are unknown, the mapped results
from the geo-spatial analysis are visible in the study.”

Figure 4. Small Hydropower Capacities in the WSHPDR
2016/2019/2022 in Gabon (MW)

Potential 7.0 181
Capacity [ N/A

Installed 2‘2 B WSHPDR 2022
Capacity 6.0 M WSHPDR 2019

[ WSHPDR 2016

Source: Korkovelos et al. 2018, WSHPDR 2016,>' WSHPDR 2019%

Table 1. List of Operational Small Hydropower Plants in
Gabon

Name Capacity (MW) Launch year
Bongolo 5.46 1992
Mbigou 0.38 1996

Medounneu 0.20 1994

Source: Agence Cofin,? SEEG*

RENEWABLE ENERGY POLICY

In July 2020, Gabon laid out its ambitions to become an
emerging economy in the region by financing a rapid and
sustainable transition from a “brown” to a “green” economy.
The Strategic Plan for Gabon’s Emergence (PGSE) is support-
ed by a number of international organizations and coordi-
nated by the joint Sustainable Development Goals (SDG)
fund (alongside a commitment of USD 1 million) to acceler-
ate a transition away from an extractive and oil-based econ-
omy to a green and sustainable one. The PGSE was born out
of the commitment of Gabon to lower its greenhouse gas
(GHG) emissions in 2017 and bolstered by the large eco-
nomic shock of the oil-price crash in 2020, incentivizing the
country's transition away from unsustainable markets. The
planned transition will open up the market for SHP in the
coming years and place renewable energy developers as
valuable partners to the Government of Gabon. The joint
project’s approach aims to:

+ Build an Integrated National Financing Framework
(INFF) for both the PGSE, the SDGs and the transition
to a green economy;

+ Prepare the ground, through study and market assess-
ment, for expanded use of innovative green financing
mechanisms to power the country’s sustainable de-
velopment;

+ Rationalize the development financing ecosystem in
Gabon;

+ Develop national capacities in the mastery of SDG fi-
nancing instruments to accelerate the achievement of
SDGs related to climate change at the global level; and

+ Establish an effective and inclusive system for moni-
toring public resources allocated to the transition to a
green economy, aiming at creating a nation-wide SDG
financing dialogue mechanism.»

Hydropower plays an important role in this transition
through the creation of jobs, capacity building and enabling
mitigation of the nation’s dependency on oil and gas as the
primary energy sources. Thus, promotion of hydropower is
seen as one of the four pillars of green transformation ac-
celeration alongside the creation of green jobs, promotion
of green entrepreneurship for youth and women and sus-
tainable cities.®

In light of the recent PGSE, it is highly likely that the regu-
lations regarding renewable power generation will change
imminently to the benefit of both utility scale and SHP de-
velopers through simplified and accelerated licence path-
ways and an increase in financial mechanisms to advance
investment. This is especially the case as the PGSE rep-
resents the first targeted, holistic policy development for
renewable sources in Gabon!® As reported by the Director
General of the Ministry of Energy and Hydraulic Resources,
a key change in the licensing process for hydropower will
be a move from the outdated least-cost, project-by-project
approach to a licensing procedure inviting multiple stake-
holders to perform exploitation of all available sites in a
river basin — a system-scale approach.? It is important to
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note also that due to the joint SDG approach, environmental
standards and ecosystem services are seen as highly valu-
able and so any prospective projects are likely to require
a detailed Environmental and Social Impact Assessment
(ESIA) and environmental risk mitigation reports.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

The above mentioned PGSE should inject much needed
innovation into finance mechanisms for SHP and general
private investments in the hydropower sector of Gabon.
Planned or existing projects may also be financed through
national or international institutions. The AfDB-financed
Fund for Development and Expansion and the European
Fund (FODEX) provide financing to small and medium-sized
companies.

The Overseas Private Investment Corporation (OPIC), a Unit-
ed States Government agency, offers project financing in
Gabon. There is also scope for finance from Gabon Special
Economic Zone (GSEZ), which was started in 2010 as a joint
venture between Olam International Ltd., the Government
of Gabon and Africa Finance Corporation with a mandate to
develop infrastructure, enhance industrial competitiveness
and build a business-friendly ecosystem in Gabon.?®

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Climate predictions see an increase in rainfall in Gabon in
all scenarios, so it is likely that the country will have in-
creased total discharge.* This would require special consid-
eration of construction materials and design, as landslides
would be more likely.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Though attention will undoubtedly be focused on large hy-
dropower projects due to the large natural resource base of
Gabon, there is considerable scope for SHP development,
especially in rural energy access schemes where export
scale evacuation lines are less viable due to primary forest.
More information is needed on the regulation changes com-
ing through with respect to licensing procedures based on
catchment basins rather than site-by-site licensing. For SHP,
it would be beneficial to partner with large hydropower de-
velopers, to exploit this regulation change efficiently. Over-
all, Gabon looks promising for SHP development, keeping
the below barriers and enablers in mind.

The key barriers to SHP development include:
+ Legal framework and regulations are likely to change
imminently due to the development of the PGSE;
+ Lack of local expertise;
- Inadequate energy, water and transportation infra-

structure;
+ High levels of bureaucracy;
+ Poor quality of state services;
* Relatively high labour costs.?*%%

The key enablers include:

+ The strategic plan of Gabon to transition from a
“brown” to “green” economy opens huge potential for
hydropower development;

+ The Doing Business score of Gabon (45) has been
steadily improving, with considerable improvement in
ease of setting up a business.”
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Sao Tome and Principe

International Center on Small Hydropower (ICSHP)

KEY FACTS

219,161 (2020)"

1,001 km?2

Sao Tome and Principe is an archipelago consisting of two small islands and some islets located in
the Gulf of Guinea, approximately 300 kilometres west of the African coast. The Islands are of volca-
nic origin and the terrains are predominately rugged with steep slopes, particularly in the western
and southern regions on both islands. While volcanoes are present, neither island has experienced
volcanic activity in recent centuries. The highest point is Pico de Sao Tome, at 2,024 metres, and is
located in the western part of Sao Tome Island. The highest point on Pricipe Island is Pico de Prin-
cipe at 948 metres, located in the southern region. Both islands have small coastal plain regions
situated in the north-east.?

The islands have a tropical, maritime climate with little variation of temperature in a given region
throughout the year. Temperatures in lower elevations and coastal regions are consistently in the
upper 20s °C, while temperatures in higher elevations may drop to approximately 10 °C at night.
Seasons are determined by rainfall with a dry season between June and August and a wet season
between September and May.>?

As islands, some of the most pressing concerns of climate change in Sao Tome and Principe are
rising sea levels, coastal flooding and coastal erosion. These phenomena have been experienced
already and are expected to intensify in the upcoming decades. Additionally, there have been noti-
ceable elongated dry seasons, causing droughts, while prevalence of excessively heavy rainfalls and
storms is increasing during the wet season, causing floods and landslides.

Precipitation largely occurs during the wet season between September and May throughout the
country, although average amounts vary by region, gradually decreasing from south-west to north-
east. Average annual rainfall in the southern and western mountainous regions of both islands is
above 5,000 mm and can exceed 7,000 mm in some areas. In the far north-eastern regions, annual
rainfall is the lowest, approximately 760 mm.2

Within the mountainous terrain are many swift flowing rivers beginning in the country’s interior
highlands and flowing downwards to the coasts. The largest river is the lo Grande on Sao Tome drai-
ning in the south-east. Other important rivers on Sao Tome include the Abade, Manuel Jorge and Rio
d’Ouro. The largest and most important river on Principe Island is Rio Papagaio. Many rivers have
seasonal flows and weaken during the country’s dry season.*

ELECTRICITY SECTOR OVERVIEW

In 2020, total installed capacity in Sao Tome and Principe  Figure 1. Installed Electricity Capacity by Source in Sao
was 38.6 MW, although total available capacity was consid-  Tome and Principe in 2020 (MW)

erably lower. On the country’s grid, thermal power, largely
diesel fuel, amounted to 35.68 MW (95 per cent) and hydro-
power to 1.92 MW (5 per cent) (Figure 1). Additionally, there Hydropower i 1.92
were some other isolated systems in remote areas not con-

nected to the grid amounting to approximately 1 MW. There gy rce: EMAES

Thermal Power 35.68

are a total of 7 power plants in operation in the country, 6
of which are thermal power and 1 hydropower. None of the
power plants operated with their full installed capacity in
2020, leaving a total available capacity of 22.15 MW (Table 1).5
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Table 1. Installed and Available Capacity in Sao Tome and
Principe

Installed capacity (MW) Available capacity (MW)

Sao Tome 34.80 20.31
Principe 2.80 1.24
off-grid 1.04 0.60
Total 38.64 2215

Source: EMAE®

In 2020, total electricity generation was 109.6 GWh. Thermal
power generated 104.7 GWh (95 per cent) and hydropower
generated 4.9 GWh (5 per cent) (Figure 2). Net generation
after energy used by power plants was 103 GWh. Due to sig-
nificant inefficiencies, the electricity sector has experienced
large annual losses in recent years and in 2020, losses rep-
resented 33.1 GWh, or over 32 per cent. After losses, the ac-
tual total electricity consumed in the country was 69.9 GWh
for the year.®

Figure 2. Annual Electricity Generation by Source in Sao
Tome and Principe in 2020 (GWh)

Thermal Power 104.7

Hydropower M 4.9

Source: EMAE®

The overall electrification rate in 2020 was 76 per cent, in-
cluding over 78 per cent in urban areas and 71 per cent in ru-
ral areas.® Most of the electricity consumption in the country
is concentrated in the capital city and surrounding areas.
In 2020, there were 50,402 electricity customers that con-
sumed a total of 69.9 GWh. The 42,489 residential customers
represented 84 per cent of total customers and consumed
49 per cent of the electricity. Government and state insti-
tutions consumed 16 per cent of the total, commercial cus-
tomers 13 per cent, industrial customers 8 per cent and the
remaining 14 per cent was distributed amongst other types
of customers.®

Figure 3. Electrification rate in Sao Tome and Principe in
2020 (%)

Total76%
Rural71%

Source: World Bank®

In 2014 the electricity sector was restructured under Legal
Framework of the Electricity Sector (RJSE) Decree-Law No.
26/2014. This decree essentially liberalized the market for

private entities to invest in electricity production, however,
there is a lack of clear regulation. As of 2020, the Govern-
ment was working with external partners such as the United
Nations Development Programme (UNDP) to create com-
plimentary legislation that would further outline the stan-
dards for a liberalized market. Currently, the main electric-
ity company is the Water and Electricity Company (EMAE),
which is 51 per cent owned by the state and 49 per cent
owned by private companies. EMAE is responsible for all the
electricity production, distribution and transmission in the
country. The distribution and transmission networks use a
combination of underground and overhead medium- and
low-voltage lines from 0.4 kV to 30 kv.

With the support of international donors, the Government
has made efforts to improve and extend the transmission
and distribution network, construct new substations, trans-
formation posts and a new national dispatch centre based
on smart technologies and train technicians in order to
adapt to the new quantitative and qualitative technological
requirements of the public electricity service. In 2016 and
2017, transmission and distribution lines were rehabilitated
and extended to the north and north-east to Santa Catarina
Island and to the south of the island of Sao Tome as far as
Sao Joao dos Angolares, as well as to Monta Alegre and Praia
Burra in the island of Principe.?

Expansion of electricity access and reliability is incorporat-
ed into many of the recent national plans. The Sao Tome
and Principe 2030 Transformation Agenda set out the Gov-
ernment’s goals to pursue sustainable development, pro-
vide access to energy as an essential public good to the
entire population, preserve the environment by designing
projects that minimize negative environmental impacts and
creating favourable conditions for the implementation of
relevant environmentally friendly solutions and promote
public-private partnerships with companies that have fi-
nancial capital, technologies and human resources in the
field of renewable energy.” The National Development Plan
of 2017-2021 also highlighted the need to extend electricity
access to the whole population as well as the need to re-
habilitate the distribution and transmission infrastructure
to avoid losses and increase energy efficiency, to increase
electricity production through encouraging public-private
partnerships and investments and to ensure a 50 per cent
share of renewable energy sources on the grid by 2030. Ad-
ditionally, the World Bank provided support to the Ministry
of Infrastructure and Natural Resources with the prepara-
tion of a Least Cost Development Plan in 2018, which set out
a roadmap to attain the necessary new generation capaci-
ties with the lowest cost investments.

Electricity tariffs are set by EMAE and are approved by the
General Regulatory Authority (AGER). Tariffs vary depending
on the category and volume of consumption and are not
differentiated by region due to the uneven distribution of
the population across the country (Table 2).
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Table 2. Electricity Tariffs in Sao Tome and Principe

Type of consumer Ta?’gggﬁ;ﬁéﬁ’v”
Domestic:

<100 kWh 1.67 (0.07)
100-300 kWh 2.45 (0.11)
>300 kWh 3.84(0.17)
Commercial 3.84(017)
Government, state institutions 6.03 (0.26)
Embassies, international institutions, other 7.03 (0.30)

Source: EMAE®

SMALL HYDROPOWER SECTOR
OVERVIEW

Small hydropower (SHP) is defined as power plants up to
10 MW, with a further breakdown into mini-hydropower (101
kW-1 MW) and micro-hydropower (1100 kW). For the pur-
poses of this chapter, all hydropower plants up to 10 MW will
be considered SHP.

In 2020, the installed capacity of SHP in Sao Tome and Prin-
cipe was 1.92 MW.° According to a study carried out in 2008
by CECI Engineering Consultants, Inc., there is a total poten-
tial capacity of 63.8 MW, indicating that just 3 per cent of
the potential capacity is currently in operation.” Compared
to the results of the World Small Hydropower Development
Report (WSHPDR) 2019, potential capacity has remained the
same and installed capacity has decreased due to removing
plants not in operation for several years from the value of
installed capacity (Figure &).

The three old SHP plants that are now no longer in use are
the Guégué, Agostinho Neto and Papagaio. The Guégué was
constructed in 1941 with a capacity of 320 kW and closed in
2011. While some infrastructure is still at the site, the tur-
bine and electrical system have been fully removed. In 2019,
private company STP Urbano made an agreement to rebuild
an SHP plant at that location. The company plans to demol-
ish most of the remaining infrastructure and build a plant
with a capacity of 1 MW. The commencement on construc-
tion of this project has not yet been announced.

The Agostinho Neto plant was constructed during colonial
times and later modernized with a capacity of 344 kW. Due
to electromechanical problems, the plant was dismantled
in 2007 and has been inoperable since. STP Urbano has also
shown interest in demolishing and rebuilding the plant, but
no concrete purchase has been made. The Papagaio plant
was the only hydropower plant to exist on Principe Island.
It was constructed in 1993, first with an oversize 400 kW tur-
bine but after two weeks changed for an 80 kW turbine that
was in operation for just a few weeks before the transformer
was brought to be installed at a nearby thermal power plant
instead. In June 2020, a call for proposals to carry out a fea-
sibility study on the project was launched, with no further
updates since.’

The 2008 study of SHP potential in Sao Tome and Princi-
pe identified 34 sites with a combined potential capacity of
63 MW and estimated annual production of 244 GWh (Table
3). The large majority of the sites are located on Sao Tome
Island, while three of them are on Principe Island. Develop-
ment of these sites would more than double total installed
capacity and electricity generation for the country, as well
as provide access to electricity in nearby remote commu-
nities.

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Sao Tome and Principe (MW)

63.8

Potential 63.8

Capacit 63.8
pactty 30.0

1.9 W WSHPDR 2022

Installed 2.7 [l WSHPDR 2019

Capacity | 2.6 [ WSHPDR 2016

6.0 WSHPDR 2013

Source: EMAE,® ALER,” WSHPDR 2019, WSHPDR 2016,"° WSHPDR 2013"

Historically, there have been four SHP plants in the country,
although only one has been in operation in the past decade.
The Contador plant, located in the north-western region on
Sao Tome Island, has been in operation for over 50 years
and is in need of refurbishment. The installed capacity is
1.92 MW but the current available capacity is approximately
1.8 MW. As of 2020, a rehabilitation project on the Contador
plant has been approved with financial support of the World
Bank with aims to increase the installed capacity to up to 4
MW. The budget for this project will be USD 39 million.

Table 3. List of Selected Potential Small Hydropower
Projects in Sao Tome and Principe

Name Location Potential capacity (MW)
Dona Eugénia lo Grande River 9.6
Monte Rosa Quija River 3.75
Bombaim Abade River 35
Santa Irene Lemba River 3.0
Claudino Faro Abade River 2.0
Mato Cana Abade River 2.0
Neves Provoz River 2.0
Santa Luzia Manuel Jorge River 115
S. Jodo Cantador River 0.9
Santa Clara Manuel Jorge River 0.89
Cruz Grande Do Ouro River 0.88
Monte Verde Xufexufe River 0.80
Mateus Sampaio Umbugu River 0.50
Almeirim Agua Grande River 0.44

Source: ALER
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RENEWABLE ENERGY POLICY

Policy development, expansion and improvement of the en-
ergy sector, customer services and public services delivery
all fall within the Government's priorities. The Government
has mobilized resources to restructure the energy sector in
order to create a more attractive investment environment,
particularly for private investment in renewable energy
infrastructure. Ongoing programmes, carried out with the
support of development partners, are the main line of ac-
tion. At present, no incentives or financial mechanisms exist
to support the development of renewable energy sources,
including SHP. However, regulations on renewable energy
and SHP plants specifically are being drafted with the sup-
port of national and international consultancies.

The National Development Plan 2017-2021 set targets for
renewable energy including a 30 per cent share in electric-
ity generation by 2021 and a 50 per cent share by 2030. In
2020, renewable energy share in electricity generation was
5 per cent, indicating that the 2021 target will most likely
be missed. The renewable energy sources prioritized by the
country are hydropower, solar power and biomass. There is
not much potential for wind power on the islands due to
the steep slopes of its terrain. There have been 34 potential
sites identified for approximately 63 MW of hydropower, 25
sites for solar power for over 62 MW and one site for bio-
mass identified for 12.5 MW.

In 2019, the Global Environment Facility (GEF) and the Unit-
ed National Industrial Development Organization (UNIDO)
approved a USD 24.93 million grant, of which USD 1.58 mil-
lion would come directly from GEF and the rest would come
from co-financing. This grant, named the Promotion of In-
vestments in Renewable Energy and Energy Efficiencyin the
Electricity Sector, has multiple aims focusing on technical
assistance and training. Activities in the scope of this grant
include UNIDO working directly with the Government of Sao
Tome and Principe to create clear renewable energy policies
and create any legislation required to achieve them, as well
as preparing a National Sustainable Energy Investment Plan
to present to potential investors in at least two investment
forums.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

With the support of the UNDP, the Promotion of Sustainable
Development and Hydroelectric Production Interconnected
or in an Isolated Grid, more commonly known as The Ener-
gy Project, was created in 2017. It secured USD 20.7 million
from multilateral and private sources to help establish the
required institutional and legal framework for hydropower
investment and development in the country.? A set of activ-
ities is underway with the objective of removing both tech-
nical and institutional barriers, including:

+ Organizational restructuring of the Department of

Natural Resources and Energy;
+ Creation of support mechanisms and incentives for

independent producers of electricity from renewable
sources;

+ Development and implementation of the Water Law;

+ Development of the National Forest Development
Plan;

+ Update of the Forest Law.

Development of regulations for the electricity sector in-
clude:

+ Regulation of energy generation from different sourc-
es of renewable energy (hydropower, solar photovol-
taics, biomass and wind power);

+ Sanctioning regime applied to electric power produc-
ers;

+ Regulation of connection of new producers to the grid.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

The Government of Sao Tome and Principe has worked with
several international banks, donors and organizations to se-
cure funding for SHP. In 2018, the African Development Bank
through its Sustainable Energy Fund for Africa approved
a USD 1 million grant for the development of mini-hydro-
power in Sao Tome and Principe. The grant is to provide the
necessary funding for feasibility studies and environmental
impact assessments at potential SHP sites. The aim is that
the information gathered by these studies will attract inves-
tors in the sector. The initial locations that these studies will
take place are at the Monte Rosa, Monte Verde and Santa
Irene potential project sites.””

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The country’s hydropower sector has significant poten-
tial for development, as shown in the studies carried out.
Therefore, boosting development will require raising pri-
vate funds, taking into account the legal instruments that
are being developed to increase the share of hydropower
in the national energy mix and minimize the country’s envi-
ronmental impact.

The major barriers to SHP development in Sao Tome and
Principe include:

+ Institutional constraints due to the lack of a national
strategy for hydropower and other renewable energy
sources;

+ Lack of an Electricity Master Plan;

+ Lack of legislation and adequate implementation of
the recommendations of the 2008 study by CECI Engi-
neering Consultants, Inc.

The major enablers for SHP development in Sao Tome and
Principe include:
+ Most of the SHP potential is untapped and many sites
have already been identified with their respective ca-
pacities;
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+ Access to electricity in the country is not universal,
particularly in rural or remote areas. SHP develop-
ment in remote areas can bring electricity to commu-
nities that have been without;

«  Currently, fossil fuels account for 95 per cent of elec-  13.

tricity generation. SHP could be vital to achieve the
goal of 50 per cent renewable energy by 2030.
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1.3. Northern Africa

Countries: Algeria, Egypt, Morocco, Sudan, Tunisia

INTRODUCTION TO THE REGION

The electricity sectors of countries in the Northern Africa region are characterized by the dominance of state-owned com-
panies and, with the exception of Sudan, heavy reliance on fossil fuels. In Algeria, two public companies dominate the
energy market, with one focusing on hydrocarbon production and trade and the other managing electricity production and
distribution as well as gas distribution. Almost all of the country's electricity is generated from natural gas, combined cycle
and steam power plants. The electricity sector of Egypt is divided between 16 state-owned companies operating under the
umbrella of the Egyptian Electricity Holding Company. Thermal power plays the dominant role in electricity generation in
the country, although a significant share of installed capacity and generation is accounted for by renewable energy sources.
In Morocco, the electricity sector is dominated by the state-owned National Office of Electricity and Potable Water, which
acts as the sole buyer of electricity and also operates some of the largest plants in the country. The primary sources for
electricity generation in Morocco are coal and natural gas, while renewable energy sources serve in a supplementary role. In
Sudan, the electricity sector is controlled by five companies under the Ministry of Energy and Petroleum. Hydropower and
thermal power are both major sources of electricity generation in Sudan and are employed in a complementary capacity.
Tunisia operates a partially liberalized electricity market. While the main actor in the country’s electricity sector remains a
state-owned company, smaller private companies also have a significant presence. Tunisia is heavily dependent on fossil
fuels for electricity generation, with thermal power accounting for over 97 per cent of electricity generation in 2019.

The leading hydropower producer in the Northern Africa region is Sudan, where hydropower accounts for the largest share
of generated electricity, although the installed capacity of thermal power slightly exceeds that of hydropower. In Egypt and
Morocco, hydropower plays an important supplementary role in electricity generation. Egypt and Sudan share the Nile River
as their primary source of both hydropower and irrigation, resulting in a complex but generally amicable shared water use
relationship between the two countries. Tunisia and Algeria have some hydropower capacity, but its share of the electricity
supply of both countries is relatively minor.
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An overview of the electricity sectors of the countries in the Northern Africa region is provided in Table 1.

Table 1. Overview of Northern Africa

Electricity Electricity Electricity gen- Hydropower in-  Hydropower

Total population Total installed

Country (million people) acce?;:)total acce?;;)rural capacity (MW) erati;:a(SWh/ stallezw cv?/)pacity (gGeVrJ;l}c)l/teiZ?)
Algeria 43 100 100 21,999 87,034 228 152
Egypt 106 100 100 59,530 197,357 2,832 15,038
Morocco 36 100 100 10,677 40,348 1,770 1,654
Sudan 44 55 41 4,137 16,846 1,907 10,210
Tunisia 12 100 100 5,653 20,217 62 66
Total - - - 101,996 - 6,799 -

Source: WSHPDR 2022

Note: Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may vary.

REGIONAL SMALL HYDROPOWER OVERVIEW
The definition of small hydropower (SHP) in Northern Africa varies by country. Algeria and Morocco adhere to the up to 10
MW definition of SHP, with additional subcategories for hydropower plants within the 0-10 MW range. By contrast, Sudan has

adopted the up to 5 MW definition of SHP. There is no official definition of SHP in Egypt or Tunisia.

A comparison of installed and potential SHP capacities in the region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Northern Africa (MW)

Country Local SHP definition lnstgéliglc(;ze[}.c;city POte(?;ile fjae%zcity Insta(lslfg Acﬂcw)acity POtef();;%l I\;c;ﬁ)acity
Algeria Up to 10 MW 47,1 471* 47,1 471*

Egypt N/A N/A N/A 0.0 120.0
Morocco Up to 10 MW 30.5 300.0 30.5 300.0
Sudan Up to 5 MW N/A N/A 7.2 2,228.6
Tunisia N/A N/A N/A 17.0 56.0

Total - - - 101.8 2,751.7

Source: WSHPDR 2022'

Note: *Based on installed capacity.

The installed capacity of SHP up to 10 MW in Northern Africa is 101.8 MW, while potential capacity is estimated at 2,751.7 MW.
Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity decreased by approx-
imately 9 per cent due to more accurate data on the operational status and installed capacities of existing SHP plants in
Egypt and Morocco. The estimate of potential capacity for SHP up to 10 MW in the region increased five-fold due to a reas-
sessment of the SHP potential of Sudan and Egypt.

While large hydropower plays an important role in electricity production in Northern Africa, the SHP sector in the region
is very small by comparison, accounting for approximately 1 per cent of the total installed hydropower capacity. Little SHP
development has taken place in the region over the last decade, with the installed SHP capacities of Egypt, Morocco, Sudan
and Tunisia either remaining constant or declining due to the decommissioning of existing plants. The installed SHP capacity
of Algeria has increased relative to the WSHPDR 2019 as a consequence of the inclusion of a previously existing plant in the
country’s SHP total rather than any new developments in the last few years. SHP development in Northern Africa is hindered
by a number of factors common to many countries in the region, including the availability of cheap fossil fuels, lower profit-
ability of SHP relative to solar power and wind power plants and limited water resources in many parts of the region, as well
as a lack of detailed data on potential SHP sites.
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The national share of regional installed SHP capacity up to 10 MW by country is displayed in Figure 1, while the share of total
national SHP potential utilized by the countries in the region is displayed in Figure 2.

Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Northern Africa (%)

Sudan 7%

Tunisia 17%

Algeria 46%

Morocco 30%

Source: WSHPDR 2022
Note: Egypt not included due to absence of SHP plants up to 10 MW.

Figure 2. Utilized Small Hydropower Potential up to 10 MW by Country in Northern Africa (%)
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Source: WSHPDR 2022

In Algeria, the total installed capacity for SHP up to 10 MW is 47.1 MW. As there are no reliable estimates of the country’s
potential capacity, it is currently assumed that all SHP potential in Algeria is fully utilized. The installed capacity of Algeria
increased relative to that reported in the WSHPDR 2019 due to the inclusion of the previously unreported Ighzerouftis SHP
plant in the country’s SHP total. However, no SHP development has taken place in the country in recent years. Furthermore,
the Government of Algeria has indicated its intention to phase out hydropower in order to redirect available water for irriga-
tion and drinking water supply, and hydropower development has been entirely excluded from the country’s New National
Programme for Renewable Energy Development 2015-2030.

There were no operational SHP plants up to 10 MW in Egypt as of 2021, although several plants were in operation in the
country in previous years. The potential capacity of SHP up to 10 MW has been recently revised from 51.7 MW to 120 MW. The
country plans to develop several SHP sites with capacities ranging between 2 MW and 5 MW, although the project has not yet
been confirmed due to concerns over its environmental and social impact.

Morocco has 30.5 MW of installed capacity for SHP up to 10 MW, while the potential capacity is estimated at approximately
300 MW, indicating that approximately 10 per cent of the SHP potential has been developed. As part of the Government’s
strategy to promote renewable energy sources by 2030, a number of hydropower projects have been approved for develop-
ment by the private sector, of which 11 projects with a total capacity of 61.5 MW are under construction.
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In Sudan, the installed capacity of SHP up to 10 MW is 7.2 MW, while the latest estimates put the country’s SHP potential at
2,228.6 MW, indicating that less than 1 per cent has been developed. Although Sudan does not have an integrated renewable
energy policy document, the country has been making efforts to develop its renewable energy potential and aims to reach
at least a 50 per cent share of total electricity generation produced by renewable energy sources by 2031.

The total installed capacity for SHP up to 10 MW in Tunisia is 17 MW, while the estimated potential capacity stands at 56 MW,
indicating that 30 per cent of the known potential has been developed. There has been no change in either installed SHP
capacity or estimated potential capacity of the country since the WSHPDR 2019. The renewable energy strategy in Tunisia
is focused primarily on solar and wind power. By contrast, the development of SHP has received relatively little interest in
recent years, although in 2019 the National Company for the Exploitation and Distribution of Water of Tunisia invited bids for
the construction of two micro-hydropower plants. The status of these two projects is currently unknown.

Figure 3. Change in Installed Capacity of Small Hydropower up to 10 MW from WSHPDR 2013 to WSHPDR 2022 by Country in
Northern Africa (MW)

Il WSHPDR 2022
Algeria W WSHPDR 2019
I WSHPDR 2016
WSHPDR 2013
Morocco
Tunisia
Sudan
Egypt
1115
TOTAL 112
15.7
120

Source: WSHPDR 2022," WSHPDR 2013, WSHPDR 2016,> WSHPDR 2019*

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

The key barrier to SHP development in Algeria is weak support for renewable energy technologies and a trend away from
hydropower development in particular. Additional barriers include limited financial resources and the low cost of genera-
tion from fossil fuels. In light of the Government's decision to not only halt the future development of hydropower but to
additionally phase out existing hydropower capacities due to water scarcity, there is little prospect for SHP development in
the country.

Barriers to SHP development in Egypt include competition from other renewable energy sources, lack of Government in-
terest in SHP and inadequate data on available SHP potential. However, as the Government's policies on renewable energy
sources have been formulated fairly recently, the possibility exists that the utility of SHP for diversifying the country’s en-
ergy mix may be reconsidered in the future. In addition, the country’s substantial undeveloped SHP potential, including the
large number of irrigation canals and other hydraulic infrastructure, presents many opportunities for SHP development in
certain parts of the country.

While Morocco has made considerable progress in diversifying its energy mix, SHP development in the country faces stiff
competition from wind power and solar power, with returns on investment from SHP projects being less attractive than
those from other renewable energy sources. Lack of public interest in SHP and of focused research in the field, as well as
concerns over the country’s limited freshwater resources, pose additional obstacles for SHP development. Nonetheless, the
availability of data on potential SHP sites could serve as the basis for future interest in SHP development in the country.
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The development of SHP projects in Sudan is hampered mainly by the lack of a comprehensive renewable energy policy, the
Government's focus on large hydropower at the expense of SHP, irregular rainfall and low expected returns on investment. At
the same time, Sudan possesses the greatest known undeveloped potential in the region for SHP up to 10 MW and emerging
renewable energy policies may favour SHP development in light of the country’s ambitious renewable energy targets to 2030.

Key barriers to SHP development in Tunisia include limited technical capacities and limited specialization to undertake
feasibility studies, competition with conventional and renewable energy sources and a lack of stable funding for SHP. At the
same time, Tunisia has experienced a marked increase in rainfall in recent years, leading to dramatic increases in annual
hydropower generation from existing capacities. If this trend continues, it could make hydropower and SHP in particular a
more promising source of renewable energy in the country.
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Algeria

Amine Boudghene Stambouli, University of Sciences and Technology of Oran; and International Center on Small
Hydro Power (ICSHP)

KEY FACTS

43,424,000 (2019)'

2,381,741 km?2

Algeria is made up of four main topographic zones. To the north, along the Mediterranean coast (1,200
km), stretches the narrow Tell plain, varying in width from 80 km to 190 km. The Tell Plain and the adjoi-
ning valleys are home to most of the country’s agricultural land. On the borders of the Tell, two mountain
ranges are oriented from east to west: the Tell Atlas to the north and the Saharan Atlas to the south,
which merge towards the east of Algeria, forming the Aures massif. South of the Saharan Atlas stretches
the Sahara Desert, representing 80 per cent of the surface area of Algeria. South of the Sahara stretches
a succession of desert highlands, the Hoggar massif, where the highest peak in Algeria, Mount Tahat at
3,003 metres, is located. Approximately half of the territory of Algeria lies at 900 metres or more above
sea level and approximately 70 per cent of the area is between 760 and 1,680 metres in elevation.??

The north of Algeria is in the temperate zone and its climate is like that of other Mediterranean countries,
although the diversity of the relief creates strong temperature contrasts. The coastal region has average
winter temperatures of 10-12 °C and average summer temperatures of 24-26 °C. Further inland, winter
temperatures average 4-6 °C, with frost and occasional snow on the massifs; summer temperatures aver-
age 26-28 °C. In the Sahara Desert, temperatures range from 10 °C to 34 °C, with extreme peaks of 49 °C.*

Climate experts estimate that due to global warming, temperatures in Algeria will rise by 4-4.5 °C by
2050. As a result of the increased frequency of torrential rains, in 2009 the highlands of Ghardaia and
Bechar experienced flooding for the first time, and in the south of the country, in 2020 daily rainfall
exceeded the normal annual average. Other observed consequences of climate change include high sea
levels and destructive waves, causing erosion and even disappearance of beaches to the west of Algiers,
demographic pressure, reduction in water run-offs, scarcity of water resources, degradation of hydraulic
infrastructure and threat to wetlands.

Precipitation patterns in the country can be separated into four key regions. The first region is located to
the east in the high plains, and includes the Sersou plateau (Ain-Oussera region, Ksar el Boughari), while
to the west it includes the region of Ras el Ma. These territories lie in relatively high altitudes (580-1,194
metres), are sheltered and characterized by low and irregular rainfall with averages of less than 400
mm per year. The second region, located in the west and the centre of the country, is characterized by a
position of relative shelter from the rain flows from the west and north-west and low relief. The annual
precipitation averages are below 500 mm and are slightly less irregular than in the first region. The third
region, encompassing mountainous areas as well as the high interior plains, receives irregular rainfall,
with the annual average ranging from 500 mm to just over 800 mm. The fourth region is located in the
east of the Tell Atlas and experiences irregular precipitation with maximum rainfall in the cold autumn
and winter and minimum in summer, with annual averages ranging from 488 mm to 854 mm.%’

The estimated amount of renewable water resources in Algeria is approximately 19 billion cubic metres
per year and approximately 450 cubic metres (m?) per capita per year. This is below the recommended
500 m? per capita per year scarcity threshold, indicating a water crisis in the country. Furthermore, water
resources are characterized by high variability. The rivers in Algeria are numerous, but the majority of
them have short courses. They mostly rise in the mountains near the coast and flow with great force
through deep and rocky channels, presenting the characteristic mountain torrents. The Chelif River, the
longest and most important river of Algeria, runs between the Atlas Mountains and Mediterranean Sea, is
725 km long and has an irregular flow, with the longest continuous flow being from November to March.
The Djedi River is 479.6 km in length, making it the second longest river in Algeria. Similar to the Chelif; it
begins in the Saharan Atlas Mountains at an elevation of 1,402 metres. The Djedi empties into Lake Chott
Melrhir, which is located at 3.6 metres below sea level, the lowest point in Algeria.”°
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ELECTRICITY SECTOR OVERVIEW

Total electricity generation in Algeria was 87,034 GWh in 2019
(Figure 1).° Of this, 81,526 GWh came from state-owned pow-
er plants and independent power producers, while 5,508
GWh came from autonomous production® More than 99 per
cent of energy production and consumption, including in
the electricity sector, is derived from natural gas and pro-
duced from 33 stations located in the southern region of the
country. Electricity production growth has been two times
slower since 2015 and is almost entirely from gas.

Figure 1. Annual Electricity Generation by Source in Algeria
in 2019 (GWh)

Natural Gas 11,530
Combined Cycle
Steam

Other

Source: Ministry of Energy™

Algeria had an installed electricity capacity of 21,999 MW as
of 2020.% This included an installed hydropower capacity
of 276 MW and 400 MW of solar photovoltaics (PV), mainly
off-grid.® According to the International Renewable Energy
Agency (IRENA) statistics, in 2019, Algeria had a total renew-
able energy installed capacity of 686 MW (433 MW of which
being off-grid). Of this, 228 MW was from hydropower, 10 MW
from wind power and 448 MW from solar power (of which an
estimated 25 MW was from concentrated solar power) The
most recent data that compare installed capacity from all
energy sources are from 2018 (Figure 2).

Figure 2. Installed Electricity Capacity by Source in Algeria
in 2018 (MWw)

Combined Cycle 38,045
Gas 34,672
Steam
Autonomous

Production
Solar & Wind Power

Diesel

Hydropower

Source: Ministry of Energy™

Note: The values by source were calculated based on percentage values
of the total. The Category “Other” includes installed capacity from
diesel, solar power, wind power and hydropower plants.

A further 150 MW of solar PV projects, including seven sites
and 15 projects of 10 MW each were released as tenders in
2019’ Furthermore, the state oil company Sonatrach has
launched a solar expansion programme of 1,300 MW, which
is to cover 80 per cent of the electricity needs for its oil fa-
cilities, of which 344 MW are already in operation.” A further
1,000 MW of solar PV are expected to be released as tenders
in June 20218

The energy sector occupies a predominant place in the Al-
gerian economy; hydrocarbons alone represent 60 per cent
of budget revenues and 98 per cent of export revenues. In
2019, following a decision to halt refining its crude oil prod-
ucts abroad, the country’s imports of energy almost dou-
bled compared to 2018, while exports dropped by 8.7 per
cent! The level of gas exports is decreasing due to rising
domestic consumption and, simultaneously, decreased pro-
duction, hinting at a reduced reliance on hydrocarbons for
revenues in the country’s future.®® Algeria plans to reduce
its dependence on hydrocarbons through a diversification
of its exports and the development of renewable energy
sources.? In addition, in July 2020 the President announced
the plan to stop all imports of fuels and refined oil products
by the first trimester of 2021.2

In 2016, 99.4 per cent of the population of Algeria had ac-
cess to electricity, with approximately 400,000 people living
without electricity.® By 2017, Algeria had reached 100 per
cent electricity access.?

Two public companies dominate the energy market of Alge-
ria: Sonatrach for hydrocarbon production and trade, and
Sonelgaz, former public monopoly, is in charge of electricity
production and distribution, as well as gas distribution. The
Renewable Energy and Energy Conservation Directorate at
the Ministry of Energy and Mines is responsible for the ener-
gy policy and supervises the public energy companies. The
Hydrocarbon Regulatory Authority regulates the national oil
products market by setting prices. The regulatory authori-
ty is the Electricity and Gas Regulation Commission (CREG).
Forecasts for electricity demand are established by the state
electricity and gas utility company Sonelgaz Subsidiary.

The electricity grid in Algeria has been under stress due to
population growth, one-way communication, transmission
losses, sudden large amounts of supply and inability of
conventional sources to meet the demand.*®To address the
expected increase in electricity demand, the country is ac-
tively growing its electricity production. According to the Al-
gerian Programme for the Development of New and Renew-
able Energies and Energy Efficiency-2030 (PENREE) of 2011,
the country aims for an installed capacity of renewable ori-
gin of 22,000 MW by 2030, with an intermediary target of 4.5
GW by 2020.2° The technological developments addressed by
this programme include large-scale development of solar PV
and wind fields, introduction of biomass fields (waste val-
uation), cogeneration and geothermal power and, by 2021,
also development of solar thermal power (CSP). The long-
term goal of this programme is to reach a 20 per cent share
of renewable energy in nationwide electricity production by
2030. In contrast, the overall renewable energy target of the
country is 27 per cent by 2030.7 Hydropower is not covered
by the PENREE, which favours the development of solar PV,
wind power, CSP, cogeneration, biomass and geothermal
sources. In fact, in 2014 the Government announced its in-
tention to halt hydropower expansion. More recent plans
announce the country’s solar PV goal, set at 4 GW by 2024
and 16 GW by 2035.%°
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Electricity tariffs are separated into four categories: 1.77
DZD/kWh (0.013 USD/kWh) for consumption less than 500
kW; 417 DZD/kWh (0.031 USD/kWh) for 501-1,000 kW; 418
DZD/kWh (0.031 USD/kWh) for 1,001-4,000 kW; and 5.47 DZD/
kWh (0.041 USD/kWh) for consumption over 4,000 kW.?® As
of 2021, average electricity tariffs for citizens were 4.01 DZD/
kwh (0.030 USD/kWh), which is less than the real price of
5.40 DZD/kWh (0.040 USD/kWh), due to an indirect electric-
ity subsidy.?®

SMALL HYDROPOWER OVERVIEW

Small hydropower (SHP) in Algeria is defined as any hydro-
power plant with a capacity of 5 MW to 10 MW, while mi-
cro-hydropower is classified as 100 kW - 5 MW and pico-hy-
dropower as plants of less than 100 kW.? As of 2020, there
was at least 47.1 MW of installed SHP capacity for plants un-
der 10 MW (Table 1). The increase in SHP capacity compared
to the World Small Hydropower Development Report (WSHP-
DR) 2019 is due to access to more accurate information and
the inclusion of the Ighzerouftis plant, which is one of three
hydropower plants making up the larger capacity Darguina
hydropower plant and which was previously not counted,
rather than due to an increase in capacity in recent years
(Figure 3). Information on potential SHP capacity in Algeria
remains unavailable.

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Algeria (Mmw)

Table 1. List of Existing SHP Plants in Algeria (Operational
and Non-Operational)

N/A Il WSHPDR 2022
Potential | N/A [l WSHPDR 2019
Capacity | N/A I WSHPDR 2016
N/A WSHPDR 2013
Installed
Capacity

Source: WSHPDR 2019, WSHPDR 2013, WSHPDR 2016,>' Mokrane W. &
Kettab A.,** Bouraiou A. et al.*

Note: Data for SHP up to 10 MW.

The difficulty in finding up-to-date information on SHP in
Algeria is likely a consequence of the Government's focus on
other sources of renewable energy. According to the Minis-
try of Energy and Mining, 103 hydropower plants have been
recorded and more than 50 plants are in operation.* How-
ever, an academic source cites only 23 hydropower plants
as operational, with the Darguina plant, composed of three
hydropower plants (Agrioun of 66 MW, Ighzerouftis of 5.2 MW
and Irilemda of 24 MW), being the only one that functions
regularly.® Approximately 21 per cent of the total hydropow-
er installed capacity consists of SHP, but only 5.2 MW of SHP
capacity, from the Ighzerouftis plant, is known to be mostly
operational (Table 1).

Loca- Capacity Head Launch
*
Name Status tion (Mw) (m)  year
Souk el Dje-  Operational Tizi
maa / Mi- 81 3270 1949
Ouzou
chelet
Ghrib Operational  Ain 70 1942
Defla
Gouriet / — Needsrepairs g v 64 1110 1040
Maillot-aval
Non-oper-
ational: no
Bouhanifia  water, control - 57 46.4 1978
table dam-
aged
Ighzerouftis  Operational Bejaia 5.2 171.0 1951
T|Z|Mgden/ Needs repairs 45 2540 1946
Boghni-aval
Non-opera-
Tessala tional: evacu- 4.2 - -
ation passage
obstructed
Non-oper- Telem-
Beni Behdel  ational: no 3.3 38.5 1948
cen
water
Lglhzerncheb- Needs repairs 27 ) 1934
Foum El Reformed** _. 350 kVA +1
Gherza Biskra MVA - 1950
Oum Drou / Reformed in ) ) 1947
Pontéba 1980**
Ruined, Con-
Rhumel non-opera- stan- - - 1910
tional tine
Total 471 -

Source: Mokrane W. and Kettab A.,32 Bouraiou A. et al.,33 Alger, Algérie:
documents algériens,35 Khouchane, F.36

Note: *Status of hydropower plants is based on information from 2005.
**Reformed plants are those that have been converted into irrigation
facilities and no longer supply electricity.

Hydropower, including SHP, as an energy source plays only
a marginal role in Algeria due to limited precipitation, high
evaporation and competing uses for potable water. The role
of hydropower in Algerian electricity production has been
in steady decline since 1973, decreasing by 99 per cent from
1971 to 2015.7 The contribution of hydropower to the total
electricity production in 2019 was 0.19 per cent. The highest
proportion of electricity production from hydropower was
registered in 1973 at 26.80 per cent, and the lowest value
ever recorded, before 2019, was 0.21 per cent in 2002.”

In 2014, the Government declared its intention to halt op-
eration of electricity production from hydropower plants
and to devote existing dams to irrigation and drinking water
supply. The Ministry of Energy and Mining stated that the
needs of the population for water supply outweighed the
electricity generated by the power plants.* This sentiment
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is echoed in the New National Programme for Renewable
Energy Development (2015-2030), which excludes hydro-
power from its roadmap.

RENEWABLE ENERGY POLICY

The renewable electricity goals of Algeria are set out as per-
centage values of overall electricity generation. Algeria has
one of the highest economic solar power potentials in the
world, estimated at 13.9 TWh/year for solar PV and 168,972
TWh/year for solar thermal power.* The wind power poten-
tial in the country is estimated at 35 TWh/year. Algeria has a
nationwide environmental strategy, a national plan for en-
vironmental action and sustainable development (Plan na-
tional d’'action environnementale et de développement du-
rable, adopted in 2002), focusing on reducing pollution and
noise, preserving biodiversity and natural spaces, training
and raising of public awareness on environmental issues.

Algeria has a public procurement tendering process for re-
newable energy projects, which was defined by Executive
Decree No. 17-98 of 26 February 2017.° This tendering pro-
cess is intended to induce competition among investors,
maximize the reductions on price per kWh of electricity pro-
duced by renewable energy sources and to avoid the risks
associated with excessive profits.* In 2019, the Government
launched tenders for the installation of solar-diesel hybrid
mini-grids.”

Key laws pertaining to renewable energy include:

« Law No. 99-09 (28 June 1999), which set out to define
the contours of renewable energy development, in-
cluding hydropower;

+ Law No. 02-01 (5 February 2002), which provides the
legal basis for electricity management, distribution,
transportation and production;

+ Law No. 04-09 (14 August 2004), which provides the
regulatory basis to promote renewable energy and
generalize its uses, protect the environment, fight
against climate change by limiting greenhouse gas
emissions and preserve fossil fuels;

+ Law No. 09-09 on the Finance Bill 2010, which created
and determined financing for the National Fund for
Renewable Energies as 0.5 per cent of oil royalties;

+ Law No. 11-11 on the complementary Finance Bill 2011,
which created and determined financing for the Na-
tional Fund for Renewable Energies and Cogeneration
as 1 per cent of oil royalties;

« Executive Decree No. 13-218 (18 June 2013) & Execu-
tive Decree No. 17-166 (2 May 2017), which determined
the feed-in tariff (FIT) incentive measures to promote
investment in renewable energy (premiums for the
costs of diversification of electricity production from
renewable energy).”

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

In 2013, the Government of Algeria outlined details for a
FIT with the aim of speeding up renewable energy develop-
ment, diversifying the national energy mix and achieving its
ambitious renewable energy targets. It also identified the
types of technologies that would benefit from the Govern-
ment aid, including solar PV, CSP, solar thermal power, hy-
dropower, wind power, cogeneration, waste to energy and
hybrid power plants. The scheme uses a premium paid per
kWh above the base tariff and is expressed as a percent-
age of the base electricity tariff. The tariff levels vary across
technologies as a function of the bonus value attributed,
which is calculated based on the technology type and the
percentage of the renewable energy source used in electric-
ity generation.”2 The Government bonuses are equivalent to
100 per cent of the price per kWh of electricity for hydro-
power, 200 per cent for biomass and 300 per cent for waste,
wind power and solar thermal power.*?

Another financing option is the National Fund for Energy
Management, Renewable Energies and Cogeneration (FN-
MEERC or FNER), which finances actions and projects that
promote renewable energy and cogeneration. The fund also
provides pre-financing for actions under the promotion of
renewable energy and cogeneration.”® Additionally, 1 per
cent of oil royalties are also made available for renewable
energy investments.* Finally, international funding is also
an option. Thus, the European Union has a fund of EUR 40
million (USD 47.6 million) dedicated towards the diversifica-
tion of the Algerian economy, of which EUR 10 million (USD
11.9 million) is earmarked for renewable energy and energy
efficiency projects.*

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The risks of water scarcity and the likelihood of more in-
tense droughts in the region according to future climate
scenarios indicate that further SHP development in Algeria
is very unlikely. All forms of hydropower in the region are
facing stagnation in potential expansion due to geograph-
ical and climatic limitations, which include: limited rainfall
in the south of the country, hydropower potential concen-
tration in limited spaces, high levels of evaporation and
quick evacuation of water resources to the sea. Moreover,
the Government intends to halt the production of electricity
from hydropower plants, to dedicate the dams producing
electricity to irrigation and to providing the population with
drinking water.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Many of the hydropower dams in Algeria were built in the
colonial era and have been neglected over the past years.
This has led to a 99 per cent decrease in the share of hydro-
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power in electricity production in Algeria. The key barriers to
SHP development in the country include:

Access to financing from international banks until 2015
was restricted by the Government, which led to a lack
of access to financing institutions;

Ageing and poor maintenance of existing power plants;
Weak support for renewable energy technologies and
limited knowledge resources available;

Lack of institutional support and unstable trajectory
of renewable energy policies;

Low prices for conventional energy;

Lack of local expertise for the realization of SHP proj-
ects.32,33,l<3

There are currently no clear enabling factors for SHP devel-
opment in Algeria.

REFERENCES

10.

1.

Office National des Statistiques (ONS) (2019). Démographie
Algérienne BIS 2019. Available at https://www.ons.dz/IMG/
pdf/demographie2019_bis.pdf (Accessed 25 February 2021).
Ambassade d'Algérie en Suisse (n.d.). La topographie. Avail-
able at https://www.ambassade-algerie.ch/decouvrir-l-al-
gerie/03/topographie.html (Accessed 26 February 2021).
Algeria.com (n.d.) Mountains, travel destinations, treRRing,
climbing. Available at https://www.algeria.com/attractions/
mountains/ (Accessed 18 March 2021).

Encyclopedia of the Nations (n.d.) Algeria - Climate. Avail-
able at https://www.nationsencyclopedia.com/Africa/Alge-
ria-CLIMATE.html (Accessed 26 February 2021).

Caritas (2011). Changement Climatique en Algérie. 20

July 2011. Available at https://www.caritas.org/2011/07/
changement-climatique-en-algerie/?lang=fri:~:text=Les%20
experts%20de%20lInstitut,pour%20cent%20des%20es-
p%C3%A8ces%20animales (Accessed 26 February 2021).
Fanack (2019). Water Resources in Algeria. Available at
https://water.fanack.com/algeria/water-resources/# _ftn-
ref3

Hamiche A,, Stambouli A. & Flazi S. (2016). A review on the
water and energy sectors in Algeria: Current forecasts, sce-
nario and sustainability issues. Renewable and Sustainable
Energy Reviews, 41, 261-276.

GIZ/BGR/0SS (2016). Projet CREM : Etude d'évaluation du
secteur de l'eau en Algérie, Etat des Lieux. Available at
http://prod.oss-intra.org/maghreb-eau/sites/default/
files/2020-01/Rapport-GlZ-Final_ALGERIE_0%20%283%29.
pdf (Accessed 2 March 2021).

Pariona, A. (2017). Longest Rivers in Algeria. WorldAtlas-
Web. Available at https://www.worldatlas.com/articles/
longest-rivers-in-algeria.html (updated in April 2017). (Ac-
cessed 2 March 2021).

Ministry of Energy (2019) Bilan Energétique National 2019.
Available at https://www.energy.gov.dz/Media/galerie/
bilan_energetique_national_2019_5f7b107553bcd.pdf (Ac-
cessed 12 February 2021).

Algérie Press Service (2019). L'Algérie produit 99% de son
électricité a partir du gaz naturel. [press release: 23 June
2019] Available at https://www.aps.dz/economie/91036-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

176

l-algerie-produit-99-de-son-electricite-a-partir-du-gaz-
naturelt:~:text=ORAN%20%2D%20La%20production%20
d'%C3%A9lectricit%C3%A9,'Energie%2C%20Mohamed %20
Arkab. (Accessed 12 February 2021).

Sonelgaz (2020). Chiffres Cles. Available at https://www.
sonelgaz.dz/fr (Accessed 12 February 2021).

World Energy Council (2020). Issues Monitor. Available at
https://www.worldenergy.org/assets/downloads/World_
Energy_Issues_Monitor_2020_-_Full_Report.pdf (Accessed
17 February 2021).

International Renewable Energy Agency (IRENA) (2020).
Renewable energy statistics. Available at https://www.
irena.org/publications/2020/Jul/Renewable-energy-statis-
tics-2020 (Accessed 23 February 2021).

Ministry of Energy (2018). Bilan des réalisations du

secteur de l'énergie, année 2018. Available at https://
www.energy.gov.dz/Media/galerie/bilan-des-realisa-
tion_2018_5e11d13a6420a.pdf (Accessed 10 March 2021).
Algerie Press Service (2019). Electricité : les capacités de
production augmenteront d 33.000 MW en 2022. [press
release: 26 febuary 2019]. Available at https://www.aps.
dz/economie/86168-electricite-les-capacites-de-produc-
tion-augmenteront-a-33-000-mw-en-2022#:~:text=Electric-
it%C3%A9%3A%20les%20capacit%C3%A9s%20de%20pro-
duction%20augmenteront%20%C3%A0%2033.000%20
MW%20en%202022,-Publi%C3%A9%20le%20%3A%20
mardi&text=ALGER%20%2D%20Les%20capacit%C3%A95%20
de%20production,lEnergie%2C%20Mustapha%20Guitouni
(accessed 12 February 2021).

Sonatrach (2019). Sonatrach Solar Power Development Pro-
gram. Presented Huston Texas, 7 March 2019. Available at
http://www.us-algeria.org/attachments/article/280/solar.
pdf (Accessed 2 March 2021).

Portail Algerien Energies Renouvelables (2021). Energies
renouvelables : un avis d'appel d'offres pour réaliser 1.000
MW lancé en juin. 9 March 2021. Available at https://portail.
cder.dz/2021/03/09/energies-renouvelables-un-avis-dap-
pel-doffres-pour-realiser-1-000-mw-lance-en-juin/ (Ac-
cessed 10 March 2021).

Indexmundi (2020). Algeria Economy Profile. Available at
https://www.indexmundi.com/algeria/economy_profile.
html (Accessed 17 February 2021).

Ratcliffe V., Karam S. & El Wardany S. (2021). An oil Country
No More? Algerian Energy Exports Sink Rapidly. Bloomberg.
[08 February 2021]. Available at https://www.bloomberg.
com/news/articles/2021-02-08/an-oil-country-no-more-
algeria-s-energy-exports-sink-rapidly (Accessed on 12 Feb-
ruary 2021).

Enerdata Intelligence and Consulting (2020). Algeria targets
16 GW of renewable capacity by 2035. 28 Feb 2020. Available
at https://www.enerdata.net/publications/daily-ener-
gy-news/algeria-targets-16-gw-renewable-capacity-2035.
html (Accessed 2 March 2021).

Algérie 360 (2020). Secteur de l'énergie : les nouvelles ins-
tructions de Tebboune. Available at https://www.algerie360.
com/20200713-secteur-de-lenergie-les-nouvelles-instruc-
tions-de-tebboune/ (Accessed 3 March 2021).

Theodora (n.d.) Algeria Energy 2017. TheodoraWeb. Avail-
able at https://theodora.com/wfbcurrent/algeria/alge-
ria_energy.html (Accessed 12 February 2021).


https://www.algeria.com/attractions/mountains/
https://www.algeria.com/attractions/mountains/
https://water.fanack.com/algeria/water-resources/#_ftnref3
https://water.fanack.com/algeria/water-resources/#_ftnref3
https://www.worldenergy.org/assets/downloads/World_Energy_Issues_Monitor_2020_-_Full_Report.pdf
https://www.worldenergy.org/assets/downloads/World_Energy_Issues_Monitor_2020_-_Full_Report.pdf
https://www.enerdata.net/publications/daily-energy-news/algeria-targets-16-gw-renewable-capacity-2035.html
https://www.enerdata.net/publications/daily-energy-news/algeria-targets-16-gw-renewable-capacity-2035.html
https://www.enerdata.net/publications/daily-energy-news/algeria-targets-16-gw-renewable-capacity-2035.html

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

World Bank (2018). Access to electricity (% of population).
Available at https://data.worldbank.org/indicator/EG.ELC.
ACCS.ZS?locations=DZ (Accessed 2 March 2021).

Abdelkader H., Meriem A., Ilhami C. & Korhan K. (2017)
Smart grid and renewable energy in Algeria. 6 Internation-
al Conference on Renewable Energy Research and Applica-
tions. San Diego, California, 5-8 November 2017. Available at
10.1109/1CRERA.2017.8191237 (Accessed 2 March 2021).
NewClimate Policy Database (n.d.) Renewable Energy and
Energy efficiency Development Plan 2011-2030 Algeria

2071. Available at https://climatepolicydatabase.org/pol-
icies/renewable-energy-and-energy-efficiency-develop-
ment-plan-2011-2030 (Accessed 24 February 2021).

REN21 (2020). Renewables Global Status Report. Available at
https://www.ren21.net/reports/global-status-report/ (Ac-
cessed 2 March 2021).

Algerie Press Service (2021). Electricité: le tarif moyen ap-
pliqué au citoyen «inférieur au codt réel.» 19 February 2021.
Available at https://www.aps.dz/economie/117852-elec-
tricite-le-tarif-moyen-applique-au-citoyen-infe-
rieur-au-cout-reel (Accessed 2 March 2021).

UNIDO, ICSHP (2019). World Small Hydropower Development
Report 2019. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

UNIDO, ICSHP (2013). World Small Hydropower Development
Report 2013. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

UNIDO, ICSHP (2016). World Small Hydropower Development
Report 2016. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

Mokrane W. & Kettab A. (2020). Les Aménagements hy-
droelectriques en Algerie [The Hydroelectric Planning in
Algeria]. Conference: 9iéme Assemblée Générale du Réseau
Méditerranéen des Ecoles d'Ingénieurs et Congreés interna-
tional sous le théme : "DE L'EAU POUR LE DEVELOPPEMENT
DURABLE DANS LE BASSIN MEDITERRANEEN” Le 21-22-23

Mai 2005, Alger, Hotel HILTON. Available at https://www.
researchgate.net/publication/340556210_LES_AMENAGE-
MENTS_HYDROELECTRIQUES_EN_ALGERIE_THE_HYDROELEC-
TRIC_PLANNING_IN_ALGERIA (Accessed 25 February 2021).
A. Bouraiou et al. (2020). Status of renewable energy po-
tential and utilization in Algeria. Journal of Cleaner Pro-
duction, 246. Available at https://umexpert.um.edu.my/
public_view.php?type=publication&row=0TQOODM%3D
(Accessed 25 February 2021).

Ministry of Energy (2019). Energies Nouvelles, Renouve-
lables et Maitrise de ['Energie. Available at https://www.
energy.gov.dz/?rubrique=energies-nouvellesrenouvela-
bles-et-maitrise-de-lrenergie (Accessed 24 February 2021).
Alger, Algérie: documents algériens (1954). L'évolution de

la production d'Energie hydroélectrique en Algerie. Avail-
able at http://alger-roi.fr/Alger/documents_algeriens/
economique/images/110_hydroelectrique_tableaul.jpg

36.

37.

38.

39.

40.

41.

42.

43.

L,

45.

177

(Accessed 15 February 2021).

Khouchane, F. (2018) La Patrimonialisation de la Centrale
Hydroélectrique Darguinah, un Patrimoine Industriel a
Sauvegarder. Master's thesis. Université blida1 Institut d’ar-
chitecture et d’urbanisme, Available at http://di.univ-blida.
dz:8080/jspui/handle/123456789/3151 (Accessed 10 March
2021).

Perspective Monde (2021). Production d'électricité H hy-
droélectricité (% de la production totale), Algérie Available
at https://perspective.usherbrooke.ca/bilan/servlet/
BMTendanceStatPays?codePays=DZA&codeTheme=6&co-
deStat=EG.ELC.HYRO.ZS (Accessed 25 February 2021).
Algeria Press Service (2014). Government closes hydropower
plants to save water. 09 July 2014. Available at http://www.
aps.dz/en/economy/3432- governmentcloses-hydropow-
er-plants-to-save-water (Accessed 2 March 2021).

Ministry of Energy (2011). Energies Nouvelles, Renouve-
lables et Maitrise de 'Energie. Available at https://www.
energy.gov.dz/?rubrique=energies-nouvelles-renouvela-
bles-et-maitrise-de-lrenergie

Décret exécutif n° 17-98 du 29 Joumada El Oula 1438 corres-
pondant au 26 février 2017 définissant la procédure d'appel
d'offres pour la production des énergies renouvelables ou
de cogénération et leur intégration dans le systéme na-
tional d'approvisionnement en énergie électrique. Journal
Official de la République Algérienne No. 15. 4 Mars 2017.
Available at https://www.energy.gov.dz/Media/galerie/de-
cret_17-98_5b6854c307691.pdf (Accessed 2 March 2021).
Ministry of Energy (n.d.) Recueil des textes relatifs a 'Elec-
tricité. Available at https://www.energy.gov.dz/?article=re-
cueil-des-textes-relatifs-a-lrelectricite (Accessed 2 March
2021).

Bousnit M., des P. Pablo-Romero M. & Sanches-Braza A.
(2020). Measures to Promote Renewable Energy for Elec-
tricity Generation in Algeria. Sustainability. Vol. 12. Pp. 1468.
Available at doi:10.3390/su12041468 (Accessed 10 March
2021).

RCREEE (2020). Energy Efficiency and Renewable Energy
Strategies and Policies. Available at https://www.rcreee.
org/content/energy-efficiency-and-renewable-ener-
gy-strategies-and-policies (Accessed 2 March 2021).
RCREEE (2020). Arab future Energy Index (AFEX) 2019. Avail-
able at https://www.rcreee.org/sites/default/files/final _
afex_re_2019_final_version-1.pdf (Accessed 2 March 2021).

VII1d4VY NY3IHLYON


https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=DZ
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=DZ
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1109%2FICRERA.2017.8191237
https://www.ren21.net/reports/global-status-report/
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://www.smallhydroworld.org
http://di.univ-blida.dz:8080/jspui/handle/123456789/3151
http://di.univ-blida.dz:8080/jspui/handle/123456789/3151
https://www.energy.gov.dz/Media/galerie/decret_17-98_5b6854c307691.pdf
https://www.energy.gov.dz/Media/galerie/decret_17-98_5b6854c307691.pdf
https://www.energy.gov.dz/?article=recueil-des-textes-relatifs-a-lrelectricite
https://www.energy.gov.dz/?article=recueil-des-textes-relatifs-a-lrelectricite
https://www.rcreee.org/content/energy-efficiency-and-renewable-energy-strategies-and-policies
https://www.rcreee.org/content/energy-efficiency-and-renewable-energy-strategies-and-policies
https://www.rcreee.org/content/energy-efficiency-and-renewable-energy-strategies-and-policies
https://www.rcreee.org/sites/default/files/final_afex_re_2019_final_version-1.pdf
https://www.rcreee.org/sites/default/files/final_afex_re_2019_final_version-1.pdf

WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

Egypt

Nadia Mohamed Eshra, Hydropower Unit, Nile Research Research Institute, National Water Research Center,
Ministry of Water Resources and Irrigation; and Davy Rutajoga, International Center on Small Hydro Power
(ICSHP)

KEY FACTS

105,785,785 (2022)'

1,001,450 km?2

Egypt is divided into four major parts: the Nile Valley and Delta, which extends from the north of
the valley to the Mediterranean Sea; the Western Desert, which extends from the Nile Valley to the
border with Libya and from the Mediterranean in the north of Egypt to the southern borders; the
Eastern Desert, which extends from the Nile Valley to the Red Sea, the Suez Canal and the Suez
Gulf in the east and from Lake Manzala to the Border with Sudan; and the Sinai Peninsula, which
extends from the Mediterranean in the north to the Gulf of Aqaba to the east, the Gulf of Suez and
the Suez Canal to the west and Ras Mohammed to the south. The highest peak in the country is
Mount Catherine, which elevates to 2,642 metres, and the lowest point is the Qattara Depression at
134 metres below sea level.3*

Egypt has a dry and hot climate. It has a hot and dry season from May to September and a rather
mild winter season from November to April. In coastal regions, temperatures can range between
the average winter minimum of 14 °C and the average summer maximum of 30 °C. Temperatures
also vary considerably in inland desert areas, particularly during the summer months when they
can range from 7 °C at night to 43 °C in the morning. In winter months, the fluctuations are less
dramatic, though temperatures can reach 0 °C and 18 °C in the morning. Hot wind storms, called
Khamsin, sweep across Egypt between March and May carrying sand and dust and can last for days
increasing the temperature by 20 °C in as little as two hours.®

Egypt has been affected by climate change and is expected to experience further increases in tem-
perature and decreases and variability in rainfall patterns. Temperatures have been observed to
increase by 0.1 °C per decade on average between 1901 and 2013 and by 0.53 °C per decade since
the 1980s. Warming has been observed to increase more during the summer months than in winter
by 0.31 °C and 0.07 °C per decade, respectively, since the 1960s. The daily and nightly minimum
temperatures have increased throughout the country as well. Annual total precipitation has been
observed to decrease by as much as 22 per cent since the 1980s, with most of the decrease obser-
ved during the winter and early spring months.

Due to the arid nature of the climate, there is naturally little rainfall throughout the year with most
of the rain falling along the coast, particularly in the city of Alexandria. In addition to receiving
approximately 200 mm of precipitation per year, Alexandria enjoys high humidity with sea bree-
ze-modulated moisture. The capital city of Cairo, on the other hand, receives approximately 10 mm
of precipitation per year, with rainfall decreasing southwards, but enjoys humidity in the summer.
The country sometimes experiences extreme sudden rainfall resulting in flash floods.

In Egypt, the main water resource is the Nile River, which provides the country with approximately
97 per cent of the country’s water requirements. The Nile is the longest river in the world, with a
length of 6,650 kilometres and enters Egypt through the southern borders with Sudan and reaches
to the Mediterranean. Other important water systems are the Suez Canal, the Alexandria-Cairo Wa-
terway and Lake Nasser. The country’s riverine and coastline basins can be divided into four main
parts: the North Interior Basin, which covers 52 per cent of the country in the east and south-east;
the Central Nile Basin, which covers 33 per cent of the country as a broad north-south strip; the
Mediterranean Coast Basin, which covers 6 per cent of the country; and the North-East Coast Basin,
which covers 8 per cent of the country along the Red Sea coast.5’
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ELECTRICITY SECTOR OVERVIEW

The main sources of electricity in Egypt are thermal pow-
er, hydropower, solar power and wind power. In 2019/2020,
electricity production in the country amounted to 197,357
GWh, of which thermal power accounted for approximately
88 per cent, hydropower for less than 8 per cent, solar power
for slightly more than 2 per cent, wind power for 2 per cent
and isolated units and power purchased from independent
power producers (IPP) accounting for less than 1 per cent
(Figure 1).2

Figure 1. Annual Electricity Generation by Source in Egypt in
2019/2020 (GWh)
Thermal Power |GGG 53,682.0
Hydropower W 2,832.0
Solar Power I 1,491.0
Wind Power [I 1,384.8
Mixed Kuriemat
Plant | 140.0

Source: EEHC®

In 2016, in order to meet an increasing energy demand, the
Government of Egypt launched the Integrated Sustainable
Energy Strategy (ISES) to 2035, an energy diversification
strategy that aims to guarantee safe and stable energy sup-
ply in the country. The ISES also aims to ensure an increase
of the share of renewable energy in the country’s generation
mix as well as to establish Egypt as a focal point of the ener-
gy map linking Africa, Europe and Asia by strengthening the
interconnection of the electricity network both in the Arab
region and beyond.’

There are six currently operational hydropower plants in
Egypt, amounting to approximately 2,832 MW of installed ca-
pacity, or a 5 per cent share of the total installed capacity of
approximately 59,530 MW. Thermal power, solar power and
wind power account for approximately 90 per cent, 2.5 per
cent and 2.5 per cent of the total installed capacity, respec-
tively (Figure 2). Hydropower accounts for almost 5 per cent,
while the joint solar/natural gas Kuriemat plant accounts for
less than 1 per cent of the total installed capacity.?

Figure 2. Installed Electricity Capacity by Source in Egypt in
2019/2020 (MW)

Thermal Power

173,500
Hydropower 15,038
Solar Power 4,430

Wind Power 4,233

Isolated Units
& IPPs | 196

Source: EEHC®

The main institutions defining energy policy in Egypt are the
Ministry of Electricity and Renewable Energy (MOERE) and
the Supreme Council for Energy (SCE). The MOERE regulates
the generation, transmission and distribution of electric-
ity in the country, while the Electric Utility and Consumer

Protection Regulatory Agency (EgyptERA) is responsible for
licensing and sector monitoring. The Egyptian Electricity
Holding Company (EEHC), with its 16 companies, is responsi-
ble for system studies and planning for grid expansion and
power plant projects. In terms of generation, subsidiaries
are divided by regions of responsibility with the addition of
the Hydro Plants Generation Company. The Egyptian Elec-
tricity Transmission Company (EETC) is responsible for the
countrywide transmission of electricity to regional and local
distributors with distribution companies depending on the
region.’

The Government of Egypt has been making progress towards
the development of nuclear power as part of the ISES, with
plans to launch the first nuclear power plant in the coun-
try already underway as of 2021. Regulation of the nuclear
power sector is to be undertaken by the Nuclear and Ra-
diological Regulatory Authority (NRRA). The first studies on
nuclear capabilities in Egypt were conducted by the Nuclear
Power Plants Authority (NPPA) with technical support from
the International Atomic Energy Agency (IAEA). In order to
respond to the growing energy demand and accommodate
the future nuclear power plants, the Government of Egypt
drafted a new law, the new Electricity Law of 2015.°

Under the New Electricity Law of 2015, the EETC is to be sep-
arated from the EEHC into an independent transmission
system operator (TSO) and new companies are required to
obtain a permanent licence from EgyptERA before carrying
out any electricity-related activity.”

The electricity tariffs for residential users in Egypt in
2020/2021 ranged from USD 0.075 per kwWh for low consump-
tion (less than 100 kWh/month) to USD 2.260 per kWh for
high consumption (more than 1,000 kWh/month).t The elec-
trification rate in the country was 100 per cent in 2019."

SMALL HYDROPOWER SECTOR
OVERVIEW

In Egypt, there is no official definition of small hydropower
(SHP). For this chapter, SHP will be defined as hydropower
plants with a capacity of up to 10 MW. Currently, there are no
operational SHP plants in Egypt, whereas the total potential
capacity is estimated to be at least 120 MW.> Compared to
the World Small Hydropower Development Report (WSHPDR)
2019, potential capacity increased based on more accurate
data and installed capacity decreased taking into account
the non-operational status of the plants (Figure 3).
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Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Egypt (MW)

. 120.0
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Capacity

0.0 Il WSHPDR 2022

Installed 6.8 [l WSHPDR 2019
Capacity 6.8 [ WSHPDR 2016
68 WSHPDR 2013

Source: Eshra,? WSHPDR 2019,* WSHPDR 2016, WSHPDR 2013™

Table 1. List of Selected Potential Small Hydropower
Projects in Egypt

Name Average potential capacity (MW)
Damietta 9.00
Rosetta 5.30
Zefta 3.53
El-Tawfeki 2.02
El-Menofi 1.83
Tamia 110
El-Azab 0.80
Mokthalat 0.50

Source: Eshra et al®

In Egypt, SHP started in the 1890s with the launch of the 1.1
MW Tamia plant and the 0.8 MW El-Azab plant. They were fol-
lowed by the 5 MW Old Nag Hamadi plant installed in Upper
Egypt and after a long period of time by the 5 MW El-Lahoun
plantin Fayum Oasis. All these plants stopped operating due
to different problems.

In 2019, studies by Eshra et al. identified eight potential sites
for the development of SHP in the Nile Delta and Fayum
Oasis (Table 1). The sites have an estimated 24.08 MW of
combined potential capacity and an estimated generation
capacity of 15.6 GWh.® A 2019 study of the same area by the
Hydroelectric Power Plant Executive Authority (HPPEA) iden-
tified at least seven potential sites for the development of
SHP. The Ministry of Electricity plans to develop sites with
an estimated potential capacity of 2-5 MW. The construction
of the plants is to be funded by the German development
agency KfW with a budget of approximately USD 32,620,950.
As of 2020, the project had yet to be validated by the Minis-
try of Irrigation due to concerns over the environmental and
social impact of the project in the region.”

RENEWABLE ENERGY POLICY

The Government of Egypt issued an environmental law in
1994 to accord special attention to environmental concerns
in its energy policy. Following the adoption of this law, the
Egyptian Environmental Affairs Agency (EEAA) was created
to develop, monitor and implement pilot energy projects.

The EEAA is endowed with authority to review and approve
all environmental impact assessments (EIA) that must be
submitted before licensing power plants in Egypt.®

In 2015, partly due to a need for a more competitive and
less centralized system, the Government of Egypt adopt-
ed the new Electricity Law 87/2015, which emphasized the
importance of renewable energy. This new law came after
the adoption of the Renewable Energy Law (REL) 203/2014,
which aimed to encourage the private sector to invest in re-
newable energy. Provisions made to specifically address the
private sector and facilitate its involvement in renewable
energy are outlined in Article 2 of the REL, which includes
feed-in tariffs (FITs), competitive bids and independent
power production through third party access.”

In 2014, the Government of Egypt announced a FIT pro-
gramme aiming to add approximately 4.3 GW of generation
capacity from renewable energy sources. Divided into two
rounds, the FIT programme was introduced by the Cabinet
Decrees No. 1947 of 2014 and No. 2532 of 2016 for rounds 1
and 2, respectively. These rounds set tariffs for the electrici-
ty generated from wind and solar power to be applicable for
two years for round 1and one year and a half for round 2 on
power purchase agreements (PPAs) concluded after the is-
suance of decrees. The PPAs should not exceed 20 years for
wind power projects and 25 years for solar power projects.

Under the competitive bid scheme outlined in the REL, the
New and Renewable Energy Authority (NREA) issues tenders
to private companies that are to install renewable energy
power plants, including SHP plants, via an Engineering, Pro-
curement and Construction (EPC) contract. The electricity
produced shall be sold to ETTC at a price suggested by Egypt
ERA and approved by the Cabinet.”

Though there are no government incentives that specifically
target hydropower, the African Development Bank’s Elec-
tricity and Green Growth Support Program (EGGSP) to the
Government of Egypt offered a loan of approximately USD
244,698,750 to the country to support its renewable energy
and climate change mitigation initiatives. This loan could
apply to the hydropower development efforts currently un-
dertaken by the HPPEA™®

As part of the Government of Egypt’s support for the devel-
opment of renewable energy, the new Investment Law No.
72 of 2017 was adopted to offer incentives and tax reductions
for investors in renewable energy projects. The incentives for
renewable energy projects include flat custom duty rates on
all machines and equipment for renewable energy projects,
registration fee waivers, discounts for project investments,
value-added tax (VAT) exemptions for renewable electrici-
ty activities and reductions for imported renewable energy
equipment, flat electricity rates until 2025, waste-to-energy
tariffs and a net-metering scheme. There were also plans for
lifting electricity subsidies adopted by the Prime Ministerial
Decree 1257/2014, which was delayed due to the COVID-19
pandemic and instead expected to be achieved in the fiscal
year 2024/2025.°
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The development of new SHP projects in Egypt is hampered
mainly by:

+ The lack of government interest and the favouring of
a renewable energy policy based largely on wind and
solar energy. Without any financial incentives being
given specifically to SHP, it will be difficult to attract
investment over other more favourable renewable en-
ergy options;

+ More studies of the SHP potential should be carried
out. The lack of interest in SHP stems from a general
consensus that some 85 per cent of the Nile River has
already been developed for hydropower, meaning that
the NREA stands to make better marginal gains and
garner better financial support by looking into other
untapped non-hydropower resources. Nonetheless,
this assessment is largely based on a perspective from
large hydropower projects. More accurate studies on
SHP may reveal the existence of significant undevel-
oped potential.

Enablers for SHP development in Egypt include:

« The Government's strategy to position Egypt as an
energy hub that connects Africa, Asia and Europe in-
volves the increase in the share of renewable energy
in the generation mix;

+ Relatively recent laws and policies that centre renew-
able energy could lead the Government to consider al-
ternative ways of generating electricity, including SHP;

+ The relatively recent emphasis on renewable energy
incentives as well as encouragement of international
investors and the private sector’s involvement in the
energy sector could attract actors interested in SHP
development;

+ Significant SHP potential remains undeveloped and is
especially high in parts of the country with a devel-
oped irrigation network and various types of hydraulic
constructions.
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Morocco

Bilal Amjad, International Center on Small Hydro Power (ICSHP)

KEY FACTS

36,280,141 (2021)

446,550 km??

Morocco has four mountain ranges. The Rif Chain extends in an arc parallel to the Atlantic Ocean in
the west. The High Atlas, approximately 80 kilometres in breadth, extends eastwards for 700 kilome-
tres. Mount Toubkal is the highest point of the massif (4,165 metres). The Middle Atlas and Anti Atlas
are the other two massifs. Beyond the chains of the Atlas, lie the pre-Saharan and Saharan zones
of the country, where large hamadas form rugged desert plateaus covered with pebbles or dunes.?

Morocco is characterized by a diverse climate. In the northern coastal regions, temperatures are
generally mild, reaching an average of 14 °C. In the highlands and mountains, temperatures are
usually below 0 °C but can reach -20 °C, causing frost on the plateaus and significant snowfall in the
mountains. Summers are hot and dry with mean temperatures of 24 °C on the coast and above 35
°C, sometimes exceeding 40 °C, in the country’s interior.?

The climate in Morocco is very vulnerable to the global temperature rise, particularly on the
north-eastern coast where the sea level is predicted to rise by up to 59 centimetres by the end of the
271t century, causing flooding and storm surges. According to the National Meteorological Directora-
te of Morocco, by 2100 the average temperature can increase by 2-5 °C and rainfall can decline by
20-30 per cent. These shifts will have a big impact on the country’s water resources, leading to less
precipitation and more frequent droughts.® The year 2020 was recorded among the country’s four
driest years since 1981. The annual mean temperature across the country in 2020 was 1.4 °C warmer
than during the period between 1981 and 2010.*

In the north, winters are generally wet and mild, with the cumulative annual rainfall decreasing from
north to south (from 1,000 to 200 mm/year) and peaking in the mountainous regions (2,000 mm/
year in the Rif and 1,800 mm/year in the Middle Atlas). In the southern regions, rainfall is very rare
and irregular. Most regions on average receive less than 130 mm of rain per year, with the exception
of rare humid, tropical air surges, which give rise to rainfall in the form of showers.?

The most important and permanent rivers of Northern Africa are in Morocco: Loukos (100 km), Sebou
(500 km), Bouregreg (250 km), Moulouya (450 km), Daraa (1,200 km), Oum Rbia (600 km), Tensift (270
km) and Ziz (270 km).2

ELECTRICITY SECTOR OVERVIEW

Compared with other countries in the Middle East and
Northern Africa, Morocco is characterized by a lack of con-
ventional hydrocarbon resources and a high reliance on
energy imports.® In 2019 electricity generation in Morocco
totalled 40,348 GWh, of which approximately 67 per cent
was from coal, almost 12 per cent from natural gas and wind
power each, 4 per cent from hydropower and solar power
each and the rest from other sources (Figure 1).° National
electricity production in 2019 accounted for nearly 99 per
cent of total electricity demand, while the remainder was
imported through interconnections with neighbouring coun-
tries including Spain and Algeria. The same year 1,453 GWh
of electricity was exported, which was more than three times
higher than the year before.®

Figure 1. Annual Electricity Generation by Source in
Morocco in 2019 (GWh)
Thermal Power GGG 6,976
Hydropower N 1,770
Wind Power |l 1,220
Solar Power [ 711

Source: ONEE®

In 2019, the installed electricity capacity of Morocco was
10,677 MW. Of the total, thermal power plants accounted for
65 per cent, hydropower plants for 17 per cent, wind power
plants for 11 per cent and solar power plants for 7 per cent
(Figure 2).
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Figure 2. Installed Electricity Capacity by Source in Morocco
in 2019 (Mw)
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Source: ONEE”

Total energy consumption in Morocco has significantly in-
creased in recent years. Thus, in 2019, it grew by 9 per cent
compared to 2018, driven by growth in electricity consump-
tion, which increased by 15 per cent due to the progress
achieved in rural electrification and economic growth.5®
Between 2015 and 2030, primary energy consumption in
the country is projected to double and electricity demand
is expected to increase 2.5 times.® Overall, since 1990, the
electricity sector of Morocco has developed impressively by
diversifying generation, improving security of supply and
reaching almost universal access to electricity.’ Currently,
electricity consumption in the country is dominated by the
industrial and residential sectors (Figure 3).°

Figure 3. Electricity Consumption by Sector in Morocco in
2018 (%)
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Source: IEA®

The electricity sector in Morocco is dominated by the state-
owned operator, the National Office of Electricity and Po-
table Water (ONEE). It has the status of the single buyer of
electricity produced in the country, except for generation
from renewable sources, for which a specific law allows pri-
vate-to-private electricity transactions." ONEE owns the en-
tire transmission network and much of the distribution net-
work and can give concessions to private operators through
purchase guarantees.” As the sole buyer, ONEE supplies the
national market through its own plants, those of indepen-
dent power producers (IPPs) and through a number of pri-
vate industrial producers. IPPs include some of the largest
plants in the country such as Jorf Lasfar Energy Company
(JLEC) (coal), Safi Energy Company (SAFIEC) (coal) and Elec-
trical Energy Company of Tahaddart (gas, combined cycle).

The Moroccan electricity grid is linked with the Spanish grid
through a 400 kV double underwater alternating current line
under the Strait of Gibraltar with a capacity of 1.4 GW. Since
1988, Morocco has also had a synchronous interconnection
with the Algerian grid via a 400 kV transmission line. Initially
its capacity was 1.2 GW, but increased to 1.7 GW with the in-
stallation of a second and third lines in 20093

Until 1995, only 18 per cent of the Moroccan population had
access to electricity and over the last 20 years approximate-
ly 12 million citizens received access through the Global Ru-
ral Electrification Programme. Today the electrification rate
in Morocco is close to 100 per cent. The country adopted a
utility-lead electrification programme where ONEE was re-
sponsible for achieving rural and remote area electrification
targets. Strong political support, involvement of local stake-
holders, funding and engagement of the private sector have
enabled ONEE to provide sustainable electricity from solar
power to 200,000 households in remote rural communities.®
In 2019, 373 villages were electrified, providing electricity ac-
cess to 10,113 households.5"

Electricity tariffs are not uniform in Morocco. The custom-
ers are subject to tariffs that are set and reviewed by the
Ministry of General Affairs and Governance, on the advice
of an Inter-Ministerial Pricing Committee. The latest review
process was undertaken between 2014 and 2017. The tariffs
are applied to distribution companies by ONEE and to final
costumers by distribution companies and depend on the
consumer category.” Tariffs applied to households are in-
cremental based on monthly consumption, ranging from 0.10
USD/kWh for consumption below 100 kWh to 018 USD/kWh
for consumption above 500 kWh.'® A bi-hourly tariffaiming to
reduce the evening peak demand is implemented by ONEE
on the national level to all low-voltage consumers (includ-
ing domestic, industrial and agricultural users) with monthly
electricity consumption exceeding 500 kWh.” Electricity con-
sumption for public lighting and by administration buildings
is subject to a fixed price tariff® Rural populations are sub-
jected by ONEE to pricing based on a prepaid meter. These
rates, depending on the type of use and consumption brack-
et, fluctuate between 0.12 USD/kWh and 0.20 USD/kWh.®

Multiple changes have been experienced in the electricity
sector of Morocco over the past years due to the competitive
production and commercialization of electricity from renew-
able energy sources, for very high-voltage/high-voltage/
medium-voltage (MV) customers, in accordance with Law 13-
09 on renewable energy. The creation of a regulatory agency,
National Energy Regulatory Agency (ANRE), was announced
by Law 48-15 adopted in 2016.° ANRE is responsible for en-
suring equal access to the national electricity grid, setting
tariffs for the use of the transmission and transportation
grids, approving rules and tariffs for access to electricity
interconnections and accompanying the implementation of
the national energy transition strategy.?
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SMALL HYDROPOWER SECTOR
OVERVIEW

In accordance with the classification established by the In-
ternational Union of Electric Power Distributors, four cate-
gories of hydropower plants are distinguished in Morocco:
pico- (less than 20 kW), micro- (20-500 kW), mini- (500-2
MW) and small hydropower plants (SHP) (2-10 MW).2* The
current chapter uses the definition of SHP as all hydropower
plants up to 10 MW.

As of 2021, the total installed capacity of SHP up to 10 MW
in Morocco was estimated at 30.5 MW (Table 1).2%2 The de-
crease compared to the World Small Hydropower Develop-
ment Report (WSHPDR) 2019 is due to access to more accu-
rate data (Figure &). The potential capacity is estimated at
300 MW, which is also slightly lower than reported in the
WSHPDR 2019, with the decrease also being based on a more
accurate estimate.”

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Morocco (MW)

300.0
Potential 306.6

Capacity

Installed
Capacity

Source: ONEE,??? Saad Alami,?® Government of Morocco, WSHPDR 2013,%
WSHPDR 2016, WSHPDR 2019%

Note: Data for SHP up to 10 MW.

(CDER) identified 153 potential SHP sites in the regions of
Haouuz, Khenifra and Chefchaouen. The combined potential
capacity of these sites was estimated at 6.7 MW, with indi-
vidual sites having capacities up to 500 kW.? More recently,
the ONEE has identified 125 sites suitable for SHP develop-
ment in the basins of the Oum-Errabia, Sebou and Moulouya
Rivers, with individual capacities ranging between 100 kW
and 1.5 MW and a total potential capacity estimated at 300
MW.? Due to the unavailability of lists of the sites identified
in these studies, it is not possible to establish whether any
overlaps between the two exist, therefore, the current chap-
ter uses the findings of the more recent study as the SHP
potential estimate.

Large hydropower has played an important role in the
country’s energy mix since the 1960s, however, a large share
of the available potential has been developed. Therefore,
as part of the Government’s strategy to promote renewable
energy sources by 2030, the main focus for hydropower lies
with pumped-storage hydropower as well as small-scale
projects.®® Furthermore, many studies show concern about
the impact of climate change on the availability of water in
Morocco, which may affect the SHP potential in future.®' Un-
der Law 13-09 on renewable energy, a number of hydropow-
er projects were approved for development by the private
sector.®® One of these projects consisted of the rehabilita-
tion of an SHP plant at Flilou by the private company Ener-
gie Terre; the project was commissioned in 2015.2 A further
11 SHP projects up to 10 MW with a combined capacity of
61.5 MW are currently under development (Table 2) as well
as 10 other projects with capacities between 11.7 MW and
30 MW.*

Table 2. List of Small Hydropower Projects under
Development in Morocco

Table 1. List of Existing Small Hydropower Plants in ] Capacity Plant Planned
Morocco Name Location MW)  type Developer launch
year
Installed capacity Sidi Oued Mik- _ Voltalia
Name (MW) Launch year Chahed  kés, Méknes 13 Maroc 2019
Masser 0.10 2008 Commune y .
SidiSaid  Zayda, 1.89 Reser- Energie )z,
Askaw 0.20 2002 Midelt voir  Terre
Oum Er Rbia 0.22 2004 Lalla Takerk-
Sefrou 0.26 1929 Tames- oust Dam, 25 Resgr- Energie )2 2021
louhte Marrake- voir Terre
Taza Rass El Oued 0.64 1929 ch-Safi
Flilou 1.60 2015 (1933) Sidi Driss Oued Lakh- 35 _ Energie )2 2019
dar Terre
Fes Aval 1.89 1934
Machraa Machraa _ Energie )2
Taurart 2.00 1954 SFA Benabbou 6.0 Terre 2022
Bouareg 6.40 1969 3 i
Merija Bmacgr;a 6.0 E“Terg'e 20 0
Kasba Zidania 7.20 1935 enabbou erre
Mansour Eddahbi 10.00 1972 Lalla Takerk- ,
Wirgane oust Dam, 6.6 Reser- Energie J2 2020
Total 30.51 8 Marrake- : voir Terre
ch-Safi

Source: ONEE,? Saad Alami,® Government of Morocco®

In the 1990s, the Development Centre of Renewable Energies
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Capacity Plant Planned

Name Location MW)  type Developer launch
year
Commune
Ouedza _OuedZa . _ Energiel2 5050
Province de Terre
Taourirt
L'Oum Er-  Beni Mel- Voltalia
Rbia lal-Khénifra 2 - Maroc 2021
Beni Mel- Voltalia
BOUgemaz o\ khénifra > N Maroc 2021
Asfalou Reser-
Asfalou Dam, 10.0 N SGTM 2019
voir
Taounate
Total 66.35

Source: MEME*

ONEE has also initiated a project for the rehabilitation of
existing hydropower capacities with an estimated cost of
approximately EUR 35 million (USD 41 million) to be financed
through a loan from the European Bank for Reconstruction
and Development (EBRD). The project includes rehabilita-
tion of such SHP plants as Taurart, Bouareg, Taza, Askaw,
Sefrou, Tabant and Fes Aval as well as a study of the gener-
ation potential of the country’s hydropower fleet, including
the impacts of the climate crisis.?®

RENEWABLE ENERGY POLICY

In 2009, Morocco adopted a National Energy Strategy (NES)
as a roadmap for the transformation of the energy sector
towards greater sustainability, efficiency and financial sta-
bility. The NES sets five key objectives for the country’s en-
ergy policy, including: 1) diversification of the energy mix, 2)
national resource development including renewable energy
resources, 3) improvement of energy efficiency, 4) integra-
tion with international and regional (European and African)
energy markets and 5) industrial integration of renewable
energy and green technologies.>*

The climate action strategy of Morocco is defined by the Cli-
mate Change Policy (March 2014), the National Sustainable
Development Strategy (November 2017) and the Nation-
ally Determined Contribution (NDC) to the United Nations
Framework Convention on Climate Change (UNFCCC) (2016).
On 21 September 2016, Morocco signed the Paris Agreement,
committing to cut its greenhouse gas emissions by 17 per
cent by 2030, with an additional reduction of 25 per cent
on the condition of international support.* The country in-
tends to raise the share of renewable energy sources in its
total installed capacity to 52 per cent by 2030. The 2016-
2030 period will therefore see the development of 10,100
MW of renewable energy, with solar power to account for 20
per cent of the 2030 energy mix, wind power for 20 per cent
and hydropower for 12 per cent. Moreover, Morocco is com-
mitted to achieving 15-20 per cent energy saving by 2030
through energy efficiency programmes for the industrial and
transport sectors. These strategies are aiming to ensure the

country's energy independence, reduce its greenhouse gas
emissions and diversify the energy mix.>*'

Since 2008, Morocco has experienced a period of rapid
change in its power sector, focusing on harnessing its huge
renewable energy potential. In order to ensure meeting the
energy transition targets, the renewable energy sector of Mo-
rocco has been undergoing liberalization. In 2008, Law 16-08
raised the threshold for the allowed self-generation capacity
from 10 MW to 50 MW and allowed operators to sell ONEE
their occasional surpluses. Law 13-09 promulgated in 2010 set
out the legislative framework for the promotion of renewable
energy sources. The law allowed renewable electricity pro-
ducers to feed electricity into the medium- and high-voltage
grid or sell it to users. It also removed the power limitations
for certain types of energy and introduced three licensing re-
gimes for renewable energy projects depending on the size: a
free regime for capacities below 20 kW; a declaration regime
for capacities between 20 kW and 2 MW; and an authoriza-
tion regime for projects above 2 MW. This law was amended
by Law 58-15 and Law 13-09, allowing independent renew-
able energy producers (including hydropower plants above
30 MW) to sell electricity surpluses to ONEE or a distribution
system operator. These measures will enable clients from the
tertiary and residential sectors to develop renewable energy
capacities and feed any excess production into the low-volt-
age network.?" At the moment of writing of the current chap-
ter, two further draft laws were under consideration — draft
Law 40-19 and a draft law on self-generation. These aim to
improve the legislative and regulatory framework for renew-
able energy and self-generation projects.®

In line with the national energy transition strategy, in 2021
the Ministry of Energy, Mines and Environment agreed to
collaborate with the International Renewable Energy Agen-
cy (IRENA) on accelerating the energy transition and ad-
vancing the national green hydrogen economy, as Morocco
intends to become a major producer and exporter of green
hydrogen.®

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are multiple barriers to SHP development in Morocco.
Some of the most important ones are the following:

+ SHP projects are less attractive in comparison to oth-
er renewable energy sources such as solar and wind
power, for which the investment returns are higher;

+ Lack of public awareness about the benefits of SHP;

+ Low level of interest in research and development
(R&D) projects on SHP at universities;

+ Impact of the climate crisis on the availability of water
resources.

Despite the above barriers, opportunities for SHP develop-
ment in Morocco exist due to the following factors:
+ Availability of data on potential sites for SHP devel-
opment;
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+ The policy, legislative and regulatory frameworks fa-
vour renewable energy projects, including hydropower.
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Sudan

International Center on Small Hydro Power (ICSHP)

KEY FACTS

43,849,269 (2020)'

1,849,234 km?2

Sudan is a large country mainly composed of plains and plateaus drained by the Nile River and its
tributaries. Northern Sudan is largely covered with a sandy desert diversified by steep-sided granite
hills. South-central Sudan is marked by isolated hills that culminate in the Nuba Mountains. The
north-east of the country borders the Red Sea, while the Darfur Plateau in the west carries the Mar-
rah Mountains culminating at 3,042 metres above sea level.

Sudan has a hot, desert climate with strong winds prevailing all year long in the north, bringing dry
and cool air in the winter. In the summer, temperatures often exceed 43 °Cin the north. the southern
regions are slightly cooler. The mean annual temperatures in the country are between 26 °C and 32
oC3H

Sudan has been experiencing the effects of global warming including increasingly frequent extreme
climatic events. Droughts are more common and rainfall has become even more erratic. Temperatu-
res were observed to increase by 0.2-0.4 °C per decade between 1960 and 2009, while precipitation
decreased by 20-30 mm per decade in the same time frame. By 2050, temperatures are projected to
increase by as much as 3 °C and the Red Sea levels are expected to increase by 30-50 cm.®

Sudan has a rainy season from March to October, with most of the rainfall occurring between June
and September. Rainfall in the country is generally unpredictable and unreliable, with the northern
regions experiencing little to no rainfall (less than 50 mm of rainfall). Central regions receive bet-
ween 200 mm and 700 mm of rainfall a year, while the southern regions enjoy more rainfall at over
1,500 mm per year.*

Sudan enjoys considerable water resources primarily from the Nile River and its tributaries, as all
rivers and streams of the country drain into or towards the Nile. The White Nile and the Blue Nile en-
ter the country from the south-east and join at Khartoum and after the confluence flow northwards
as the Nile.*

ELECTRICITY SECTOR OVERVIEW

The main sources of electricity in Sudan are hydropower
and non-renewable thermal power. Of the total 16,846 GWh
generated in Sudan in 2019, hydropower accounted for al-
most 61 per cent and thermal power for 39 per cent. Bioen-
ergy and solar power accounted for 109 GWh and 22 GWh,
or 0.7 per cent and 0.1 per cent, respectively, of the total
electricity generation (Figure 1).6

Sudan has one of the largest power sectors in Sub-Saharan
Africa and was one of the largest crude oil producers in the
region until 2011 when South Sudan gained independence.
In addition, South Sudan also retained custody of most of
the hydropower plants that once served the former unified
country. This meant a significantly reduced installed capac-
ity for the Republic of Sudan.?

Figure 1. Annual Electricity Generation by Source in Sudan
in 2019 (GWh)
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Figure 2. Installed Electricity Capacity by Source in Sudan
in 2020 (Mw)
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In 2020, Sudan had a total installed electricity capacity of 4,137
MW, of which non-renewable thermal energy, hydropower and
bioenergy represented almost 49 per cent, 46 per cent and 5
per cent, respectively. Solar power accounted for 18 MW, or 0.4
per cent, of the total installed capacity (Figure 2).5

In 2020, Sudan had a total electrification rate of 55 per cent,
with a rural electrification rate of 41 per cent (Figure 3).9°

estimated technical SHP potential in Sudan is 2,228.6 MW,
including 123.2 MW from 352 sites of 0.1-1 MW capacity and
2,105.4 MW from 435 sites of 1-10 MW capacity.? The increase
in SHP potential compared to the World Small Hydropow-
er Development Report (WSHPDR) 2019, is due to the more
recently obtained data from a study on SHP potential in
Sub-Saharan Africa. The installed capacity has remained
unchanged (Figure 4).

Figure 3. Electrification Rate in Sudan in 2020 (%)

Total 55.4%
Rural41.2%

Source: World Bank®™®

The energy sector in Sudan is overseen by the Ministry of
Energy and Petroleum (MoEP) and is composed of five major
companies: the Sudan Electricity Holding Company (SEHC),
the Sudan Electricity Transmission Company (SETC), the
Sudan Electricity Distribution Company (SEDC), the Sudan
Thermal Power Generation Company (STPG) and the Sudan
Hydro and Renewable Energy Company (SHREC). These com-
panies do not have financial autonomy and are integrated
into the MoEP. The MoEP also oversees the Electricity Reg-
ulation Authority (ERA), which regulates the country’s elec-
tricity sector.’

The electricity generated in Sudan is mostly publicly-owned
with the exception of some thermal generation in isolated
grids and emergency powership rentals operated by inde-
pendent power producer (IPPs). With most of the crude oil
reserves owned by South Sudan after the separation, Sudan
has had to adapt to meet its ever-growing electricity de-
mand. This includes international agreements for the im-
portation of electricity from neighbouring countries.”

Sudan has one of the lowest electricity tariffs in the region.
In January 2021, the average tariff was 0.023 USD/kWh, with
the bill collection rate standing at 93 per cent.’

SMALL HYDROPOWER SECTOR
OVERVIEW

The Government of Sudan defines small hydropower (SHP)
as hydropower plants with an installed capacity between
500 kW and 5 MW. Mini-hydropower is defined as 50-500
kw plants and micro-hydropower is below 50 kW. For the
purpose of this chapter, the up to 10 MW definition of SHP
will be used.

There is currently one SHP plant in Sudan, the El-Girba 2,
which has an installed capacity of 7.2 MW (Figure 4) The

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Sudan (MW)

_ 2,228.6
Potential 63.2
Capacity 63.2

34.2
7.2
Installed ;%
Capacit .
P y 7.2

Source: Korkovelos et al.,”” WSHPDR 2019, WSHPDR 2016, WSHPDR 2013"

RENEWABLE ENERGY POLICY

Sudan does not have an integrated renewable energy policy
document. However, the country has been making efforts to
formulate plans to develop its renewable energy potential.
While hydropower represents approximately 60 per cent
of the total electricity generated in the country, the Gov-
ernment of Sudan is committed to further integrate other
renewable energy sources into the generation mix. Specif-
ically, the Government aims to have at least 50 per cent of
electricity generation from other renewable energy sources
than hydropower by 2031.

The Government also adopted a National Energy Efficiency
Action Plan (NEEAP) in 2013 after becoming a member of the
Regional Center for Renewable Energy and Energy Efficiency
(RCREEE). The set aims include achieving universal electrifi-
cation, doubling the rate of energy efficiency improvement
and ensuring access to modern and reliable electricity by
2030. The Government is also committed to developing the
country’'s SHP potential for a total installed grid-connected
capacity of 50 MW by 2030.'%"

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP plants are regulated by the same legislation as larger
hydropower projects. The main legislation and regulation
documents in Sudan concerning hydropower projects are:

+ The Water Resources Act (1995);

« The National Water Act (2007);

+ The Sudan Electricity Act (2001).
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The
mai

Ena
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development of new SHP projects in Sudan is hampered
nly by:
Lack of a comprehensive renewable energy policy that
addresses SHP;
The Government's focus on larger hydropower to
solve the country’s electrification issues;
Irregularity of rainfall patterns, which affects SHP de-
velopment, further exacerbated by climate change;
Lack of comprehensive mapping of renewable energy
sources in key areas;
Most of the electricity generation is state-owned,
which might discourage potential private sector in-
vestors.

blers for the development of SHP projects include:
The abundant water resources in the country due to
the location in the Nile Basin. There is great potential
for SHP development;
The Government's commitment to developing renew-
able energy sources and the inclusion of SHP in 2030
energy development goals.
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11,708,370 (2020)"

155,360 km?22

The country is divided into three distinct regions. The northern region is characterized by moun-
tains, cork forests and grasslands. The central region is a semi-arid steppe plateau with olive groves.
The southern region, which stretches from the border with Algeria to the Mediterranean, contains
date palm oases and saline lakes. The extreme south of Tunisia merges into the Sahara Desert. The
highest point, Jebel Chambi (1,544 metres), is located near the city of Kasserine.?

The north of Tunisia benefits from a Mediterranean climate, the centre and the Gulf of Gabes have a
semi-arid climate and the rest of the country has a desert climate.?

The National Institute of Meteorology of Tunisia projects that, based on the climate scenario
“RCP4.5", climate in the country by 2050 and 2100 will be characterized by an increase in average
annual temperatures and a decrease in annual precipitation. The rise in temperatures will vary bet-
ween 1°C and 1. 8°C by 2050 and between 2 °C and 3 °C by the end of the 21 century. In addition,
there will be a decrease in annual precipitation of between 5 and 10 per cent by 2050, with a further
decrease of between 5 and 20 per cent by 2100.3

Rainfall is between 400 mm/year in the north of the country and 1,500 mm/year in the far north-
west. The central region of Tunisia receives 200-400 mm/year, while in the southern regions of the
country rainfall is rare, averaging approximately 50-200 mm/year.*

The most important river system in Tunisia, the Medjerda (460 km long), rises in Algeria and drains
into the Gulf of Tunis. It is the only river in the country that flows perennially; other watercourses
fill only seasonally. In the central Tunisian steppes, after heavy rains, occasional waterways flow
southwards out of the Dorsale Mountains, but evaporate in salt flats without reaching the sea.*

ELECTRICITY SECTOR OVERVIEW

The electricity sector in Tunisia is characterized by a steady ~ Figure 1. Annual Electricity Generation by Source in Tunisia
rise in demand and a decrease in the availability of national  in 2019 (GWh)

resources. In 1999, net imports of electricity stood at 6,978
GWh. Since 1999, there has been a steady increase in elec-
tricity imports, reaching 72,106 GWh in 2018.° Electricity gen-
eration rose from 19,245 GWh in 2018 to 20,217 GWh in 2019. Steam Turbine | 660
Of this total, 17,007 GWh was provided by the Tunisian Com- Wind Power mm 240
pany of Electricity and Gas (STEG), 3,071 GWh by the Carthage
Power Company (CPC) and 139 GWh by autoproducers.® The
electricity sector primarily uses natural gas, which accounts
for more than 90 per cent of electricity production (Figure 1).

Combustion Turbine GGG 2,598
Combined Cycle IS 2,083

Hydropower I 62

Solar Power | 10

Source: STEG®

Note: Includes generation by STEG and CPC only.

Installed electricity capacity in Tunisia increased from 5,076
MW in 2018 to 5,653 MW in 2019. The national generation
capacity is composed of steam turbines, gas turbines and
combined cycle power plants. The share of wind power,
solar photovoltaics (PV) and hydropower in the country’s
energy mix is very insignificant compared to the available
potential of those three resources (Figure 2).5
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Figure 2. Installed Electricity Capacity by Source in Tunisia
in 2019 (MW)
Combined Cycle mEEEE——— 13,331
Combustion Turbine [N 3,362
Steam Turbine N 2,319
Wind & Solar Power W 500

Hydropower

66

Source: STEG®

Note: Does not include installed capacity for hydropower plants not
connected to the national grid (approximately 5 MW).

Tunisia is heavily dependent on fossil fuel imports, in par-
ticular, imports of natural gas from Algeria. The continuous
volatility of fossil fuel prices and the increase of net energy
imports have had significant negative repercussions for the
country’s economy, including massive outflows of foreign
currency and an increase in public spending. An important
feature of the energy sector of Tunisia are the vast subsidies
allocated to conventional energy in order to keep the tariffs
for hydrocarbons and electricity at a level that would not
deteriorate the purchasing power of the poorest groups of
the population. In fact, the budget allocated to energy sub-
sidies tripled between 2017 and 2020, increasing from TND
650 million (approximately USD 239 million) in 2017 to TND
1,880 million (approximately USD 693 million) in 2020.

In 2019, the total length of medium-voltage (MV) and
low-voltage (LV) lines in the electricity transmission net-
work of Tunisia reached 180,419 km, with 60,966 km of MV
lines and 119,453 km of LV lines. This represented a com-
bined extension of an additional 5,030 km (a 2.9 per cent
increase) relative to 2018. The length of the high-voltage
network reached 6,985 km in 2019.° In 2019, the total nation-
al electrification rate was at 99.8 per cent, while the rural
electrification rate stood at 99.6 per cent(Figure 3).2

Figure 3. Electrification Rate in Tunisia in 2020 (%)

Total99.8%

Rural99.6%

Source: STEG®

The main actor in the country’s electricity sector is the
state-owned STEG, which is responsible for electricity gen-
eration and distribution. The Tunisian electricity market is
partially liberalized. Following Decree 1996-1125 (1996) and
Law 96-27 (1996), private generation of electricity is possible
through concessions granted by state authorities. This also
includes off-grid sources.

Electricity prices at all levels are set at the end of each fiscal
year by the Ministry of Industry in collaboration with rele-
vant Government agencies such as the General Direction for
Energy (DGE), the Tunisian Enterprise of Petroleum Activities
(ETAP), the Tunisian Company of Refining Industries (STIR),
the Ministry of Commerce and the Ministry of Finance. Pric-
es are influenced by numerous factors, including the inter-
national prices of crude oil and gas, the financial situation
of the STEG, ETAP and STIR, as well as the level of Govern-
ment subsidies. After the STEG's price policies have been
approved by the Government, the Ministry of Industry sets
consumer gas and electricity prices.

Since June 2019, STEG has applied new electricity tariffs.
For low-voltage consumers, tariffs are assigned based on
monthly consumption for households and other consumers
and according to time slots in the case of pumping for agri-
cultural irrigation. For the category that consumes between
1and 100 kWh of electricity per month, the tariffs differ be-
tween households and other consumers. For households
that consume between 1 and 50 kWh/month, the price per
kWh is TND 0.062 (USD 0.023). For households that con-
sume between 51 and 100 kWh/month, the price per kWh
is fixed at TND 0.096 (USD 0.036). For consumers exceeding
100 kWh/month, the price per kWh varies between TND 0.176
(USD 0.065) and TND 0.414 (USD 0.15) for households and be-
tween TND 0.195 (USD 0.072) and TND 0.391 (USD 0.15) for
other consumers. For the category of agricultural irrigation,
the price varies between TND 0.106 (USD 0.039) and TND
0.391 (USD 0.15) according to three time slots (day, night and
evening peak).

The tariffs applied to MV and HV consumers are assigned
according to the type of consumer and four time slots (day,
summer morning peak, evening peak and night). For MV tar-
iffs, the prices per kWh are assigned according to four cat-
egories: regular category (TND 0.251 (USD 0.092)), time slots
category (TND 0.188-0.366 (USD 0.069-0.130)), pumping water
for agricultural irrigation (TND 0.138-0.195 (USD 0.050-0.071))
and relief supply (TND 0.200-0.407 (USD 0.073-0.150)). For HV
tariffs, the prices per kWh are categorized into two types:
time slots category (TND 0.160-0.309 (USD 0.058-0.110)) and
relief supply (TND 0.168-0.350 (USD 0.061-0.130)). It should
be noted that the above-mentioned tariffs do not include
the Value Added Tax rate of 19 per cent and the municipal
surcharge of TND 0.005/kWh (0.002 USD/kwh).?

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Tunisia. For the purposes of this chapter, the definition of up
to 10 MW will be used. The installed capacity of SHP up to
10 MW in Tunisia is 16.98 MW, while the potential capacity is
estimated at 55.98 MW, indicating that approximately 30 per
cent of the known potential has been developed" There
has been no change in either installed SHP capacity or esti-
mated potential capacity since the World Small Hydropower
Development Report (WSHPDR) 2019 (Figure 4).
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Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Tunisia (MW)
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Source: STEG,® WSHPDR 2016," WSHPDR 2013,* WSHPDR 2019"
Note: Data for SHP up to 10 MW.
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Tunisia has a great theoretical hydropower generation po-
tential, which in the mid-1990s was estimated at 1,000 GWh/
year, but the technically feasible generation potential is
only approximately 250 GWh/year There is a total installed
hydropower capacity of 67 MW in the country, of which 62
MW is connected to the national grid and approximately 5
MW is isolated. The oldest hydropower plant is located in
Nebeur (Kef Governorate, northern Tunisia). Built in 1956, it
is a reservoir-type plant with a capacity of 13.2 MW. In total,
there are seven hydropower plants in Tunisia; of these, the
hydropower plant of Sejnane with a capacity of 0.6 MW, is
currently not operational (Table 1). Many of the existing hy-
dropower plants were built during the period of French col-
onization and are predominantly located in the north-west-
ern region. The total annual electricity generation of these
plants ranges between 50 and 160 GWh

Table 1. List of Existing Hydropower Plants in Tunisia

Hydropower

plant Capacity (MW) Operator  Launch year
Sidi-Salem 36.00 - -
Nebeur 13.20 - -
Fernana 8.50+1.20 Neyrpic 1958-1962
El Aroussia 4.80 Franco Tosi 1956
Bouhertma 1.20+0.62 Alsthom 2003
Sejnane* 0.60 - -
Kessab 0.66 - 1969
Total 66.18

Source: STEG™

Note: *Out of operation.

The two large hydropower plants of Sidi Salem and Ne-
beur have capacities of 36 MW and 13.2 MW, respectively.
Therefore, there are currently five SHP plants in Tunisia, at
El Aroussia, Sejnane, Kessab, Fernana and Bouhertma. Their
overall installed capacity stands at 16.98 MW.

The renewable energy (RE) strategy in Tunisia is focused on
solar and wind power, which receive the support of the Gov-
ernment. Conversely, little interest is given to hydropower,
either from the Government or private investors. This would

explain the stagnation of hydropower installed capacity in
comparison to other sources of RE in Tunisia.

However, in 2019, the National Company for the Exploitation
and Distribution of Water (SONEDE) of Tunisia invited bids in
separate tenders from qualified contractors to design, equip
and build two micro-hydropower plants. These two projects
are to be financed by the French Development Agency (AFD).
They are located on the water supply network in Montfleury
in the north-eastern Governorate of Tunis and at the upper
reservoir of Lahirech in the north-western Governorate of
Jendouba. The contracts will imply studies of the projects,
supply and installation, testing and commissioning of elec-
tro-mechanical and electrical equipment, associated civil
works, connection to the MV network of STEG, training of
technical staff and after-sales service (including provision
of spare parts).® The status of these two projects is currently
unknown. Additional potential SHP sites identified in previ-
ous studies are displayed in Table 2.

Table 2. List of Potential Small Hydropower Sites in Tunisia

Location Potential capacity (MW)
Barbara 3.00
Sidi Saad 1.75*
Bouhertma 1.20
Sejnane 1.00
Siliana 0.85
Bejaoua 0.75
Khanguet Zezia 0.65
Nebhana 0.50
Medjez el Bab 0.25
Total 9.95

Source: WSHPDR 2019%

Note: *Unconfirmed data.

RENEWABLE ENERGY POLICY

For more than three decades, Tunisia has pursued a pro-
active policy of energy management. The main axes of this
policy are energy efficiency and the development of RE. De-
spite all the efforts made, the energy situation is character-
ized by a growing deficit in the energy balance, an increase
in the energy bill and an increased dependence on fossil
fuels.

In order to address the challenges facing the Tunisian en-
ergy system, the Government has committed to a policy of
energy transition in the medium and long term. The import-
ant elements of this policy have included the creation of
the Energy Transition Fund (FTE) in 2013 and the promulga-
tion of the Law on Electricity Production from Renewable
Energy Sources in 2015. In the field of energy management,
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the National Agency for Energy Management (ANME) is the
main actor for the implementation of state policy. The ANME
has a fundamental role in the energy transition process. The
flagship initiatives carried out by the ANME have focused
mainly on:

+ Elaboration of strategic studies, especially in the ar-
eas of rational energy use, RE development and miti-
gation of greenhouse gas (GHG) emissions;

+ Realization of sectoral studies on the energy mix of
electricity production and on the Tunisian Solar Plan;

+ Conducting specific studies on the financing of energy
management initiatives, in particular the restructur-
ing of the National Energy Management Fund (FNME)
and the operationalization of the FTE;

+ A study on the institutional reform of the ANME in
order to enable the Agency to achieve its strategic
objectives and to operate in an optimal and efficient
manner.

The studies carried out by the ANME represent an essential
tool for informing decision-makers on the prospects and
challenges of the energy transition in Tunisia. These studies
outline the strategic goals and the institutional, regulato-
ry and financial measures necessary to achieve them. The
main goals to achieve by 2030 are as follows:
+ Reduce primary energy demand by 30 per cent com-
pared to the trend scenario;
+ Increase the share of RE in electricity production to
30 per cent;
+ Reduce carbon intensity of the energy sector by 46
per cent compared to 2010."

As part of the energy transition plan, Tunisia is striving to
engage with international frameworks and agreements on
implementing green and sustainable energy policies, in-
cluding the Paris Agreement of 2015. In September 2015, Tu-
nisia submitted its first National Determined Contribution
(NDC), with the objective of reducing the carbon intensity
of all sectors of the economy by 41 per cent in 2030 relative
to 2010. Energy is placed at the heart of sectoral priorities
in the field of emissions reduction, with a significant contri-
bution of 75 per cent in the overall mitigation target of the
Tunisian NDC. Energy efficiency and RE are the two main le-
vers to achieve the objective assigned to the energy sector,
which aims to reduce carbon intensity by 46 per cent in 2030
compared to the 2010 level. The capacity of the RE sector of
Tunisia currently stands at 312 MW (6 per cent of all energy
capacity), not including an additional 5 MW of hydropower
not connected to the national grid. The aim for the share of
RE in the electricity sector is to reach 30 per cent in 2030
(with an installed capacity of 3,815 MW). RE investments in
Tunisia are mainly focused on the solar and wind power
projects.”

The ANME has undertaken the necessary work to meet the
requirements of a low-carbon energy transition in accor-
dance with the recommendations of the Paris Agreement. In
particular, the ANME has produced a database of GHG emis-
sions of the energy sector over the period of 1980-2012 and
an estimate for the period of 2013-2019. In addition, at the

beginning of 2020, the ANME carried out a new inventory
of GHG emissions in the energy sector covering the period
of 2010-2019. The preparation of this inventory is based on
the new methodology of the Intergovernmental Panel on
Climate Change (IPCC). Furthermore, in 2020, an update of
the NDC and elaboration of a National Low Carbon Strate-
gy (NLCS) were initiated. These two elements represent the
main instruments of the Tunisian climate policy and an op-
portunity to accelerate the energy transition and to address
both the climate and the energy security issues. Their devel-
opment defined medium and long-term goals for a changing
energy landscape and low-carbon development to meet the
energy, climate and socio-economic challenges for 2030 and
2050. Finally, the ANME has developed a monitoring meth-
odology for the NDC in the energy sector, which should en-
able the assessment of progress towards the achievement
of the mitigation target in the energy sector as defined by
the NDC. In addition, it serves well to meet the transparency
requirements of Article 13 of the Paris Agreement.®

In 2019 and within the framework of a partnership with the
African Development Bank (AfDB), Tunisia made plans to
create the “Fund Establishment and Fund Management Ser-
vices for A Multi-Investor Equity/Quasi-equity Climate Im-
pact Fund Financing Sustainable Energy Projects and Com-
paniesin Tunisia”. In this regard, in 2019 the Fund of Deposits
and Consignments (CDC) and the subsidiary of STEG, STEG-
ER, launched a call for expressions of interest addressed
at investment fund management companies and/or con-
sortiums for the creation, development and management
of an investment fund dedicated to the equity/quasi-equi-
ty financing of projects with a high environmental impact
and oriented towards the energy transition of Tunisia! This
Fund aims to promote local currency financing in Tunisian
dinars where most appropriate. The AfDB is collaborating
with the CDC and STEG-ER in raising financing from a variety
of international sources as part of a wider effort to catalyze
investment in sustainable energy across the continent. The
estimated duration of services is between July 2019 and De-
cember 2030. It is important to highlight that the CDC and
STEG-ER retain the right to own up to 40 per cent of the fund
management company.?

The main laws and decrees that regulate the RE sector in
Tunisia are the following:

+ Law No. 12 of 11 May 2015, which liberalizes the pro-
duction and export of electricity from RE;

+ Law of Investment No. 2016-71 of 30 September 2016
and Government decree No. 2017-389 of 9 March 2017,
which provide financial and institutional incentives
for investment in the RE sector;

+ Law No. 2017-8 of 14 February 2017, which provides tax
incentives for investments realized in the RE sector.”’

The distribution and transportation of electricity remain ex-
clusively the prerogative of STEG, which also sets the pur-
chasing and transportation tariffs. Therefore, investors who
self-produce their electricity using RE (and, therefore, are
self-consumers) must first sign a contract for the sale of ex-
cess electricity produced from RE sources to STEG. Hence,
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STEG must buy back the surplus according to the estab-
lished feed-in tariffs (FITs).

The FITs and transmission tariffs for electricity produced by
self-consumers or for self-consumption were set by the de-
cision of the Minister of Energy, Mines and Energy Transition
of 27 May 2020 (Table 3).22 The high-voltage (HV) electricity
transmission tariff of 0.025 TND/kWh (0.009 USD/kWh; ex-
cluding VAT) is only applied for self-consumer organizations
benefiting from the right to sell electricity produced from
RE and whose production units are connected to the HV
network.? The tariffs set by this decision apply to the elec-
tricity produced from 1 June 2020 on the entire territory of
the country.?

Table 3. FITs on Surplus Renewable Energy Electricity Sold
by Self-Consumers in Tunisia

Period Price (TND/RWh (USD/RWh))*
Day 0.073 (0.026)
Summer morning peak 0.087 (0.032)
Peak evening 0.077 (0.028)
Night 0.069 (0.025)

Source: STEG?*

Note: *Excluding VAT of 19 per cent.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

SHP implementation in Tunisia is hindered by several bar-
riers:

+ Technical barriers such as: limited access to appro-
priate technologies in the mini-, micro- and pico-hy-
dropower categories, which pose specific technical
challenges; and limited specialization to undertake
feasibility studies;

+ Energy/electricity sector barriers: mainly the high
competition with other RE technologies as well as the
maturation of solar and wind power technologies;

- Political barriers: there is limited commitment on the
part of the Government to encourage and promote
SHP technologies;

+ Financial barriers: there is limited participation from
the private sector, in part due to a lack of stable fund-
ing for SHP and in part due to better investment op-
portunities with other RE sources™®

Recently, Tunisia has experienced a marked increase in rain-
fall, especially between the years 2018 and 2019. This in turn
has led to increased river discharge and a considerable im-
provement in dam reservoir levels. As a result, electricity
generation by the Tunisian hydropower sector as a whole
rose to almost 66 GWh in 2019, a 299.4 per cent increase over
the previous year. If these weather patterns continue, SHP
could become a more promising source of RE for Tunisia in
the future.
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1.4. Southern Africa

Countries: Botswana, Eswatini, Lesotho, Namibia, South Africa

INTRODUCTION TO THE REGION

South Africa is the largest economy in the region by a wide margin, with a robust electricity sector. Thermal power, mainly
from coal-fired power plants, accounted for approximately 82 per cent of installed capacity and 86 per cent of generation in
2021. The country also operates the region’s only nuclear power plant with an installed capacity of 1,940 MW. The country has
some of the highest rates of electricity access in the region, but rural areas still lag behind the rest of the country. Imports of
electricity from South Africa contribute a significant share of the electricity supply of all other countries in the region, with
Lesotho importing over 50 per cent and Eswatini nearly 80 per cent of their electricity from South Africa. Regional electricity
generation is dominated by state-owned companies. The public utility of South Africa ESKOM, the single-largest regional
power producer, operates over 89 per cent of the generating capacity of South Africa while the rest is operated by indepen-
dent power producers (IPPs) and municipalities.

Hydropower development in the region displays some notable characteristics tied to the regional dependence on electricity
imports from South Africa. In South Africa itself, hydropower plays a supplementary role, accounting for only 6 per cent of
capacity and 3 per cent of generation as of 2021. At the same time, hydropower accounts for the majority of all domestic
electricity generation in Namibia and Eswatini and over 99 per cent in Lesotho, with Namibia additionally investing heavily
in solar power. Thus, these three countries have adopted a strategy of sourcing their domestic electricity generation from
renewable energy while relying on imported electricity from thermal power for the bulk of their energy needs. Botswana is
likewise dependent on electricity imports to a significant extent, but has no domestic hydropower capacity due to climactic
and topographical factors and has instead opted to source its domestic generation from coal-fired and diesel-fired power
plants.

An overview of the electricity sectors of the countries in the Southern Africa region is provided in Table 1.
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Table 1. Overview of Southern Africa

Counry Tl populaton Eecriciy e oo (LU Totlinstalled gonlreion insaiea apacity  generaton

' (%) pacity (GWh/year) (Mw) (GWh/year)
Botswana 2 62 62 893 3,332 0 0
Eswatini 1 77 70 109 293 69 227
Lesotho 2 45 32 77 389 76 392
Namibia 3 55 35 684 1,818 351 1,288
South Africa 60 85 79 57,214 214,926 3,427 6,182
Total - - - 58,977 - 3,922 -

Source: WSHPDR 2022

Note: Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may vary.

REGIONAL SMALL HYDROPOWER OVERVIEW

The definition of small hydropower (SHP) in Southern Africa varies across countries. Botswana, Eswatini and Namibia do not
have a local definition of SHP, in Lesotho SHP is defined as hydropower plants of up to 10 MW, while in South Africa the up
to 40 MW definition is used alongside the up to 10 MW definition. A comparison of installed and potential capacities in the
region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Southern Africa (MW)

Country Local SHP definition Installed capacity  Potential capacity  Installed capacity ~ Potential capacity

(local def.) (local def.) (<10 MW) (<10 MW)
Botswana N/A 0.0 N/A 0.0 1.0
Eswatini N/A 8.2 16.2 8.2 16.2
Lesotho Up to 10 MW 3.8 38.2 3.8 38.2
Namibia N/A 01 120.0 01 120.0
South Africa Up to 40 MW N/A N/A 42.0 247.0
Total - - - 541 422.4

Source: WSHPDR 2022'

The installed capacity of SHP up to 10 MW in Southern Africa is 541 MW, while the estimated potential capacity is 422.4 MW.
Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity has increased by 8 per
cent, while the estimated potential capacity has remained the same.

The role of SHP in the Southern Africa region varies from country to country and is heavily influenced by economic and
environmental factors. Botswana and Namibia both have little to no existing SHP capacity due to low population densities
and semi-arid conditions predominating across much of their territory. South Africa operates the majority of the region’s
installed SHP capacity, but the country’s SHP capacity is low relative to that of large hydropower and other energy sources
and plays a minor role in the domestic electricity supply. SHP provides a substantial share of the total installed electricity
capacities of Eswatini and Lesotho, with both countries possessing significant hydropower resources, but the role of SHP in
these two countries should not be overstated due to their heavy reliance on electricity imports. The overwhelming share of
SHP potential in the region (87 per cent) is represented by South Africa and Namibia. Significant potential may additionally
exist in Botswana but has not been confirmed in detailed studies.

The national share of regional installed SHP capacity by country is displayed in Figure 1, while the share of total national SHP
potential utilized by the countries in the region is displayed in Figure 2.
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Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Southern Africa (%)

Namibia 0%
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Eswatini 15%

South Africa 78%

Source: WSHPDR 2022"

Note: Botswana not included due to absence of installed SHP capacity.

Figure 2. Utilized Small Hydropower Potential up to 10 MW by Country in Southern Africa (%)
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There are no SHP plants in Botswana. Hydropower potential in the country is low due to prevailing topographical features
and climatic conditions. One study has identified an SHP potential of approximately 1 MW in the northern part of the country,
while a more recent, continent-scale study suggested a significantly higher theoretical potential of 1,289 MW for SHP up to 10
MW. However, this latter figure is likely an overestimate and further detailed studies are necessary that account for current
climatic conditions and economic constraints.

The installed capacity of SHP up to 10 MW in Eswatini is 8.2 MW from four SHP plants, of which one has been decommissioned
but is still technically operational. Most of the existing plants were constructed between 1950 and 1990 and no new SHP
plants have been commissioned in recent years, with hydropower development focusing on larger projects. Undeveloped
SHP potential was estimated at 8 MW in 2001, with an array of potential micro-, mini- and small hydropower sites identified
in subsequent studies. The total SHP potential of the country following the up to 10 MW definition, including existing capac-
ities, is thus estimated at 16.2 MW, indicating that approximately 51 per cent has been developed.

Lesotho has an installed SHP capacity of 3.8 MW from five SHP plants, of which only two plants with a total capacity of 2.2
MW are operational. The potential capacity of the country, including existing plants, is estimated at 38.2 MW, indicating that
10 per cent of SHP potential up to 10 MW has been developed. No new SHP plants have been built in the last two decades,
but plans for the rehabilitation of currently non-operational plants are in place.

Namibia has a single SHP plant with an installed capacity of 0.05 MW. The role of SHP in the country’s electricity sector is
negligible. Namibia has several perennial rivers, one of which hosts a large hydropower plant, but smaller streams appro-
priate for SHP development are rare as the country is one of the driest and water-stressed in the region and globally. Plans
have been proposed to develop 13 SHP plants on the Orange River with a total capacity of 120 MW.
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In South Africa, the installed capacity of SHP up to 10 MW stood at 42 MW as of 2021, while potential capacity was estimat-
ed at 247 MW, indicating that 17 per cent of the known potential is currently utilized. A large number of SHP plants exists
throughout the country, but the operational capacity has fluctuated considerably over the past 60-70 years as old plants
have been decommissioned and new ones constructed in their place. Many operational plants are located on private land
and are not connected to any private grid, supplying power for self-consumption to commercial entities such as mines and
resorts. The SHP sector in the country has seen an increase in activity starting with 2009 following decades of neglect, in part
due to the promotion of renewable energy sources under the REIPPP programme implemented by the Government. Several
new SHP plants have been constructed in recent years.

Changes in the installed SHP capacities of countries in the Southern Africa region compared to the previous editions of the
World Small Hydropower Development Report (WSHPDR) are displayed in Figure 3.

Figure 3. Change in Installed Capacity of Small Hydropower up to 10 MW from WSHPDR 2013 to WSHPDR 2022 by Country in
Southern Africa (MW)
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Source: WSHPDR 2022, WSHPDR 2013,> WSHPDR 2016, WSHPDR 2019*

Climate Change and Small Hydropower

In South Africa, the Western Cape region is expected to see a 13 per cent decline in the average annual runoff, while the
eastern coast will experience an increased risk of flooding. Countries in the Zambezi River basin, which includes Namibia
and Botswana, have already experienced climate change, especially rainfall variability. The projected continuous rise in
evaporation and evapotranspiration due to the increased temperatures could spur higher water stress in the region. How-
ever, the impacts on runoff are yet uncertain.

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

In Botswana, SHP development is hindered by existing climatic and topographic conditions, which include the flat nature of
the terrain with few perennial rivers, as well as by lack of detailed studies of SHP potential.

Eswatini has considerable hydropower resources including untapped SHP potential, but development of SHP in the country
is hindered by limited private sector investment, reliability issues with the national electricity grid, and lack of detailed data
on sites in need of refurbishment. However, there is renewed interest in SHP development in the country, particularly in the
rehabilitation of old SHP plants. This interest is driven in part by rising electricity prices and has resulted in several recent
studies assessing undeveloped SHP potential.

The SHP potential of Lesotho is likewise significant, relative to the size of the country and existing electricity demand. How-

ever, a variety of factors have prevented this potential from being realized, including lack of government planning and local
technical capacity for SHP development, difficulty of access to potential sites and small size of the electricity market in the
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country. Additionally, existing hydropower resources are increasingly stressed by climate change.

Namibia has significant undeveloped SHP potential, but economic factors and a lack of a legislative framework for SHP
development have hindered its realization. An additional barrier is that most significant hydropower resources are shared
with neighbouring countries, while inland hydropower resources are rare and the country’s water resources in general are
stressed by variability induced by climate change. At the same time, government policy is broadly supportive of renewable
energy development and provides incentives in the form of renewable energy funds and feed-in tariffs.

The main barriers to SHP development in South Africa are the lengthy and complicated licensing procedures as well as a lack
of interest in financing SHP projects on the part of local banks. Nonetheless, SHP is considered an attractive option for elec-
tricity producers in the country alongside other renewable energy sources due to the high relative cost of power generation
from fossil fuels. Additional incentivization of SHP is not required and a well-established bidding process for RES projects
(REIPPP) has been in place for over a decade. Considerable undeveloped SHP potential remains in the country, particularly
on existing water supply infrastructure, which South Africa has in abundance.
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Botswana

Mareledi Gina Maswabi, Department of Energy

KEY FACTS

2,351,625 (2020)'

581,730 km??

Botswana is generally flat with a mean altitude of 1,000 metres. A large plateau of approximately
1,200 metres in height divides the country into two distinct topographical regions. The eastern re-
gion is hilly, with bushland and grasslands, whereas to the west lies the Okavango Swamps and the
Kalahari Desert.?

Botswana has a semi-arid and subtropical climate with both wet and dry conditions. The semi-arid
condition makes the climate highly dynamic with variable and sometimes extreme weather. During
the dry season, which lasts from April to October in the south and up to November in the northern
part, day temperatures can rise to 38 °C and higher, reaching 44 °C on rare occasions in some areas.
The winters are dry and clear-skied. Since there is no cloud cover, the air is warmer during the dayti-
me and colder at night. Early mornings have temperature averages 4 °C.*

Botswana is vulnerable to climate change, particularly to increasing temperatures and fluctuating
rain patterns. Studies show decreased rainfall throughout the country, associated with decreases in
the number of rainy days.?

In Botswana, rains are experienced during summer, peaking in January and February. Rainfall appe-
ars to be highly regional, unpredictable and sporadic. The south-west experiences the least average
annual rainfall of less than 220 mm, while the north-eastern region receives the highest rainfall
averaging 500 mm. The mean annual rainfall ranges from a maximum of over 650 mm in the extreme
north-east of the Chobe District to a low of less than 250 mm in the extreme south-west of the Kga-
lagadi District. There is little to no rain during winter and humidity is low, typically 20-40 per cent.
Annual rainfall trends indicate a general decline.*®

Due to its low topography, the country’s water storage capacity is one of the lowest in the region.
Water sources consist mainly of surface water from rivers of varying sizes, pans and dams, and deep
water in aquifers, some of which are non-rechargeable and fossil in nature.” The Chobe River in the
north, the Limpopo in the south-east and the Okavango in the north-west are the only year-round
sources of surface water. These perennial rivers are shared with neighbouring countries. The shared
river basins include Okavango, Zambezi, Orange-Senqu and Shashe-Limpopo.? The total dam-water
capacity is currently estimated at 800 mm3, while the underground capacity (developed resources)
is at 131,290 m3/day. The lack of further economical dam sites in Botswana represents a cap in water
storage capacity. Waste water makes up 16 per cent of all water supplies, of which just 20 per cent
is reused.

ELECTRICITY SECTOR OVERVIEW

Botswana is endowed with abundant coal and solar energy
resources. Coal reserves are estimated at approximately 212
billion tons and approximately 2.7 trillion cubic metres of
coal-bed methane (CBM) have also been recorded.® Besides
coal and CBM, there are no other proven reserves of possi-
ble fossil fuel resources such as natural gas or oil. There is
an abundance of solar power potential countrywide as well
as a significant potential from wind power and bioenergy,
which is underdeveloped. Countrywide average direct nor-
mal irradiance (DNI) solar potential is 6.83 kWh/m?2 per day
with the highest annual sums in the south-western parts of
the country.® The lowest values are in the extreme eastern

parts; however, these remain on a par with the highest re-
source areas of Europe. Annual energy production from wind
is estimated at above 4.5 GWh per year. The theoretical po-
tential of biomass is estimated at 32 million GJ per year, with
the use of livestock residues (manure) offering the highest
practical opportunity for energy production. Municipal solid
waste can also contribute significantly towards energy gen-
eration at the city level.

Electricity consumption in Botswana stood at approximately
4,505 GWh per year in 2020 and is expected to reach 8,637
GWh per year by 2040 driven by economic growth." Demand
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stands at 600 MW and installed capacity stands at 893.3
MW, with 732 MW coming from coal (Morupule A and B pow-
er plants), 160 MW from diesel (Orapa and Matshelagabedi
plants) and 1.3 MW from solar power (Figure 1) There is
still a significant amount of power imported from neighbour-
ing countries to augment local supply since the coal-fired
plants are not generating to maximum capacity. Morupule A,
with a total capacity of 132 MW and a lifetime ending in 2026,
is expected to supply 1,020 GWh when fully operational, but
on average only delivers approximately 843 GWh of electric-
ity per year®? Morupule B, with an installed capacity of 600
MW (4 units of 150 MW) is under remedial works and has not
worked to its full capacity since its commissioning in 2014.
To date, Morupule B provides approximately 2,299.5 GWh
per year and is expected to operate fully by the year 2023.
The Orapa (90 MW) and Matshelagabedi (70 MW) emergency
diesel-peaking plants were commissioned in 2010 and 2011,
respectively. They were intended to mitigate the possible
risk of supply shortfall during the Morupule B power plant
remedial works period.

Figure 1. Installed Electricity Capacity by Source in
Botswana in 2020 (MW)

Coal Power 732.0
Diesel Power 160.0

Solar Power | 93

Source: BCP®

At the moment, the share of renewable energy in electric-
ity generation is very insignificant and precise figures on
solar power generation in the country are not reported on
systematically. In 2019, total electricity generation stood at
3,332 GWh, of which solar power accounted for less than 0.2
per cent (Figure 2).

Figure 2. Annual Electricity Generation by Source in
Botswana in 2019 (GWh)

Thermal Power | 3,326

Solar Power | 6

Source: IRENA™

The overall national electricity access rate is 62 per cent,
with 61.56 per cent in urban areas and 61.60 per cent in rural
areas (Figure 3).2 The Government has committed to an am-
bitious target of achieving 100 per cent national electricity
access by 2030.® To meet this target, it is expected that 30
per cent of the rural population’s access will be provided
by solar home systems and a further 7 per cent of the rural
population will be served by mini-grids®

Having depended on imports from neighbouring countries
for a long time, Botswana is now striving for self-sufficien-
cy in electricity. Since 2016, most of the country’s electricity
needs are met by local generation through a state-owned

entity, namely, Botswana Power Corporation (BPC), mainly
from the two coal power plants (Morupule A and Morupule
B), augmented by the two diesel-operated peaking plants
(Matshelagabedi and Orapa). BPC is responsible for the gen-
eration, transmission and distribution of electricity and cur-
rently holds the sole rights to transmission and distribution.
BPC is also involved in the promotion of the involvement of
individual power producers (IPPs) in the field of renewable
energy.

Figure 3. Electrification Rate in Botswana in 2021 (%)

Total 62%
Rural 62%

Source: Ministry of Mineral Resources, Green Technology and Energy
Security9

The Electricity Supply (Amendment) Act of 2007 allows for
IPPs to partake in generation even though, to date, there is
no IPPs playing a role in the electricity sector of Botswana.”
In accordance with the Electricity Supply Act and the Bo-
tswana Power Corporation Act, Botswana Energy Regulato-
ry Authority (BERA) regulates the production, transmission,
distribution and selling of electricity through the BERA Act
of 20168 An Integrated Resource Plan (IRP) of 2020 outlines
the country’s power build programme for a period of 40
years, taking into account generation from various energy
sources.”

The Southern African Development Community (SADC) has
developed a competitive electricity market for the region
since 2004. Regional electricity prices are analyzed as part
of the Southern African Power Pool (SAPP) Plan, which seeks
to identify a core set of generation and transmission invest-
ments of regional significance that can provide adequate
electricity supply and support enhanced integration and
power trade in the region. In line with this, Botswana aims
to diversify and increase economic development by secur-
ing competitive, cost-reflective and sustainable electricity
prices. As at June 2020, the price of electricity in Botswana
was 0109 USD/kWh and 0.130 USD/kWh for households and
businesses, respectively.?

SMALL HYDROPOWER SECTOR
OVERVIEW

Due to its aridity, Botswana does not have any hydropower
plants and there is no advocacy for hydropower develop-
ment in the existing energy policies and plans. The poten-
tial SHP capacity of the country is estimated at 1 MW.?' No
changes in the small hydropower (SHP) sector in the country
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have taken place since the World Small Hydropower Devel-
opment Report (WSHPDR) 2019 (Figure &).

Figure 4. Small Hydropower Capacities in the WSHPDR
2016/2019/2022 in Botswana (MW)

) 1.0
Capacity 1.0

0.0
Installed | 0.0 [l WSHPDR 2022
Capacity | 0.0 W WSHPDR 2019
[ WSHPDR 2016

Source: Jonker Klunne,” Korkovelos et al.,? WSHPDR 2016, WSHPDR
2019%

It has been reported that there is potential for a 1 MW site in
the northern part of the country.?’ A more recent geospatial
study showed a significantly higher theoretical potential:
70.4 MW for mini-hydropower (0.1-1 MW) and 1,218.6 MW for
SHP (1.01-10 MW).2 This study was undertaken at a conti-
nental scale and likely overestimates the amount of water
resources available under the current climatic conditions. A
thorough, more focused research on hydropower potential
in Botswana is needed and would help inform policy making
around the development of hydropower in the country.

The current backup power plants in Botswana are relying on
diesel fuel and replacing these with cleaner options such
as hydropower would assist the country meet its climate
and sustainable development goals while ensuring reliable
electricity supply. However, lack of hydrological resources in
the country is a key barrier and disincentive.

RENEWABLE ENERGY POLICY

The Ministry of Mineral Resources, Green Technology and
Energy Security, through the Department of Energy is the
coordinator of all development activities in the sector. The
Government of Botswana recognizes the importance of lim-
iting activities that could harm the environment as present-
ed in Vision 2036 and the Eleventh National Development
Plan (2017-2023).%% The Nationally Determined Contribu-
tions (NDC) of Botswana presents a commitment of 15 per
cent greenhouse gas emissions reduction by 2030, using
2010 as a baseline.” The NDC recognizes the energy sector
as the target as it is the largest contributor to the country’s
total emissions.

Considering the abundance of solar power, renewable en-
ergy is prioritized in the energy sector plans. The National
Energy Policy of 2021 advocates for renewable energy de-
velopment through private sector participation in the elec-
tricity sector, including IPPs, to expand generation capacity.’
According to the Renewable Energy Strategy of Botswana,
the development of large-scale grid-connected renewable
energy may be expected to contribute in the order of 20 per
cent of total electricity consumption in Botswana by 2030,

a target that would likely be met almost entirely via large-
scale solar generation.®

The existing policies are silent on energy generation from
hydropower plants considering the scarcity of the water re-
source in the country. Despite the potential being there, it is
unlikely that any hydropower projects will be developed in
Botswana in the near future.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

In 2012, Botswana developed a renewable energy feed-in
tariff (FIT), which, however, was never effected due to the
high estimated subsidy costs. At the moment of writing of
this chapter, the FIT was undergoing review. Guidelines have
been developed for rooftop solar power and biofuels, but
there is no guideline in place for wind power or hydropower
generation.®

Effective implementation of renewable energy will require
public-private partnerships and this creates room for lo-
cal and foreign investment. There is currently no articulat-
ed framework for public-private partnerships (PPPs) in the
power sector, nor are there any standard power purchase
agreements (PPAs) in place. Development of such critical
policy implementation tools is vital especially given that the
envisaged projects stipulated in the country’s IRP have been
endorsed by the Cabinet for implementation through IPPs.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Regional changes in rainfall and water availability, pro-
tracted drought events, significant variation in temperature
regimes and more frequent and severe weather events are
the climate change impacts that can affect the hydropower
sector. These effects have an impact on the future sustain-
ability of any SHP development, which could discourage po-
tential investment.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The key barriers to SHP development in the country include:
+ No existing hydropower plants in the country;
+ Lack of plans towards hydropower development;
+ Flat topography;
+ Limited water resources.

At the same time, networked micro-hydropower could still
be a possibility despite the existing natural limitations. New
studies could clarify the availability of SHP potential.
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The Kingdom of Eswatini is a landlocked country in Southern Africa, bordered to the north, south
and west by South Africa and to the east by Mozambique. Eswatini is a small country of no more than
200 km north to south and 130 km east to west. The western half is mountainous, descending to the
Lowveld region to the east. The eastern border with Mozambique and South Africa is dominated by
the escarpment of the Lebombo Mountains. The lowest point is the Great Usutu River, at 21 metres
above sea level, and the highest is Emlembe Mountain, at 1,862 metres.?

The climate is temperate in the west, but temperatures can reach 40 °C in the eastern Lowveld region
during the summer months, between October and March. In the capital city, Mbabane, the average
temperature is 20 °C in January and 12 °C in July.?

Despite not emitting large quantities of greenhouse gas emissions, Eswatini is facing severe climate
change impacts. Variable precipitation patterns, droughts, desertification, higher temperatures and
increased storm intensities have already affected the country’s population and key economic sec-
tors. As a developing, lower-middle income country, with 69 per cent of the population living below
the poverty line, Eswatini has little capacity to cope with these impacts.*

Rainfall occurs mainly in the summer months, between October and March. Average annual
rainfall may reach 2,000 mm in the western Highveld region, but decreases towards the east
with the Lowveld region averaging between 500 mm and 900 mm.

Major perennial rivers, which have their sources in South Africa, flow through the country to the In-
dian Ocean. They are the Lomati, Komati, Umbuluzi and Usutu. The Usutu has the largest catchment
in the country, with three main tributaries: the Usushwana, Ngwempisi and Mkhondvo.

ELECTRICITY SECTOR OVERVIEW

The Eswatini electricity grid is supplied by the Eswatini
Electricity Company (EEC) through four hydropower plants
(Ezulwini of 20.2 MW, Maguga of 19.5 MW, Edwaleni of 15.0
MW and Maguduza of 5.6 MW), Ubombo Sugar Limited (40.5
MW of biomass supplemented by coal), the Wundersight's
Buckswood 100 kW solar photovoltaic (PV) plant and 8.2 MW
of small hydropower (SHP) capacity. The country’s total in-
stalled capacity as of 2020 was 109.1 MW (Figure 1). In addi-
tion, there are several private self-generating plants owned
by the industrial sector. In 2021, the new 10 MW Lavumisa
solar PV plant owned by the EEC began commercial oper-
ation.®’

Figure 1. Installed Electricity Capacity by Source in Eswatini
in 2020 (Mw)

Hydropower [ 227.3
Thermal Power [N 65.2

Solar Power | 0.1

Source: EEC®

Note: Thermal power includes generation from coal and
biomass; data do not include privately owned self-gen-
eration.

The local generation is augmented by imports through
the Southern African Power Pool (SAPP), with South Afri-
can utility ESKOM as the major source of electricity. The
total electricity generated in the country reached 292.6
GWh at the end of the 2019/2020 financial year (Figure 2).
Eswatini is still highly reliant on electricity imports, with
approximately 1,028 GWh of electricity imported in 2020.°

Figure 2. Annual Electricity Generation by Source in
Eswatini in 2020 (GWh)

Hydropower [ 227.3
Thermal Power [N 65.2

Solar Power | 0.1

Source: EEC®

Note: Thermal power includes generation from coal and biomass; data
do not include privately owned self-generation.
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The four hydropower plants of EEC have a total installed
capacity of 60.3 MW and contributed 17.2 per cent to the
country’s total electricity supply (including imports) in
the financial year 2019/2020.° Total hydropower genera-
tion in 2019/2020 amounted to 227.3 GWh, compared to
266.1 GWh in the previous financial year. The EEC hydro-
power plants are located in the Usuthu River catchment
basin (Ezulwini, Edwaleni and Maguduza plants) and in
the Komati basin (Maguga plant).s

In 2020, the residential and industrial sectors dominated
national electricity consumption, with 36 and 30 per cent
of the total, respectively (Figure 3).5 The overall electri-
fication rate is estimated at approximately 77 per cent,
with approximately 97 per cent of the urban areas and 70
per cent of the rural areas electrified (Figure 4).® Biomass,
especially wood fuel, constitutes approximately 90 per
cent of the total energy consumed and is still dominant
in cooking and heating in rural areas. Biomass is not only
the major fuel in households, but also the major source
of electricity self-generation in the sugar, pulp and saw-
mill industries.

Figure 3. Electricity Consumption by Sector in Eswatini in
2020 (%)

M Residential

M Industrial

M Agricultural
Commercial

22%

Source: EEC®

Figure 4. Electrification Rates in Eswatini in 2020 (%)

Total77%
Rural70%

Source: World Bank®

As of 1 April 2020, the consumer tariffs ranged from 1.0887
SZL/kWh (0.077 USD/kWh) to 2.4144 SZL/kWh (0.17 USD/kWh)
(Table 1) for non-time of use (TOU) customers, while the
price for TOU customers can be as high as approximately 5
SZL/kwh (0.35 USD).?

Table 1. Consumer Tariffs in Eswatini in 2020/21

Tariff type Facility charge per chil’:gzgg or
month (SZL (USD)) kWh (SZL (USD)

Life line 1.089 (0.08)
Domestic 1.806 (0.13)
General purpose 208.46 (14.75) 2.414(017)
Small commercial prepay-  208.46 (14.75) 2.414(027)
ment

Small commercial credit £416.93 (29.51) 2.414 (047)

meter

Source: EEC?

EEC was established in 2007 as the Swaziland Electricity
Company (SEC) by the Swaziland Electricity Company Act
of 2007 It currently operates as a monopoly with regards
to the import, distribution and supply of electricity via the
national power grid and owns the majority of the coun-
try’s power plants. There are also a number of private
power plants. A substantial amount (almost 25 per cent)
of the energy used in the country is supplied by self-gen-
erators. A reform of the energy sector has been undertak-
en to reduce the monopoly of the utility (change from a
board to a company in 2007), establish a regulatory body
and to ensure proper oversight over the state company as
a corporate entity? The following powers and functions
have been given to the Eswatini Energy Regulatory Au-
thority (ESERA; formerly the Swaziland Energy Regulatory
Authority, SERA):
- Receive and process applications for the licences
and modify/vary the licences;
- Approve tariffs, prices, charges, terms and condi-
tions of operating a licence;
« Monitor the performance and efficiency of licensed
operators.

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition for SHP in Eswatini, there-
fore, this chapter assumes a definition of plants less than
10 MW. The installed capacity of SHP in the country is
currently 8.205 MW, including the decommissioned but
still technically operational 0.5 MW plant at Mbabane”
Additional potential capacity is estimated to be at least
8 MW, indicating that more than 50 per cent of the avail-
able potential has been developed so far In comparison
to data from the World Small Hydropower Development
Report (WSHPDR) 2019, both the installed and potential
capacities have remained the same (Figure 5).
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Figure 5. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Eswatini (MW)

. 16.2
Potential 16.2
Capacity 16.2

Ig;,’t)zlcl?t?/ 82 Il WSHPDR 2022
- I WSHPDR 2019

W WSHPDR 2016

WSHPDR 2013

Source: Jonker Klunne,® Knight Piesold Consulting,* WSHPDR 2013,
WSHPDR 2016, WSHPDR 2019V

Currently, only six hydropower plants are operational in
the country, three of which have capacities of less than
10 MW (Table 2).® EEC operates the grid connected to the
Ezulwini (20.0 MW), Maguga (19.5 MW) Edwaleni (15.0 MW)
and Maguduza (5.6 MW) plants. The Mbabane plant of 500
kW was decommissioned by EEC in December 2010 as it
was no longer able to operate profitably.”® In 2018, the Af-
rican Development Bank submitted a concept note to the
Green Climate Fund, which includes a proposed rehabili-
tation of the Mbabane plant at an estimated cost of USD
7 million. At the moment the AfDB Is trying to mobilize
co-funding for the project before it can be considered for
approval® Two private SHP plants are also in operation:
the 800 kW plant of Swaziland Plantations and the 1.305
MW plant of Ubumbo Sugar in Big Bend?

Table 2. List of Small Hydropower Plants in Eswatini

Loca- Capaci- Head Launch
Name tion ty (MW) (m) Plant type Operator year
Ezulwini  C2UWINT 500 - PO ppe ggs
valley storage
50  Francis,
Maguga  Hhohho 19.5 290 storage EEC 2006
Dam with
Edwaleni Manzini 15.0 141  run-of- EEC 1969
river
Dam with
Maguduza Manzini 5.6 - run-of- EEC 1969
river
Ubumbu Big Cross-flow, Ubumbu
Sugar Bend 13 28 run of river Sugar 1986
Swa-
Swaziland Pigg's Francis,  ziland
Plantations Peak 0.8 76 storage Planta- 1952
tions
Mbabanet MP3~ o5 . - EEC 1954
bane

Source: Jonker Klunne®

Note: *decommissioned.

Both the Edwaleni and Maguduza plants feed from the
Greater and the Little Usutu Rivers. In the mid to late
1980s EEC encountered serious problems with siltation in
the canal and pondage system to such an extent that an

island had formed. This not only reduced the plants’ ca-
pacity to provide peak power but also caused severe wear
on the turbines.® Currently, the plants are free of siltation
problems. The Edwaleni plant also comprises three sets
of diesel generation facilities (2 x 4.5 MW + 1 x 0.5 MW),
however these are seldom utilized by EEC because of the
high costs involved.

The hydropower plant of Swaziland Plantations was ini-
tially commissioned in 1952 and was built to provide for
the power needs of the town of Piggs Peak. The water is
taken from the river and stored in a 35-metre-high dam,
before being fed into a 1.75 metre in diameter, 300-me-
tre-long tunnel, which is then connected to the penstock.
The head is 76.2 metres. The two 400 kW Francis turbines
are designed to take a water flow of 0.8 m3/s and have an
efficiency of approximately 85 per cent (when running at
full capacity). They are each connected to a three-phase
415 kVA alternator. The alternators feed into an 800 kVA
transformer, which is synchronized to the EEC system and
feeds a 16-kilometre-long, 11 kV line direct to the sawmill.
During summer, when there is an abundance of water, the
plant can satisfy approximately 90 per cent of the compa-
ny’s power needs.?” Current operations are highly depen-
dent on water availability, with approximately a quarter
of summer production levels possible in the winter, dry
season.

The 1.305 MW hydropower plant on the Great Usuthu Riv-
er was commissioned in 1986 and consists of two 728 kW
Ossberger turbines. The plant provides power to the sugar
processing facilities in Big Bend ™

Feasibility studies are currently ongoing for the Ngwem-
pisi cascading project, which is expected to have a total
installed capacity of 120 MW over three different sites.
Furthermore, at least one owner of an old defunct 50
kw hydropower plant just outside Mbabane is consider-
ing rehabilitation.?? The success of the existing Maguga
hydropower plant has also encouraged EEC to consider
exploring the potential of adding extra generating equip-
ment on the existing plant as well as constructing another
power plant approximately 7 kilometres downstream of
the current one. An engineering consulting firm has been
engaged to carry out a full feasibility study, including a
further investigation of the potential to develop a 10 MW
site down the Maguga plant, which will utilize the existing
Maguga dam. The intention is to take advantage of the
remaining capacity below 35 per cent of the Maguga dam
level at the downstream hydropower plant.® Expanding
the Maguga plant will increase the local generation ca-
pacity and decrease the dependence on imported power.
The extra generation units will also ensure that some of
the excess water, which normally spills during the rainy
seasons, is used to generate power. In addition, T-Colle
Investments of Mbabane is looking to build an SZL 5 mil-
lion (USD 575,000) hydropower plant with a capacity of
360 kW on a canal in the central Manzini region. The firm
will charge EEC SZL 0.70 (USD 0.081) per kWh for the first
three years of production (Table 3).2
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Table 3. List of Planned Small Hydropower Projects in
Eswatini

Ca-

Name Location  pacity Plant type mDe%eéﬁg _e
(Mw) I
Maguga _ Feasibility
extension Maguga 10.00 study
Maguga Run-of-  Feasibility
downstream Maguga 10.00 river study
Lubovane 0.85 - Feasibility
study
Dwalgm s Manzini 036 Ru_n-of- Feasibility
Ferreira Canal river study
Mbabane Mbabane 0.05 Feasibility
study

Source: Jonker Klunne®

A joint 1987 United Nations Development Programme
(UNDP) and Energy Sector Management Assistance Pro-
gramme (ESMAP) study on the energy sector in Eswatini
identified a total of approximately 1 MW of non-utility
hydropower generation capacity.?’ The latest full study
on hydropower potential in Eswatini however was car-
ried out by Knight Piesold Consulting in 2001. The study
showed that there is a number of potential micro- (<0.1
MW), mini- (0.1-2.0 MW) and small (2-10 MW) hydropower
sites with an available potential of approximately 8 MW.>*
As part of its objective to expand the hydropower sector,
the Ministry of Natural Resources and Energy (MNRE) has,
based on the findings of Knight Piesold Consulting, built
a database of potential sites. Initially, 35 candidate sites
were identified, ranging from 32 kW to 1.5 MW. This was
further reduced to 26, based on the potential for electric-
ity generation. Four have been identified as viable proj-
ects and are being promoted by MNRE: Lusushwana River
(300 kW), Mpuluzi River (155 kW), Usutu River (490 kW) and
Mbuluzi River (120 kW minimum) (Table 4).2

Several studies have been undertaken to estimate the to-
tal hydropower potential of Eswatini. In 1970, the UNDP
financed a study by Engineering and Power Development
Consultants, which identified 21 potential sites.” Based
on existing information, the Environmental Centre for
Swaziland (now Eswatini Environment Authority) estimat-
ed a gross theoretical potential of 440 MW and techni-
cally exploitable potential of 110 MW, of which 61 MW is
economically exploitable.

Table 4. List of Small Hydropower Sites Available for
DDevelopment in Eswatini as of 2021

Potential capacity ~ Type of site (new/

Name

(Mw) refurbishment)
Lusushwana River 0.300 New
Mpuluzi River 0.155 New
Usutu River 0.490 New
Mbuluzi River 0120 New

Source: IRENA%

RENEWABLE ENERGY POLICY

In 2007, MNRE formulated a strategic framework and action
plan with the aim to:

- Establish a centre for demonstration and education
on renewable and sustainable energy;

- Encourage and enhance, where applicable, topics
on renewable energy and energy in general in edu-
cational and training curricula;

« Maximize the use of renewable energy technologies
wherever they are viable;

- Promote greater understanding and awareness of
renewable energy resources and associated tech-
nologies;

- Develop and maintain accurate data on renewable
energy resources and make them available to all, in
order to make informed policy decisions regarding
the sustainable energy use and supply;

- Develop woodlots in areas where there is an acute
fuel wood shortage.”

A more recent Master Energy Plan 2034 was developed in
2018 with the aid of the International Renewable Energy
Agency (IRENA).?® The plan asserts that under a limited
import scenario, 676 MW of domestic capacity must be
secured if projected demand is to be met in 2034 while
assuring adequate reserves. Under the policy’s limited
import 2 scenario, hydropower is to make up 120 MW of
installed capacity by 2025.

There are no specific regulations pertaining to SHP in the
country, nor is there available information on cost and spe-
cific financial mechanisms. Financial incentives for other off-
grid renewable solutions are only available in the form of
development finance, as demonstrated by projects funded
from UNDP and the World Bank.?

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The climate crisis is likely to affect the river flow rate in the
country. This foreseen fluctuation will affect hydropower ca-
pacity factors and make predictions more difficult.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The hydropower resources of Eswatini have been well
documented and with the 2007 electricity sector reforms
a legal framework for the introduction of independent
power producers has been created. However up until now
multiple barriers have made the development of SHP in
the country difficult. Some of the most noteworthy barri-
ers include:

- Limited private sector investment;

- Reduced reliability of the national grid;

« Lack of a good overview of potential sites for refur-

bishment.
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The enabling factors include:

Renewed interest in hydropower as an energy
source, as indicated through the recent studies on
the Ngwempisi cascading project and the Lower
Maguduza plant, suggesting that new developments
may progress more positively in the future;
Increasing electricity prices and the reduced re-
liability of the national grid have resulted in in-
creased interest in rehabilitation of the old defunct
hydropower plants; it can be expected that a num-
ber of sites will be economically feasible to reha-
bilitate.
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Lesotho

Wim Jonker Klunne, HydrozAfrica

KEY FACTS

2,125,268 (2019)'

30,360 km??

Lesotho is a small country surrounded by the Republic of South Africa. The lowest elevation in the
country is at the junction of the Makhaleng and Orange (Senqu) Rivers (at the border with South
Africa), which at 1,400 metres is the highest lowest point of any country in the world. Lesotho is the
only country that lies entirely above 1,000 metres in elevation. The highest point is the peak of the
Thabana Ntlenyana mountain, which reaches an elevation of 3,482 metres. Approximately one quar-
ter of the land area is represented by lowlands located in the west and varying in height from 1,500
to 1,600 metres above sea level. The remaining three quarters are highlands running from north to
south, while the central ranges, the Maluti, are spurs of the main Drakensberg, which they join in the
north, forming a high plateau lying at 2,700-3,400 metres.>*

The climate in the country is temperate with cool to cold winters and hot, wet summers. The ma-
ximum temperature can exceed 30 °C in the lowlands in January, whereas in the mountains the
temperature can fall to -20 °C in the winter.’

Lesotho is expected to experience a change in temperature and precipitation patterns, towards drier
and hotter conditions. In addition, the intensity and frequency of extreme events such as floods and
droughts are expected to increase, especially in the western and northern lowlands. Water resour-
ces will be affected negatively by the reduction of precipitation and increase in temperature. This
will result in an increase in evaporation losses and a decrease in runoffand groundwater recharge.®

Rainfall is seasonally distributed, with up to 85 per cent of the total received from October through
April. Average annual precipitation is 788 mm, varying from 300 mm in the western lowlands to 1,600
mm in the north-eastern highlands.®

Two of the largest rivers in Southern Africa, the Orange (Senqu) River and the Tugela River, as well
as tributaries of the Caledon River have their source in the northern region of Lesotho. The country
is entirely located within the Orange River basin, with the Orange draining two thirds of the country
and its tributaries the Makhaleng and the Caledon covering the rest. The Lesotho Highlands Water
Project (LHWP) is an ongoing water supply project with a hydropower component, developed in
partnership between the Governments of Lesotho and South Africa. It comprises a system of several
large dams and tunnels throughout Lesotho and delivers water to the Vaal River System in South
Africa. In Lesotho, it involves the Malibamatso, Matsoku, Senqunyane and Senqu Rivers.**

ELECTRICITY SECTOR OVERVIEW

Lesotho does not have any proven domestic reserves of oil,
coal or natural gas and heavily depends on biomass fuels in
the forms of wood, shrubs, animal dung and agricultural res-
idues to meet the energy needs of the majority of the pop-
ulation. The other fuels consumed in significant quantities
are mineral coal, liquefied petroleum gas (LPG) and paraffin’

The electricity sector is relatively small with an installed
capacity of 77 MW as of 2020 (Figure 1).8° This mainly came
from the 72 MW ‘Muela hydropower plant linked to and man-
aged by the Lesotho Highlands Water Development Author-
ity (LHWDA) scheme to provide water to South Africa. Peak
demand has been seen to reach 167 MW, forcing the Govern-
ment to meet the deficit through imports from Mozambique
and South Africa. In 2019/2020, the Lesotho Electricity Com-

pany (LEC) purchased 389.1 GWh from the ‘Muela hydropower
plant and imported 429.8 GWh from South Africa and 99.5
GWh from Mozambique® When electricity demand is low,
Lesotho exports excess electricity produced by ‘Muela hy-
dropower plant to ESKOM, due to the country’s lack of elec-
tricity storage capacity.’

Figure 1. Installed Electricity Capacity by Source in Lesotho
in 2020 (Mw)

Hydropower 75.8
Diesel | 0.4

Solar Power | 0.3

Source: Department of Energy,’ Bureau of Statistics™
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Hydropower generation in Lesotho has typically been a
strong source of generation, but has experienced shortfalls
in recent years. In 2018, generation from the ‘Muela hydro-
power plant reached 515.8 GWh, but by 2019 this dropped
to 391.7 GWh!* Small hydropower (SHP) plants, such as
Semonkong, experience the highest generation in summer
months. Most of the Semonkong generation in recent years
has come from diesel generation, with only 0.06 GWh in
2018/2019 coming from hydropower, representing just 9 per
cent of the plant’s total electricity generation that year (0.7
GWh)." The Mant3onyane SHP plant generation in 2019/2020
was only recorded for January at 0.03 GWh.°

Nationwide, approximately 45 per cent of the population
had access to electricity in 2019, a revision downwards of
5 per cent from 2018 estimates. Electricity access rates are
76 per cent for urban areas and 32 per cent for rural areas.”

Figure 2. Electrification Rate in Lesotho in 2019 (%)

Total 45%
Rural32%

Source: World Bank®

Besides hydropower, Lesotho possesses significant resourc-
es of other renewable energy sources. In preparation of the
recent Scaling up Renewable Energy Programme (SREP) In-
vestment Plan for Lesotho, the Government carried out a
renewable energy resource assessment (Table 1).?

Table 1. Technical Potential of Low Carbon Technologies in
Lesotho under SREP

independent regulator responsible for issuing licences, ap-
proving electricity tariffs, setting and monitoring the qual-
ity of supply and service standards and resolving disputes
between suppliers and customers. LEWA has the authority
to regulate all aspects of the industry, including the gener-
ation, transmission, distribution, supply, import and export
of electricity.®

Electricity is supplied by the Lesotho Electricity Company
(LEC). LEC is a parastatal entity established under the Elec-
tricity Act 7 of 1969 and is empowered to distribute, transmit
and supply electricity. In 2000, the Lesotho Utilities Sector
Reform (LURP) unsuccessfully attempted to privatize LEC
and to date the utility remains state-owned. The Lesotho
Highlands Water Development Authority (LHWDA) is the
agency responsible for the electricity generation from the
‘Muela hydropower plant. The roles and responsibilities
of these two bodies are set out in the 1993 Policy on the
LHWDA/LEC interface.’

Electricity tariffs in Lesotho vary by consumption category
and in 2020/2021 were as shown in Table 2.

Table 2. Electricity Tariffs in Lesotho in 2022/2021

Final electricity price Increase vs.
Customer category (LSL (USD) per kWh) 2017/2((;1:)8 rates
Industrial high-volt- 0.2559 (0.017) 3.0
age
Industrial low-voltage 0.2767 (0.018) 31
Commercial 0.2559 (0.017) 3.0
high-voltage
Commercial low-volt- 0.2767 (0.018) 31
age
General purpose 1.6608 (0.110) 3.8
Domestic 1.4782 (0.097) 3.8
Lifeline domestic 0.7273 (0.048) -
Street lighting 0.8725 (0.057) 3.7

Source: LEWA™

Technology Technical potential (MW)
Utility-scale wind power 2,077
Utility-scale solar PV 118
Micro-solar power technologies 38
Small-scale hydropower 36

Solar power micro-grids 31

Waste to energy 10

Solar power home systems 1

Floating micro-hydropower 0.5

Total 2,311.7

Source: Department of Energy®

The electricity supply industry in Lesotho is regulated by the
Lesotho Electricity and Water Authority (LEWA). LEWA is an

SMALL HYDROPOWER SECTOR
OVERVIEW

SHP is defined in Lesotho as hydropower plants with capac-
ity of up to 10 MW.? As of 2021, the installed capacity of SHP
plants was 3.82 MW, of which 2.2 MW was operational, while
the potential was estimated at approximately 38.2 MW.®
Neither installed nor potential capacity estimates have
changed since the publication of the World Small Hydro-
power Development Report (WSHPDR) 2019 (Figure 3).
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Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Lesotho (MW)

Capacity SN 20.0 '
20.0
Installed 3.8 Il WSHPDR 2022
Capacity 3.8 M WSHPDR 2019
3'2 [ WSHPDR 2016

WSHPDR 2013

Source: Jonker Klunne,* WSHPDR 2013, WSHPDR 2016,” WSHPDR 2019

There are five SHP plants in Lesotho: Mantsonyane (2 mw),
Tlokoeng (670 kW), Katse (540 kW), Tsoelike (400 kW) and
Semonkong (180 kW) (Table 1). However, out of these five,
only the Mantsonyane and Semonkong plants are currently
operational As of 2021, the Katse plant (on the Katse dam)
is decommissioned due to earlier flooding. The Government
of Lesotho engaged with the Japan International Coopera-
tion Agency (JICA) to have it rehabilitated and connected to
the national grid. The commencement of the work is expect-
ed sometime in 2022.°

Table 3. List of Installed Small Hydropower Plants in
Lesotho

. €A ead Plant Opera- Launch
Name Location pacity (m) type tor ear
Katse Katse Dam 0.54 - Reser- LHDA 2000
(non-opera- voir
tional)
Tsoelike Qacha’'s  0.40 - Run- LEC 1990
(non-opera- Nek of-river
tional)
Tlokoeng Mokhot-  0.67 - Reser- LEC 1990
(non-opera- long voir
tional)

Semonkong Semonkong 019 18.0 Run- LEC 1989
of-river

Mantsonyane Mantson- 2.00 35.5 Reser- LEC 1989
yane voir

Source: Jonker Klunne®™

The Tsoelike hydropower plant is a 400 kW run-of-river in-
stallation that was constructed to serve the town of Qacha’s
Nek in the south of Lesotho, close to the border with South
Africa. It was commissioned on 5 February 1990 as part of
French development assistance to Lesotho. The plant con-
sists of two Francis hydropower turbine generation units,
supplemented by a 200 kVA diesel generator set located on
a ledge next to the power plant and a 320 kVA set at the
town of Qacha’s Nek. Qacha’s Nek previously had an isolat-
ed electricity system, but has been connected to the South
African ESKOM grid since 1997. This cross-border connection
has enabled LEC to decommission the plant in 2000 as it was

developing serious technical and siltation problems due to
the design of the plant allowing silt to enter the system.

Tlokoeng is a 670 kW plant in the eastern part of the coun-
try, built with French development aid to serve the town of
Mokhotlong. The plant has two Francis turbines of 460 kW
and 210 kW capacity, augmented by two diesel generator
sets as backup — one diesel set at the plant itself (200 kVA)
and another of 500 kVA at Mokhotlong town. The plant was
commissioned in February 1990 and over its operational life
provided on average 27 per cent of the electricity demand
of Mokhotlong, ranging from a low of 2 per cent in 1999 to
a maximum of 47 per cent in 2000.%° Originally designed for
cyclic storage, equivalent for 27 hours output at full load,
due to the siltation of the storage reservoir it effectively
turned into a run-of-river plant. The plant is located on the
Khubelu River and has seen a history of technical problems
related to the bearing failures and exciter problems as well
as flooding in 1996. It was decommissioned in November
2002 when the 33 kV transmission line from the Letseng di-
amond mine reached the town of Mokhotlong. Since then,
plans have been tabled to use the plant for peak lopping
and/or operation as an independent power producer (IPP),
but no concrete steps have been taken to this effect. The
difficult access situation and limited availability of spare
parts for the original French equipment have inhibited the
development of the site.

The Mantsony'ane hydropower plant was financed by a
grant from Norway and handed over to LEC on 6 February
1989. It is located on the Mantsony’ane River in central Le-
sotho and is feeding the LEC grid through the Mantsony'ane
substation on the 33 kV line Mazenod-Taba Tseka. The plant
can operate on an isolated network if required, but the main
operational strategy has been daily peak lopping. The plant
is equipped with two Francis turbines of 1,500 kW and 500
kw, coupled with a 1,900 kVA and a 650 kVA generator, re-
spectively. It features a storage reservoir 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 metres. The
power plant was flooded with water in November 2006 and
was out of operation for a couple of years. It was later reha-
bilitated as part of the African Development Bank’s Lesotho
Electricity Supply Project.?"?

The Katse Dam, a concrete arch dam on the Malibamat'so
River, is the second largest dam in Africa and is part of the
Lesotho Highlands Water Project, which is planned to in-
clude five large dams in remote rural areas. Although the
main purpose of the Katse Dam is water storage and diver-
sion, a mini-hydropower plant is included. The plant is lo-
cated 123 metres below the spillway level of the Katse Dam
and consists of a horizontal Francis turbine and an 800 kVA
synchronous generator. Since its commissioning in August
2000, the plant has been run in isolation from the LEC grid
as the main power source for the Katse Dam electricity re-
quirements. At the moment, the plant is not in use due to
flooding damage and awaiting rehabilitation, which is ex-
pected to start in 2022.
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The Semonkong hydropower project was designed for 180
kw of hydropower capacity supplemented by a 120 kW die-
sel generator. Currently, due to wear and tear on the So-
rumsand Verksted turbine, the hydropower equipment is
able to produce 125 kW only. The diesel generator has been
upgraded twice since its installation and is currently a 180
kW Cummins unit. The Semonkong hydropower project, de-
veloped as part of a Norwegian development aid project,
was commissioned in 1988 and officially opened in 1990. The
plant powers an isolated mini-grid that serves the town of
Semonkong and has 161 customers, consisting of 113 house-
holds and 48 commercial connections, all on prepaid me-
ters. The Semonkong powerhouse was designed with provi-
sion for a second hydropower turbine. However, it will only
be feasible to install this second turbine if a larger reservoir
is constructed for increased water supply. The hydropower
project comprises an intake structure, a headrace and pen-
stock piping, a powerhouse and power generating equip-
ment. The intake structure consists of a 100-metre-long
concrete weir, a headrace inlet with a trash rack and a simple
pipe with a light steel gate for the flushing of sediment in
front of the intake. The low-pressure headrace is a 290-me-
tre-long concrete pipe and the penstock is a 150-metre-long
glass fibre-polyester pipe. A standard design, cast-in-place
concrete surge chamber is located at the upstream end of
the penstock.? Under the recently approved World Bank
Lesotho Renewable Energy and Energy Access project, the
Semonkong plant will be rehabilitated and hybridized with
a 1.5 MW solar photovoltaic (PV) plant and storage of 500
kwh. This will allow the customer base to be expanded with
an additional 100 customers.

There is a substantial potential for further SHP development
in Lesotho. Technical assessments for SHP potential were
conducted as part of the Power Generation Master Plan in
2009, which proposed hydropower sites with a combined ca-
pacity of nearly 88 MW. These include eight SHP sites with
a combined capacity of 36.33 MW. The technical potential
of each proposed site was re-evaluated as part of the SREP
Investment Plan for Lesotho. The analysis also covered the
existing non-operational plants. The exclusion criteria for
the technical analysis included urban areas, proximity to
wetlands, protected areas, freshwater ecological protected
areas and areas within 20 kilometres of the nearest trans-
mission line. Four of the original 11 sites proposed in the
Master Plan and the existing but non-operational SHP plant
Tsoelike met the eligibility criteria. In addition, the analysis
revealed one previously unidentified site (Table 4).°

As part of the preparatory work for phase 2 of the Leso-
tho Highlands Water Project (LHWP), feasibility studies were
carried out on the inclusion of pumped storage, such as the
Kobong plant. However, the decision was made to defer the
pump storage option (due to prevailing economic condi-
tions) and advance the conventional options. This entails
one site at Oxbow on the MalibamatSo River and two sites
on the Senqu River, all three in the large hydropower cate-

gory.»

Table 4. List of Small Hydropower Projects Available for
Investment

Name Location  Potential Type of site  Type of
capacity (new/refur- plant
(MW)  bishment)

Makhaleng 4  Makhaleng 9.1 New Reservoir
Makhaleng3  Makhaleng 8.9 New Run-of-river
Hlotse Hlotse 6.5 New Reservoir
Phuthiatsana Phuthiatsana 5.4 New Reservoir
Thaba-Tseka Mali-bamat'so 4.5 New Reservoir

Source: Department of Energy®

RENEWABLE ENERGY POLICY

The Lesotho Energy Policy 2015-2025 noted that renewable
energy sources and energy efficiency are expected to play
a significant role in the country’s future energy plans and
explicitly stated the Government's aim of improving access
to renewable energy services and technologies. Strategies
and programmes include facilitating the establishment of
rural energy service companies (RESCOs) and developing a
renewable energy programme to support fossil fuel substi-
tution.

In 2015, LEWA, with the support of the African Development
Bank, prepared a draft Regulatory Framework for the De-
velopment of Renewable Energy Resources, which in par-
ticular covers feed-in tariffs, procurement guidelines and
templates for various licences, tenders and power purchase
agreements (PPAs). Many components of this framework
have been incorporated in the Energy Act. Moreover, it is
expected that the project of the United Nations Develop-
ment Programme (UNDP) and the Global Environment Fa-
cility (GEF) Development of Cornerstone Public Policies and
Institutional Capacities to accelerate Sustainable Energy for
All (SEzALL) Progress, which is currently ongoing, will assist
in creating a more conducive environment for renewable
energy.2?

COST OF SMALL HYDROPOWER
DEVELOPMENT

Costs of SHP remain high in the country, as elsewhere, since
costs of SHP are higher per MW of installed capacity than
larger hydropower plants.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Much of the financing for projects in the country are reliant
on international development aid or project financing.
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EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Poor rainfall in recent years has significantly impacted the
hydropower sector, leading the few remaining operational
SHP plants such as the Semonkong and the MantSonyane
to significantly decrease generation output. This makes for
a poor SHP business case, and puts the future of the sector
in jeopardy.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

In general, the conditions in Lesotho can be described as
conducive in terms of the legislation framework allowing
the operation of independent power producers and distrib-
utors.2® However, it has proven to be difficult for internation-
al partners to find viable business models for the develop-
ment of SHP in Lesotho. For example, Tarini Hydro Power
Lesotho Ltd., a subsidiary of Tarini in India, has been trying
for a couple of years now to start two hydropower projects
(the 80 MW Oxbow and 15 MW Quithing projects) but still has
not been able to commence construction works.?

However, with the renewed interest in renewable energy,
and in particular mini-grids, promising signs are emerg-
ing. One of the solar mini-grid developers in the country is
about to launch a GIS-based exercise to determine whether
some of its solar mini-grids can be hybridized with SHP.

The key barriers to the development of SHP in Lesotho in-
clude:

- Poor water resources, leading to poor capacity factors
for existing plants;

+ Lack of effective infrastructure;

+ Fragmented institutional responsibilities;

+ Lack of integrated planning;

+ A rather small size of the potential market and the
limited ability to pay on the part of the rural popu-
lation;

+ Limited skills required for SHP construction, opera-
tion and maintenance;

+ Low general awareness of SHP as well as of other re-
newable energy technologies;

« Difficulties in accessing some sites;

+ Limited availability of spare parts in the local market;

+ Low water levels mean that SHP is no longer viable
and existing plants might not generate due electricity.

No clear enabling factors have been identified for the devel-
opment of SHP in the country.
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Namibia
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KEY FACTS
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2,540,916 (2020)"

824,290 km?2

Namibia is characterized by four topographical regions: the Namib desert, the Central Plateau run-
ning from north to south with an altitude reaching up to 2,000 metres above sea level, the eastern
lowlands that include the Kalahari Desert and, to the north-east, the high rainfall areas of Caprivi
and Okavango. The highest mountain in the country is the Brandberg peaking at approximately 2,579
metres above sea level, followed by the Moltkeblick with a height of 2,480 metres.?

Namibia is one of the driest and most arid countries in Sub-Saharan Africa. Characterized by high
climatic variabilities with constant droughts, variable temperatures, water scarcity and unpredic-
table rainfall patterns. With 92 per cent of the land area considered very arid, arid or semi-arid,
Namibia is second only to the Sahara Desert in aridity on the continent. The annual temperatures in
the country average between 14 °C and 24 °C, with the north averaging 22 °C and the southern coast
below 16 °C. Apart from the coastal area, the highest temperatures occur in the wet season in drier
areas and right before the wet season in wetter areas. The dry season, when the lowest temperatu-
res occur, lasts from June to August.*

Namibia has been experiencing the effects of climate change through increased unpredictabili-
ty and variability in rainfall patterns, frequent droughts and increased annual temperatures. This
has been affecting agriculture, with droughts reducing agricultural productivity and thus leading
to reduced income for farmers and death of livestock. The annual mean temperatures have been
observed to be increasing since the 1960s, particularly at night-time. The frequency of days with
maximum temperatures exceeding 25 °C and 35 °C has been increasing and the frequency of days
with temperatures below 5 °C has been decreasing. An increase in overall rainfall scarcity as well as
an increase in heavy rainfall events have been observed, with noted changes in onset, duration and
intensity of rainfall.**

Due to the arid nature that characterizes Namibia, rainfall is scarce and highly variable and potential
evaporation is approximately five times greater than average rainfall. The annual mean rainfall is
279 mm, varying from 650 mm in the north-east to less than 50 mm in the south-west. Rainfall in the
Namib Desert area is extremely scarce. Mean monthly rainfall averages 62 mm, 66 mm and 55 mm in
January, February and March, respectively. The rainy season in Namibia is from October to April, with
minimal rainfall in May and September.*

Of the scarce rainfall received in Namibia, 83 per cent is evaporated, 14 per cent is lost through
transpiration, 2 per cent is run off into rivers and 1 per cent seeps underground. Within one season,
the country can lose 20-85 per cent of its water through evaporation. Namibia has five perennial
rivers: the Orange, the Kunene, the Kavango, the Zambezi and the Kwando (also known as Linyanti
and Chobe).5

ELECTRICITY SECTOR OVERVIEW

The main sources of electricity in Namibia are hydropower,  Figure 1. Annual Electricity Generation by Source in
solar power, thermal power and wind power. In 2019, these ~ Namibia in 2019 (GWh)

sources accounted for 71 per cent, 19 per cent, 9 per cent
and 1 per cent, respectively, of total electricity production, Hydropower [ 351

which amounted to 1,818 GWh (Figure 1). As a country that Thermal Power S 183
relies heavily on imported electricity, Namibia imports over

.. ] Solar Power |—m—
60 per cent of the total electricity consumed from neigh- 145

bouring countries through bilateral contracts with Eskom of Wind Power | 5
South Africa, Zimbabwe and the Southern Africa Power Pool
(SAPP). Source: IRENA’
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In 2017, Namibia decided to update its Energy Policy of 1998
with a more future-oriented one — the National Energy Pol-
icy of 2017 (NEP). This new policy aims to usher in a more
sustainability-focused approach to the energy sector, while
acknowledging the country’s reliance on neighbouring
countries to meet most of its needs in electricity and the
importance of developing and exploiting its own natural
energy resources.® The NEP is aligned with the country’s Vi-
sion 2030, an integrated long-term national development
strategy that aims to improve the quality of life in Namibia
to the level of developed countries by 2030.° In order to
achieve this, the Government has been making efforts to
attract foreign investment to develop the country’s own
hydrocarbon potential by establishing the country as an
attractive destination for both international oil companies
and local actors.

Much of the locally generated electricity in Namibia is pro-
duced by the Government-owned power utility NamPower,
which operates the generation facilities: Ruacana hydro-
power plant, the Van Eck coal power plant, the Paratus die-
sel power plant and the Anixas diesel power plant.® As of
2020, Namibia had a total installed electricity capacity of
approximately 684 MW, of which hydropower, thermal pow-
er, solar power and wind power represented 51 per cent, 27
per cent, 21 per cent and 1 per cent, respectively (Figure 2).”

Figure 2. Installed Electricity Capacity by Source in Namibia
in 2020 (Mw)
Hydropower G 1,288
Solar Power |l 348
Thermal Power [l 164
Wind Power || 18

Source: IRENA?

NamPower, born out of the South West Africa Water and
Electricity Corporation (SWAWEK) in 1996, controls the gen-
eration, transmission and supply of energy to the various
Regional Electricity Distributors, mines and farms through-
out the country. In an effort to be less reliant on imports
from South Africa, NamPower has signed power purchase
agreements with utilities in neighbouring Zambia, Botswa-
na, Zimbabwe, Zambia, Mozambique and the Democratic Re-
public of the Congo (DRC). The company has also complet-
ed the TransCaprivi Interconnector which directly connects
NamPower to the power grids of Zimbabwe and Zambia.
NamPower is overseen by the Ministry of Mines and Energy
(MME) and regulated by the Electricity Control Board."*

Since 2019, independent power producers (IPPs) can sell
electricity to large power users both locally and interna-
tionally, across the national transmission grid. This marks a
trend towards the decentralization of electricity production,
transmission and supply in Namibia®

The total electrification rate in Namibia was 55 per cent in
2019, with an urban access rate of 75 per cent and a rural
access rate of 35 per cent (Figure 3).2

Figure 3. The Electrification Rate in Namibia in 2019 (%)

Total55.2%
Rural35.0%

Source: AEP®

Electricity tariffs in Namibia are regulated by the Electricity
Control Board (ECB), established by the Electricity Act 2 of
2000 and expanded by the Electricity Act 4 of 2007. The ECB's
statutory functions are executed through the Technical Sec-
retariat and include the reviewing, setting and approving
of all tariffs in the country® The cost of electricity for the
end consumer depends on the location, electricity distri-
bution company and specific tariff. In 2021-2022, NamPower
distribution tariffs ranged between 1.29 NAD/kWh and 2.29
NAD/kWh (0.089-0.160 USD/kWh), with additional levies and
charges applied™®

SMALL HYDROPOPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Namibia, therefore, for the purposes of this chapter, a defi-
nition of up to 10 MW will be used. There is currently one
operational SHP plant in Namibia, with a capacity of 50 kWw.
Plans have been devised to develop 13 more SHP plants
in the country by exploiting the resources of the Orange
River, which could have an estimated capacity of 120 MW
and generate approximately 380 GWh/year. The installed
and potential capacities have not deviated since the World
Small Hydropower Development Report (WSHPDR) 2019 (Fig-
ure 4)161

“Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Namibia (MW)

s, |
Capacity 108.0
108.0
0 Il WSHPDR 2022
Installed | g4 I WSHPDR 2019
Capacity 8-2 I WSHPDR 2016
: WSHPDR 2013

Source: MME,'®* MEFT,” WSHPDR 2013,®* WSHPDR 2016, WSHPDR 2019%°

The only operational SHP plant in Namibia is located be-
tween the village of Divundu and the Angola border, some
20 kilometres upstream the Popa Falls. There are a number
of factors affecting the development of SHP including in-
creasing drought periods, scarce rainfall and the location
of potential sites at borders with neighbouring countries.®
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RENEWABLE ENERGY POLICY

Namibia is one of the countries that experiences the highest
solar irradiation regime, endowing it with tremendous po-
tential for the development of solar power. The country also
has considerable potential for the development of wind
power due to strong winds in its coastal areas. There are also
numerous hot springs in Namibia that could be harnessed
for thermal power and rivers for hydropower development.
In order to more efficiently exploit these natural resources
for the development of the country, cohesive policies that
would tie into the country’s Vision 2030 were needed. The
Government of Namibia formulated the Renewable Energy
Policy (REP) of 2017 to boost the renewable energy sector
and signal to local and potential international actors that
the country is committed to invest in its natural resources.”

In order to implement the REP, further instruments such as
the IPP framework and the Energy Efficiency Policy were in-
troduced. The long-term National Integrated Resource Plan
(NIRP), adopted in 2016, guides IPPs, power sector planners
and electricity customers in Namibia. The REP also synthe-
sizes elements of previously introduced policies such as
the Fourth National Development Plan (NDP-4) 2012/2013-
2016/17, the Off-Grid Energization Master Plan (OGEMP) of
2007, the National Policy on Climate Change of 2011 and
the country’s Intended Nationally Determined Contribution
to the United Nations Framework Convention on Climate
Change (UNFCCC).»

Namibia aims to achieve universal electricity access and a
70 per cent share of renewable energy in its generation mix
by 2030, with all of it being locally produced. In order to
stimulate and facilitate local and international investment
in renewable energy in the country, the Government of Na-
mibia introduced net-metering rules for installations that
total up to 500 kW for all renewable energy technologies.
Feed-in tariffs (FITs) on renewable energy were also intro-
duced for projects that are between 500 kW and 5 MW in
capacity, including solar power, biomass and wind.?'

In addition to these policies, the Government of Namibia
introduced the Solar Revolving Fund (SRF) in 1996 through
the MME as part of the OGEMP. This fund offers subsidised
loans to the citizens of Namibia at a fixed interest rate of 5
per cent per annum for five years. Through the SRF, photo-
voltaic pumps, solar home systems, solar water heaters and
energy-efficient stoves are financed.”

Though there is no targeted support for hydropower, a num-
ber of funding opportunities by African institutions are be-
ing considered by the Government of Namibia to support
renewable energy projects in general, including hydropow-
er, such as the African Development Bank’s Clean Energy In-
vestment Framework for Africa, the Sustainable Energy Fund
for Africa and the African Renewable Energy Fund.”!

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

In Namibia, SHP plants are regulated by the same legislation
as larger hydropower projects. The main regulation and leg-
islation documents regarding hydropower in Namibia are:

+ The Electricity Act (2007);

+ The Water Resources Management Act (2013);

« The S.W.A Water and Electricity Corporation Act (1980).

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

In Namibia, SHP development has been hindered by:

+ High upfront capital costs exacerbated by high credit
costs;

+ Exchange rate fluctuations affect funding as the Na-
mibian Dollar (NAD) is pegged by the South African
Rand, which is subject to fluctuations affecting Na-
mibia. As tariffs are set in NAD and foreign investment
is in foreign currency, the devaluation of the NAD ren-
ders many projects costly;

+ Insufficient government funding;

- Scarce inland water resources, as most of the import-
ant water resources are shared with neighbouring
countries;

+ Climate change is expected to exacerbate natural cli-
mate variability, creating more unpredictability of the
hydrological regime;

+ The legislation and policy in relation to SHP are un-
clear and need to be developed;

+ Indigenous populations have concerns over displace-
ment and other effects hydropower plant construc-
tion can have on their way of life.>*%

On the other hand, SHP development in Namibia is encour-
aged by:

+ Government’s interest in the exploitation of natural
resources (solar, wind, thermal power) demonstrates
an openness to maximizing the use of domestic re-
sources, which could eventually include SHP;

+ Government’s interest in the development of renew-
able energy;

+ National strategy aimed at making Namibia a hub for
international investors in the energy sector;

+ Trend towards the decentralization of the electricity
sector that attracts local and international actors who
can produce, transmit and supply electricity;

+ Positive policy on renewable energy including renew-
able energy funds and FITs.

REFERENCES

1. World Bank (2020). Population, Total - Namibia. Available
at https://data.worldbank.org/indicator/SP.POPTOTL?loca-
tions=NA (Accessed 28 February 2022).

221

VIIld4VY N43IHLNOS -


https://data.worldbank.org/indicator/SP.POP.TOTL?locations=NA
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=NA

WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

10.

1.

12.

13.

14.

15.

16.

World Bank (2018). Surface Area (sq. km) - Namibia. Avail-
able at https://data.worldbank.org/indicator/AG.SRETOTL.
K2?locations=NA (Accessed 28 February 2022).

Travel to Namibia (n.d.). Facts about Namibia. Available

at http://www.traveltonamibia.com/namibia/#:~:text=Na-
mibia%20has%20four%20distinct%20topographical,in%20
the%20north%2Deast%200f (Accessed 28 February 2022).
Climate Change Knowledge Portal (2020). Current Climate -
Climatology. Available at https://climateknowledgeportal.
worldbank.org/country/namibia/climate-data-histori-
caltt:~:text=Namibia%20is%200ne%200f%20the,with%20
sparse%20and%20erratic%20rainfall (Accessed 28 February
2022).

Ngaruka, E. (2019). Climate Change Manifestation into
Drought. New Era Live. Available at https://neweralive.na/
posts/climate-change-manifestation-into-drought (Ac-
cessed 28 February 2022).

Namibian Water Corporation Limited (NAMWATER) (n.d.).
Hydrological Services. Available at https://www.namwater.
com.na/index.php/services/56-hydrological-services?-
showall=1#:~:text=The%20hydrological%20cycle%20in%20
Namibia,extracted%20through%20boreholes%20for%20
consumption (Accessed 28 February 2022).

International Renewable Energy Agency (IRENA) (2021).
Energy Profile - Namibia. Available at https://www.irena.
org/IRENADocuments/Statistical_Profiles/Africa/Namib-
ia_Africa_RE_SP.pdf (Accessed 2 March 2022).

Government of the Republic of Namibia (2017). National
Energy Policy. Available at https://www.mme.gov.na/files/
publications/fd8_National%20Energy%20Policy%20-%20
July%202017.pdf (Accessed 2 March 2022).

NamPower (n.d.). Generation. Available at https://www.
nampower.com.na/Page.aspx?p=182 (Accessed 2 March
2022).

Government of the Republic of Namibia (2004). Namibia
Vision 2030 - Policy Framework for Long-Term National De-
velopment. Available at https://www.npc.gov.na/wp-con-
tent/uploads/2021/11/Vision_2030_Summary.pdf (Accessed
2 March 2022).

NamPower (n.d.). Company Profile. Available at https://
www.nampower.com.na/About.aspx (Accessed 2 March
2022).

International Trade Administration (ITA) (2021). Namibia -
Country Commercial Guide. Available at https://www.trade.
gov/country-commercial-guides/namibia-energy (Accessed
2 March 2022).

Africa Energy Portal (AEP) (n.d.). Namibia. Available at
https://africa-energy-portal.org/country/namibia (Ac-
cessed 2 March 2022).

Electricity Control Board (ECB) (n.d.). About Us. Available
at https://www.ecb.org.na/pages/ecb-profile (Accessed 3
April 2022).

Electricity Control Board (ECB) (2021). Schedule of Approved
Tariffs. Valid from 07/2021 for NamPower Distribution - All
NamPower Distributions. Available at https://www.ecb.
org.na/images/docs/Tariffs/2022/NamPOwer%202021.pdf
(Accessed 3 April 2022).

Ministry of Mines and Energy (MME) (n.d.). Divundu Hydro
Power Project. Available at https://mme.gov.na/energy/
divundu.html (Accessed 3 April 2022).

17.

18.

19.

20.

21.

22.

23.

222

Ministry of Environment and Tourism (MEFT) (2015). Nation-
ally Appropriate Mitigation Action: Rural Development in
Namibia Through Electrification with Renewable Energies.
Available at https://www.undp.org/library/nama-rural-de-
velopment-namibia-through-electrification-renewable-en-
ergies (Accessed 4 April 2022).

UNIDO, ICSHP (2013). World Small Hydropower Development
Report 2013. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

UNIDO, ICSHP (2016). World Small Hydropower Develop-
ment Report 2016. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

UNIDO, ICSHP (2019). World Small Hydropower Develop-
ment Report 2019. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

Government of the Republic of Namibia (2017). National
Renewable Energy Policy. Available at https://www.mme.
gov.na/files/publications/03f_National%20Renewable%20
Energy%20Policy%20-%20)uly%202017.pdf (Accessed 21
March 2022).

Ministry of Mines and Energy (MME) (n.d.). Solar Revolv-
ing Funds. Available at https://mme.gov.na/directorates/
efund/srf/ (Accessed 24 March 2022).

Meissner, R. & Warner, ). (2021). Indigenous paradiplo-
macy and the Orokawe hydroelectric dam on the Kunene
River. Regions and Cohesions. Available at https://www.
berghahnjournals.com/view/journals/regions-and-cohe-
sion/11/1/reco110103.xml (Accessed 24 March 2022).


https://data.worldbank.org/indicator/AG.SRF.TOTL.K2?locations=NA
https://data.worldbank.org/indicator/AG.SRF.TOTL.K2?locations=NA
http://www.traveltonamibia.com/namibia/#:~:text=Namibia has four distinct topographical,in the north%2Deast of
http://www.traveltonamibia.com/namibia/#:~:text=Namibia has four distinct topographical,in the north%2Deast of
http://www.traveltonamibia.com/namibia/#:~:text=Namibia has four distinct topographical,in the north%2Deast of
https://climateknowledgeportal.worldbank.org/country/namibia/climate-data-historical#:~:text=Namibia is one of the,with sparse and erratic rainfall
https://climateknowledgeportal.worldbank.org/country/namibia/climate-data-historical#:~:text=Namibia is one of the,with sparse and erratic rainfall
https://climateknowledgeportal.worldbank.org/country/namibia/climate-data-historical#:~:text=Namibia is one of the,with sparse and erratic rainfall
https://climateknowledgeportal.worldbank.org/country/namibia/climate-data-historical#:~:text=Namibia is one of the,with sparse and erratic rainfall
https://neweralive.na/posts/climate-change-manifestation-into-drought
https://neweralive.na/posts/climate-change-manifestation-into-drought
https://www.namwater.com.na/index.php/services/56-hydrological-services?showall=1#:~:text=The hydrological cycle in Namibia,extracted through boreholes for consumption
https://www.namwater.com.na/index.php/services/56-hydrological-services?showall=1#:~:text=The hydrological cycle in Namibia,extracted through boreholes for consumption
https://www.namwater.com.na/index.php/services/56-hydrological-services?showall=1#:~:text=The hydrological cycle in Namibia,extracted through boreholes for consumption
https://www.namwater.com.na/index.php/services/56-hydrological-services?showall=1#:~:text=The hydrological cycle in Namibia,extracted through boreholes for consumption
https://www.namwater.com.na/index.php/services/56-hydrological-services?showall=1#:~:text=The hydrological cycle in Namibia,extracted through boreholes for consumption
https://www.irena.org/IRENADocuments/Statistical_Profiles/Africa/Namibia_Africa_RE_SP.pdf
https://www.irena.org/IRENADocuments/Statistical_Profiles/Africa/Namibia_Africa_RE_SP.pdf
https://www.irena.org/IRENADocuments/Statistical_Profiles/Africa/Namibia_Africa_RE_SP.pdf
https://www.mme.gov.na/files/publications/fd8_National Energy Policy - July 2017.pdf
https://www.mme.gov.na/files/publications/fd8_National Energy Policy - July 2017.pdf
https://www.mme.gov.na/files/publications/fd8_National Energy Policy - July 2017.pdf
https://www.nampower.com.na/Page.aspx?p=182
https://www.nampower.com.na/Page.aspx?p=182
https://www.npc.gov.na/wp-content/uploads/2021/11/Vision_2030_Summary.pdf
https://www.npc.gov.na/wp-content/uploads/2021/11/Vision_2030_Summary.pdf
https://www.nampower.com.na/About.aspx
https://www.nampower.com.na/About.aspx
https://www.trade.gov/country-commercial-guides/namibia-energy
https://www.trade.gov/country-commercial-guides/namibia-energy
https://africa-energy-portal.org/country/namibia
https://www.ecb.org.na/pages/ecb-profile
https://mme.gov.na/energy/divundu.html
https://mme.gov.na/energy/divundu.html
https://www.undp.org/library/nama-rural-development-namibia-through-electrification-renewable-energies
https://www.undp.org/library/nama-rural-development-namibia-through-electrification-renewable-energies
https://www.undp.org/library/nama-rural-development-namibia-through-electrification-renewable-energies
https://www.mme.gov.na/files/publications/03f_National Renewable Energy Policy - July 2017.pdf
https://www.mme.gov.na/files/publications/03f_National Renewable Energy Policy - July 2017.pdf
https://www.mme.gov.na/files/publications/03f_National Renewable Energy Policy - July 2017.pdf
https://mme.gov.na/directorates/efund/srf/
https://mme.gov.na/directorates/efund/srf/
https://www.berghahnjournals.com/view/journals/regions-and-cohesion/11/1/reco110103.xml
https://www.berghahnjournals.com/view/journals/regions-and-cohesion/11/1/reco110103.xml
https://www.berghahnjournals.com/view/journals/regions-and-cohesion/11/1/reco110103.xml

South Africa

Wim Jonker Klunne, Hydro%Africa; and Bohuslav Barta, Energy and Water Resources Engineering Consultant

KEY FACTS

59,620,000 (2020)'

1,219,602 km?2

The territory of the country consists of a vast interior plateau rimmed by rugged hills and a narrow
coastal plain. The elevation varies from approximately 1,500 metres above sea level in the doleri-
te-capped Roggeveld scarp in the south-west to 3,482 metres in the KwaZulu-Natal Drakensberg.?

South Africa is located in a subtropical region, though the Atlantic and Indian Oceans surrounding
the country on three sides moderate its climate to warm temperate conditions. On the interior
plateau, the high altitude (Johannesburg lies at 1,694 metres above sea level) keeps the average
summer temperatures below 30 °C. In winter, night temperatures can drop to the freezing point.?

South Africa is already experiencing significant impacts of climate change, particularly as a result of
increased temperatures and rainfall variability. Since 1990, the rate of increase of the national aver-
age temperature has been more than double that of global temperature increases in the same peri-
od. This increase is more pronounced for the western parts and the north-east of the country. There
is evidence that extreme weather events in South Africa are increasing, with heat wave conditions
found to be more frequent, dry spell durations lengthening slightly and rainfall intensity increasing.?

Average annual rainfall is 464 mm. Regional rainfall varies widely, from less than 50 mm in the
Richtersveld (on the border with Namibia) to more than 3,000 mm in the mountains of the Western
Cape. However, only 28 per cent of the country’s territory receives more than 600 mm of rainfall.
The Western Cape receives most of its rainfall in winter, while the rest of the country generally sees
wetter summers.2

The country’s largest river is the Orange River, which rises in the Drakensberg Mountains, traverses
the Lesotho Highlands and joins the Caledon River between the Eastern Cape and the Free State.
Other major rivers are the Vaal, Breede, Komati, Lepelle (previously Olifants), Tugela, Umzimvubu,
Limpopo and Molopo.?

ELECTRICITY SECTOR OVERVIEW

Electricity production in South Africa is dominated by coal.
During the 2020/2021 fiscal year, a total of 214,926 GWh of
electricity was generated. Of this total, 13,526 GWh (6 per
cent) was generated by independent power producers (IPPs)
and the rest by plants operated by the public utility ESKOM,
including coal-fired power plants producing 183,553 GWh (85
per cent), nuclear power producing 9,903 GWh (5 per cent),
large hydropower producing 6,182 GWh (3 per cent), open-cy-
cle gas turbines producing 1,457 GWh (1 per cent) and wind
power producing 305 GWh (less than 1 per cent) (Figure 1).
Electricity imports in 2020/2021 stood at 8,812 GWh.*

Figure 1. Annual Electricity Generation by Source in South
Africa in 2020/2021 (GWh)

Coal

43,256
Natural Gas & Diesel 3,431
Hydropower 3,427
Solar Power 2,657
Wind Power | 2,495
Nuclear Power W 1,940

Biomass and Landfill | 8

Source: ESKOM*

In 2021, the total installed capacity of South Africa was 57,214
MW, of which 43,256 MW (76 per cent) was represented by
coal power plants, 3,431 MW (6 per cent) by natural gas and
diesel power plants, 3,427 MW (6 per cent) by hydropower
plants, 2,657 MW (5 per cent) by solar power plants, 2,495
MW (&4 per cent) by wind power plants, 1,940 MW (3 per cent)
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by nuclear power plants and 8 MW (less than 0.1 per cent)
by other sources including biomass and landfills (Figure 2).
Approximately 89 per cent of total installed capacity was
owned by ESKOM and the remaining 11 per cent was owned
by Independent Power Producers (IPPs) and municipalities.

Figure 2. Installed Electricity Capacity by Source in South
Africa in 2021 (M)
Coal S 183,553
IPPs [m 13,526
Nuclear Power m 9,903
Large Hydropower 1 6,182
Open-Cycle Gas Turbines | 1,457
Wind Power | 305

Source: ESKOM*

Access to electricity across South Africa reached 85 per cent
in 2019 (Figure 3). However, access to electricity in rural ar-
eas was only 79 per cent the same year and has been expe-
riencing a decline since reaching nearly 84 per cent in 2014.°

Figure 3. Electrification Rate in South Africa in 2019 (%)

Total 85%

Rural79%

Source: World Bank®

The institutional framework of the electricity sector in
South Africa includes the Department of Mineral Resources
and Energy (DMRE) (previously Department of Energy) and
the National Energy Regulator of South Africa (NERSA). The
DMRE is responsible for establishing the policy, legal and
regulatory framework for the energy sector. Its goal is to en-
sure the development, utilization and management of the
energy resources in the country, aiming for the provision of
secure, sustainable and affordable energy.® NERSA is man-
dated to regulate the electricity, piped gas and petroleum
industries, it issues licences, sets and approves tariffs and
charges, mediates disputes and ensures fair competition.’
The South African National Energy Development Institute
(SANEDI), carries out research and development activities to
promote green energy technologies and energy efficiency®

The electricity prices in South Africa depend on the supplier
(ESKOM or municipality), the quantity of electricity used, the
period (time or season) when the electricity is used, the vol-
ume of the supply, the geographic location of the customer,
the voltage at which electricity is supplied and the cost of
connecting to the supply. In 2021, average electricity prices
rose to ZAR 1.349 ZAR/kWh (0.088 USD/kWh), an increase of

nearly 16 per cent from 1167 ZAR/kWh (0.076 USD/kWh) the
previous year.>°

SMALL HYDROPOWER SECTOR
OVERVIEW

The Renewable Energy Independent Power Producers Pro-
curement Programme (REIPPPP) is the main vehicle for the
implementation of renewable energy technologies in South
Africa, including small hydropower (SHP). During the first
three bidding windows of the REIPPPP process, the maxi-
mum size of SHP plants was set at 10 MW. However, in the
Request for Qualifications and Proposals for the third bid-
ding window in June 2014, a new capacity limit of 40 MW was
introduced for SHP™ A the same time, the draft Policy on
Sustainable Hydropower Generation by the Department of
Water and Sanitation (DWS) uses an upper limit of 10 MW.?
As the DWS policy is not yet officially approved, the 40 MW
as outlined in the REIPPPP process will be assumed as the
current official definition of SHP in the country. However, for
the purpose of comparison with the previous edition, this
chapter will use data on hydropower up to 10 MW.

In 2021, the installed capacity of SHP up to 10 MW in South
Africa stood at 42 MW, while potential was estimated at 247
MW.2*Compared to the data cited in the World Small Hydro-
power Development Report (WSHPDR) 2019, potential capac-
ity remained unchanged, while installed capacity increased
by 1.8 per cent (Figure 4). The increase in installed capacity
is due to one new SHP plant being commissioned in early
2021 on the As River.3"

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in South Africa (MW)

247.0

Potential 247.0

Capacity 247.0

247.0

W WSHPDR 2022

Installgd 38.0 [l WSHPDR 2019
Capacity 50.0

38.0 [ WSHPDR 2016

WSHPDR 2013

Sources: Jonker Klunne & Barta,® Barta,* WSHPDR 2019, WSHPDR 2013,
WSHPDR 2016"

Note: Data are for SHP up to 10 MW.

Although not documented to a great detail, historically SHP
used to play an important role in the provision of electric-
ity to urban and rural areas of South Africa, particularly in
the municipalities situated along the foothills of the Drak-
ensberg mountain range. The first provision of electricity to
the cities of Cape Town and Pretoria was based on SHP and
also smaller towns started local distribution of electricity
through isolated grids powered by SHP plants. However,
with the expansion of the national electricity grid and the
cheap, coal-generated power supplied through the grid,
large numbers of SHP plants were decommissioned. A typi-
cal example is the Sabie Gorge hydropower plant with three
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450 kW turbines, which was commissioned in 1928 to serve
the town of Sabie in Mpumalanga and closed in 1964 after
the area had been connected to the national ESKOM grid.®
Between 1917 and the mid-1950s, some 150 pico- to mini-hy-
dropower plants were installed in South Africa, with a few
surviving plants currently being refurbished.

After approximately 30 years of neglecting the hydropower
potential of the country, the first new SHP plant was com-
missioned in 2009 in the Sol Plaatje Municipality in the Free
State province. Since then, 13 other hydropower plants have
been developed in the country? A list of currently opera-
tional SHP plants is displayed in Table 1.

Table 1. List of Operational Small Hydropower Plants in
South Africa

Launch
year

Loca-

Name .
tion

Ca oad
pacity (m) Plant type Operator
(Mw)

Run-of- Red Rocket

Kruisvallei As River 4700 N/A river EPC 2021
KwaMadi- Thlna 0.050 48 Ru.n-of- RuralLoFal 2020
ba River river Council
Doornk- Tshwane Storage Tshwane
loof Res- . 0.009 N/A regulated, Metropoli- 2020
. City . . .
ervoir in-conduittan Council
Storage
. Draken-
Le_llefon Drakgn 0.555 NJA _regulateq, stein Mu- 2018
tein stein in-conduit nicipalit
PaT* paiity
Cradle Croc- RUN-Of-
Moon odile 0.040 7 . Private 2018
. river
Resort River
Storage
. Tshwane
Annlin- b ctoria 0150 N/A Te8URted i onoli- 2017
Reservoir in-conduit .
+ tan Council
PaT
RUN-Of- Renewable
Stortemelk As River 4.400 14 . Energy 2016
river .
Holdings
Wa- Wine Es-
, . Run-of-
L'Ormarins terfall 2.300 300 . tate Fran- 2016
. river
River schoek
Kakamas
Neusberg 3K~ 10000 153 Run-of  Hydro ..
mas river Electric
Power
Storage
Bloem Wa- Bloem- Bloem Wa-
ter Offices fontein 0.09 N/A .regulated., ter Board 2015
in-conduit
Pierre van Storage Tshwane
Ryneveld Pretoria 0.015 N/A regulated, Metropoli- 2015
Conduit in-conduittan Council
Badplaas  Bad- 0150 10 Ru.n-of— MBB .Con- 2013
Resort plaas river sulting
Murludi o ipash 0.064 120 RUMOF prvate 2013
Farm river

Lloca- % Head Launch
Name tion pacity (m) Plant type Operator ear
(Mw) v
RUN-Of- Renewable
Merino As River 4.000 14 . Energy 2012
river .
Holdings
A . Kruisfon-
Mooi River Mool 5, 5 RUN-OF i parm- 2012
Hydro River river -
ing Hydro
Lieben- Run-of- Renewable
Sol Plaatje bergsv- 3.000 1 . Energy 2009
- river .
lei Holdings
Croc- Frieden-
Frieden- [ qiie 3600 62 RUMOf heim g,
heim - river Irrigation
River
Board
Neora O™ 5400 40 ST Eskom 1983
River regulated
Mtata First Umtata 6.000 273 Storage ESKOM 1975
Falls River regulated
Steen-
SJste:rbras bras Storage Cape Town 1946/
Lower 0179 N/A regulated, City Coun-
Treatment . . . 1997
Reser- in-conduit cil
Works voir

Source: Jonker Klunne & Barta,” Barta™

Note: *pumps as turbines

The South African Renewable Energy Database, as devel-
oped by the Council for Scientific and Industrial Research
(CSIR), ESKOM and the Department of Minerals and Ener-
gy, investigated the available renewable energy resources
in the country, including the potential for hydropower.? As
a follow-up, the resources available for the Eastern Cape
region were detailed as part of a three-year investigative
project entitled “Renewable energy sources for rural electri-
fication in South Africa”. The primary objective of the latter
project was to identify the commercially viable opportuni-
ties for rural electrification in the Eastern Cape Province of
South Africa using wind power, hydropower and biomass.?

The 2002 Baseline Study on Hydropower in South Africa,
which was developed as part of the Danish support to the
South African Department of Minerals and Energy, investi-
gated the installed capacities of hydropower in South Africa
and the potential for new developments. The study conclud-
ed that twice as much as the current installed hydropower
capacity below 10 MW can be developed in the rural areas
of the Eastern Cape, Free State, KwaZulu Natal and Mpum-
alanga.? A later 2011 publication gave new insights into the
potential of SHP in South Africa by including the hydropow-
er potential of water transfer systems and gravity-fed water
system, mentioning a total potential of 247 MW, of which 15
per cent has been developed so far™

SHP plants in South Africa can be divided into the follow-
ing groups: 1) grid-connected plants commissioned prior to
the REIPPPP process; 2) plants installed under the REIPPPP
process; 3) grid-connected systems that fall outside the
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REIPPPP process; and 4) stand-alone systems not feeding
into the national grid.

The grid-connected SHP plants introduced prior to REIPPPP
include the First and Second Falls, Ncora, Lydenburg, Frie-
denheim and Bethlehem hydropower plants. Financed by
the former Transkei Government, four hydropower plants
were built between 1980 and 1984 in the Eastern Cape on
the Mbashe and the Tsomo Rivers and later handed over to
ESKOM: Colley Wobbles, First Falls, Second Falls and Ncora.
The First Falls plant has two 3 MW units with the provision
for a future third machine and the Ncora plant has a single
1.6 MW unit* The Lydenburg plant commissioned in 1982
has one Gilkes Pelton turbine of 2.6 MW. The system is op-
erated by MBB of Nelspruit under a contract with the local
municipality.”® The Friedenheim plant consists of two Sulzer
Francis turbines of 1 MW each. It is owned by the members of
Friedenheim Irrigation Board and operated on their behalf
by engineering firm MBB. It has been running since 1987 and
sells the bulk of the generated electricity through a power
purchase agreement (PPA) to the local Mbombela Munici-
pality.° Bethlehem Hydro Pty Ltd owns two SHP plants that
are normally referred to as “Bethlehem hydro”: the 3 MW
Sol Plaatje power plant near the town of Bethlehem, which
was commissioned in November 2009; and the 4 MW Merino
power plant close to the town of Clarens. These two plants
were the first addition of hydropower generation capacity
in the last three decades.® Both the Sol Plaatje and the Me-
rino installations are dependent on the flow regime of the
Lesotho Highlands Water Project (LHWP), the water transfer
project supplementing the Vaal Dam storage in the Gauteng
province with water from Lesotho. The Kruisvallei SHP plant
(4.7 MW) is constructed on the same water source and saw
the start of commercial operation in February 2021.

The Neusberg plant of Kakamas Hydro Electric Power is
the first run-of-river SHP plant to be delivered under the
REIPPPP programme and is located on the Orange River
near Kakamas in the Northern Cape province. Although the
plant has three 4.01 MW Kaplan turbines, it delivers 10 MW of
baseload power to the national grid in order to qualify un-
der the old requirements of the REIPPPP? The construc-
tion of the plant began in June 2013 and its operation began
in 2015.” The Stortemelk hydropower plant was developed
as a greenfield project by REH Project Development (former-
ly NuPlanet Project Development). The plant, commissioned
in 2016, has an installed capacity of 4.5 MW and has won
several rewards, including for its architecture.?®

The future of grid-connected systems is closely linked to
the Government's policy on renewable energy development.
The allocation in the IRP2010 and the REIPPPP of 195 MW
(up from the original 75 MW) of SHP capacity is less than the
estimated potential and might therefore limit SHP develop-
ment. The future for SHP in South Africa will see two main
parallel tracks: grid-connected projects that will feed into
the national electricity system and small-scale systems for
private use (not feeding into the grid, irrespective of wheth-
er a grid connection is available or not). These tracks can be

supplemented by a third category of isolated systems for
rural electrification purposes. Several project developers
indicated an intention to submit hydropower projects for
the fifth and sixth bidding windows. These included some
larger plants along the Orange River and in the Eastern Cape
Province. A number of grid-connected systems are in opera-
tion at the moment in South Africa that either deliver pow-
er to the national utility or use the national grid to wheel
power to its customers, for example, the 44 kW Murludi SHP
plant and the 2.3 MW L'Ormarins SHP plant.®* Development
of small-scale plants are expected to grow based on the
foreseen raise in electricity prices and decreased reliability
of the grid. The development of SHP potential can be real-
ized if the Government fully recognizes and adheres to the
public-private partnership (PPP) implementation process in
developing the renewable energy resources.”

Recent years have seen efforts to utilize existing water in-
frastructure for SHP development. For example, the water
utility Rand Water has some 15 MW of SHP investigated at
its four pressure break stations. Buffalo City has a signifi-
cant hydropower potential, as assessed in 2013, at its water
supply and sanitation infrastructure.® However, none of the
investigated sites have been developed so far. In 2015, a 15
kW pilot plant was installed at the Pierre van Ryneveld res-
ervoir in Pretoria as part of a University of Pretoria research
project, while Bloemwater, the water distribution company
of the city of Bloemfontein, commissioned a 96 kW system
at the inlet of a water reservoir that is now providing power
to the company’s headquarters.®® Most recently, a 9 kW con-
duit “otter” hydropower plant has been installed by the City
of Tshwane at the Doornkloof reservoir. Yet another recent
project is the Kwa Madiba (50 kW) community plant on the
Thina River in the Eastern Cape Province, developed as com-
munity-managed rural electrification project >

The actual installed SHP capacity of South Africa is sub-
stantially larger than can be reliably assessed. The primary
reason for this is the large number of privately-owned SHP
plants operating on private property and disconnected from
both the national and local grids. These plants are often as-
sociated with mines and their collective installed capacity
is estimated at approximately 80 MW. In some cases, hydro-
power units are also used to provide mechanical power in
support of mining operations, rather than electricity gener-
ation. In most cases, the technical specifications of these
plants and their operational status cannot be confirmed
and they are thus excluded from the SHP total.®

While many additional SHP projects have been considered,
there are currently only two in advanced stages of planning,
at Mpompomo Falls and Bivane. In both cases, an environ-
mental impact assessment (EIA) has been carried out™ Ad-
ditional details on the two projects are provided in Table 2.
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Table 2. List of Ongoing Small Hydropower Projects in
South Africa

Loca- Capacity Head Plant Devel-
Name tion (MW) (m) type Developer  opment
stage

Rosatom/

Ganz Engi-
Mpom- - ¢ neering i
pomo (280 20 NJA ST lueWorld £ 1700

Falls Power Energy P
and Resourc-
es

i Vry- EIA com-
Bivane heid 2.7 53 Storage NuPlanet pleted

Source: Jonker Klunne & Barta,” Jonker Klunne?

Note: Data as of 2021.

Besides the operational plants, South Africa has a number
of existing, inactive small-scale installations that could
be refurbished, such as Belvedere (21 MW), Ceres (1 MW),
Hartbeespoort (potential up to 8 MW), Teebus (up to 7 MW)
and others.? The Hydro4Africa database includes over 20
previously operational sites that have been abandoned or
fallen into disrepair, in addition to 60 sites identified as suit-
able for potential development.?’ A short list of sites suit-
able for refurbishment is provided in Table 3.

Table 3. List of Selected Potential Small Hydropower Sites
in South Africa

Name Location Potential capaci- Head  Type of

ty (MW) (m) site

Buffelsfontein  <L&TKS" 3.83 1463 Refurbish-
dorp ment

Belvedere Blyde 212 58 Refurbish-
River ment

Ceres Ceres 1.00 140 Refurbish-
ment

Parys Vaal River 0.80 10 Refurbish-
ment

Bakenkop Piet Retief 0.67 5o Refurbish-
ment

Source: Barta,* Jonker Klunne®
Note: Data as of 2021.

The SHP sector in South Africa has recently received support
from a number of initiatives. The Water Research Commis-
sion of South Africa has been supporting the University of
Pretoria in implementing in-flow hydropower in water trans-
fer and distribution systems.®*** Recent research conducted
in the sphere of conduit hydropower technology application
in South Africa investigated and proposed a generic method
of evaluating hydropower potential in water supply infra-
structure.®® The potable water distribution system, where
the mechanical energy of excess water pressure can be con-
verted into electric energy, has been investigated in the City
of Polokwane.*® Under the SA-LED programme by the United
States Agency for International Development (USAID), the
IKheis Local Municipality and the eThekwini Metropolitan

Municipality have been supported in developing their hy-
dropower resources.?3®

RENEWABLE ENERGY POLICY

South Africa has a full suite of policies in place regulating
the energy sector: White Paper on the Energy Policy of the
Republic of South Africa (December 1998), the National En-
ergy Act (Act No. 34 of 2008), the Electricity Regulation Act
(Act No. 4 of 2006), White Paper on Renewable Energy (2003)
and Renewable Energy IPP Procurement Programme 2015.8

The commitment of South Africa towards emissions reduc-
tion, as indicated in the Intended Nationally Determined
Contribution (INDC) to the United Nations Framework Con-
vention on Climate Change (UNFCCC), has triggered the
development of a Government-backed renewable energy
procurement programme. In 2010, the Department of Energy
presented the Integrated Resource Plan (IRP2010), outlining
the electricity generation mix for the period up to 2030. The
policy-adjusted development plan approved by the Cabinet
set a target of 17.8 GW of total installed capacity for renew-
able energy by 2030. The main source of hydropower, as per
the IRP2010, will come from imported electricity (approxi-
mately 2.6 GW by 2030), while local, small-scale hydropow-
er and landfill gas-based electricity share an allocation of
125 MW.* In October 2019, an updated IRP was approved by
the Cabinet. This IRP2019 sees an increased allocation of
installed capacity for renewable energy, in particular wind
and solar power, with a target of 8,288 MW of total installed
capacity for wind power and 17,742 MW for solar power by
2030. However, the only hydropower allocation refers to im-
ported electricity from the Inga3 hydropower plant in the
Democratic Republic of the Congo.*

The energy mix scenario of the IRP is implemented through
the REIPPPP, which was launched by the Department of En-
ergy in 2011, switching from the feed-in tariff system that
had been created in 2009. In the context of South Africa, re-
newable energy is very competitive and at the current stage
does not require additional financial incentivization, with
independent renewable energy operators being able to sell
electricity to consumers at substantially lower prices than
those of ESKOM.” The first three bidding windows of this
programme were procured by 2015, after which the signing
of the PPAs for the windows 3.5 and 4 was stalled until early
2018, causing a decrease in the interest in the renewable en-
ergy sector of the country, including from foreign investors.
The signing of 26 outstanding PPAs in April 2018 brought
new hope for renewable energy development in the country.
In October 2021 the winning bids for bidding window 5 were
announced, but did not include any hydropower projects.“*?

The REIPPPP process has initiated substantial activity in the
hydropower sector. In total, over 19 MW of installed hydro-
power capacity has been procured from three hydropower
plants (Table 4).“
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Table 4. Hydropower Capacity Procured under the
REIPPPP

Bidding win-

dow Hydropower plants Capacity (MW)
1 None -
2 Stortemelk Power Plant 44
Neusberg Hydropower Project 10
3 None -
35 None (this window was solar )
CSP only)
4 Kruisvallei Hydropower 4.7
5 None -
Total 191

Source: Smit,*' Smith*

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The effects of climate change on water resources is expect-
ed to be highly variable, with changes to average annu-
al runoff by 2050 predicted to range between -13 per cent
and +48 per cent. While this suggests the median impact
scenario will generate a moderate increase in runoff on the
national scale, regions may be unevenly affected, with the
Western Cape region expected to experience a decline in av-
erage annual runoff of 13 per cent by 2050, while areas with
a projected increase in runoff, such as the east coast, are at
risk of flooding. The well-developed national water distri-
bution system is expected to play a major role in mitigating
the regional shifts in water supply.” Regionally, increased
unpredictability in runoff is expected to create disruptions
to hydropower generation in neighbouring countries, on
which South Africa partially depends for its own electricity
needs.* Potentially, these factors could encourage further
development in South Africa of SHP that is integrated into
the national water distribution grid, as a means of both
utilizing the domestic water transfers for generation and
building additional resilience against expected disruptions
to electricity imports.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The constraints hampering more extensive development of
SHP in South Africa include:
+ Lack of relevant legislation slowing hydropower de-
velopment at non-powered dams;
+ Lengthy and expensive process for a successful EIA;
+ The Water Use Permit (as per National Water Act/No.
36 of 1998) is sometimes difficult to obtain;
- Difficulties obtaining an acceptable PPA;
+ Difficulties obtaining permission for access to, or
crossing of, private or state land;
 Prior possession of all other permits is a prerequisite

for obtaining the National Energy Regulator licence;
+ Local banks are not in favour of financing SHP proj-
ects.

Factors enabling SHP development in South Africa include:

+ A well-established bidding vehicle for renewable en-
ergy projects (REIPPPP), in 2022 entering its sixth suc-
cessive period of activity;

+ Extensive research carried out in-country on imple-
menting SHP solutions on existing infrastructure, in-
cluding water distribution and transfer systems;

+ A significant number of assessed potential sites for
SHP projects, as well as previously decommissioned
plants in need of refurbishment.

With regard to the above constraints, the developers inter-
ested in installing SHP plants tend to focus on the devel-
opment of projects situated along the existing water distri-
bution networks (mainly at the local Government level as
the water use environmental permits are already in place)
according to the PPP principles. All in all, it is expected that
SHP can play a small but important role in the future energy
mix of the country. The creation of a representative body
(e.g., the country or regional SHP Association) would enable
potential hydropower developers in the negotiation and
technology implementation processes.
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1.5. Western Africa

Countries: Benin, Burkina Faso, Cote d’lvoire, Gambia, Ghana, Guinea, Liberia,
Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, Togo

INTRODUCTION TO THE REGION

The Western Africa region straddles the Sahel zone and includes areas with arid and semi-arid climates, as well as areas
abundantly supplied with water resources. Several countries in the region are major oil producers and thermal power is
the leading source of electricity generation across most of Western Africa with the exception of Guinea and Liberia, where
hydropower is the primary source of generation. In Burkina Faso, Cote d’lvoire, Ghana, Mali, Nigeria, Sierra Leone and Togo,
hydropower plays an important supplementary role, and some minor hydropower capacity exists in Benin. Gambia, Mauri-
tania, Niger and Senegal lack hydropower of any kind.

The majority of countries in Western Africa have nationwide electricity access rates below 50 per cent, and a significant gap
exists between the rates of electricity access in urban and rural areas. The development of renewable energy sources (RES)
is increasingly prioritized by countries in the region, in part as a means of closing this gap. RES other than hydropower are
represented in the region primarily by solar power and bioenergy, while Mauritania and Senegal have additionally invested
in considerable wind power capacities. The Economic Community of West African States (ECOWAS) has been working to pro-
mote RES development in member states through the ECOWAS Centre for Renewable Energy and Energy Efficiency (ECREEE).
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An overview of electricity sectors of the countries in the region is provided in Table 1.

Table 1. Overview of Western Africa

oy Tolpoputation BECTIE | BECON oatimsated SIS RO e
(%) (%) pacity year) (Mw) (GWh/year)
Benin 12 37 10 261 358 1 0
Burkina Faso 21 45 32 437 902 35 105
Céte d’lvoire 26 49 N/A 2,229 10,613 879 3,481
Gambia 2 60 36 105 343 N/A N/A
Ghana 32 86 74 5,172 18,189 1,580 7,252
Guinea 13 42 16 602 2,041 362 1,280
Liberia 5 28 8 193 226 92 124
Mali 20 51 16 884 3,952 315 1,463
Mauritania 5 46 3 587 863 N/A N/A
Niger 24 19 13 380 555 N/A N/A
Nigeria 206 55 26 17,823 33,489 2,017 8,211
Senegal 17 78 55 965 2,263 N/A N/A
Sierra Leone 8 16 6 196 696 62 N/A
Togo 8 54 24 235 647 67 204
Total - - - 30,069 - 5,409 -

Source: WSHPDR 2022

Note: Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may vary.

REGIONAL SMALL HYDROPOWER OVERVIEW

The most commonly used definition of small hydropower (SHP) in Western Africa is the definition established by the ECOWAS
that includes plants with an installed capacity of up to 30 MW. This definition is adhered to in Benin, Gambia, Liberia, Mali,
Nigeria and Sierra Leone. The up to 10 MW definition of SHP is used in Cote d’Ivoire and Senegal, while Guinea adheres to
the up to 1.5 MW definition and Ghana to the up to 1 MW definition. No official definition of SHP exists in Burkina Faso, Mau-
ritania, Niger and Togo.

A comparison of installed and potential SHP capacities in the region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Western Africa (MW)

Installed capacity Potential capacity Installed capacity  Potential capacity

Country Local SHP definition (local def.) (local def.) (<10 MW) (<10 MW)
Benin Up to 30 MW 0.5 95.0 0.5 5.0*
Burkina Faso N/A N/A N/A 4.6 246.0
Cote d'Ivoire Up to 10 MW 5.0 457 5.0 457
Gambia Up to 30 MW 0.0 N/A 0.0 19.5
Ghana Up to 1 MW 0.1 9.9 0.05 174
Guinea Up to 1.5 MW N/A N/A 1.2 751.8
Liberia Up to 30 MW 4.9 592.0 49 4,9%*
Mali Up to 30 MW 5.7 154.7 5.7 5.7%*
Mauritania N/A 0.0 N/A 0.0 N/A
Niger N/A 0.0 N/A 0.0 8.0
Nigeria Up to 30 MW 57.2 734.3 N/A N/A
Senegal Up to 10 MW 0.0 0.0 0.0 0.0
Sierra Leone Up to 30 MW 12.2 N/A 12.2 639.0
Togo N/A N/A N/A 1.6 137.0
Total - - - 45.7 1,880.0

Source: WSHPDR 2022

Note: *For SHP up to 1 MW. **Based on installed capacity.
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The total installed capacity of SHP up to 10 MW in Western Africa is 45.7 MW, while potential capacity is estimated at 1,880.0
MW. Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity has increased by ap-
proximately 4 per cent due to the commissioning of one new SHP plant in Burkina Faso. Meanwhile, the estimated potential
capacity of SHP up to 10 MW has more than tripled, mainly as a consequence of new data on the SHP potential in Burkina
Faso and Guinea as well as a reinterpretation of available data on the SHP potential in Sierra Leone.

Overall, SHP plays a relatively small role in the electricity generation of the countries in Western Africa. Across much of the
region, existing hydropower capacities mostly comprise large hydropower plants, although in Sierra Leone SHP accounts
for nearly 20 per cent of all hydropower capacity, and the hydropower capacity of Benin is fully comprised of SHP. Several
countries in the region have no hydropower of any kind and little prospect for hydropower development due to climatic
conditions. New SHP construction in Western Africa in recent years has been very limited, with development focusing on
other RES. The impact of the COVID-19 pandemic has likely played a role in constraining the resources available for the ex-
pansion of SHP capacity in the region during 2020-2022. Consequently, recent activity in the SHP sector has mainly consisted
of studies collecting data on SHP potential.

It must be also noted that reliable data on the SHP sector for countries in Western Africa are often very difficult to acquire,
both in the case of the countries surveyed in the current report and in the case of those not covered in the report due to
lack of data. Consequently, the review of recent activities related to SHP development in the region is likely not exhaustive.

The national share of regional installed SHP capacity by country is displayed in Figure 1, while the share of total national SHP
potential utilized by countries in the region is displayed in Figure 2.

Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Western Africa (%)

Benin 1%
Togo 4%

Burkina Faso 10% '

Liberia 1%

Ghana 0%

Sierra Leone 27%

Cote d'lvoire 1%

i Guinea 24%
Mali 12%

Source: WSHPDR 2022'

Note: Gambia, Mauritania, Niger and Senegal not included due to a lack of SHP capacity; Nigeria not included due to a lack of data on existing
capacities for SHP of up to 10 MW.

Figure 2. Utilized Small Hydropower Potential by Country in Western Africa (%)
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Note: For SHP up to 10 MW, except in the case of Mali, Nigeria and Liberia, where the local definition is used due to lack of comprehensive data on
the potential capacity of SHP up to 10 MW.
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Benin has a single hydropower plant with an installed capacity of 0.5 MW. The potential capacity for SHP up to 30 MW is
estimated at 95 MW, of which less than 1 per cent has been developed. Additionally, at least 5 MW of capacity for SHP up to
10 MW has been identified, of which 10 per cent has been developed. No recent activity in the country’s SHP sector has taken
place, although an upgrade to the existing SHP plant to raise its installed capacity to 1 MW has been considered.

The installed capacity of SHP up to 10 MW in Burkina Faso is 4.6 MW, provided by three SHP plants. The country’s installed
SHP capacity has recently doubled with the commissioning of a third plant in 2019. The potential capacity of SHP up to 10
MW is estimated at 246 MW on the basis of a recent study published in 2018, which identified a total of 80 potential SHP
sites in the country. Specific plans exist outlining the construction of three additional SHP plants over the next several years.

The installed capacity of SHP up to 10 MW in Cote d’'lvoire is 5 MW, provided by a single SHP plant built in 1983, while the es-
timated potential SHP capacity is 45.7 MW, indicating that nearly 11 per cent has been developed. The country’s installed SHP
capacity has not changed in several decades. Additionally, the single existing SHP plant is non-operational and in need of
refurbishment. No new projects in the SHP sector are under consideration, although some preliminary studies are planned.

There is no installed hydropower capacity in Gambia of any kind. The potential capacity for SHP up to 10 MW is estimated
at 19.5 MW and remains entirely undeveloped. There are no SHP projects planned and recent activity in the SHP sector has
been limited to updated studies of SHP potential, which have identified four potential SHP sites of up to 10 MW.

Ghana has a single SHP plant with an installed capacity of 0.045 MW. The potential capacity for SHP up to 10 MW is esti-
mated at 17.42 MW, and at 9.9 MW for SHP up to 1 MW. Less than 1 per cent of SHP capacity under either definition has been
developed. The sole operational SHP plant in the country was commissioned in 2020, and one earlier project has been on
hold and requires extensive refurbishment. Sixty-nine potential sites up to 2 MW and another 12 sites up to 1 MW have been
identified in the country, but there are no specific plans for new SHP construction.

The installed capacity of SHP up to 10 MW in Guinea is 11.2 MW, while the potential capacity has recently been estimated at
751.8 MW, indicating that approximately 1 per cent has been developed. There are five SHP plants in Guinea, with two un-
dergoing renovation. As of 2021, feasibility studies were ongoing for the construction of four additional SHP plants with the
support of the French Development Agency, and additional feasibility studies on several other potential sites are planned.

There are two operational SHP plants in Liberia with a total installed capacity of 4.86 MW. The potential capacity for SHP up
to 30 MW in the country is estimated at 592 MW based on a study published in 2017, indicating that less than 1 per cent has
been developed. No new construction in the SHP sector has taken place in recent years and there are currently no plans for
additional SHP projects.

The installed capacity of SHP up to 30 MW in Mali is 5.7 MW, provided by a single plant. The potential capacity is estimat-
ed at 154.7 MW, indicating that nearly 4 per cent has been developed. Two new SHP plants are under development in the
country through the Mini-Hydropower Plants and Related Distribution Networks Development Project, with environmental
and social audits ongoing as of 2022. One additional SHP project has been initiated with the assistance of international
development institutions.

There is no installed hydropower capacity of any kind in Mauritania, and no potential hydropower capacity has been docu-
mented. However, some limited SHP potential may exist in the southern part of the country.

There is likewise no installed hydropower capacity of any kind in Niger. A potential capacity of 8 MW for SHP of up to 10 MW
has been identified but remains entirely undeveloped. There are no ongoing projects or plans for SHP development in Niger,
although a large hydropower project of 130 MW is under construction.

The installed capacity of Nigeria for SHP up to 30 MW is estimated at 57.2 MW, with the decrease relative to the WSHPDR 2019
reflecting more accurate data on existing SHP plants. There are 14 SHP plants operating in the country. The economically
feasible potential capacity has been assessed at 734.3 MW from 278 potential sites, indicating that nearly 8 per cent has been
developed, while the theoretical potential capacity is estimated at 3,500 MW. Several new SHP projects have been initiated
in Nigeria over the last decade, but their status and stage of completion are unclear.

There is no installed hydropower capacity of any kind in Senegal, and no potential SHP capacity has been identified due to
the flat topography of the country.

There are eight SHP plants of up to 30 MW in Sierra Leone with a total installed capacity of 12.15 MW. Potential capacity for

SHP up to 30 MW is estimated at 639 MW, indicating that approximately 2 per cent has been developed. One new SHP plant
with a capacity of 15.4 MW has been in development since 2016.
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There is one SHP plant in Togo with an installed capacity of 1.6 MW. Potential capacity for SHP up to 10 MW is estimated at
137 MW, indicating that approximately 1 per cent has been developed, while potential for SHP up to 30 MW is estimated at
206 MW, of which less than 1 per cent has been developed. There are no ongoing SHP projects in the country, although the
Government has identified seven potential sites for priority development.

Changes in the installed SHP capacities of the countries in the region compared to the previous editions of the WSHPDR are
displayed in Figure 3.

Figure 3. Change in Installed Capacity of Small Hydropower from WSHPDR 2013 to WSHPDR 2022 by Country in Western
Africa (M)

Il WSHPDR 2022
Nigeria [ WSHPDR 2019
I WSHPDR 2016
WSHPDR 2013
Sierra Leone
Guinea
27
Mali 57
58
20
Cote d'lvoire 5:0
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4,0
23’6
Burkina Faso 2:3
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Source: WSHPDR 2022," WSHPDR 2013,> WSHPDR 2016,> WSHPDR 2019*

Note: For SHP up to 10 MW, except in the case of Nigeria, where the local definition is used due to lack of data on the installed capacity of SHP of up
to 10 MW.
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Climate Change and Small Hydropower

Precipitation and runoffin Western Africa have been highly variable over the last century. Projections of future runoffin the
region are likewise uncertain. Runoff in certain countries, including Guinea, is projected to decrease, while in Gabon and
Sierra Leone it is projected to increase. Development of additional hydropower capacity in the region is seen as essential to
reaching a clean energy mix and universal electricity access, but increasing the share of hydropower without assessing the
potential impacts of climate change may increase the exposure of countries in the region to climate hazards and put their
energy security at risk. Nevertheless, studies in the Upper Niger and Bani River basins have highlighted potential solutions
aimed at reducing high streamflow variability and loss of water resources. In particular, results suggest that operating hy-
dropower facilities as run-of-river projects could reduce evaporation by 20 per cent.

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

The development of SHP in Benin is complicated by low and unstable streamflow in the country’s rivers, as well as by a lack
of institutional and regulatory frameworks, incentives for SHP development and local technical capacity. Additionally, the
country has prioritized RES other than SHP in its renewable energy strategy. At the same time, the considerable untapped
SHP potential, particularly for SHP up to 30 MW, may form the basis for feasible SHP projects in areas where electricity ac-
cess is lacking.

The development of SHP in Burkina Faso is likewise hampered by unpredictable streamflow and droughts that are exacer-
bated by ongoing climate change. The country lacks incentives for SHP development, and lack of reliable information on
SHP potential likewise discourages investments. Government support has instead focused on solar power, which is seen
as a more sustainable and profitable option. Enablers for SHP development include the recently identified additional SHP
potential as well as the country’s experience with hydropower in general, including technical capacity in the design, manu-
facture and operation of hydropower plants.

The key barriers to SHP development in Cote d’lvoire are the lack of comprehensive data on potential SHP sites and the
country’s heavy focus on the development of large hydropower. At the same time, the SHP potential in the country is consid-
erable, and SHP could play an expanded role as the basis for micro-grids used to extend electricity access to remote areas.

Development of SHP in Gambia is hampered by the low heads found across the country’s hydrology system, which compli-
cates any hydropower development. Additional barriers include the institutional and operational weaknesses of the coun-
try’s distribution and transmission system operator and high electricity tariffs, which make electricity unaffordable for large
segments of the population and thus limit the economic feasibility of potential projects. Enablers include recent studies on
SHP potential and the availability of incentives for SHP development in the form of feed-in tariffs (FITs).

Barriers to SHP development in Ghana include weak institutional and regulatory frameworks, limited local expertise and
awareness of SHP, lack of funding opportunities and climate change impacts that interfere with hydropower generation. At
the same time, a wide array of potential SHP sites has been identified in the country. The overall policy direction in Ghana
is favourable towards SHP development and includes support in the form of FITs and other incentives.

Barriers to SHP development in Guinea include a lack of financial support and the low marketability of electricity from SHP
due to the poverty of the rural population, as well as institutional shortcomings and lack of technical capacity in the sector.
However, the undeveloped SHP potential in the country is considerable and well-documented. Some of this potential may
be realized with the aid of international development agencies.

Development of SHP in Liberia is hampered by a lack of a comprehensive renewable energy policy or strategies for SHP
development, deficient electricity grid, lack of local technical expertise and insufficiently detailed hydrological data. At the
same time, there is considerable and well-documented untapped SHP potential in the country and recent government doc-
uments have made mention of plans to accelerate SHP development.

In Mali, SHP development is complicated by high investment costs, variability in river flow caused by climate change and
concerns over environmental impacts, which have generated opposition from indigenous groups. Enablers for SHP develop-
ment include the considerable untapped SHP potential and the availability of international financing, as well as interest on

the part of the Government in promoting mini-grids and the job creation potential of SHP projects.

The lack of identified hydropower potential in Mauritania is a major impediment to SHP development in the country. The
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Government has consequently focused on developing other RES such as solar power and wind power. However, if properly
assessed, the suspected SHP potential in the southern part of the country may be used to provide power to isolated rural
communities.

In Niger, the lack of experience with hydropower development and the country’s irregular rainfall patterns, exacerbated by
climate change, are the major obstacles to SHP development. Additional obstacles include a lack of a comprehensive renew-
able energy policy and dependence on fossil fuels for electricity generation. At the same time, the identified SHP potential
could provide a means of improving electricity access, particularly if regional expertise in SHP could be attracted to develop
this potential.

Barriers to SHP development in Nigeria include inadequate policy, institutional and regulatory frameworks, high investment
costs and insufficientlocal technical capacity, lack of interest from the private sector in SHP development and limited access
to available data on SHP potential. The main enablers are the very considerable and well-documented SHP potential and the
urgent need to extend electricity access to remote parts of the country.

The main barrier to SHP development in Senegal is the country’s flat topography and lack of any SHP potential. At the same
time, if any SHP potential could be identified, it would benefit from a strong institutional framework and government sup-
port for RES development, which includes tax incentives and FITs.

Barriers to SHP development in Sierra Leone include a lack of funding and lack of local technical and manufacturing capaci-
ty, as well as high electricity tariffs that make electricity cost-prohibitive for many segments of the population. However, the
country’s considerable potential SHP capacity could be realized through international assistance and direct foreign invest-
ment, which have already made a positive impact in the solar power sector.

In Togo, obstacles to SHP development include barriers to the entry of private investors, institutional and regulatory weak-
nesses, relatively high up-front costs compared to diesel generators and lack of international funding opportunities. At the
same time, the country has significant untapped SHP potential due to favourable hydrological conditions, and the Govern-
ment has prioritized SHP development as part of rural electrification efforts, as well as attracting private investors to the
SHP sector.
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Benin

Salim Chitou, West-African Energy Information System

KEY FACTS

12,114,193 (2020)"

114,763 km?2

The topography of Benin can be subdivided into five regions: the flat, low and sandy coastal region;
the central hilly plain rising gradually to 200-400 metres from south to north; the Kandi Basin in
the north-east, which is a plain drained by the Sota River and its tributaries; the Atakora Mountains
lying in the north-west and peaking at Mount Sokbaro (658 metres); and the vast plains of Gourma
in the extreme north-west.?

The climate of Benin is strongly influenced by the West African Monsoon. In the south, where the
monsoon regime predominates (humid winds from the south-west), the climate is of the subequa-
torial type and is characterized by two rainy seasons and two dry seasons. In the north of the coun-
try, where the influence of the monsoon is more moderate, the climate is tropical continental, with
one rainy season and one dry season. Air temperatures average 27.2 °C, with absolute maximums
that can exceed 45 °C in the north.?

Benin is highly vulnerable to climate change. Since 1960, average temperature increased by 1.1
°C. The number of hot days per year increased by 39, whereas the frequency of cold days and
nights decreased significantly. Annual precipitation decreased by 180 mm, resulting in more intense
droughts. At the same time, rains intensified, leading to soil erosion and floods. The mean annual
temperature is projected to increase by 1.0-3.0 °C by the 2060s and by 1.5-5.1 °C by the 2090s.

Average annual precipitation ranges between 700 mm in the extreme north and 1,400 mm in the
extreme south-east. There is also a transitional zone, where, depending on the year, the rainfall
regime is bimodal as in the south of the country or mono-modal as in the north, with an average
annual rainfall of 1,000-1,200 mm.*

Hydrologically, Benin can be divided into four major basins: the Niger Basin, the Ouémé-Yéwa Basin,
the Volta Basin and the Mono-Couffo Basin. The Niger Basin comprises the Niger (120 kilometres),
Mékrou (410 kilometres), Alibori (338 kilometres) and Sota (250 kilometres) Rivers. The Ouémé-Yéwa
Basin includes the Ouémé River (510 kilometres) and its main tributaries the Okpara (200 kilome-
tres) and Zou (150 kilometres), as well as Porto-Novo Lagoon (35 km?) and Lake Nokoué (150 km?).
The Volta Basin includes the Volta (1,500 kilometres) and Pendjari (380 kilometres) Rivers. Finally,
the Mono-Couffo Basin includes the Mono (100 kilometres) and Couffo (190 kilometres) Rivers, lakes
Ahémé (78 km2) and Toho (15 km2) and Cotonou and Grand-Popo (15 km2) Lagoons.*

ELECTRICITY SECTOR OVERVIEW

The total installed electricity capacity of Benin in 2019 was
261 MW, with over 98 per cent coming from thermal power.
There is one hydropower plant installed on the territory of
Benin, the 0.5 MW Yeripao plant, as well as 3.75 MW of ca-
pacity from micro-scale solar photovoltaics (PV) (Figure 1).3
An additional 32.5 MW comes from the 65 MW Nangbeto hy-
dropower plant installed on the Mono River in Togo, which
is jointly owned by Benin and Togo under the bi-national
Communauté Electrique du Benin (CEB)5¢

Total electricity generation in 2019 in Benin amounted to
357.5 GWh, coming predominantly from thermal power and
to a lesser extent from solar power (Figure 2).> Converse-
ly, the Yeripao hydropower plant did not contribute to the
country's electricity supply as it remains offline.

Figure 1. Installed Electricity Capacity by Source in Benin in
2019 (MW)

Thermal Power 257.0
Solar Power | 3.8

Hydropower | 0.5

Source: SIE-Benin®
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Figure 2. Annual Electricity Generation by Source in Benin
in 2019 (GWh)

Thermal Power 352.1

Solar Power | 5.4

Source: SIE-Benin®

Total access electricity in the country in 2020 stood at ap-

Table 1. Low-Tension Electricity Tariffs in Benin in 2019-
2021

2019 tariffs 2020 tariffs 2021 tariffs

Con-  Electrici- Fixed Electrici- Fixed Electrici- Fixed
sumer tyusage charge tyusage charge tyusage charge
cate- (XOF/  (XOF/  (XOF/  (XOF/  (XOF/  (XOF/
gory kWh — kVA/M  kWh  RVA/M  kWh kVA/M
(usb/ (Usb (usp/ (Usb (usb/ (usb
RWh)) RVA/M)) RWh)) RVA/M)) kWh)) RVA/M)

. . . . Domes-
proximately 37 per cent, including 65 per cent in urban areas tic:
and 10 per cent in rural areas (Figure 3).”
<20 kWh 78 500 78 500 86 500
Figure 3. Electrification Rate in Benin in 2020 (%) 0-250 109 500 14 500 125 500
kwh
>250 115 500 134 500 148 500
kwh
Profes- m 500 14 500 125 500
Total 36.5% sional
Rural 10.4% and
prepaid

Source: DGRE’

The limited capacity of the country’s energy sector to meet
demand remains a major challenge for the public author-
ities. Until recently, the country’s energy situation was
characterized by a recurrent crisis marked by insufficient
electricity supply, the relatively high cost of electricity, low
energy efficiency, not to mention the weak development of
alternative energy sources. These factors have made the
sector particularly vulnerable and have negatively impacted
the national economy. Hence, one of the key development
objectives for Benin is to increase electricity production. The
main recent development was the construction of the 127
MW Maria-Gléta thermal power plant, which was launched
in 2019.8 Benin and Togo jointly planned to develop the 147
MW Adjarala hydropower plant on the Mono River, however,
the project stalled due to financing issues.’ Currently, the
Government plans to develop the 140 MW Glo-Djigbe ther-
mal power plant, 100 MW of solar power capacity, the 128
MW Dogo hydropower plant and other projects.”

The main players of the electricity sector in Benin are the
Ministry of Energy and the structures under its supervision,
the Electricity Regulatory Authority (ARE), the Benin Agency
for Rural Electrification and Energy Management (ABERME),
the regional cooperation institutions, private structures re-
sponsible for the production, transmission, distribution and
marketing of electrical energy and energy efficiency as well
as consumer associations and professional organizations.

Electricity tariffs in Benin are uniform across the entire ter-
ritory and remained unchanged between 2006 and 2019, but
were adjusted for 2020 and 2021 (Table 1).

Source: SBEE"

SMALL HYDROPOWER SECTOR
OVERVIEW

The official definition of small hydropower (SHP) in Benin
is up to 30 MW. There is one SHP plant in Benin, the 0.5 MW
Yeripao plant (Table 2).5 In 2016, the plant generated 5.3
MWh and in 2017, 1.2 MWh, with no generation since then.
Renovations have been considered for the Yeripao plant to
reach a capacity of 1 MW, however, the project was not real-
ized. The SHP potential up to 30 MW is estimated at approx-
imately 95 MW.2 Compared to the World Small Hydropower
Development Report (WSHPDR) 2019, the installed capacity
decreased based on more accurate data. The potential es-
timate also decreased based on a more recent assessment
(Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Benin (MW)

Potential 304.9
Capacity
Installed 82 I WSHPDR 2022
Capacity | 0.5 Il WSHPDR 2019
25 [ WSHPDR 2016

WSHPDR 2013

Sources: SIE-Benin,® ECREEE,? WSHPDR 2013,° WSHPDR 2016, WSHPDR
2019"

A number of studies of the hydropower potential in Benin
have been carried out identifying a range of potential sites
of various scale. In 2012, the ECOWAS Centre for Renewable
Energy and Energy Efficiency (ECREEE) reported a total po-
tential of 304.9 MW from 99 sites of up to 30 MW each, with
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the estimate being based on a number of earlier invento-
ries.® Another assessment was carried out in 2015 under the
ECOWAS Small-Scale Hydropower Programme using Geo-
graphic Information Systems (GIS) and identified 5 MW of
potential for sites of up to 1 MW and 90 MW of potential for
1-30 MW sites.? The present chapter uses the more recent
estimate of the potential.

Table 2. List of Existing Small Hydropower Plants in Benin

.. Capacity Launch
Name Locatiion (Mw) Operator year
Yeripao Yeripao, 0.5 Benin Electric 1997
Natitingou Energy Company

(SBEE)

Source: ECREEE™

RENEWABLE ENERGY POLICY

Benin is endowed with significant renewable energy resourc-
es, however, only a minor share of the existing potential is
currently used. This issue is addressed in the National Policy
for the Development of Renewable Energy (PONADER) 2020~
2030, which was adopted by the Government on 14 October
2020. The ambition of the PONADER is in particular to im-
prove knowledge of the renewable energy resources in the
country, to promote technologies for the assessment of the
existing potential, to reduce energy imports and to increase
energy access in rural areas. The PONADER also set the tar-
get of reaching 20-30 per cent of electricity generation from
renewable energy sources and 30-40 per cent of total in-
stalled capacity.” The Policy is aligned with the Government
Action Programme (PAG), which among other objectives en-
visages improving the legislative and regulatory system in
each sector in order to attract private investments.®

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Several barriers to SHP development exist in Benin, includ-
ing:

+ Lack of local hydropower equipment, supply and local
manufacturers;

+ Lack of an institutional and regulatory framework fa-
cilitating licences, permits, authorizations and buy-
back tariffs;

+ Low-flow and drying rivers;

+ Independent power producers have not yet explored
the option of SHP;

- Lack of a feed-in tariff (FIT) for SHP;

+ Policy focus on other renewable energy sources and
large-scale hydropower.

At the same time, SHP development in the country could be
possible given the following factors:

+ Significant SHP potential remains untapped;

+ Low electrification rates, particularly in rural areas.
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Burkina Faso

International Center on Small Hydro Power (ICSHP)

KEY FACTS

20,903,278 (2020)'

274,220 km?2

Burkina Faso is a landlocked country, bounded by Mali, Niger, Benin, Cote d’Ivoire, Ghana and Togo. It
is situated on an extensive plateau, which is defined by a grassy savanna in the north that gradually
becomes sparse forests in the south. A sandstone massif that covers most of the land is where the
highest point of the country is, Mount Tena Kouron, at 747 metres. The lowest point of the country is
the Black Volta River at 200 metres above sea level.?

Due to its location, Burkina Faso has a dry tropical climate. The climate alternates between a short
rainy season and a long dry season. The country has three climatic zones: the Sahelian zone in the
north, the North-Sudanian zone in the centre, and the South-Sudanian zone in the south.* April has
the highest average temperature at 32 °C and the lowest average temperature is in January, at 25 °C.°

Burkina Faso is vulnerable to the impacts of climate change, particularly deforestation, desertifica-
tion, low rainfall and extreme weather events. By 2050, a 1.4-1.6 °C rise in temperatures is expected
in Burkina Faso.® By 2080-2099, temperature is projected to increase by 3-4 °C, which is substantially
higher than the global.® Despite little projected change in annual precipitation sums, future dry and
wet periods are likely to become more extreme.®

The Sahelian zone receives less than 600 mm of average annual rainfall. The North-Sudanian zone
receives an average annual rainfall between 600 mm and 900 mm. The South-Sudanian zone recei-
ves an average annual rainfall above 900 mm.? Rainfall is heaviest in August, with an average of 231
mm, while the average annual precipitation is 816 mm.>

The three principal rivers are Black Volta (Mouhoun), the Red Volta (Nazinon) and the White Volta
(Nakambé). These rivers all converge in Ghana to form the Volta River. The Oti, another tributary of
the Volta, rises in south-eastern Burkina Faso.®

ELECTRICITY SECTOR OVERVIEW

In 2019, total electricity production in Burkina Faso reached
902 GWh, of which thermal power plants accounted for 82
per cent (Figure 1). The country is still highly dependent on
electricity imports from Cote d'lvoire, Ghana and Togo, hav-
ing imported approximately 1,087 GWh in 2019.

Figure 1. Annual Electricity Generation by Source in Burkina
Faso in 2019 (GWh)
Therrmal Power S 330
Solar Power [l 62
Hydropower mmm 35
Bioenergy | 1

Source: ARSE’

In 2020, the total installed capacity in Burkina Faso was 437
MW, with thermal power (heavy fuel oil and distillate diesel
oil) making up 78 per cent of the total and renewable ener-
gy sources accounting for the remaining 22 per cent (Figure
2).2 Over the past years, the country has seen a significant

increase in solar power capacity, with a number of new proj-
ects launched?

Figure 2. Installed Electricity Capacity by Source in Burkina
Faso in 2020 (MW)
Thermal Power G 738.0
Hydropower [l 105.0
Solar Power [l 59.0
Biogas | 0.1

Sources: IRENA®

The overall electricity losses in the country’s electricity sys-
tem amounted to 303 GWh in 2019, compared to 290 GWh in
2018, with most of the losses taking place in the distribution
network. The overall efficiency of the electricity network im-
proved from 84.4 per cent in 2018 to 84.8 per cent in 2019.

The electricity demand of the country is constantly increas-
ing and there are several projects under implementation
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aimed at improving the supply (Table 1). In 2019, agreements
were signed with six independent power producers (IPPs) for
the construction of solar power plants with a combined ca-
pacity of 140 MW.” The thermal power plant in Fada was also
launched in 2020, contributing 7.75 MW to the country’s in-
stalled capacity.® The country has also planned several oth-
er projects until 2030 as a commitment under its Nationally
Determined Contribution

Table 1. List of New Electricity Generation Projects under
Implementation in Burkina Faso in 2021

Planned .
Project capacity Genteratlon Connection
(Mw) ype
Kossodo — expansion 55.0 Dies;latlher— Ongrid
Koudougou 20.0 Solar PV Ongrid
Kaya 10.0 Solar PV Ongrid
Kodeni 38.0 Solar PV Ongrid
Pa 30.0 Solar PV Ongrid
Kalzi 36.0 Solar PV Ongrid
Kodeni 18.0 Solar PV Ongrid
Zano 24.0 Solar PV Ongrid
Dedougou 30.0 Solar PV Ongrid

Gosin (Ouaga Nord-West) 42.0 Solar PV Ongrid

Gaoua 1.0 Solar PV Ongrid
Diapaga 2.0 Solar PV Ongrid
Dori 6.0 Solar PV Ongrid

Source: ARSE,” MAN™

The energy sector in Burkina Faso is controlled by the Minis-
try of Energy, Mines and Quarries. The Regulatory Authority
of Energy Sector (ASS) is responsible for regulation, control
and monitoring of operators in the energy sector, while the
Electricity Sector Regulatory Authority (ARSE) is the elec-
tricity sector regulator. The National Electricity Company of
Burkina Faso (SONABEL) is the state-owned utility respon-
sible for electricity generation, transport, distribution, im-
port and export. As per the Electricity Law promulgated in
2017, SONABEL has lost monopoly in all subsectors except for
electricity transport. The Rural Electrification Agency (ABER),
created to replace the Rural Electrification Fund (FDE), aims
to promote rural electrification in the country. The National
Agency for Renewable Energy and Energy Efficiency (ANEREE)
promotes and coordinates all operations aimed at promot-
ing renewable energy and energy efficiency”?

Burkina Faso is one of the least electrified countries glob-
ally® However, the electrification rate has been steadily in-
creasing since 2010. In 2018, 45 per cent of the population
had access to electricity (Figure 3). In urban centres, the
electrification rate was 75 per cent, while in rural areas it was
32 per cent.” While more recent data on the country’s elec-
trification rate are not available, there has been a significant
increase in rural electrification form 3 per cent in 2017 to 32

per cent in 2018 By 2030, the Government aims to reach
95 per cent electricity access, including 50 per cent in rural
areas, as well as 100 per cent and 65 per cent access to clean
cooking solutions in urban and rural areas, respectively.”

Figure 3. Electrification Rate in Burkina Faso in 2018 (%)

Total 45%
Rural32%

Source: ARSE’

The average electricity selling price in 2019 was 11616 CFA/
kWh (approximately 0.20 USD/kWh), 5 per cent less than in
2015. This was still below the cost of electricity generation of
13911 CFA/kWh (0.24 USD/kWh), which results in a subsidy of
CFA 22.96 (USD 0.04) per kWh consumed.

SMALL HYDROPOWER SECTOR
OVERVIEW

There is no official definition of small hydropower (SHP) in
Burkina Faso. For the purposes of this chapter, SHP will be
considered as plants up to 10 MW. As of 2021, there were
three operational SHP plants with a combined capacity of
4.6 MW: Niofila (1.5 MW), Samandeni (2.6 MW) and Tourni (0.5
MW) (Table 2)}%% The change in installed capacity com-
pared to the World Small Hydropower Development Report
(WSHPDR) 2019 is due to the launch of the Samendeni plant
in 2019 (Figure 4). The estimate of the SHP potential has also
increased based on a more recent study, which suggests a
total potential of 2461 MW. This includes 232.9 MW from 42
potential sites of 1.01-10 MW of capacity and 13.2 MW from 38
sites of 0.1-1 MW of capacity.”

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Burkina Faso (MW)

. 246.1
Potential

Capacity

138.0

Il WSHPDR 2022
[ WSHPDR 2019
Il WSHPDR 2016

WSHPDR 2013

Installed
Capacity

Source: IRENA* Africa Energy Portal,® Moner-Girona et al. Korkovelos
et al.” WSHPDR 2013,'® WSHPDR 2016,° WSHPDR 2019%°

The Samendeni hydropower plant was launched in 2019 and
is part of the Samendeni Valley Integrated Development Pro-
gramme, an initiative by the Government of Burkina Faso.””
The Government also expressed interest in conducting fea-
sibility studies for the development of another three hydro-
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power plants: the 5.0 MW Gongourou plant, 5.1 MW Bontioli
plant and 7.8 MW Bon plant. The Ministry of Energy, Mines
and Quarries declared the aforementioned projects as a pri-
ority for the sustainable development of the country. Com-
mitments have also been made towards the construction of
the Gongourou and Bontioli plants™

Most of the hydropower projects planned or under con-
struction are located on the Black Volta River.?' Table 3 offers
more information with regards to the Government's devel-
opment initiatives in the hydropower sector.

Table 2. List of Existing Small Hydropower Plants in Burkina
Faso

Name Iggz?tl}l/e(ﬁ/lw)- Type Launch year
Samandeni 2.6 Reservoir 2019
Niofila 1.5 Run-of-river 1996
Tourni 0.5 Run-of-river 1996

Source: IRENA,* Africa Energy Portal,” Moner-Girona et al.®

Table 3. List of Planned Hydropower Projects in Burkina
Faso as of 2021

Potential ca- Planned launch

Name pacity (MW) year Status
Noumbiel 60.0 2025 Planned
Aval 14.0 2023 Committed
Bougouriba 12.0 2025 Planned
Folonzo 10.8 2022 Committed
Bontioli 5.1 2022 Committed
Gongourou 5.0 2022 Committed

Source: IRENA™

RENEWABLE ENERGY POLICY

The National Policy for Sustainable Economic and Social De-
velopment outlined the strategy and actions of the Govern-
ment of Burkina Faso for the period 2016-2020 to achieve
its development objectives. The strategy mentions opting
unequivocally for a transition towards green and renewable
energy, in particular solar energy. In 2017, production and
distribution of electricity in the country became open to pri-
vate investors and SONABEL no longer has a monopoly over
electricity production. Although power generation has been
opened to the private sector, very few private investments
have been made so far. As part of the Government’s efforts
to promote renewable energy and energy efficiency, ANEREE
was established in 2016.°

Information in the field of renewable energy policy in Burki-
na Faso is enclosed in the Energy Sector Policy for the years
from 2014 to 2025. The objectives the Government set in the
Renewable Energy and Energy Efficiency Action Plans envis-
age Burkina Faso reaching 50 per cent renewable energy in
the electricity mix by 2030, excluding biomass production.

SHP projects are generally seen as more environmental-
ly and socially acceptable in Burkina Faso and do not face
negative social reaction as is often the case with large hy-
dropower plants. The Government of Burkina Faso has been
shown to be more invested in developing solar photovoltaic
(PV) systems to increase electrification, particularly in rural
areas, due to the country’s climate which favours solar PV.

COST OF SMALL HYDROPOWER
DEVELOPMENT

Based on the Bontioli, Gongourou and Samandéni projects,
the investment costs for SHP projects in the country have
been estimated at 11,006 USD/kW and the annual operation
and maintenance cost at 330.2 USD/kW.*

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are multiple barriers concerning SHP development in
Burkina Faso. The most relevant ones include:

+ Access to water as well as unpredictable climate con-
ditions, with droughts affecting the regular flow of
rivers and negatively influencing the profitability of
potential SHP projects;

« The Government has mainly focused on solar power
development in recent years, which is seen as a more
sustainable and profitable solution, while SHP dis-
semination is not a priority;

- Lack of financial incentives such as feed-in tariffs and
lack of sufficient information in the sector to attract
potential private investors;

« Lack of reliable data from feasibility studies due to
lack of funding and financial difficulties.””

Enablers for SHP development in Burkina Faso include:

« The hydropower sector development, including SHP
projects, is actively encouraged by the Government,
with a number of committed and planned SHP proj-
ects;

« Due to a number of existing hydropower plants in the
country, there is experience in construction and op-
eration of hydropower plants, as well as a qualified
workforce for design, construction, operation and
maintenance.
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Cote d'lvoire

N’'guessan Pacome N'Cho, Ministry of Petroleum, Energy and Renewable Energy

KEY FACTS

25,716,544 (2019)"

322,632 km??

Cote d'lvoire is characterized by low terrain; the lands consist largely of plateaus and plains. The
west highlands have few peaks beyond a thousand metres and the highest peak is Mount Nimba at
1,752 metres. In the remainder of the country, elevations generally vary between 100 and 500 metres,
while most plateaus are approximately 200-350 metres.?

There are three main climatic regions: the equatorial coast in the south, the tropical forest in the
middle and the semi-arid savannah in the north. Temperatures range from 10 °C to 40 °C, averaging
25-30 °C, but the country is generally subjected to large variations in temperature between the
north and south and throughout the year. The south is generally warmer with high humidity between
80 and 90 per cent. The north is generally cooler with lower humidity between 40 and 50 per cent.
Temperatures in the north change by up to 20 °C both daily and annually.?

Cote d'lvoire is not yet seriously affected by climate change, but the balance could tip at any mo-
ment and harm the country’s economy. Cote d’Ivoire could become one of the African continent’s
champions in adapting its economy to the phenomenon and mitigating its effects. Like the vast
majority of countries on the African continent, the nation’s contribution to the greenhouse effect
is marginal. By 2050, it is projected that the country will be confronted with the combined effect of
increase in temperatures (+2 °C), variation in rainfall (-9 per cent in May and +9 per cent in October),
and rising sea levels (30 cm).4

The south has variable rainfalls between 2,100 mm and 2,500 mm. The middle central region has
lower rainfalls of approximately 1,100 mm. The north is subject to a single rainy season lasting from
April to October and peaking in August. The rainfall is higher in the north-west (approximately 1,600
mm) than in the north-east (approximately 100 mm). The western mountainous region is characte-
rized by a nine-month rainy season (from February to October) with rainfall between 1,600 mm and
2,300 mm.®

The river system of Cote d'Ivoire has four main basins: the Cavally (700 km long with a drainage basin
of 15,000 km?2); the Sassandra (650 km long with a drainage basin of 75,000 km?); the Bandama (1,050
km long with a drainage basin of 97,000 km2); and the Comoé, (1,160 km long with a drainage basin of
78,000 km?2). There are also several small coastal rivers: the Tabou, San-Pedro, Niouniourou, Boubo,
Agnéby, Mé, Bia and Tanoé; and other smaller rivers such as the Gbanhala, Baoulé, Bagoué, Dégou,
Kankélaba, Koulda, Gbanlou, Gougoulo and Kohodio.t

ELECTRICITY SECTOR OVERVIEW

Biomass dominates the energy sector of Cote d’lvoire ac-
counting for up to 70 per cent of overall energy needs.” Bio-
mass fuels include: charcoal for households; firewood for
households, small restaurants, bakeries and craft centres;
agricultural and forest residues for the production of steam
and/or electricity in some agro-industrial companies and
sawmills.

In 2019, the total electricity generated from all sources was
10,612.8 GWh. This comprised 7,124.6 GWh from thermal pow-
er plants, 3,480.5 GWh generated from hydropower and 7.7
GWh from remote plants (Figure 1). Electricity sales to coun-
tries in the region amounted to 1,179 GWh, while energy pur-
chases were estimated at 17 GWh.?

Figure 1. Annual Electricity Generation by Source in Cote
d'Ivoire in 2019 (GWh)

Thermal Power | 1,350
Hydropower | EG— 579

Source: CIE®

Electricity generation in Cote d'lvoire is from two main
sources: hydropower contributing 879 MW of installed ca-
pacity (approximately 39.4 per cent) and thermal power
plants contributing 1,350 MW (approximately 60.6 per cent)
(Figure 2). The three following Independent Power Producers
(IPPs) own 1,220 MW, or more than 92 per cent, of the total
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thermal power plant capacity: CIPREL (569 MW), Azito Ener-
gie (441 MW) and Aggreko (210 MW). There are also remote
plants with generators running on diesel that supply some
localities via mini-grids.® Their number decreased from 44
in 2018 to 40 in 2019 due to the connection of four localities
to the interconnected grid. The installed capacity of these
generators is 5,566 kVA or approximately 4.55 MW.

Since the end of 2017, the installed and available capacity
supplying the interconnected electricity grid has been 2,229
MW. By March 2021, the installed capacity had not changed
since the World Small Hydropower Development Report
(WSHPDR) 2019 in part due to projects being delayed due to
COVID-19. The latest power plant in the country was commis-
sioned on 2 November 2017. However, several electricity pro-
duction units are scheduled for commissioning, including:
the 37.5 MW solar photovoltaics (PV) project in Boundiali,
which is scheduled to be commissioned in December 2027;
the Azito thermal power plant (Phase 4) with combined cy-
cle of 253 MW, the full commissioning of which is scheduled
for April 2022; the GRIBOPOPOLI hydropower project of 112
MW, the commissioning of which is scheduled for the second
quarter of 2023; and the SINGROBO-AHOUATY hydropower
project of 44 MW and the associated energy evacuation net-
work whose commissioning is scheduled for the first quarter
of 2023.

Figure 2. Installed Electricity Capacity by Source in Cote
d'Ivoire in 2021 (MW)

Thermal Power 7,124.6

Hydropower 3,480.5
Remote Plants | 7.7

Source: CIE®

Out of a total of 8,518, the number of localities electrified in
2019 was 5,859 against 4,940 in 2018. This represented a cov-
erage rate (ratio of the number of electrified localities to the
total number of localities) of approximately 69 per cent in
2019 compared to 58 per cent in 2018. In terms of electricity
access, the rate of the population living in an electrified area
was approximately 94 per cent at the end of 2019 compared
to 89.5 per cent in 2018.°

Regarding the distribution of electricity, there are two volt-
age levels for electricity subscribers: the low voltage is in-
tended for households and the medium voltage is intended
for companies or factories. The number of subscribers to the
low-voltage electrical service increased by approximately 16
per cent between December 2018 and December 2019 from
2,191,290 to 2,532,418. Based on these data, it is estimated
that the share of households with access to electricity was
49 per cent in 2019 compared to 44 per cent in 2018.% Infor-
mation regarding rural electrification is not officially avail-
able due to the arbitrary nature of rural/urban distinctions
in the country.

To accelerate the pace of improvement of the living condi-

tions of the populations, the Government launched, follow-
ing the instructions of His Excellency Mr. Alassane Ouattara,
President of the Republic, the Government Social Pro-
gramme (PSGouv) for the period 2019-2020. This programme
was an intensifier of state social action and targeted all sec-
tors® Regarding access to electricity, the key outcomes of
the programme were the reduction in the social tarifffor the
most disadvantaged households, improved rural electrifica-
tion and connection/subscription at a lower cost. Thus, the
main objectives of the PSGouv in terms of access to elec-
tricity were as follows: 1) the downward adjustment of 20
per cent of the nominal social tariff for the customers sub-
scribing to the “social domestic” regime, in order to benefit
from a reduction in the cost of electricity; 2) electrification
of all of the 1,838 localities with more than 500 inhabitants
by 2020 as part of the National Rural Electrification Pro-
gramme (PRONER), with a target of 917 localities in 2019 and
921 in 2020; 3) facilitation of the connection/subscription to
the national electricity grid of 400,000 households eligible
for the Electricity For All Programme (PEPT) by the end of
2020, i.e. access to electricity for a population estimated at
2.4 million inhabitants?

Under the technical supervision of the Ministry of Petroleum,
Energy and Renewable Energy and the financial supervision
of the Ministry for Economy and Finance, several public and
private organizations are responsible for various activities
in the electricity sector, including the General Directorate of
Energy, which defines and implements the national energy
policy. Two state companies are involved in the electricity
sector: the Society of Energies of Cote d’'lvoire (CI-ENER-
GIES) and the National Electricity Sector Regulatory Author-
ity (ANARE-CI). CI-ENERGIES is responsible for the planning
and implementation of investment projects, while ANARE-CI
plays the role of the electricity sector regulator. ANARE-CI
was created by decree No. 2016-785 of 12 October 2016 and is
vested with more extensive powers of decision, injunction,
investigation and sanction to allow better regulation of the
electricity sector™ As such, the missions assigned to it are
in particular: to monitor compliance with laws and regula-
tions as well as obligations resulting from authorizations
or agreements in force in the electricity sector; to preserve
the interests of users of the public electricity service and to
protect their rights; to propose applicable tariffs to the Gov-
ernment in the electricity sector, including network access
tariffs; to settle disputes in the electricity sector, in partic-
ular between operators and users; and to advise and assist
the Government in the regulation of the electricity sector.

The Ivorian Electricity Company (CIE), established in 1990, is
a private company responsible for the generation, transmis-
sion, distribution, export, import and management of elec-
tricity. It is linked to the state by a concession agreement
for the public service of electricity for a period of 15 years,
which was renewed in 2005 until 2020." Three private oper-
ators (CIPREL, Azito Energie and Aggreko) are also involved
in the sector as IPPs. They operate thermal power plants
fuelled by natural gas supplied by PETROCI-C11, Foxtrot In-
ternational and CNR International through contracts of sale
and purchase signed with the Government.
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The strengthening of electricity transmission and distribu-
tion infrastructure enabled the sector to have in 2019 an
electrical grid with a total length of 54,017 km comprising:
low-voltage lines measuring 22,523 km, medium-voltage (15
kV and 33 kV) lines measuring 25,432 km and high-voltage
(90 kv and 225 kV) lines measuring 6,062 km.?

The Government has adopted a Strategic Development Plan
2011-2030, which covers the development of all sectors in-
cluding the electricity sector. Within this framework, several
projects have been planned concerning electricity genera-
tion, transmission and distribution infrastructure.

The electricity base tariffs are fixed by the Government upon
the proposal of the regulator. Tariffs are the same for the
entire country regardless of the region (Table 1).?

Table 1. Electricity Tariffs under the Post-Payment Scheme
in Cote d'lvoire in 2019

remained unchanged since the WSHPDR 2019 (Figure 3, Table
2).

There exists a single SHP plant Céte d’lvoire, Grah/Faye,
which was built in 1983.° Since 2018, the plant has been shut
down and currently is in need of refurbishment. Thus, there
was no available SHP capacity in the country as of Q1 2021.

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Céte d'lvoire (MW)

457

Potential 457
Capacity 40.7

50 Il WSHPDR 2022

Installed 5.0 Il WSHPDR 2019

Capacity 5.0 M WSHPDR 2016

>0 WSHPDR 2013

Source: SIEREM,® WSHPDR 2013,* WSHPDR 2016, WSHPDR 2019,® CIE”

Cost excluding 18 %

Tariff base VAT (CFA franc/RWh
(Usb/kwh)

Social household low-voltage price

(consumption < 80 kWh in a two-month 28.84 (0.057)

period)*

Social household low-voltage price

(consumption > 80 kWh in a two-month 50.16 (0.100)

period)

General household low-voltage price

(consumption <180 kWh/kVA in a two- 66.96 (0.133)

month period)

General household low-voltage price

(consumption > 180 kWh/kVA by two- 58.04 (0.116)

month period)

General professional low-voltage price (s

180 kWh/kVA) 86.31(0.172)

General professional low-voltage price (>

180 kWh/kVA) 73.40 (0.148)

Source: ANARE-CI"
Note: *Exempt from VAT

In addition to these base tariffs, there are additional taxes
such as a fixed fee for a two-month period, a fee for rural
electrification, the Ivorian Radio Television fee and local
taxes that vary according to the electricity subscription and
the region. Article 2 of Inter-ministerial Order No. 002 of 2
January 2019 stipulates that tariffs shall be revised upwards
by 31 March of each year for application on July 1 of that
year"

SMALL HYDROPOWER SECTOR
OVERVIEW

The official definition of small hydropower (SHP) is less than
10 MW as adopted by the General Directorate of Energy. The
country’s 5 MW of SHP installed capacity has remained un-
changed since the WSHPDR 2013; however, estimated poten-
tial has increased by approximately 280 per cent, though

Table 2. List of Operational Small Hydropower Plants in
Cote d‘lvoire

. Ca- yead Plant Opera- Launch

Name Location  pacity (m) type tor ear
(MW) yp y

Grah/Faye 35 km north 5 10 Reser- CIE 1983

of the town voir
of San Pedro

Source: SIEREM™

No SHP projects are currently underway. However, some
preliminary studies are expected to be carried out, in par-
ticular those planned within the framework of the ENERGOS
2 project, which were delayed due to COVID-19.

Studies conducted in previous years have identified the
most promising hydropower development projects. Table 3
consolidates data on sites with an estimated capacity less
than 10 MW#" Based on these studies, dating back to 1979
(and to date the only studies), the total potential capacity
for SHP is estimated at 45.7 MW suggesting that less than 11
per cent of the country’s SHP potential has been developed.
So far, these are the only studies conducted on SHP poten-
tial in the country.

Several large hydropower sites have been identified for a
progressive development between 2017 and 2025: Soubré
(275 Mw), Singrobo (44 MW), Gribo-Popoli (112 MW), Boutou-
bré (156 MW), Louga (280 MW), Daboitié (91 MW), Tiboto (180
MW).? For hydropower of all sizes there is a total potential
of 1.85 GW on the four major river basins, two times the cur-
rent hydropower installed capacity." The Soubré hydropow-
er plant (275 MW) has been built and was officially put into
service in November 2017. Regarding the Gribo-popoli (112
MW) and Singrobo (44 MW) hydropower plants, the Govern-
ment has already signed concession agreements for their
development.
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Table 3. Small Hydropower Sites Available for Renovation
or Development in Cote d'lvoire

Potential .
. .. Head Type of site (new/
Name Location capacity (m) {gfurgishment)
(Mw)

Grah/Faye 35 km north of  5.00 10.0  Refurbishment
the town of San

Pedro
Bandama Haut Bandama 744 20.0 New
Lokpoho  Ferkessedou- 7.32 11.0 New
gou
Bia Aboisso 6.40 5.6 New
Lafigué Korhogo 4.00 8.0 New
Comoé Téhini 4.00 10.0 New
La palé Boundiali 3.50 30.0 New
Drou Man 2.56 162.0 New
Agnéby Laouguié 2.01 21.0 New
N'zi Fétékro 1.60 23.0 New
Banoroni Séguéla 1.50 18.0 New
Sassandra Daloa 017 2.8 New
Agnéby Kassiguié 0.16 3.6 New

Source: CI-ENERGIES,® EDF®

RENEWABLE ENERGY POLICY

During the period 2013-2030, as part of the Strategic Devel-
opment Plan 2011-2030, the Government aims to increase
the share of renewable energy in the country's energy
mix. In addition, Cote d’lvoire committed itself to the Par-
is Agreement to reduce its greenhouse gas emissions. This
commitment is reflected at the level of the electricity sector,
by increasing the share of renewable energy in the ener-
gy mix to 42 per cent (including large hydropower) by 2030.
This renewable energy policy will support the following re-
newable sources: biomass, hydropower, solar power and,
possibly, wind power.

Several projects for electricity generation from renewable
energy sources are planned, including: a solar power proj-
ect of 25 MW in Korhogo; a Canadian solar power project
(Galilea) of 50 MW in Korhogo; a solar PV project of 25 MW in
Odienné; a solar power project of 25 MW developed by Bio-
Therm Energy in Ferkéssedougou; a cocoa biomass power
plant of 25 MW in Gagnoa; and a cotton biomass power plant
of 20 MW in Boundiali.?""2?

At the end of 2019, the country adopted a Sector Policy
Document for the Development of Renewable Energies and
Energy Efficiency (PSDEREE) with the vision of making Cote
d’lvoire a leading country in the field of renewable energy,
optimal use of energy in all its forms, in order to contrib-
ute to the country’s energy security and the protection of
the environment in 20302 This document has set the ob-
jectives of Cote d'Ivoire in terms of renewable energy and

energy efficiency for the period 2020-2030. The specific ob-
jectives in terms of renewable energy are as follows:

+ To promote the development of green electricity
production infrastructure connected to the intercon-
nected grid so as to increase the share of renewable
energy in the electricity mix to 42 per cent in 2030,
including large hydropower;

+ To promote the development of green electricity pro-
duction infrastructure not connected to the intercon-
nected grid in order to accelerate the electrification of
camps and isolated sites;

+ To increase access to electricity for rural populations
through off-grid electrification and to promote renew-
able energy for other uses, in particular domestic and
commercial applications;

+ To increase the production and use of fuels from re-
newable sources other than wood (briquettes, biogas,
biofuels, etc.) as well as to promote modern technol-
ogies for charcoal production;

+ Toincrease the use by households, hotels, health cen-
tres and school canteens of modern cooking systems
and solar water heaters;

- To increase access to energy services for farmers
through the use of renewable energy in production
systems, including irrigation (solar pumping), units
for processing and preserving agricultural products,
pasteurization, fish farming, etc,;

+ To reduce greenhouse gas emissions through the pro-
motion of renewable energy.

There is no specific legislation or regulation for SHP. Data
on costs of SHP development are not available. In addition,
no financial mechanism is put in place for the development
of SHP projects.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Increased variability in rainfall and shifting rainy seasons
will require attention if the SHP sector is to adapt to climate
change in the future. Rising temperatures are also of con-
cern, and consequences for the sector due to temperature
change should be a topic of further attention.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are multiple barriers to SHP development in Cote
d’lvoire. Some of the most significant ones are outlined be-
low:

+ The lack of new studies on potential sites; new stud-
ies could confirm a potential significantly greater than
the current estimation of 40.685 MW;

+ The main focus is on larger hydropower projects rath-
er than on plants with capacity of up to 10 MW;

+ Limited data available in the sector and restriction of
information might considerably deter foreign invest-
ment.

249

VIId4V NY31SIm




WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

However, due to the importance of the electricity sector for

the

country’s economic recovery, more attention is being

paid to the potential of renewable energy and it is likely
that SHP will also benefit from this."

The
hav

RE

following points summarize the main enablers that
e been identified:
The political will to accelerate the transition to re-
newable energy sources including SHP in order to
improve the electricity mix, which is predominantly
fossil-based (natural gas) at the moment;
The political will to electrify all the localities of the
country by 2025. Although the preferred option is the
connection by extension of the electricity grid, the de-
velopment of local potentials so as to allow a better
penetration of renewable sources including SHP, is
recommended;
The country is currently benefiting from technical
assistance from the European Union to carry out the
necessary studies to enable the development of the
potential of renewable energy sources, including SHP.
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Republic of the Gambia

Annabel Johnstone, Kaboni

KEY FACTS

2,347,706 (2020)"

11,300 km?2?

The topography of Gambia is flat and largely defined by the drainage basin of the Gambia River. The
highest point is in the east of the country, at Red Rock, at 53 metres above sea level. The land ele-
vation gradually decreases from the east to the west, with the capital city of Banjul situated below 5
metres above sea level at the mouth of the Gambia River. Shallow valleys characterize the banks of
the Gambia River, which cuts through the plateau across the country.>*

Gambia has a wet-and-dry tropical climate characterized by an intense rainy season occurring ge-
nerally between June and October, followed by a longer dry season. The east of the country expe-
riences a hotter and drier climate (temperatures in the high 20s °C), with the climate becoming
cooler and drier in the west by the coast (temperatures in the low 20s °C). The relative humidity is
high but drops from December to April, when the dry north-eastern wind known as the Harmattan
is dominant.®

Gambia is highly vulnerable to rainfall variations caused by climate change, which disrupt the ag-
ricultural workers’ (44 per cent of the population) traditional knowledge of the historic patterns
of rainfall and optimal harvest times. Climate change impacts, such as increasing temperatures,
droughts, a shifting rainy season with decreased intensity as well as increased deforestation, have
resulted in half the available land in Gambia becoming degraded through topsoil and secondary se-
diment erosion. According to the Climate Change Knowledge Portal, mean annual temperatures are
expected to rise by between 1.1 and 3.1 °C by 2060, and between 1.8 and 5 °C by 2090 .58

The rainy season lasts longer and is heavier by the coast, while rainfall intensity diminishes east-
wards. At the town of Yundum (west), the average annual rainfall averages 1,300 mm, while at the
town of Basse Santa Su, approximately 435 km inland, it averages 1,000 mm. August is the rainiest
month, when rainfall exceeds 300 mm in the city of Banjul.*®

Gambia is dominated by the Gambia River, a major river of Western Africa. The river, 470 km long,
and its tributaries occupy 970 km? of permanent surface water area. Total renewable water resource
in Gambia is constant at 8x10° m® per year, of which approximately 62 per cent flows into Gambia
from neighbouring countries. The total head of the Gambia River in Gambia is 10 metres. A combi-
nation of increased temperatures and reduced rainfall from climate change is expected to decrease
annual streamflow by 22 per cent by 2050, according to a global warming scenario of 3.5 °C by the
year 2100.%°

ELECTRICITY SECTOR OVERVIEW

The electricity sector in Gambia is predominantly non-re-
newable, with only 3 MW of the 105 MW of installed ca-
pacity as of 2019 coming from renewable sources (2 MW of
solar power and 1 MW of wind power) (Figure 1). Similarly,
most new capacity added over the last decade comes from
non-renewable sources: 11 MW from non-renewable sources
compared to 2 MW from solar power."

Gambia does not import or export electricity. However,
projects from the World Bank, United Nations Environment
Programme (UNEP) and the Economic Community of West
African States (ECOWAS) have proposed the development of
the Soma hydropower plant in neighbouring Senegal as a

shared project, which would represent a supply increase for
Gambia to approximately 250 MW,

Figure 1. Installed Electricity Capacity by Source in Gambia
in 2019 (MWw)
Thermal Power 102
Solar Power | 2
Wind Power | 1

Source: IRENA™
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Total electricity generation reached 342.6 GWh in 2019, 336.1
GWh of which came from fossil fuel sources, with only 6.5
GWh of electricity generated from solar power and no re-
corded wind generation (Figure 2)

Figure 2. Annual Electricity Generation by Source in Gambia
in 2019 (GWh)

Thermal Power 336.1
Solar Power 6.5

Source: Africa Energy Portal™

Until 2007, the country’s electricity sector was controlled by
the National Water and Electric Company (NAWEC), a ver-
tically integrated monopoly under the supervision of the
Ministry of Petroleum and Energy. In 2007, the Global Elec-
tric Group (GEG) was contracted by NAWEC to build, own,
operate and maintain one of the two heavy fuel oil power
generation facilities in the greater Banjul area in Brikama
Kabafita, known as the Brikama power plant. This nearly
doubled the available capacity in the country from approx-
imately 31 MW to 55 MW. The GEG now jointly handles oper-
ations with NAWEC. Although this agreement set the prece-
dent for the use of the independent power producer (IPP)
structure in Gambia, no new electricity generation capacity
has been added since, despite interest from other potential
IPPs. Organisations responsible for encouraging investment
in the country are the Renewable Energy Association of the
Gambia (REAGAM) and the Gambia Investment and Export
Promotion Agency (GIEPA)

Special attention can be paid to REAGAM, a non-profit coop-
eration of approximately 17-19 private and public companies
and individuals active in the promotion of renewable energy
projects in the country, such as small solar photovoltaic (PV)
installations, solar thermal power and micro-hydropower.

Despite the current low share of renewable sources in its
energy mix, Gambia has a target to achieve a 100 per cent
renewable energy mix by 2050, with 20 per cent of electricity
coming from renewable sources by 2030.

In 2018, 60 per cent of the total population had access to
electricity, including 76 per cent of urban residents and 36
per cent of rural residents (Figure 3).

Figure 3. Electrification Rates in Gambia in 2018 (%)

Total60%
Rural 36%

Source: Africa Energy Portal*

The regulation of electricity tariffs is the key role of the

Public Utilities Regulatory Authority (PURA), alongside mon-
itoring and enforcing standards of performance by public
utilities and protecting the interests of the consumers. Elec-
tricity tariffs are regulated at 0.26 USD/kWh for the highest
domestic consumption band and remain vulnerable to oil
prices and foreign exchange shocks.” A lifeline tariff is of-
fered for low-income households for the first 40 kWh con-
sumed at a subsidized rate of 0.07 USD/kWh.®

SMALL HYDROPOWER SECTOR
OVERVIEW

Small hydropower (SHP) is defined as hydropower plants
with a capacity of up to 30 MW. For the purposes of this
chapter, SHP will refer to hydropower plants with an in-
stalled capacity of up to 10 MW. Compared to the World
Small Hydropower Development Report (WSHPDR) 2019,
the SHP sector of Gambia has not seen any development.
The estimate of technical potential for SHP up to 10 MW in-
creased by 7.5 MW, to 19.5 MW, due to access to more accu-
rate data (Figure 4).

Figure 4. Small Hydropower Capacities in the WSHPDR
2016/2019/2022 in Gambia (MW)

. 19.5
Potential
Capacity
0.0
Installed | o Il WSHPDR 2022
Capacity | . [l WSHPDR 2019
0.0
[ WSHPDR 2016

Source: WSHPDR 2016, WSHPDR 2019, Korkovelos et al. 2018™
Note: Data for SHP up to 10 MW.

There are currently no active or planned hydropower plants
in Gambia, although there is a planned Western African proj-
ect under ECOWAS supervision with implications for Gam-
bia. The project envisions that two new hydropower plants
located in close proximity to one another will be connect-
ed to a new regional network. The plant at Kaléta (240 MW)
along with the Souapiti hydropower plant (450 MW) in Guin-
ea will be connected to the mining region of Boké, Sénégal,
Guinea Bissau and Gambia through the OMVG (the Gambia
River Development Organization) line and to Céte d'lvoire,
Liberia and Sierra Leone through the CLSG (Cdte d'lvoire,
Liberia, Sierra Leone and Guinea) line. The Sambangalou
plant (128 MW) in Senegal will further connect to the capital
of Gambia, Banjul®?

The lack of activity in SHP development in Gambia can be
explained by the limited hydropower potential. In 2017, Poy-
ry in conjunction with ECOWAS and the ECOWAS Centre for
Renewable Energy and Energy Efficiency (ECREEE) under-
took a project of mapping SHP development potential in 14
Western-African countries.? The report found that Gambia
was well suited for SHP development, with the theoretical
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Figure 5. The Level of Attractiveness of Small Hydropower in Gambia by Elevation (m) and Discharge (m3/s)

Profile of Gambia River
Gambia basin
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hydropower potential for the Gambia River estimated at 10
MW (reference period 1998-2014), whereas the estimated
potential of other small streams is negligible. Therefore, all
of the identified potential hydropower sites in Gambia are
suitable for SHP development.??

The attractiveness of any hydropower projects on the Gam-
bia River drops off at the elevation of 25 metres (Figure 5)
and as mentioned previously, the entire hydrology system in
Gambia has a maximum head of only 10 metres.*

A separate study conducted in 2018 found only one poten-
tial mini-hydropower site (0.1-1 MW) with 0.5 MW of potential
capacity and three potential SHP sites (1.01-10 MW) totalling
19 MW. However, the locations of these sites are unknown.?
Therefore, the known technical potential of SHP in Gambia
is 19.5 MW, coming from four sites.

RENEWABLE ENERGY POLICY

The passing of the Renewable Energy Act in 2013 was a ma-
jor step forward for Gambia in terms of the promotion of
renewable energy. The Act defines a number of functions for
the Ministry of Energy, including:

+ Recommending national renewable energy targets;

+ Determining equipment eligible for tax exemption;

+ Preparing and co-ordinating the permitting process
for facilities using renewable energy sources;

+ Promoting the implementation of educational pro-
grammes within the renewable energy sector;

+ Encouraging the development of technical and stan-
dard requirements and certification of renewable en-
ergy plants; and

+ Establishing and managing a registry to monitor re-
newable energy facilities.?

The Act also defines a number of functions for PURA, in-
cluding:

+ Managing the Renewable Energy Fund;

+ Maintaining a register of installers of systems using

renewable energy resources; and

+ Requiring importers of systems using renewable en-
ergy resources to provide details of compliance with
internationally recognized performance and safety
standards.

The Act establishes the Renewable Energy Fund and defines
its funding sources, activities to be funded and manage-
ment structure. The Act allows for feed-in tariffs (FITs) for
on-grid renewable electricity projects with a capacity up to
1.5 MW. The maximum national capacity limit for electric-
ity production eligible under the Act is to be published in
the Feed-in Tariff Rules. The Act also provides clarification
about off-grid tariffs. Renewable energy or hybrid off-grid
plants of no greater than 200 kW are allowed to charge elec-
tricity tariffs to end consumers up to the current national
retail tariff rates. For systems of greater than 200 kW and if
the power plant developer wants to charge above the na-
tional retail tariff rate, developers must justify the tariff to
the PURA as per the Electricity Act.?

However, certain gaps exist in the Act, which, if addressed,
would provide key information for potential renewable en-
ergy development. These gaps consist of, but are not limited
to:
 Provision of FITs for on-grid renewable energy plants
of more than 1.5 MW;
+ Provision of tariffs for off-grid renewable energy
plants of more than 200 kw;
+ Technical and standard requirements and certifica-
tion of renewable energy plants.

There is no specific mention of SHP in the Renewable Energy
Act, apart from as part of hybrid power plants. As such, the
process for SHP projects should not be determined as dif-
ferent to the licence pathways for other renewable genera-
tion projects, which was streamlined under the Act. Instead,
the Act specifically mentions biomass as a main strategy
towards electrification.
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FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Grid-connected SHP would be eligible for partial financing
in the Nationally Appropriate Mitigation Action (NAMA) re-
port of the Renewable Energy Fund set up in 2013, as well as
VAT exemptions on electricity produced. There are also op-
portunities to attain grant financing from ECOWAS, though
the pathways are unclear. The World Bank has an ongoing
project to restore and modernize the electricity system in
Gambia, though references in the concept note to hydro-
power are uncommon and more emphasis is put on solar
power projects for off-grid and rural electrification.”® The
project was approved in 2018 and received additional fi-
nancing in 2020.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Climate change may have considerable impact on future wa-
ter resources and therefore hydropower generation. Figure
6 shows an assessment of climate change projections for
Western Africa based on 15 regional climate models of the
CORDEX-Africa ensembles. Two Representative Concentra-
tion Pathways (RCP4.5 and RCP8.5) were considered.2 Whilst
these changes have direct impacts on technical specifica-
tions of SHP, they will also have indirect impacts on the
national tariff reduction in agricultural revenue and an
increase in flooding emergency if no immediate mitigation
measures are taken.

Figure 7. Change in Precipitation, Temperature, Runoff and
Discharge in Western Africa under RCP4.5 and RCP8.5
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The electricity sector of Gambia is characterized by a num-
ber of enablers which provide opportunities for the real-
ization of the goal of universal access to electricity. The
strengths of the power sector, which could foster SHP de-
velopment include the following:

+ The Government's strong commitment to expand the
electricity network to many communities in the coun-
try;

+  Willingness of the private sector (investors) to partner
with the Government to provide electricity services;

+ Examples of connectivity within the subregion to
learn from;

+ Availability of financing through the FIT scheme;

+ Available information on potential SHP sites for future
development;

« Presence of a market (domestic and commercial) for
the electricity that could be produced in future.

The electricity sector also faces several challenges in
achieving the stated goal of ensuring wider access to elec-
tricity in Gambia, which complicates SHP development in
the country. The sector barriers include the following:

+ Inadequacy of the transmission and distribution net-
work, creating incompatibility for large-scale pub-
lic-private partnerships;

+ Operational inefficiencies in the key utility compa-
ny NAWEC resulting in transmission and distribution
losses;

+  NAWEC's poor financial performance;

+ Weak regulatory and enforcement capacity;

+ High electricity tariffs and non-affordability of elec-
tricity;

+ Limited SHP potential in the country. 52

These challenges combined with the low availability of com-
mercially attractive sites will make any new development of
SHP in Gambia challenging. The most viable area to focus on
with SHP is the Gambia River and its estuaries in the centre
of the country, near the village of Tendaba.
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The physical terrain of Ghana is primarily represented by low plains, with several uplands and a ma-
jor plateau in the south-central region. The country’s highest point is Mount Afadjato at 885 metres
above sea level.?

Ghana is characterized by a tropical climate that is relatively mild for the latitude. With the excep-
tion of the north, two rainy seasons exist, which run from April to June and from September to
November. There is also a harmattan season, which is characterized by dry wind blowing from the
north-east from December to March. Average temperatures range between 21°C and 32 °C. In most
areas, temperatures are highest in March and lowest in August, but no temperature lower than 10 °C
has ever been recorded in Ghana.

Over the 1961-2000 observation period, a progressive rise in temperatures and a decrease in mean
annual rainfall have been recorded across the country. Other observed effects of climate change in-
clude increased variability of precipitation, rising sea levels and high incidence of extreme weather
conditions and disasters. In the last 30 years, the average annual temperature increased 1°C and is
projected to continue to rise. Similarly, rainfall is predicted to continue to decrease.’

There is a significant variation of rainfall pattern throughout the country. In the south, annual pre-
cipitation averages 2,030 mm, while Axim in the south-west of the country has the heaviest rainfall.
Averagely, the month of June is the wettest month with rainfall of approximately 225-250 mm.®

Most rivers and streams north of the Akuapim-Togo ranges, including Black Volta and White Volta,
form part of the Volta River system. The Volta River is approximately 1,600 kilometres in length and
drains an area of approximately 388,000 km2 The Black Volta and White Volta meet at Lake Volta,
which was formed as a result of the construction of the Akosombo dam. It is also the world’s largest
man-made lake. There are also several other smaller rivers such as Pra, Tano, Densu, Birim and
Densu.®

ELECTRICITY SECTOR OVERVIEW

In 2019, Ghana had a total installed generation capacity of
5,172 MW (4,695 MW of available capacity), which comprised
3,549 MW (3,296 MW available) from thermal power plants,
1,580 MW (1,365 MW available) from hydropower plants and
42,6 MW (34 MW available) from solar power and biogas
combined (Figure 1) The electricity generation mix in Gha-
na has primarily relied on hydropower and thermal power
sources, however, steps have been made to introduce other
renewable energy technologies in order to diversify the mix.
In 2019, solar power and biogas accounted for 0.8 per cent
of total installed capacity, indicating an increase compared
to 0.2 per cent in 2016.

Electricity generation in 2019 totalled 18,189 GWh, with ther-
mal plants contributing almost 60 per cent (10,885 GWh),
hydropower plants 40 per cent (7,252 GWh) and solar power
and biogas combined 0.3 per cent (52 GWh) (Figure 2).” An
additional 127 GWh was imported into Ghana in 2019 and

1,430 GWh was exported, making the net export 1,227 GWh.’
Ghana imports electricity from Cote d’lvoire and exports
electricity to other neighbouring countries, including Benin,
Togo and Burkina Faso. The ongoing grid expansion will al-
low for further expansion to other neighbouring Sub-Saha-
ran African countries.

Figure 1. Installed Electricity Capacity by Source in Ghana
in 2019 (Mw)

Thermal Power 3,549

Hydropower

Solar Power
& Biogas

1,580
43

Source: Energy Commission’
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Figure 2. Annual Electricity Generation by Source in Ghana
in 2019 (GWh)

Thermal Power 10,885

Hydropower 7,252

Solar Power &

Biogas 52

Source: Energy Commission’

The National Electrification Scheme (NES) served as the
principal instrument towards providing universal access in
Ghana over a 30-year period (from 1990 to 2020). Since 1990,
there has been a trend of annual increase in electrification
access rate of 2.6 per cent.’ However, the set electrification
target was not achieved and in 2020 the national electrifica-
tion rate stood at 86 per cent, including 95 per cent in urban
areas and 74 per cent in rural areas.”

Before the late 1990s, the electricity sector of Ghana was
a vertically integrated monopoly, with the Volta River Au-
thority (VRA) responsible for generating and transmitting
electricity to every region of the country as well as its dis-
tribution in the Northern Region through its subsidiary the
Northern Energy Department (NED). The electricity sector
reform in the late 1990s split the VRA and provided an op-
portunity for independent power producers (IPP) to enter
the market. Electricity generated from hydropower is con-
trolled by the VRA and Bui Power Authority (BPA). Addition-
ally, the VRA and IPPs are also involved in some aspects of
thermal power generation. Transmission is solely controlled
by Ghana Grid Company (GRIDCO), while distribution is con-
trolled by the state-owned entities the Electricity Compa-
ny of Ghana (ECG) and the Northern Electricity Distribution
Company (NEDCO)."

The Ministry of Energy is in charge of the formation, moni-
toring and evaluation of polices, programmes and projects
for the country’s electricity sector and is also responsible
for the implementation of the NES. There are two regulatory
entities responsible for the electricity sector in Ghana. The
Energy Commission (EC) is responsible for issuing genera-
tion licences and for formulating electricity policy and rules
governing the electricity sector including a grid code. The
Public Utilities Regulatory Commission (PURC) is responsi-
ble for the regulation of the electricity, gas and water sec-
tors, which includes tariff setting?

The regional stakeholders, such as the West African Pow-
er Pool (WAPP), the ECOWAS Regional Electricity Regulatory
Authority (ERERA) and ECOWAS Centre for Renewable Ener-
gy and Energy Efficiency (ECREEE), play an important role in
the improvement of energy security in the country through
interstate electricity trade and supporting improved energy
services. International agencies providing support to the
electricity sector of Ghana, ranging from technical assis-
tance to financing power infrastructure projects, include the
World Bank Group, African Development Bank (AfDB), Unit-
ed States Agency for International Development (USAID),
Canadian International Development Agency (CIDA), Inter-

national Renewable Energy Agency (IRENA), United Nations
Environment Programme (UNEP) and Global Environment
Facility (GEF).°

In order to sustain the real value, electricity tariffs in Ghana
are adjusting based on a number of factors, such as fuel
price, foreign exchange, inflation and generation mix. For
low-income consumers with low consumption, PURC insti-
tuted the lifeline tariff below the cost of electricity provi-
sion.’ Electricity tariffs are grouped into six categories based
on consumer category (residential, non-residential, special
load tariff and mines) and voltage level. As of January 2021,
the price per kWh of electricity for residential consumers
ranged from 0.33 GHS (0.04 USD) to 0.94 GHS (0.12 USD), with
a monthly service charge of 7.46 GHS (0.95 USD/month) for
regular consumers.”

SMALL HYDROPOWER SECTOR
OVERVIEW

In Ghana, small hydropower (SHP) is defined as hydropow-
er plants with capacity of up to 1 MW. Additionally, medi-
um-scale hydropower is defined as plants with 1-10 MW
capacity and large-scale hydropower as plants with 10-100
MW capacity.®

At present, there is one installed SHP plant in Ghana, which
is the Tsatsadu power plant located in Alavanyo, Volta re-
gion. The plant was launched in 2020 and has an installed
capacity of 45 kW (Table 1).* The SHP potential up to 10 MW
is estimated to be at least 17.42 MW and approximately 9.9
MW for SHP up to 1 MW.® Compared to the World Small Hy-
dropower Development Report (WSHPDR) 2019, installed ca-
pacity increased due to the commissioning of a new plant
and potential remained unchanged (Figure 3).

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Ghana (MW)

17.4
Potential 17.4

Capacit 1,245.4
pacty 17.4

0.05 Il WSHPDR 2022

Installed | 0.0 [ WSHPDR 2019

Capacity 8~8 I WSHPDR 2016

WSHPDR 2013

Source: ECREEE,” Bui Power, WSHPDR 2013, WSHPDR 2016, WSHPDR
20197

Note: Data for SHP up to 10 MW.
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Table 1. List of Existing Small Hydropower Plants in Ghana

. Capacity Plant Launch
Name Location (Mw) type Operator year
Tsatsadu Alavanyo, 0.045 Run-of- Bui Power 2020
Volta river  Authority
region (BPA)

Source: Bui Power™

According to a 2012 report, the hydropower potential capac-
ity in Ghana is 2,420 MW.® Various studies provide different
estimates of SHP potential in different regions of the coun-
try. The Hydrological Service Department of the Ministry of
Works and Housing identified approximately 1518 MW of
SHP potential from 69 sites below 2 MW. Additionally, re-
ports by the Energy Foundation suggest that there is a po-
tential for 2.24 MW from 12 sites less than 1 MW. Therefore, it
can be assumed that the total SHP potential up to 10 MW in
Ghana is at least 17.42 MW.” Table 2 shows a list of selected
most interesting potential SHP sites identified using topo-
graphic sheets and flow data from several rivers.

Table 2. List of Selected Potential Small Hydropower Sites
in Ghana

Ca- Type of site
. pac- Head Plant yp
Name Location . (new/refur-
ity —(m)  type bished)
(Mw)
WILi Falls Afegame, 0.30 250 Run-of- New
Volta region river
Likpe Likpe 0.10- Up to Reservoir Refurbished
Kukuran-  Kukurantumi, 0.15 5 m by (construction
tumi Volta region dam went on for 11
months before
work stopped)
Kokuma Kokuma, 0.05 23  Run-of- New
Falls Brong-Ahafo river
Randall Kintampo, 0.08 40 Run-of- New
Falls Brong-Ahafo river
Nworannae Asmpanaye, 0.04 50- Run-of- New
Falls Western re- 100 river

gion

Source: ECREEE™

RENEWABLE ENERGY POLICY

Ghana heavily depends on hydropower, mainly from the
Akosombo dam, as a source for electricity generation, be-
cause hydropower provides the cheapest source of electric-
ity compared to thermal power and other renewable energy
sources. Nonetheless, the potential for alternative sources
of electricity exists in the country, which includes medi-
um-sized hydropower, mini-hydropower and other renew-
able energy sources, such as solar and wind power.

In 2011, the Renewable Energy Act (Act 832) was passed in
order to provide a legal framework for renewable energy

development’® The key provisions of the act included a
feed-in tariff (FIT) scheme, purchase obligation and net me-
tering. As a result, EC together with PURC developed a FIT to
incentivize investment in the sector. PURC is mandated to
set the FIT rates, based on which developers would be able
to sign power purchase agreements (PPAs) with the distri-
bution companies following a written approval from PURC.
The Renewable Energy Act also provides for the establish-
ment of a Renewable Energy Fund, which provides financial
resources for renewable energy projects.

The Renewable Energy Master Plan (REMP) developed in
2019 offered a roadmap for long-term development of re-
newable energy in the country until 2030. The REMP set the
following targets to be achieved:
+ Increase the installed capacity of renewable energy
(including hydropower up to 100 MW) to 1,363.63 MW;
+ Reduce dependence on biomass;
+ Provide decentralized renewable energy-based elec-
trification options in 1,000 off-grid communities;
+ Promote local content and participation in the renew-
able energy industry.”®

The REMP also prescribed action plans for all renewable
energy technologies. For hydropower (small- and medi-
um-scale), the 2030 installed capacity target is set at 150
MW. According to the REMP, the Government aims to develop
multiple SHP plants. The Tsatsadu plant was the first project
developed under the plan. The key strategies for promoting
hydropower include:
+ Fast track and deploy innovative financing instru-
ments;
+ Develop a clear framework and legislation for small-
and medium-scale hydropower development;
+ Provide incentives, such as state-funded feasibility
studies and public-private partnership arrangements;
+ Collaborate with relevant stakeholders to create buf-
fer zones, undertake reforestation and prevent min-
ing, farming and logging activities along water ways;
+ Encourage hybrid and multipurpose hydropower de-
velopment (fisheries, transportation, irrigation, etc.);
+ Provide capacity building for utilities, local authorities
and research institutions in the installation, operation
and maintenance of hydropower facilities.”

The Volta River Development Act 1961 (Act 46) (the VRA Act)
established the oldest power entity in Ghana, the VRA. The
VRA Act tasked the VRA with the responsibility to generate
electricity by means of hydropower on the Volta River. In
2007, the Parliament enacted the Bui Power Authority Act
2007 (Act 740) (the Bui Power Act), which established the Bui
Power Authority to oversee the development of the Bui hy-
dropower project and any other potential hydropower sites
on the Black Volta River.

Under the Energy Commission Act 1997 (Act 541), participa-
tion in any segment of the electricity sector requires a li-
cence. EC is required to make a decision on any application
within a maximum period of 16 days. Reasons for denying
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licence issue can be founded on technical data, national
security concerns, public safety or any other reasonable
justification. The VRA is exempted from the requirement to
apply for a licence for producing and supplying wholesale
electricity from hydropower plants in the Volta River basin.
Furthermore, under the Renewable Energy Act, every enti-
ty intending to engage in a commercial activity in the re-
newable energy sector requires a licence. To construct and
operate distribution networks, an electricity distribution
licence issued by EC is required. An electricity distribution
licence is site-specific.?

In 1994, the Environmental Protection Agency Act 1994 (Act
490) was enacted in order to ensure that electricity is pro-
duced, transmitted and distributed in an environmentally
sustainable manner. The act established the Environmental
Protection Agency (EPA) as the principal environmental reg-
ulator in the country. Before undertaking a project, an elec-
tricity utility must receive an environmental permit from the
EPA. The EPA ensures compliance with the environmental
impact assessment (EIA) procedures.?

COST OF SMALL HYDROPOWER
DEVELOPMENT

A 150 kW site at Likpe Kukurantumi with an annual output
of 500-640 MWh was suggested for development. The con-
struction cost was estimated at USD 300,000, or USD 2,000
per kW installed. The site has a head of 5 metres and, given
that low-head sites are relatively more expensive to con-
struct than high-head sites, the actual cost could be higher
at approximately 3,500 USD/kW.”!

FINANCIAL MECHANISM FOR SMALL
HYDROPOWER PROJECTS

Existing financial mechanisms available for SHP projects
include internally generated revenue, bilateral financing
and financing from international and non-governmental or-
ganizations as well as foreign governments. The Tsatsadu
SHP plant was funded largely by the Government of Ghana
through BPA with financial support from the Government of
Denmark and the United Nations Development Programme
(UNDP).* An example of bilateral financingis the 400 MW Bui
Dam hydropower project financed through a concessional
loan of USD 270 million and a commercial loan of USD 292
million offered by China Ex-Im bank and USD 60 million in
funding from the Government of Ghana??

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The climate crisis poses risks to SHP development in Ghana
primarily through changes in precipitation, including de-
creased rainfall and increased variability, and higher inci-
dence of extreme weather conditions. A range of tailored

adaptation measures based on a systematic assessment of
climate risks will be required to ensure sustainable oper-
ation of SHP plants, including the physical enhancement
of assets and development of appropriate strategies and
policies related to, for example, emergency response and
recovery.?

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Barriers to SHP development in Ghana include:

+ Lack of a regulatory and legal framework for SHP de-
velopment;

+ Limited funding opportunities;

+ Minimal national and regional knowledge and aware-
ness of the potential of SHP;

+ Limited local expertise in developing SHP projects;

+ Lack of data on water availability and flow for the de-
velopment of SHP;

+ Impacts of climate change on hydropower genera-
tion2

Nonetheless, further SHP development in Ghana is possible
due to the following factors:

+ Political will to develop renewable energy and in-
crease electricity access, with specific goals set for
hydropower;

+ Availability of undeveloped potential, with a number
of suitable sites identified;

+ Availability of international and regional support for
renewable energy development in the country.
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Guinea

Aissatou Billy Sow, Guinean Association for the Promotion of Renewable Energy (AGUIPER), Abou Kawass
Camara, Electricité de Guinée (EDG), and Tamsyn Lonsdale-Smith, ICSHP

KEY FACTS

12,907,395 (2021)"

245,857 km?*

The mid-northern region of Guinea extends from east to west in the form of a maritime plane (Lower
Guinea), a region of plateaus and mountains (Middle Guinea) and the arid plateau of Upper Guinea.
The south-western tip of the country, in the interior of the continent is a forested mountainous regi-
on known as Forested Guinea. It is here that the country’s highest point, Mount Nimba (1,752 metres),
is located. Middle Guinea surrounds the Fouta Djalon Massif, which covers an area of approximately
80,000 km? and culminates at Mount Loura (1,532 metres). It is mainly made up of plateaus, often
more than 1,000 metres high, cut by valleys, dominating plains and depressions up to approximately
750 metres. The coastal plain of Lower Guinea is dominated to the east by the Benna Massif (1,214
metres), Mount Kakoulima (1,011 metres) and Mount Gangan (1,117 metres).?

The climate of Guinea is tropical or sub-equatorial depending on the area. The diversity of the ter-
rain divides the territory into four regions with distinct climatic conditions. Lower Guinea has the
longest rainy season of six months and temperatures range from 23 °C to 25 °C. Middle Guinea has
shorter rainy seasons compared to Lower Guinea. In Upper Guinea, the climate is tropical and dry,
with only three months of a rainy season and temperatures reaching at most 40 °C in the north-east
and lows reaching 15 °C in the winter months. Forested Guinea has an equatorial climate with two
separate rainy seasons interrupted by a short dry period. This region is largely humid with tempera-
tures fluctuating between 24 °C and 28 °C for the most part of the year.3*

According to global circulation models, annual rainfall variability and temperatures are expected to
increase in Guinea under all scenarios, with some regional variation. Under a global warming scena-
rio of 4.5 °C, the range of temperature increase in the country is expected to be between 0.4 °C and
4.8 °C by 2100. Under the 1.5 °C global warming scenario, temperatures will increase by 0.2-2.2 °C.2

Precipitation in the country varies by region. In the north, annual precipitation is approximately
1,200 mm per year, whereas in the south, precipitation levels can reach as high as 4,000 mm per
year. Although the average in the south-east is between 1,700 and 3,000 per year. The central moun-
tainous region of Middle Guinea has precipitation levels ranging from 1,500 to 1,300 mm per year,
with the rainiest season being from April to October and the dry season from November to March.*

Nearly 1,161 water bodies in the country are fed by two mountainous massifs: the Fouta-Djallon and
the Guinean Highlands (Dorsale Guinéenne). Most of the rivers have a regular flow because of the
high rainfall and the very flat topography of the coastal region. However, in the part of the Lower
Guinea region that borders the Fouta Djallon in its foothills, the rivers sometimes have a torrential
flow due to the steepness of the slope and the rocky bottom. The most important rivers are: the
Coliba, Kogon, Tinguilinta, Fatala, Konkouré, Soumba, Kolenté, and Forécariah. The prominent rivers
in Middle Guinea are the Bafing and Gambia. The main rivers in Upper Guinea are the Bafing, Bakoye
and the Niger basin, whose main tributaries are Mafou, Niandan, Milo, Tinkisso, Dion, Sankarani and
Fié. Together they total approximately 2,500 kilometres of waterways. In addition, there are nume-
rous large ponds and flood plains that run alongside the rivers, covering an average area of 2-4 km?2.
In Forested Guinea, the main bodies of water and watercourses are made up of numerous very small
ponds of less than 1 hectare in size.?®

ELECTRICITY SECTOR OVERVIEW

Apart from small-scale, off-grid generation, the electricity = 601.9 MW. Hydropower made up most of the installed capac-
demand of Guinea is largely met by two sources: hydropow- ity at 362.1 MW, thermal power accounted for 226.8 MW and
er and thermal power. Total installed capacity as of 2019 was  solar power accounted for 13 MW (Figure 1).8”
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Figure 1. Installed Electricity Capacity by Source in Guinea
in 2019 (Mw)

Hydropower 362.1

Thermal Power 226.8

Solar Power 13.0

Source: EDG,® IRENA’

Note: Data only for the interconnected electricity grid (RIC).

In 2019, electricity generation in Guinea was equal to 2,040.7
GWh, of which 1,279.6 GWh came from hydropower, 21 GWh
from solar and 7401 GWh came from thermal power plants
(Figure 2).78 Hydropower made up 63 per cent of the on-grid
generation. Of the electricity produced in 2019, the electrici-
ty company Electricité de Guinée (EDG) produced 25 per cent
(496.1 GWh), while the remaining 1,483.4 GWh was produced
by independent power producers (IPPs). The majority of hy-
dropower generation is from the private Kaleta generator,
which peaks in production from July to November, making
up most of the country’s electricity supply during these
months.

Figure 2. Annual Electricity Generation by Source in Guinea
in 2019 (GWh)

Hydropower 1,279.6

Thermal Power 740.1

Solar Power | 21.0

Source: EDG,? IRENA’

Note: Data only for the interconnected electricity grid (RIC).

The electricity sector covers 26 urban centres in the prefec-
tures whose electricity networks are managed and operat-
ed by EDG. EDG is charged with ensuring the provision and
transport of electricity throughout the country and owns 35
per cent of the electricity market, acting as the sole buyer
for many electricity producers. The Ministry of Energy (ME)
(previously Ministry of Energy and Hydraulics (MEH)) over-
sees the electricity sector. Its organization and prerogatives
were defined by Decree No. D/2016/122/PRG/SGG of 2016.
Article 1 of this decree provides that the Ministry’s mission
is the design, development and implementation of the Gov-
ernment’s water and energy policy. A presidential decree in
2005 established the Office of Strategy and Development of
Energy (BSD), an organization charged with elaborating a
strategy for the development of the energy sector. The Cel-
lule PPP manages the public-private partnerships within the
Government and acts as an interface for IPPs in the country.
The country’s independent power regulator, AREE (Authority
for Electricity and Drinking Water Sectors), was created in
2017 by the ordinance L/2017/050/AN.

The main electricity grid, called the large interconnected
grid, supplies hydropower and thermal power to Conakry,
Dubréka, Coyah, Forécaréah, Kindia, Mamou, Pita, Labé and
Fria. The small interconnected grid supplies the prefectures

of Dabola, Dinguiraye and Faranah with electricity from the
Tinkisso hydropower plant (1.6 MW). There are also the so-
called isolated centres (Boffa, Gaoual, Télémelé, Lélouma,
Kissidougou, Kouroussa, Boké, Kankan, Kérouané, Macen-
ta and N'Zérékoré), which are supplied with electricity by
small-scale generators (often hybrid solar with battery and
diesel). A number of mini-grids are operating under conces-
sion agreements or authorizations granted by the minister
in charge of energy.’

The country’s ambition is to sell the excess of its future
electricity production to neighbouring countries. In addi-
tion, Guinea is a member of several subregional organi-
zations such as the Gambia River Basin Development Or-
ganization (OMVG) and Senegal River Basin Development
Organization (OMVS), which currently work together to de-
velop shared hydropower sites on the territory of Guinea
and for the implementation of transmission lines (the Cote
d'lvoire-Liberia-Sierra Leone-Guinea (CLSG) and Guinea-Ma-
li interconnections)®

Although endowed with mineral and energy resources, the
electricity sector of Guinea remains poorly developed. One
of the objectives of the Development of the Energy Sector
Policy (Lettre de Politique de Développement du Secteur En-
ergétique, LPDSE) of December 2012 is to increase the global
electrification rate from 12 per cent in 2014 to 50 per cent by
2020." While significant progress has been made since 2014,
the goal for 2020 has not yet been met. As of 2019, 58 per
cent of the Guinean population remained without access to
electricity (Figure 3).2 The likelihood of rural access to elec-
tricity being provided by the national grid in the medium
to long term is limited, while mini-grids are a cost-effective
way to fill this gap in the interim.

Figure 3. Electrification Rate in Guinea in 2019 (%)

Total 42%
Rural 16%

Source: World Bank®

The Government has developed a National Economic and
Social Development Plan (PNDES) 2016-2020 that prioritizes
renewable energy through decentralized solutions with the
participation of the private sector The strategic purpose
of the PNDES is to concretize the LPDSE as well as its Action
Plan 2009-2025 to promote the development of a sustain-
able model based mainly on energy efficiency and renew-
able energy. Actions of the PNDES involve the promotion
of decentralized solutions involving local authorities and
the private sector at the rural level. This is in line with the
Electricity Access Improvement Programme (2014) and the
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Low-Cost Electrification Plan (2019). As for the electrification
plans, the Government’s strategy is to reach a large portion
of the population with the extension of mini-grids.

The green mini-grid programme, with support from the Afri-
can Development Bank, will provide technical assistance to
Guinea Agency for Rural Electrification (AGER), in the form of
a help desk, for the deployment of 47 green mini-grids that
have no prospect of being connected to the national grid in
the next 10 years and that should allow the connection of
approximately 60,000 households.™

The average price for electricity in 2019 was 0.064 USD/kWh
(628 GNF/kWh), which indicates a 13 per cent decrease com-
pared to average prices in 2018.°

SMALL HYDROPOWER SECTOR
OVERVIEW

According to LPDSE, paragraph 23, micro-hydropower is de-
fined as sites with installed capacity from 100 kW to 1,500
kW, whereas small hydropower (SHP) is not clearly defined’
For the purpose of this chapter, the up to 10 MW definition
will be used. The total installed SHP capacity is 11.2 MW (Ta-
ble 1), and has not meaningfully changed since the World
Small Hydropower Development Report (WSHPDR) 2019
(Figure 4). At the time of writing, the Banéah (5.6 MW) and
Samankoun (0.24 MW) plants were undergoing renovation
works, both not being connected to the central electricity
grid (Table 1). Theoretical potential for hydropower plants
under 10 MW amounts to 751.8 MW, revealing an increase of
280 per cent since the WSHPDR 2019 due to new data from
multiple studies®

Figure 4. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Guinea (MW)

751.8
Potential
Capacity
1.2 I WSHPDR 2022
Installed | 10.8 Il WSHPDR 2019
Capacity 12)13 I WSHPDR 2016
WSHPDR 2013

Source: EDG,* SIG,'* WSHPDR 2013,” WSHPDR 2016,"* WSHPDR 2019%
Note: Data for SHP up to 10 MW.

The French Development Agency (ADF) has agreed to co-fi-
nance four small dams: F6ké (2.5 MW, multipurpose, Mar-
itime Guinea), Bagata (2.2-5 MW, Middle Guinea towards
Tougué), Founkeya Banko (4-5 MW, towards Dabola, Upper
Guinea) and Lokoua (6-13 MW, Forest Guinea) (Table 2).
These projects were undergoing technical and financial fea-
sibility studies as of mid-2021.

Table 1. List of Installed Small Hydropower Plants in
Guinea

Name Location Ca(f/'%;ty Operator Launch year
Banéah* Kindia 5.60 EDG 1989
Kinkon Pita 3.44 EDG 1974
Tinkisso Dabola 1.59 EDG 1969
Loffa Macenta 0.16 EDG 1958
Samankoun*  Télémélé 0.39 EDG 1998 (approxi-

mate)

Source: EDG®

Note: *Under renovation.

Table 2. Selected List of Planned Small Hydropower
Projects in Guinea

Ca- Stage of
. .. Head
Name Location pacity (m) Developer  develop-
(Mw) ment
Foko Mar.mme 25 - - Feasability
Guinea
Bagata M|(.1dle 2950 " - Feasability
Guinea
Founkeya High Guin- 4050 - Feasability
Banko ea
Lokoua Forested 6.0- - - Feasability
Guinea  13.0
Touba B 50 173 Tractebel Engi- Feasability

neering France

Source: SIE,” Tractabel Engineering”

One recent call for tenders in April 2021 from OMVG sought
for consultants to perform feasibility studies on the Digan
and Kourawel sites, with support from the African Develop-
ment Bank, seeking technical, environmental and economic
feasibility of the sites.?

Table 3. List of Selected Small Hydropower Projects
Available for Investment in Guinea

Potential Type of site
Name Location capacity (m) (new/refur-
(Mw) bishment)
Daboya Koulounkouré 2.8 37 New
Koukoutamba Bafing 6.3 15 New
(Kalinko)
Guessore Sala 79 310 New
Ouességuélé Ouességuélé 0.9 25 New

river

Source: SIG™

The Atlas of Potential Hydropower in Guinea was put to-
gether by AECOM engineering firm, which compiled data
from existing studies, such as Tractabel Engineering, and
compared these findings with their own.® Several sites were
then verified and further studied through site visits during
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the second stage of the process. This report identified new
sites using advanced geographic modelling techniques and
is the most up-to-date source for potential sites in Guinea
as of mid-2021. Despite the identified vast potential of over
6,000 MW only 6 per cent of total known hydropower poten-
tial, large and small, has been developed.®

Several potential sites of larger capacities have encoun-
tered difficulties within the development process. The main
causes of failure in hydropower development are: failure in
creditworthiness in entering into a Power Purchase Agree-
ment with EDG (as is the case with the Touba plant); change
of the mining code leading to increased and complex costs
(as is the case with Poudalde, 50-90 MW); and Build Operate
Transfer (BOT) schemes, which encounter political problems
and competing uses for the site of interest (as with the Fomi
plant, 90 MW).

RENEWABLE ENERGY POLICY

The main objective, following the Energy for All initiative,
is to increase the share of renewable energy sources in the
country’s energy mix to 30 per cent."On the national policy
level, the LPDSE outlined the following objectives:
+ To reach a share of hydropower capacity in the grid
electricity (excluding self-generation) of 70 per cent in
2017 compared to 38 per cent after the installation of
100 MW of emergency thermal power capacity in 2013;
+ Develop 20 mini-hydropower plants of the invento-
ried 130 by 2025, including 5 by 2017, under PPP or
community projects.®

Apart from planning, there are several concrete actions tak-
en to further climate goals. Law L/2013/061/CNT authorizes
the participation of private sector operators of plants less
than or equal to 500 kW in capacity. The tariffs for the supply
of electrical energy or electrical services and the conditions
for their revision are established on a case-by-case basis
in the specifications of the Electrification Authorizations.
According to Article 30, Chapter Il: Taxation of Title IV: Tar-
iffs and Taxation, the tax regime applicable to companies
holding a rural electrification permit is the most favourable
regime of the Investment Code.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

For hydropower, the main policy angle is to prioritize the
development of mini- and small-scale sites with respect to
large subregional schemes to meet local needs. Ministerial
Order A/2013/474/ MEEF/CAB of 11 March 11 2013, which ad-
opted the general environmental assessment guide, speci-
fies that hydropower projects below 10 MW must be subject
to an impact notice, while those greater than or equal to
10 MW must be subject to a detailed environmental impact
assessment (EIA).

The process for attaining a licence for SHP projects is deter-
mined when the authorization or the concession is granted
by means of orders of the Minister in charge of the electrici-
ty sector, following a call for tender procedure or on the ba-
sis of unsolicited applications. Law 98/012/AN of 1 June 1988
authorizes the financing, construction, operation, mainte-
nance and transfer of development infrastructures by the
private sector using Build-Own-Operate-Transfer (BOOT)
contracts.”

The promulgation of Law L/93/039/CTRN of 13 September
1993 on the Production, Transport and Distribution of Elec-
tricity, limits the role of the state to the definition of: the
energy policy and its instruments (price and tariff system;
institutional, legal and regulatory framework), the monitor-
ing of their application and the exercise of the control of
the sector. This law was enacted to ensure the quality and
continuity of the public electricity service.?

Other pieces of legislation pertaining to the SHP sector in-
clude: Law L/2013/061/CNT of 20 September 2013, Article 9
which defines the Rural Electrification Zone (ZER), National
Rural Electrification Programme (PNER), Annual Rural Elec-
trification Programme (PAER) and the Local Rural Electrifica-
tion Initiative Projects (PILER).%

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Some subsidies are set aside for small renewable gener-
ation under article 27, paragraph 2 of Law L/2013/061/CNT
of 20 September 2013 on the rural electrification subsector.
This law states that the Council for Rural Electrification must
“ensure the implementation of the national policy of rural
electrification as well as the proper use of resources and
the optimal allocation of subsidies allocated by the Rural
Electrification Fund (FER) for the development of sustain-
able access to electricity in rural areas, under conditions
of acceptable technical, economic and financial viability,
equity and transparency.”” Financing is also available un-
der the Programme of Decentralized Electrification (PERD)
of the Office of Rural Decentralized Electrification (BERD)
with co-financing from the World Bank and the Government
of Guinea. This programme aims to conduct prefeasibility
studies resulting in 12 locations to be selected for tender-
ing for private investment in hybrid plants. The subsidy is
estimated to amount to 60-80 per cent of initial investment
costs, and has an expected closing date of December 2023.%

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

According to studies on the effects of climate change on
water systems in Guinea, water bodies will be significantly
impacted up until 2100, with more significant effects seen
in the second half of the century. The first national com-
munication to the United Nations Framework Convention

264



on Climate Change presented projection results by regions
within the country on water flow reductions. Under a 1.5 °C
scenario, water flow is expected to decrease by 2-8 per cent
(depending on the region) by 2025 and by as much as 20-43
per cent by 2100. Under a 4.5 °C global warming scenario,
regional decrease in water flow will reach between 6 and 16
per cent in 2025 and reach a reduction of between 34 and 73
per cent by 2100.2 Several rivers have experienced negative
effects due to flooding in recent years, including the Kankan
(2001), Boké (2003) and Gaoual (2005).

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The following points summarize the main barriers to SHP
development in Giunea that have been identified:

+ Poverty of the population, especially in rural areas,
and its impact on purchasing power;

+ Financial barriers, such as the low national financing
capacity (public and private) and subsequent high de-
pendence on external public and private financing;

+ Technological barriers including the huge technolog-
ical backlog in energy industries and know-how as
well as high expenses on technology and know-how
transfer;

+ Institutional barriers, particularly the lack of good
overall governance and control of the development of
the energy sector as a whole.

The following points summarize the main enablers for SHP
development in the country that have been identified:
+ There is a huge potential for SHP in the country and
ample, available data on specific sites;
+ Strong political motivation for mitigation of the nega-
tive effects of climate change;
+ Interest in the country and financial aid from develop-
ment institutions.
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