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1 INTRODUCTION

Africa is particularly affected by current crises (climate, economic, etc.), but global energy transitions
are a “new promise for Africa’s economic and social development,” promises the International Energy
Agency (IEA) in its Africa Energy Outlook 2022 [1].

In this report, the IEA states that Africa has strong demographic and economic dynamics: “One-in-three
people born today is African” and three of the ten fastest-growing economies are located on this conti-
nent. Despite this, nearly 40% of the population of sub-Saharan Africa still lives in “extreme poverty”
and deep inequalities are growing on the continent.

Almost 18% of the world’s population lives in Africa, but it accounts for less than 6% of the world’s
energy consumption, and for less than 3% of global energy-related CO2 emissions (Africa has the
lowest per capita emissions of all regions and has no “historic” responsibility for global warming com-
pared to developed countries).

Between 2010 and 2019, nearly 160 million more Africans gained access to electricity, but the number
of people without electricity on the continent has increased by 4% between 2019 and 2021, impacted,
also, by the Covid-19 pandemic which has decelerated the electrification rates. Nearly 600 million peo-
ple, or 43% of the African population, still did not have access to electricity in 2021, including 590 million
people living in sub-Saharan Africa.

However, the IEA envisages different dynamics between the different regions of Africa: in North Africa,
oil and natural gas are expected to continue dominating the energy mix (their cumulative share of pri-
mary energy consumption from 91% in 2020 is expected to reach 85% in 2030) while coal will remain
South Africa’s preferred fuel because of cheap local resources.

In particular, the IEA points out that Africa has the largest solar resources in the world but currently
holds only 1% of the installed solar photovoltaic capacity in the world. Photovoltaics and wind could
produce 27% of the electricity generated in Africa in 2030 under the “Sustainable Africa” scenario, eight
times more than the share in in 2020 (which will have important implications for the management of
electricity networks in order to maintain the balance between supply and demand, notes the IEA).

In this global energy transition context, green energy plays a very important role in electricity production.
Most of them have an availability problem, which requires them to be coupled with storage systems in
order to regulate production.

In this global energy transition context, green energy plays a very important role in the electricity gen-
eration. Most of variable renewable energy (VRE) sources have an availability problem, which requires
them to be coupled with storage systems in order to regulate generation.

This is where pumped storage technology is interesting. This technology allows storing energy (e.g.,
excess energy) in existing or new water reservoirs and use it upon demand, unlike VREs. This technol-
ogy does not involve CO2 emissions in electricity generation and allows to regulate the generation of
green energy.

This report is part of a study on existing Pumped Storage Plants (PSPs) projects and the potential for
this technology in Africa.

The African Union Development Agency (AUDA-NEPAD) has been assigned by the Africa Energy Min-
isters, during an African Union (AU) Specialised Technical Committee (STC) meeting on infrastructures
in 2018, to develop a Continental Power System (Transmission and Generation) Masterplan (CMP).
The European Union (EU) Global Technical Assistance Facility (TAF) for Sustainable Energy, through
the ongoing support to the African Union Commission (AUC), has been assisting AUDA-NEAPD in the
activities to develop the CMP.

The first phase of the CMP development included the Baseline Study. This study recommended the
elaboration of 12 Specific Support Studies (SSS) for the CMP, including this assignment, the SSS on
Hydro Reservoir and PSPs.



EU Global Technical Assistance Facility for Sustainable Energy

This document is the second deliverable of the Hydro Reservoir and PSPs study. It is part of the incep-
tion phase of the assignment and presents selected studies and reports to be used in the next phases,
indicating their relevant content, and briefly reviewing them.
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2 LIST OF REVIEWED DOCUMENTS

As per the Terms of Reference (ToRs), this report provides a list and “review of the available reports
and studies on Hydro Power Plants” to be used in the 2" and 3" phase of the assignment., i.e.:

e Phase 2: Identification of technical potential and technological pathways and opportunities;

e Phase 3: Technical and non-technical bottlenecks and issues.
The documents were selected according to the recommendations of the EU TAF and the International

Renewable Energy Agency (IRENA) (modelling support partner), other involved groups in the project
and research performed by the team experts on the topics to be covered by this study.

A list of documents received and collected for this study is presented below. They have been organized
according to their content, the type of information provided and the area to be covered in the context of
this study. This list is a first input for the discussions for this assignment, but it should not be viewed as
definitive, as further information will be sourced depending on the requirements of the study.

Studies/reports on hydro reservoir and pumped storage potential:
1. African Renewable Electricity Profiles for Energy Modelling Database: Hydropower (IRENA,
2021);
2. Global Pumped Hydro Atlas (Australian National University (ANU));

3. Global resource potential of seasonal pumped hydropower storage for energy and water stor-
age (Hunt et al., 2020);

4. Planning and Prospects for Renewable Power: Eastern and Southern Africa (IRENA, 2021);

5. Planning and Prospects for Renewable Power: West Africa (IRENA, 2018);

6. Applicability of Hydropower Generation and Pumped Hydro Energy Storage in the Middle East
and North Africa (Alnagbi et al., 2022);

7. Potential for new pumped storage schemes in South Africa (van Dongen & Bekker, 2020);

8. Promoting Pumped Hydroelectric Energy Storage (PHES) for Sustainable Power Generation in
Cameroon (Nzotcha, 2021).

Studies/reports on regulatory and financing issues:

1. Challenges And Opportunities for New Pumped Storage Development (National Hydropower
Association (NHA, uploaded in 08/2017));

2. Policy And Market Frameworks Working Group: Africa (IFPSH, 2020);

3. Policy and Market Frameworks Working Group - Global Paper: Pump it up, recommendations
for urgent investment in pumped storage hydropower (PSH) to back the clean energy transition
(IFPSH, 2021)

Studies/reports on grid connectivity issues for remote sites:
1. Predictive mapping of the global power system using open data (Arderne et al., 2020).
Studies/reports on technological and investment costs outlooks:

1. Hydroelectric Power: A Guide for Developers and Investors (International Finance Corporation
(IFC), 2015);
2. Innovative Operation of Pumped Hydropower Storage (IRENA, 2020);

3. Capabilities, Costs and Innovation Working Group: Innovative PSH Configurations and Uses
(IFPSH, 2021);

4. Capabilities, Costs and Innovation Working Group: Pumped Storage Hydropower Capabilities
and Costs (IFPSH, 2021).

Studies/reports on CMP and stakeholder mapping:
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Inception report for the 2nd Phase of Modelling the Continental Masterplan (Assignment Num-

Policy Paper and Roadmap - Towards a Single African Electricity Market: Roadmap 2040 (Mis-
sion reference: CW235.201906 AUC) (TAF, 2020);

Final Report on the Review of Existing Power Pool Masterplans (Del 2) and the Identification
of Priority Generation and Transmission Projects (Del3) (Assignment Number: CW235) (TAF,

1.
ber: CW243) (TAF, 2021);
2.
3.
2020);
4.

Final Modelling Report - Support to the Development of a Continental Power System (transmis-

sion-generation) Master Plan (Del 4) (Assignment Number: CW235) (TAF, 2020).

Other relevant studies/reports to analyse opportunities and barriers:

1. Sustainability Working Group: Working Paper on Sustainability of Pumped Storage Hydropower

(IFPSH, 2021).

2. A comparison of the environmental effects of open-loop and closed-loop pumped storage hy-

dropower

(https://www.energy.gov/sites/prod/files/2020/04/f73/comparison-of-environmental-

effects-open-loop-closed-loop-psh-1.pdf)

Complementing these studies and reports, a list of other sources and links is presented in the table

below.

Title

A spatiotemporal atlas of hydro-
power in Africa for energy mod-
elling purposes

By:

Sebastian Sterl, Albertine Dev-
illers, Celray James Chawanda,
Ann van Griensven, Wim Thiery,
Daniel Russo

Link

https://open-research-eu-
rope.ec.europa.eu/articles/1-29

Comments

Atlas of hydropower in Africa for
energy modelling purposes,
combining nearly existing and fu-
ture hydropower.

Online repository of materials for
an all-Africa hydropower atlas
(v2.0)

By:

Sebastian Sterl, Celray James
CHAWANDA

https://www.hydroshare.org/re-
source/5e8ebdc3bfd242078525
39ecf219d915/

Online repository of materials for
an all-Africa hydropower atlas.

Gridfinder, global energy infra-
structure

https://gridfinder.org/

Predictive mapping of the global
power system.

System Planning Test (SPLAT)
Models for Africa

https://www.irena.org/ener-
gytransition/Energy-System-
Models-and-Data/System-Plan-
ning-Test-Model

Brief description of the SPLAT
model.

Pumped Storage Tracking Tool
By:

International Hydropower Asso-
ciation

https://www.hydropower.org/hy-

dropower-pumped-storage-tool

Map of operational / under con-
struction / planned and an-
nounced pumped storage pro-
ject.
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Title

Global resource potential of sea-
sonal pumped hydropower stor-
age for energy storage

By;

Julian D. Hunt, Edward Byers,
Yoshihide Wada, Simon Parkin-
son, David E. H. J. Gernaat, Si-
mon Langan, Detlef P. van
Vuuren & , Keywan Riahi

Link

https://www.google.com/maps/d
/viewer?mid=109aK dTL3mDO
aLaY2GOBSamIHgRNSIHA&II=-
28.142230284442647%2C27.8
04054187869838&z=4

Comments

With the intention of eliminating
competing projects and focusing
on the best projects per region,
the projects with the lowest costs
for water storage (USD /m?3), long
(USD/MWh) and short-term
(USD/kW) energy storage,
within a 1 arc degree resolution
of the globe are presented. This
consists of 1,457 water storage
projects with water storage costs
lower than 0.2USD/m3 and
1,092 energy storage projects
with energy storage cost lower
than 50 USD/ MWh.

Global energy monitor

Africa electricity grid explorer
By:

World Bank Group

Economic Community of West

African States (ECOWAS) H2
Atlas

By:

Forschungszentrum Jilich

https://globalenergymoni-
tor.org/projects/global-solar-
power-tracker/tracker-map/

https://africagrid.ener-
gydata.info/

https://africa.h2atlas.de/ecowas

Map of energy in the world, solar,
wind, oil, coal, hydropower in
2023.

Map of electricity grids in Africa
with existing grids and planned
grids.

Map of solar and wind costs, and
hydrogen potential in Western
Africa.

Interactive Map: Egypt
By:
IRENA

Global Pumped Hydroelectric
Energy Storage atlas detailed
spreadsheets

By:
ANU

Global Atlas for renewable en-
ergy

By:
IRENA

https://mapre.es.ucsb.edu/wp-
content/up-
loads/2016/11/egypt_interac-
tivePDFmap 09012016.pdf

http://re100.eng.anu.edu.au/glo
bal/detailedspreadsheets.php

https://globala-
tlas.irena.org/work-
space?type=workspace&layer-
group=Layer%2520group%252
01

Renewable energy zones in
Egypt.

Global PHES atlas detailed
spreadsheets (Detailed visuali-
zation is available at the Na-
tionalMap website, which is a
government spatial data platform
for the Australian energy indus-

try).

Online platform intended to help
users - policymakers and inves-
tors - to find renewable energy
resources maps for locations
across the world.

The Global Atlas stems from an
initiative coordinated by IRENA
and aimed at closing the gap
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https://mapre.es.ucsb.edu/wp-content/uploads/2016/11/egypt_interactivePDFmap_09012016.pdf
http://re100.eng.anu.edu.au/global/detailedspreadsheets.php
http://re100.eng.anu.edu.au/global/detailedspreadsheets.php
https://globalatlas.irena.org/workspace?type=workspace&layergroup=Layer%2520group%25201
https://globalatlas.irena.org/workspace?type=workspace&layergroup=Layer%2520group%25201
https://globalatlas.irena.org/workspace?type=workspace&layergroup=Layer%2520group%25201
https://globalatlas.irena.org/workspace?type=workspace&layergroup=Layer%2520group%25201
https://globalatlas.irena.org/workspace?type=workspace&layergroup=Layer%2520group%25201
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Title Link Comments

between countries that have ac-
cess to the necessary data and
expertise to evaluate the poten-
tial for renewable energy deploy-
ment in their countries and those
that lack these elements.

Population density Geographic Information System

(GIS) on world population, per
country.

https://hub.worldpop.org/geo-
data/listing?id=77

By:
WorldPop

Table 1: Overview of other relevant sources

The following sections briefly present the content and relevant notes on each reviewed document.
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3 STUDIES/REPORTS ON HYDRO RESERVOIR AND PUMPED
STORAGE POTENTIAL

3.1 AFRICAN RENEWABLE ELECTRICITY PROFILES FOR ENERGY MODEL-
LING DATABASE: HYDROPOWER (IRENA, 2021)

In this document [2], IRENA presents information on the spatiotemporal data atlas it released: the Afri-
can Renewable Electricity Profiles for Energy Modelling (AfREP) - Hydro database. The document de-
scribes the database and the process to create it. The AfREP Hydro database presents the existing,
committed and candidate hydropower plants on the African continent, creating a theoretical estimation
of exploitable hydropower potential useful for capacity expansion planning exercises. This data is avail-
able in an online repository.

The document presents:

e Alist of features extracted from the plants;

e The methodology for data collection (hydropower plants);

e The African hydropower potential capacity;

e The seasonal hydropower availability profiles;

¢ A methodology to estimate it.
The database has been built based on existing databases (as default), information from individual pro-
jects and online news and articles in order to have consolidated information.
According to the report, IRENA’s database includes the following features of the collected power plants:

e Geospatial references and the name of the associated river;

e Status (existing, committed/planned, candidate);

e Technical characteristics (e.g., installed capacity, volumetric storage, design discharge);

e Seasonal (monthly) availability profiles for normal, dry and wet years.
The hydropower availability profiles were estimated considering three configurations: run-of river plants,
reservoir storage plants, and plants forming part of a cascade. The calculations are based on the inflow
profiles and technical characteristics of hydroelectric plants (such as storage volume). The inflow pro-

files are based on a Soil and Water Assessment Tool (SWAT) model, created for the African continent
by Sterl and Chawanda (2021) [3].

The information provided in this document can be used to establish a methodology for developing a
similar database for PSP and understanding IRENA's requirements for CMP input data. It also provides
data on hydropower that can be integrated in a PSP.

3.2 GLOBAL PUMPED HYDRO ATLAS (ANU)

ANU developed a global pumped-hydro energy storage dataset. It identified 616,000 potential sites
worldwide that could support a renewable global electricity system. These sites are identified by a GIS
algorithm developed by Lu et al (2020) [5]. The data comprise the location of each of the paired reser-
voirs (upper and lower), hypothetical tunnel and other physical characteristics: altitude, head (the mini-
mum altitude difference between potential upper and lower reservoirs in the data set), slope, water
volume, water area, rock volume, dam wall length, water/rock ratio, energy storage potential and ap-
proximate relative cost (categorizing sites with a rank according to an approximate cost model (A, B, C,
D, E)).

Setting up a ranking based on an approximate cost model reduces the number of interesting sites. This
approximate cost model is constructed according to the following parameters:

e Water-to-rock ratio (how much rock must be moved to dam a given volume of water);
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e Head (a doubled head for a reservoir pair compared with another similar pair provides dou-
bled stored energy and the power component costs also decrease due to smaller water vol-
umes);

e Slope between the reservoirs: the steeper the slope, the shorter the high-pressure tun-
nel/pipe. Water conveyances in a pair are the shortest distances between the reservoirs;

e Power: lower power systems are less expensive for a given energy storage volume between
5 and 150 GWh.

The methodology used to create the atlas assesses the potential pumped-hydro energy storage based
exclusively on physical characteristics, hence other detailed analysis is also required such as land own-
ership, technical feasibility, water availability, environmental feasibility, and other considerations. As per
the information contained in the data set, off-river pumped-hydro storage typically delivers maximum
power from 5 to 25 hours [4]. The database shows that paired reservoirs with storage have a potential
range between 2 to 150 GWh, and storage time between 2 to 18 hours.

The ANU database will be used to select potential PSPs, based on criteria applied to their characteris-
tics. The selected sites will be considered, through different analyses, as input in the CMP model.

3.3 GLOBAL RESOURCE POTENTIAL OF SEASONAL PUMPED HYDRO-
POWER STORAGE FOR ENERGY AND WATER STORAGE (HUNT ET AL.,
2020)

Hunt et al. (2020) [6] assessed the global potential for Seasonal Pumped Hydropower Storage (SPHS),
based on adaptation of previous methods used for estimating worldwide hydropower potential. Com-
pared to other studies developed to assess pumped hydropower storage potential, this assessment
takes into consideration topography, river network, hydrological data and costing to identify potential
SPHS sites. It analyses attractive sites for reservoirs alongside rivers, including cost and water availa-
bility (for seasonal storage) estimations.

The paper presents the data collected on topography (Shuttle Radar Topography Mission (SRTM)),
river network (Global scale River Network (GRIN)) and discharge (PCRaster GLOBal Water Balance
model (PCR-GLOBWB)) for the global assessment of SPHS, and the modelling process, which consists
of:

e Screening dam sites;

e Estimating storage capacity;

e Comparing with water availability;

e Estimating project costs of the dam, tunnel, turbine, generator, excavation and land;

e Estimating water and energy storage costs.
The database created is available on an interactive google map.
This study complements the database on potential pumped storage sites presented by ANU.

The study provides not only a source of potential open-loop PSPs, but also a methodology to assess
on a large scale both water availability and cost estimates.

3.4 PLANNING AND PROSPECTS FOR RENEWABLE POWER: EASTERN AND
SOUTHERN AFRICA (IRENA, 2021)

In this report [7], IRENA presents the assessment made on the prospects for sustainable electricity in
Africa Clean Energy Corridor (ACEC) countries up to 2040. It provides an analysis of the electricity
market of the Eastern African Power Pool (EAPP) and the Southern African Power Pool (SAPP) ; high-
lights renewable alternatives based on IRENA’s dataset; presents SPLAT Model applied to the regional
power pools plans and prospects; incorporates new potential capacity based on the development of
capital cost; and combines the power pools in a single SPLAT-ACEC model.
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The activities developed within the study include: hourly generation profiles for VRE; in-depth analysis
of the assumptions and results of the EAPP and SAPP master plans to provide guidance for future
system expansion and integrated regional market; refined data on demand, cost, resource potential and
investment options; scenarios of renewable energy development were created and modelled resulting
in targeted recommendations.

Regarding the pumped storage potential, the document presents some data on pumped storage ca-
pacity development up to 2040, based on master plans, including a list of the existing and committed
PSP.

Therefore, this document can be used to extract information on the status of renewable energy in East
and Southern Africa, development plans and solutions, analyses of the various scenarios available, as
well as providing details on pumped storage facilities.

3.5 PLANNING AND PROSPECTS FOR RENEWABLE POWER: WEST AFRICA
(IRENA, 2018)

Similarly to the previous report, this report [8] presents information on the state of the art of renewable
energy in Western Africa, development plans and solutions, and analyses of the various scenarios
available. In terms of pump storage potential, it presents a few planned pump storage plants in Cabo
Verde.

This document can be used to extract information on the status of renewable energy in Western Africa,

development plans and solutions, analyses of the various scenarios available, and storage require-
ments for the region.

3.6 APPLICABILITY OF HYDROPOWER GENERATION AND PUMPED HYDRO
ENERGY STORAGE IN THE MIDDLE EAST AND NORTH AFRICA (ALNAQBI
ET AL., 2022)

This study by Alnagbi et al. (2022) [9] presents a review on the technological feasibility of hydropower
generation and pumped storage, considering it is a function of water availability and ability to construct
an elevated reservoir. It focuses on the Middle East and North Africa (MENA) region’s capacity, past
and future developments and expansions. Cases on Ethiopia, Egypt, Sudan, Morocco, Algeria, and
Tunisia are presented.

This document can be used to extract information on the status of hydropower energy in MENA, devel-
opment plans, needs and solutions for energy storage.

3.7 POTENTIAL FOR NEW PUMPED STORAGE SCHEMES IN SOUTH AFRICA
(VAN DONGEN & BEKKER, 2020)

The study by van Dongen & Bekker (2020) [10] presents a general analysis of pumped storage with
respect to costs, services, and contribution to the grid. It then focuses on the South African context,
providing information justifying that there is a great deal of undiscovered and untapped potential in the
country. In terms of PSP potential, it provides an overview of some feasibility studies conducted in the
previous ten years. These studies can be evaluated in the process of this assignment and integrate the
projects’ database that will be developed as candidate projects.

3.8 PROMOTING PUMPED HYDROELECTRIC ENERGY STORAGE FOR SUS-
TAINABLE POWER GENERATION IN CAMEROON (NZOTCHA, 2021)

The thesis “Promoting Pumped Hydroelectric Energy Storage for Sustainable Power Generation in
Cameroon: An Assessment of Local Opportunities” by Urbain Nzotcha [11] addresses the application
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of energy storage for the integration of energy generated by different variable sources, specifically in
Cameroon through the promotion of PHES. This study established, after analysing national power sec-
tor, GIS data, environmental impact and other aspects, 21 potential sites for PHES with about 34 GWh
of energy storage potential.

This study provides not only PSP potential sites for Cameroon, but also a basis for analysing the value
and promotion of storage in a similar country's energy commitment.

10
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4 STUDIES/REPORTS ON REGULATORY AND FINANCING ISSUES

4.1 CHALLENGES AND OPPORTUNITIES FOR NEW PUMPED STORAGE DE-
VELOPMENT (NHA, UPLOADED IN 08/2017)

This document [15] is a White Paper developed by NHA’'s Pumped Storage Development Council that
provides an overview of pumped storage potential in North America. The document argues that an
essential attribute of the United States’ electric power system has to do with grid reliability - ensuring
that electric generation matches electric demand in real-time. As in any other electric power system,
the primary challenge has to do with ensuring reliability since electricity has no shelf life - it must be
generated when needed - and electricity demand continually changes, especially between daytime pe-
riods of peak demand and night-time periods of low demand. Hence the need for energy storage and
why pumped storage provides a very relevant solution for the issue.

Furthermore, the document presents the dilemma of integrating more renewable energy in the grid.
Since the energy reliability issue has been tackled by electric transmission grid operators “on a real-
time basis with a limited number of generation technologies - specifically hydropower and gas-fired
combustion turbines — that have the ability to start up quickly and/or vary their electric output as the
demand changes. However, these solutions may not be enough as we move into a world with far greater
amounts of renewable energy on the grid. In that new reality, reliable, affordable and grid-scale storage
of energy must be on the table. Fortunately, a technology exists that has been providing grid-scale
energy storage at highly affordable prices for decades: hydropower pumped storage. Indeed, for the
foreseeable future hydropower pumped storage stands alone as the only commercially proven technol-
ogy available for grid-scale energy storage”.

The document argues the following:

e “Hydropower pumped storage is the only commercially proven technology available for grid-
scale energy storage”;

e “Developing additional hydropower pumped storage, particularly in areas with recently in-
creased wind and solar capacity, would significantly improve grid reliability while reducing the
need for construction of additional fossil-fuelled generation”. Hydropower pumped storage is
“astoundingly efficient... In this future world where we want renewables to get 20%, 30%, or
50% of our electricity generation, you need pumped hydro storage. It's an incredible opportunity
and it's actually the lowest cost clean energy option.” — U.S. Energy Secretary Dr Steven Chu,
September 2009.

In this document, the NHA presents its vision regarding the future development of hydropower pumped
storage. It states that the NHA “believes that expanding deployment of hydropower pumped storage
energy storage is a proven, affordable means of supporting greater grid reliability and bringing clean
and affordable energy to more areas of the country”.

Also, the document presents a set of policy recommendations targeted at further development of hy-
dropower pumped storage for the United States, but which are high-level and have a clear rationale for
their adoption for other countries that wish to develop and integrate hydropower pumped storage:

e “Create market products that allow flexible resources to provide services that help meet electric
grid requirements, including very fast responding systems that provide critical capacity during
key energy need periods;

e Level the policy playing field for PSH with other storage technologies to encourage the devel-
opment and deployment of all energy storage technologies;

e Recognize the regional differences within the U.S. generation portfolio and the unique roles
energy storage technologies play in different regions;

e Recognize the energy security role PSH plays in the domestic electric grid;

e Establish an alternative, streamlined licensing process for low-impact PSH, such as off-channel
or closed-loop projects;

11
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e Improve integration of Federal and state agencies into the early-stage licensing processes for
PSH;

e Facilitate an energy market structure where transmission providers benefit from long-term
agreements with energy storage facility developers”.

42 POLICY AND MARKET FRAMEWORKS WORKING GROUP: AFRICA
(IFPSH, 2020)

This document [16] was developed by the IFPSH and is authored by Judith Plummer Braeckman (Uni-
versity of Cambridge Institute for Sustainability Leadership) and Jan-Louis Janse van Vuuren (REH
South Africa). The document provides an overview of African electricity markets. The document argues
that there is a crucial role for PSH in ensuring continuity of supply and in providing systems services,
although an argument can be made that many countries in Africa “are less worried about continuity of
supply as they have not yet reached full supply to all consumers and would rather pursue 100% elec-
trification than uninterrupted supply. Given the shortage of finance for infrastructure, they may not be
able to pursue both aims. Thus, PSH may not be highest on the priority list for public sector investment
in many countries in Africa. The private sector is unlikely to invest in PSH given the lack of market
mechanisms, such as time of day pricing or payment for system services, which would provide a secure
revenue stream”.

Furthermore, the document elaborates on how “in the pursuit of full electrification, countries rely on
relatively cheap wind and solar generation, then issues such as continuity of supply and grid instability
will only grow. Thus, countries may be building up a greater need for electricity storage in the future or
building in a dependency on gas to balance the grid. The cost of intermittency should not be underes-
timated (...). In this sense, some countries with reservoir storage hydropower may be able to use this
storage to balance variable renewable electricity and thus may not yet need PSH. However, the contri-
bution of variable renewable electricity across sub-Saharan Africa is currently 13 GW and is expected
to double by 2025. This compares with installed hydropower, currently 38 GW and expected to grow to
44 GW by 2025. Of course, neither the variable renewable electricity or the hydropower are evenly
distributed which may give more opportunities to develop transmission systems with mutual benefit,
and the hydropower may not have storage options of more than a few minutes if it is a run-or-river
station. Some countries such as Kenya are already considering the need for battery storage and are
planning to go out to tender for such storage. Given the cost and environmental concerns over batteries,
PSH may prove a better long-term option”.

The document also presents relevant information regarding:

e Challenges, barriers, and emerging opportunities for pumped storage development;
e Current status of pumped storage and development potential;
e Main recommendations for PSH development.

The document concludes that “PSH is a long-term investment and requires long-term planning. Each
country needs to consider the value (if any) of system services and storage over the next 10 to 15 years
and then plan for market mechanisms in the long-term to address this — Multi-lateral Development
Banks (MDBs) could assist with studies into this area for key countries. This may also involve more
regional planning and consideration of the possibility of providing system services between countries
or regions through interconnections. Given the possibilities for hydropower investment in Africa over
the next decade, it would be appropriate to consider whether there are pump storage opportunities
which could be considered in advance for incorporation into these projects. This option may not need
to be built immediately but if the hydropower plant is planned with a later addition of PSH in mind then
the opportunity can be taken up when it is needed. It would be useful to develop a strategy comparing
different technologies such as hydrogen, batteries and PSH in technical and economic feasibility as
well as sustainability — so that each country can then adjust this analysis for their own particular circum-
stances”.

12
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4.3 POLICY AND MARKET FRAMEWORKS WORKING GROUP - GLOBAL PA-
PER: PUMP IT UP, RECOMMENDATIONS FOR URGENT INVESTMENT IN
PUMPED STORAGE HYDROPOWER TO BACK THE CLEAN ENERGY
TRANSITION (IFPSH, 2021)

This document [17] was developed by the IFPSH and provides recommendations for urgent investment
in PSH to support the adoption of further renewable energy installed capacity in the energy grid.

The document highlights that “as the world relies more and more on variable sources of electricity like
solar PV and wind, the demand for energy storage will grow. Even conservative estimates of the level
of variable renewable deployment predict a ten-fold increase. To keep global warming below 1.5 de-
grees Celsius, many international organisations foresee significantly more deployment. However, vari-
able generation places new demands on grids (...).

In these circumstances, there is a role for shorter duration storage technologies such as batteries which
perform well for up to four hours - but of course weather does not always accommodate these
timeframes. Low carbon, long duration storage is, and will be, essential to maintain security of supply
and avoid wasted energy in a renewables’ dominated grid.

Historically PSH was built to take advantage of excess generation, usually at night, from relatively in-
flexible sources of baseload generation such as nuclear power and coal. However, the conditions that
supported the development of PSH are changing. Baseload resources are retiring, many energy mar-
kets are no longer dominated by vertically integrated entities, and price fluctuations are no longer easy
to model based on a simple difference between predicted day and night prices”.

Overall, the document highlights recommendations across a wide spectrum of topics related to the
development of further PSH capacity to support the deployment of more VRE, including:

e Modelling and system planning;

e Licensing and permitting;

e Electricity market design;

e Green recovery;

e Finance.
The document concludes provides interesting insights especially in terms of:

e PSH'’s place in the global energy transition, barriers and challenges to PSH development;
e Recent government led developments;
e Remuneration schemes.
Finally, the document concludes that urgent actions towards the development of PSH are needed,
namely:
e “Policymakers should assess the long-term storage needs of their future power system now, so
that the most efficient options, which may take longer to build, are not lost;

e Comparisons between energy storage and flexibility options must follow a consistent, technol-
ogy neutral approach that considers all impacts and benefits;

e Providers of essential electricity grid, storage, and flexibility services should be remunerated
for all services that they provide;

e Licensing and permitting arrangements must be timely, proportionate and take advantage of
the range of internationally recognised sustainability tools;

e Investors in long lasting assets, such as PSH, must have long-term visibility of revenues, with
risk that is shared fairly to deliver the lowest overall cost to society in the long-term;

e Existing hydropower assets and prospective sites should be assessed and mapped for their
potential to provide the most efficient long duration storage;

e Green recovery programmes should include and support PSH, and green finance mechanisms
should incentivise PSH”.
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5 STUDIES/REPORTS ON GRID CONNECTIVITY ISSUES FOR RE-
MOTE SITES

5.1 PREDICTIVE MAPPING OF THE GLOBAL POWER SYSTEM USING OPEN
DATA (ARDERNE ET AL., 2020)

This study by Arderne et al. (2020) [12] refers to the challenges related to often non-existing or unavail-
able data related to transmission/distribution electricity networks. It used algorithms in geospatial data
analysis to create maps of global power system, generating information for electricity modelling and
planning.

According to this study in many countries globally, but especially lower income, there is insufficient
information on existing and planned electricity transmission/distribution infrastructures. This information
is often outdated or incomplete. This creates issues for extending, strengthening, and modifying their
electricity networks. Another important gap is the information on electrified settlements. Combining a
night-time light imagery and global dataset on transmission networks (such as OpenStreetMaps), this
study tried to fill the gaps related to electricity distribution. It was estimated that 97% of global population
lives within 10 km of >10kV lines, and the majority that lives further are in Sub-Sharan Africa. The image
below is an adaption of the results presented in the article highlighting the disparities between low and
high electricity access countries.
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Figure 1: Predicted global low-voltage infrastructure per capita, showing the disaggregated levels of
installed low-voltage lines (Source: Arderne et al., 2020 [12])

The predictive mapping of the global power system comprises three sets of data: vectorized predicted
distribution and transmission line network, locations predicted/likely-to-be-connected to a medium-volt-
age network (targets) and predicted low-voltage infrastructure in kilometres per cell. This is valuable
information for analysing the PSPs grid integration. It will be used to assess the state of energy access
and draw suggestions for modelling scenarios.

5.2 IAFRICA - ELECTRICITY TRANSMISSION AND DISTRIBUTION GRID MAP

14
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This GIS layer is developed by the World Bank Group. It brings together all the data available on the
electricity grid of the various African countries.

It was created in 2017 but updated in 2020.
This layer provides the following information:
- the country

- the source of electricity

- the voltage of the line.
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Figure 2 : Grid database

This layer allows in our database to identify projects close to the existing network, which would limit the
costs of creating a new power line.

5.3 AUTONOMY AND ELECTRICITY NETWORKS IN AFRICA: FROM RURAL
EXPERIMENTS TO URBAN HYBRIDIZATION (SYLVY JAGLIN 2019)

This document, written by Sylvy Jaglin, is part of a larger document entitled “Les territoires de I'autono-
mie énergétique : espaces, échelles et politiques”, published by Iste Editions. [28] This book is in
bookshop however, this chapter is freely available on the internet for free

From renewable energy sources and/or fossils variously combined, three large families of decentralized
solutions are identifiable in Africa:

» Mini-grids powered by power plants, most often hybrid, provide electricity to end customers (house-
holds and craft businesses);

* Energy kiosks providing community service;

15
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« Individual systems (torches, lanterns and solar kits) for basic lighting and charging of electronic de-
vices.

It is therefore a question of understanding when and where electric autonomy is appropriate; by which
collective dyna-mics (ephemeral or durable) it is carried out; in which project it fits, as a step in a long-
term process integrating modes of coordination between centralized and decentralized access to elec-
tricity.

With more than 600 million people without access to electricity out of 1 billion people, sub-Saharan
Africa is the worst-performing region in the world in this sector. Production and distribution capacity is
very low and average per capita consumption is among the lowest in the world. (UNEP 2017)

Many projects intend to remedy this «crisis». Some are aimed at strengthening and complementing
national infrastructures by building new centralized production capacities from fossil and renewable
energies, Extension and modernization of network infrastructures to facilitate the integration of intermit-
tent energy sources. These interventions represent the bulk of the amounts to be invested for the com-
ing decades and are presented as essential to the construction of the continental infrastructural frame-
work. For a long time, this exclusive vision of electric, capital-intensive development, in line with the in-
house expertise of the major financial institutions, is, however, partly competed with another, based on
an approach that values decentralized or off-site solutions, grid, anchoring in local territories and en-
dogenous local development. Encouraged by the recognition of access to electricity as a major devel-
opment issue,10 this second approach benefits from international initiatives that increase the commit-
ment of governments and private industrial actors, and benefits from innovations and “disruptive tech-
nologies” that would now have the capacity to “unlock Africa’s energy future” (Africa Progress Panel
2017).

This document tries to establish an overview of the electricity distribution network in Africa and what is
needed to improve and develop it
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6 STUDIES/REPORTS ON TECHNOLOGICAL AND INVESTMENT
COSTS OUTLOOKS

6.1 HYDROELECTRIC POWER: A GUIDE FOR DEVELOPERS AND INVESTORS
(IFC, 2015)

Overall, this document developed by the IFC [18] provides a guide for hydropower developers and
investors. The guide is tailored to assist the various players involved in hydropower development. The
guide presents guidelines in terms of project planning, evaluation (appraisal), implementation and mon-
itoring. It builds upon the notion that hydropower has a well-established role in the various energy
sectors in various countries and that support for further development of this energy resource is very
important, especially in Africa and other developing countries. The document states that “hydropower
is a vital renewable energy resource and for many countries it is the only renewable energy that has
the potential to expand access to electricity to large populations”. Highlighting that all-in-all, hydropower
still remains underdeveloped in Africa, where less than 10% of hydropower potential has been tapped.

The document was developed to be used by IFC and World Bank clients and stakeholders planning
and implementing hydro projects, which is quite clear throughout the document. The guide is quite
complete and covers many relevant aspects of hydropower project development, emphasizing the im-
portance of interactions among technical, commercial, permitting/licensing, environmental and social,
and financing activities.

In our assessment, we believe that, overall, the document has very detailed technical sections which
can easily serve as a reference in terms of project development. On the other hand, the permitting/li-
censing and financing sections are intended more as a high-level review.

6.2 INNOVATIVE OPERATION OF PUMPED HYDROPOWER STORAGE (IRENA
2020)

This document [19] was developed in 2020 by IRENA and illustrates the need for synergies between
different innovations to create actual solutions. The document states that “solutions to drive the uptake
of solar and wind power span four broad dimensions of innovation: enabling technologies, business
models, market design and system operation. Along with the synthesis report, the project includes a
series of briefs, each covering one of 30 key innovations identified across those four dimensions”.

The document details various aspects of the operation of pumped hydropower storage, namely:

¢ Benefits: PHS ranges from “instantaneous operation to the scale of minutes and days, providing
corresponding services to the whole power system”;

e Key enabling factors: These include “i) Regulatory framework incentivising flexible operation;
ii) Digitalisation of PHS systems; iii) Retrofitting PHS facilities and iv) Public-private research,
development and demonstration (RD&D) projects”;

e A snapshot of the current situation in terms of PHS and potential future trends and develop-
ments.

As with other analysed documents, this document was developed as part of the IRENA project “Inno-
vation landscape for a renewable powered future”, which maps the relevant innovations, identifies the
synergies and formulates solutions for integrating high shares of VRE into power systems. It empha-
sizes the importance of PHS development to support the deployment of further VRE capacity in energy
systems.

This document also provides an updated overview regarding innovative ways to operate PHS that trans-
late into greater flexibility to the power sector and integrate larger shares of VRE in power systems.

The document analyses various solutions and highlights that innovative operation of PHS and its com-
plementarity with other power generating technologies offer various opportunities for VRE integration.

17



EU Global Technical Assistance Facility for Sustainable Energy

It states that “PHS represents over 10% of the total hydropower capacity worldwide and 94% of the
global installed energy storage capacity”.

The document is particularly interesting in terms of regulatory and financing issues, as it highlights the
deployment enabling key factors for PHS, which include:
e “Establishing regulatory frameworks that incentivise and remunerate the innovative operation
of PHS;
¢ Increasing digital operation of PHS systems;
e Leveraging existing infrastructure by retrofitting PHS facilities;
e Investing in public-private research, development and deployment projects”.

6.3 CAPABILITIES, COSTS AND INNOVATION WORKING GROUP : INNOVA-
TIVE PUMPED STORAGE HYDROPOWER CONFIGURATIONS AND USES
(IFPSH, 2021)

This document [20] was developed by IFPSH and focuses on new ways of configuring and using PSH.
The document presents various innovative approaches to PSH deployment. A total of 17 innovative
ways, grouped into three main categories, are detailed in the document. In summary, a technology brief;
challenges and barriers; cost-efficacy and feasibility; and potential beneficiaries are presented for the
following innovative solutions:

A. Further PSH Potential:
i Off-river Pumped Hydro Energy Storage;
ii. Geomechanical Pump Storage;
iii. Location Agnostic Pumped Storage (LAPS);
iv. Seawater Pumped Storage System;
V. Underground Pumped Hydroelectric Storage (UPHS).

B. Retrofitting and Upgrading:
i Retrofitting Existing Hydropower Reservoirs;
ii. Retrofitting PSH on Open Pit Mine;
iii. PSH Utilising Underground Mine;

iv. Double-fed Induction Machine in Hydraulic Short Circuit Operation;
V. Hydraulic Short Circuit at High Head PSH;

Vi. Pumped Storage Operating Range Extension;

Vii. Obermeyer Pump Turbine: Cost Effective PSH.

C. Hybrid Systems:
i Hybrid PSH-Battery Storage;
ii. Hybrid Renewable Modular Closed-Loop Scalable PSH System;
iii. Integrated Pumped Hydro Reverse Osmosis Clean Energy System (IPHROCES);
iv. Solar PV Hybrids;
V. Thermal Pumped-Storage Hydropower.

6.4 CAPABILITIES, COSTS AND INNOVATION WORKING GROUP : PSH CAPA-
BILITIES AND COSTS (IFPSH, 2021)

This document [21] was developed by IFPSH and presents a comparison of PSH with other energy
storage technologies, especially in terms of:
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e Response time;

e Roundtrip efficiency;

e Lifetime and number of storage cycles;
e Cost;

* Effective lifecycle costs;

e Discharge duration;

e Technological maturity and innovations;
e Scale-up potential;

e Sustainability.

The main conclusion of the document points to the fact that, “for long duration, bulk energy storage
systems, PSH offers the highest lifetime roundtrip efficiency, longest lifetime and effective reaction
times. While capital expenditures (CAPEX) for new large-scale projects can be relatively high, the unit
energy costs are among the most competitive”. With recent technology developments, “battery projects
above 100 MW are becoming viable too, as costs improve for grid-scale applications, and their modular
design allows flexibility in project location and construction, although degradation of components mean
that replacement costs have to be factored in”.
The document also presents a discussion on PSH and other flexibility options focusing on four case
studies:

e Germany: “Dunkelflaute” renewable energy drought;

e Morocco: Load management with PSH and curtailment;

e United States: PSH and new flexibility technologies;

e Australia: Retrofitting of existing hydropower and transmission expansion.
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7 STUDIES/REPORTS ON CMP AND STAKEHOLDER MAPPING

7.1 INCEPTION REPORT FOR THE 2ND PHASE OF MODELLING THE CONTI-
NENTAL MASTERPLAN (TAF, 2021)

Definition

As indicated in the report [22], “the development of the CMP will rely heavily on the partnership with the
two international energy institutions, IRENA and [the International Atomic Energy Agency] (IAEA), who
have been selected directly by the power pools through a process of applying a list of pre-defined and
endorsed criteria.

The rationale behind this selection is the complementarity between the two institutions, which brings a
different perspective to appreciate the modelling of the CMP and is in complete alignment with the
specific objectives of the assignment. While IRENA is the reference for the renewable energy and al-
ready modelled the regional African power systems, the IAEA, as an energy agency associated to the
United Nations, provides the reference tools for energy system planning and an excellent expertise in
energy technology in general.

Although two modelling partners are selected, only one single model (SPLAT) is used to develop the
CMP, which is the main energy planning model of IRENA. SPLAT uses the IAEA modelling tool (MES-
SAGE) to run (...). It is important to mention that the MESSAGE modelling tool from IAEA is a technol-
ogy-agnostic tool and is used in more than 135 countries and by 20 international agencies.

The close and direct cooperation running already many years now between IRENA and IAEA is a strong
advantage to fast forward the development of the CMP”.

Objectives of the CMP
As indicated in the report, the main objectives of the CMP are the following:

i. “Establish a harmonised and Inter-connected regional Transmission Network that will link all
the networks within each power pool to form an integrated regional network for each power pool
(intra power pool);

ii. Establish a harmonised and Integrated Continental Transmission Network that will interconnect
all the regional power pools into a unitary and continental transmission system (inter power
pool);

iii. Identify priority power generation and transmission “hard* infrastructures that are key for the
establishment and operationalisation of a Continental Power Systems network;

iv. Ensure the adoption of a Common Modelling Tool and uniform approach for the development
of one CMP and five regional Power Pools ‘Masterplans”;

v. Build the capacities of AUDA-NEPAD, AUC and the Power Pools through transfer of know-how
and on-the-job training by the selected modelling partner(s), for long term sustainability of the
harmonised Continental and Power Pool Masterplans;

vi. Ensure synchronization and alignment of inputs from Part 2 of the CMP (CMP 2) with the African
Single Electricity Market (AfSEM)”.

Energy study
This document deals with the SSS on energy efficiency.

“According to IRENA (2015) and based on PIDA! | projected electricity demand statistics which as-
sumed a 6% average annual economic growth rate for Africa for 2010-2040, it is estimated that there
will be an annual electricity consumption growth of 5.7% per year. In 2015, the installed capacity and

1 https:/iwww.afdb.org/fileadmin/uploads/afdb/Documents/Procurement/Project -related-Procurement/PIDA%20-
%?20Sector-speccific%20Terms%200f%20Reference%20for%20Energy%20Sector.pdf
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annual energy consumption in Africa was estimated at 125 GW and 600 TWh respectively. The installed
capacity is estimated to increase by 683 GW to support energy consumption in excess of 3,100 TWh
by 2040 (IRENA, 2015)", but so does the demand, as displayed in the table below.

Average Annual Access to Additional Additional Capacity
Power Pool Energy Electricity (%) Capacity Required Based on
Consumption Rate Required (MW) Masterplans (MW)®
(%)
2010 | 2040
West African Power Pool 8.9 45 67 90,000 95,700
Central African Power Pool 7.3 21 63 26,000 15,3327
Eastern Africa Power Pool 6.5 a7 68 140,000 210,000°
Maghreb Committee on 6.0 =95 | =99 298,000 Masterplan
Electricity Unavailable
Southern  African  Power 4.4 25 64 129,000 130,000
Pool
Total 5.7 683,000

Table 2: Projected electricity demand statistics (Source: TAF, 2021 [22])
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Figure 3: Evolution of electricity demand (Source: TAF, 2021 [22])

Figure 3 above gives an overview of the evolution of the electricity demand per power pool between
2020 and 2030 according to the CMP baseline study and based on the regional masterplans. As indi-
cated in the report, “electricity demand is estimated to grow from 32 to 51 TWh in CAPP, from 145 to
240 TWh in the Comité Maghrébin de I'electricité | Maghreb Electricity Committee (COMELEC), from
370 to 639 TWh in EAPP, from 288 to 434 TWh in SAPP and from 112 to 239 TWh in the West African
Power Pool (WAPP) for the period 2020 — 2030. This represents an average annual growth rate of 4.8%
in the Central African Power Pool (CAPP), 5.2% in COMELEC, 5.6% in EAPP, 4.2% in SAPP and 7.9%
in WAPP. The EAPP region is driving the continental demand in absolute terms while the highest aver-
age annual growth rate will come from WAPP region. At continental level, electricity demand is esti-
mated to growth from 947 TWh in 2020 to 1603 TWh in 2030 which is approximately 70% growth over
the period and representing an average annual growth rate of 5.4%”.

7.2 POLICY PAPER AND ROADMAP: TOWARDS A SINGLE AFRICAN ELEC-
TRICITY MARKET: ROADMAP 2040 (TAF, 2020)
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This document [23] deals with the electrification of Africa and develops around the “one grid for Africa”
project. It also outlines the next steps of the project :

a) 2020-2025: Preparation, Institutional Strengthening and Governance;
b) 2026-2030: Legal and Regulatory Development;

c) 2031-2040: Market Opening;

d) By 2040, the AfSEM could be fully functional.

The report concludes that “Africa has an enormous growth potential in the electricity sector. The AfSEM
is expected to provide an electricity sector policy and regulatory framework and to stimulate investments
in the grids by mobilising both public and private financing. Creating national, regional and continental
electricity markets and the overarching governance structure at the continental level is a complicated
endeavour, but one which would provide many benefits for all participants. The CMP for transmission
and generation would boost the AfSEM’s development. Indeed, the AfSEM could reasonably become
the largest continental electricity market in the world by 2040. The necessary steps for achieving this
are solid national transmission networks and physical interconnections with sufficient capacity, a strong
governance model and institutions, and robust information technology for the operation of transmission
systems and electricity markets”.

7.3 FINAL REPORT ON THE REVIEW OF EXISTING POWER POOL MASTER-
PLANS AND THE IDENTIFICATION OF PRIORITY GENERATION AND
TRANSMISSION PROJECTS (TAF, 2020)

This document [24] deals with the power pool masterplan, access to electricity, demand among other

topics on the electricity network. Figure 4 displays the inequalities in Africa in terms of access to elec-
tricity.
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Figure 4: Population without access to electricity by country in Africa, 2018 (Source: TAF, 2020 [24] —
extracted from IEA, Africa Energy Outlook 2019)

7.3.1 EAPP data
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Figure 5: EAPP installed generation capacity (Source: TAF, 2020 [24] — extracted from EAPP Power
Balance, 2019)
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Figure 6: Evolution of EAPP supply and peak demand balance (Source: TAF, 2020 [24])
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Country Installed Capacity | Peak Demand | Excess (+) or Shortfall
(MwW) (-} in capacity (MW)
Burundi 78 68 11
DRC 2,478 3,117
| Egypt 59,473 34,313 25,160
Ethiopia 4,202 3,022 1,180
Kenya 2,616 2,103 513
Libya 6,679 7,700
Rwanda 226 175
Sudan 4,807 4,825
Tanzania 1,549 1,947
Uganda 1,173 738 435
TOTAL (MW} 83,280 58,008

Sources: SAPP-EAPP Impact Study Final Report (October 2018); Power Balances Statement (2019).

Table 3: EAPP generation supply-demand balance (Source: TAF, 2020 [24])

.Hydro Pt-:tential Current Hydroelectric Hydroelectric Unexploited Hydro
Country Capacity (MW) Capacity (MW) Potential (MW) in
in 2030 2030
Burundi 1,761 T2 3n 1,450
Djibouti
DRC 100,101 2449 8,581 91,520
Egypt 3,716 2,800 5,200
Ethiopia 46,500 1,944 12,736 33,764
Kenya 9,000 758 923 8,077
Libya
Rwanda 548 49 426 122
South Sudan 4,947 1,555 4,100 847
Sudan
Tanzania 4,200 561 3,245 955
Uganda 4,700 871 3,361 1,339
Total 175,473 11,060 38,883 138,074 |

Table 4: Unexploited hydroelectric potential in EAPP region (Source: TAF, 2020 [24])

The above tables and graphs clearly display the inequalities in the electricity production levels in the

EAPP region.

The EAPP generation supply-demand balance table highlights countries that consume more than they
produce. However, the hydroelectric potential is still strong, as in the Democratic Republic of the Congo
(DRC), which will allow this region to meet its peak electricity demand. Egypt produces a lot in order to

export a lot of its energy.
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7.3.2 SAPP power pool region data
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Figure 7: Distribution of current SAPP electricity generation capacity (Source: TAF, 2020 [24])

Installed

SAPP Scenario Current 2025 2030 2035 2040
region
Low 55,381 61,166 67,548 74,950
Peak
Demand Base Case 49,295 60,231 71,165 84,081 99,370
(Mw) High 68,002 81,474 88,767 122,483
Low 312,830 349,696 390,885 437,881
Annual
Eneray Base Case 273,787 339,195 405,914 485,682 580,142
Demand High 461,209 552,725 671,868 530,068
(GWh)

Table 5: Forecast scenarios for SAPP region, 2025-2040 (Source: TAF, 2020 [24])

Country Utility Installed | Operating | Utilization Peak Peak Capacity
Capacity | Capacity | Factor (%) | Demand | Demand +| Excess/
Reserves | Shortfall
Angola RNT 5,236 4,425 85 2,209 2,543
Botswana BPC 928 459 49 587 675
DRC SNEL 3,026 1,589 53 1.610 1,705
Lesotho LEC 74 T0 95 150 173
Malawi ESCOM 496 330 67 316 a7r3
Mozambique | EDM/ HCB/ 2,724 2,279 84 1.850 2,128
MOTRACO
Namibia Nampower 614 389 63 695 695
South Africa | ESKOM 52,096 44,519 a5 37,769 43,434
Eswatini SEC 61 55 90 238 273
Tanzania TANESCO 1,566 1,325 85 1,117 1.283
Zambia ZESCO/ CEC/| 2,736 2,736 100 2,510 2,887
LHPC
Zimbabwe ZESA 2412 1,400 58 1,724 1,724
SAPP 71,969 59,576 83 50,775 57,893

Table 6: SAPP Supply and demand balance in MW in 2019 (Source: TAF, 2020 [24])
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Hydro Potential Current Hydroelectric Unexploited
Country (MW) Hydru_alectrlc Cap‘ar:lty {MW) | Hydro F"otamml
Capacity (MW) in 2040 (MW) in 2040

Angola 861 2,699 5,159
Botswana 1 1
DRC 100,101 2,750 13.800 86,301
Lesotho 20 T4 T4
Malawi 150 395 395
Mozambique 1,000 2,203 3,703
Namibia 108 347 347
South Africa 247 747 74T
Eswatini 16 61 61
Tanzania 4,200 561 2,657 1,543
Zambia 6,042 2,398 4,198 1,844
Zimbabwe 120 1,081 2,861
Total 112,866 13,316 34,002 89,689

Table 7: Unexploited hydroelectric potential in SAPP region (Source: TAF, 2020 [24])

In the SAPP region, South Africa carries almost all the electricity production, which allows it to have an
energy surplus, which it can sell to countries like Angola, which produces little but consumes little.

The hydroelectric potential, however, is very low. Indeed, the territory is already well occupied.

7.3.3 WAPP power pool region data
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Figure 8: WAPP installed generation capacity in 2018 and 2019 (MW) (Source: TAF, 2020 [24])
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Figure 9: WAPP supply and peak demand (MW) balance: 2020, 2025, 2030 and 2035 (Source: TAF,
2020 [24])
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2018 | 2019 2018 | 2019 2018 | 2019 | 2018 | 2019
. . . Peak Demand Excess H? or
Country Installed Capacity | Effective Operating (MW) Shortfall () in ca-
(Mw) Capacity (MW) M
Benin 280 280 144 144 278
Togo 156 156 121 121 253
Burkina Faso 347 405 246 323 318
GCiite d'lvoire 2199 2,229 1.922 2013 1,420
Ghana 4,989 4,861 3,272 3,523 2,225
Mali 433 453 285 300 568
Niger 255 271 148 148 304
Nigeria 12,910 12,910 8,271 6,706 8,250
Senegal 987 1,291 773 882 656 721 "7 161
SOGEM* 260 260 265 238 0.00 0.00
Guinea 614 621 526 528 421 450
Guinea Bissau 15 15 15 15 78 84
The Gambia a8 a8 &7 67 106 114
Liberia 23 23 23 23 i 123
Sierra Leone 93 a3 a3 a3 362 378
TOTAL (MW) 23,660 23,965 16,159 15,120 15,348 16,920

Table 8: WAPP generation supply-demand balance (MW) in 2018 and 2019 (Source: TAF, 2020 [24])

Hydro Potential Current Hydroelectric Unexploited
Country (MW) Hydroelectric Capacity (MW) | Hydro Potential
Capacity (MW) in 2035 (MW} in 2035
Senegal 1.200 434 766
Gambia 12 12
Guinea Bissau 184 184
Guinea 188 352 1,657
Sierra Leone 1.513 15 248 1,265
Liberia 23659 1,073 1,282.9
Mali 1,267 313 EXE] 954
|"Ivory Coast | 1,940.7 887 1,737 I 203.7
Ghana 3,725 1,088 1,086 2,639
Togo 144 65 138 [
| Benin | 187 0.5 74 [ 64
Burkina Faso 38 32 32 6
Niger
Nigeria 14,855 1,396 5,146 9,708
Total 27,629.6 4,146.5 11,938 16,831.6

Table 9: Unexploited hydroelectric potential in WAPP region (Source: TAF, 2020 [24])

The majority of the countries in this region are weak in terms of electricity production. In 2019, the region
lacked about 1,800MW of power. Peak season 2035 is forecast to be about 20,000 MW short. Nigeria
has 12,910 MW of installed capacity, but only half of it is working. While peak demand is not decreasing,
the country is therefore turning into an energy deficit country.

7.3.4 CAPP power pool region data
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Figure 10: CAPP electricity generation capacity per country in 2018 (Source: TAF, 2020 [24])

H-ydro Pom- ntial Current Hydrc;elsctric Unexploited
Country (MW) Hydroelectric Capacity (MW) | Hydro Potential
Capacity (MW) in 2040 (MW) in 2040

Angola 861 2,699 5,158
Burundi 1,761 48 287 1,474
Cameroon 23,615 732 T.670 15,747
Central African Rep. 41 19 411
Congo 50 214 1,714
Gabon i} 330 2147
Equatorial Guinea 7 127 1,565
DRC 100,101 2,750 13,800 86,301
Sao Tomé & Principe 2 13.5
Chad 1 1
Rwanda 548 99 910
Total | 126,990 7,021 33,877.5 103,522

Table 10: Unexploited hydroelectric in CAPP region (Source: TAF, 2020 [24])

7.3.5 COMELEC power pool region data
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Figure 11: COMELEC energy supply and demand (TWh) balance (Source: TAF, 2020 [24])

For the COMELEC region, the available data do not allow a thorough analysis of the state of the overall
electricity grid. However, we it can be observed that the demand for energy does not exceed the amount
of energy generated, because countries like Algeria or Libya produce more than they consume.

7.4 FINAL MODELLING REPORT - SUPPORT TO THE DEVELOPMENT OF A

CONTINENTAL POWER SYSTEM (TRANSMISSION-GENERATION) MAS-
TER PLAN (TAF, 2020)
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This document [25] deals with the scope of work of the CMP. There is no particular information dealing
with pumping storage.
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8 OTHER RELEVANT STUDIES/REPORTS TO ANALYSE OPPOR-
TUNITIES AND BARRIERS

8.1 SUSTAINABILITY WORKING GROUP: WORKING PAPER ON SUSTAINA-
BILITY OF PUMPED STORAGE HYDROPOWER (IFPSH, 2021)

This report [13] was produced in the scope of IFPSH in September 2021. Through different stakehold-
ers’ contributions it intended to provide deeper understanding of PSH sustainability and its future role
in clean energy.

The report provides:

* Information on three major levels of developing sustainable PSH;

e An overview of guidelines, tools (such as multi-criteria and economic analysis), initiatives and
methods that may be applied in the levels of developing sustainable PSH assessment;

e Tools across five PSH project stages;

e Studies demonstrating the application of tools, guidelines and methods on sustainability as-
sessment and optimisation of PSP projects.

Overall, the document emphasises the value of PSP to meet net zero carbon of power systems, pre-
sents a structure to assess the sustainability of PSP, provides understanding and addresses sustaina-
bility issues and challenges, and presents the sustainability assessment tools capabilities and applica-
tions.

This report is useful to base an argument on the appropriateness of the use of PSP technology. It
makes it possible to link the different technologies of energy storage. For example, this report shows
that the PSP is very good at storing a lot of energy but that it is not the most reactive technology. It is
therefore necessary to adapt the method of storage with the need. However, the response times might
be slower than those of others.

Type of enargy Li-Ton Battery  Lead Acid  Vanadium RF Hydrogen

Comparison storage Storage (LFP) Battery Storage Battery with fuel cells
matrics 1000 MW £ 10he 100 MW / 10hr 100 MW [ 10br 100 MW [ 10br 1000 MW / 106 100 MW / 10hr

=% Technical readiness level (TRL) 9 9 9 7 7 &

‘E % Inertia for grid resilience Mechanical Synthetic Synthetic Synthetic Mechanical no refarence

'§ 5_ Reactive power control Yes Yas Yas Yes Yas Yes

= Black start capability Yes Yes Yes s Yes Yes

g Round trip efficency (%*) 0% 867 79% 6% 52% 35%

B[ e e Ty 65.,120/80..360 1.4 1.4 1.4 600 / 240 <1

E 2 Number of storage cydes (%) 13,870 2,000 739 5,201 10,403 10.403

d Calendar lifetime (yrs*) 40 10 12 15 30 30

Table 11 : Comparison between different energy storage technologies that may meet the specified
flexibility and storage requirements, e.g. PSH, batteries, CAES, etc. (Source: IFPSH, 2021 [13])

9 ENVIRONNEMENTAL STUDIES/REPORTS

9.1 WDPA_WDOECM_JUL2022_PUBLIC_AF_SHP

The Global Database on Protected Areas (WDPA)[27] is the only global database on protected areas,
and is the basis for Protected Planet. Protected Planet® is a joint product of the UN Environment Pro-
gramme and IUCN, managed by UNEP-WCMC and IUCN in collaboration with governments, commu-
nities and collaborating partners. The WDPA can be accessed and downloaded from www.protect-
edplanet.net, where it is integrated with other relevant information.
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The WDPA is compiled in collaboration with many governmental and non-governmental organizations
that submit protected areas data to the UNEP-WCMC. These collaborators are referred to in this doc-
ument as data providers. To be included in the database, data submitted by data providers must meet
specific standards. The WDPA also has a wide range of users including researchers, governments and
private sector organisations, Including NGOs and international institutions Another key use of the
WDPA is to provide indicators on internationally agreed targets. In 2010, countries around the world
agreed to the Convention on Biological Diversity (CBD) Strategic Plan 2011-2020 to end biodiversity
loss and ensure the sustainable use of natural resources (CBD 2010). The plan includes 20 Aichi bio-
diversity targets to be achieved by 2020, and recognizes the central role of protected areas in achieving
biodiversity conservation goals.

Figure 12 : WDPA database in May 2019

The WDPA accepts data on protected areas as defined by IUCN and CBD. There is agreement between
the CBD Secretariat and IUCN that both definitions have the same meaning.

IUCN definition:

“A protected area is a geographic area that is clearly defined, recognized, dedicated and managed by
any effective means, legal or otherwise, to ensure the long-term conservation of nature and the asso-
ciated ecosystem services and cultural values.” (Dudley 2008)

CBD definition:

“A geographically defined area that is designated or regulated and managed to achieve specific con-
servation objectives” (Article 2 of the Convention on Biological Diversity).

In Africa 8791 protected areas are identified on this database out of a total of 58 countries. This covers
about 14.15% of the land (non-marine) continent which represents 4,251,801 km2.

These statistics might differ from those reported officially by countries due to difference in methodolo-
gies and datasets used to assess protected area coverage and differences in the base maps used to
measure terrestrial and marine area of a country or territory.
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Figure 13 : Map of protected areas in Africa

9.2 A COMPARISON OF THE ENVIRONMENTAL EFFECTS OF OPEN-LOOP
AND CLOSED-LOOP PUMPED STORAGE HYDROPOWER

This work was authored by the Pacific Northwest National Laboratory (PNNL), operated by Battelle and
supported by the HydroWIRES Initiative of the U.S. Department of Energy (DOE) Water Power Tech-
nologies Office (WPTO), under award or contract number DE-AC05-76RL01830.

It is published on the Internet under this link: https://www.energy.gov/sites/prod/files/2020/04/f73/com-
parison-of-environmental-effects-open-loop-closed-loop-psh-1.pdf

There are two types of pumped storage hydro-electric power station, loop or green, which is connected
continuously to a naturally flowing water source, or loop-type plants, which are not connected continu-
ously to a naturally flowing source.

This report [26] is based on power plants in the United States, which has mostly open-loop power plants.
It was written by HydroWires which is supported by the U.S department of energy in April 2020.

This report compares the potential environmental effects of the construction and operation of open-loop
and closed-loop power plants, and describes how effects are avoided, reduced or mitigated in existing
projects.

The conclusions of the report are that the environmental effects of closed-loop projects are generally
more localized and of shorter duration than open-loop projects. This is due in particular to the fact that
closed-loop projects are located off-stream, which reduces costs on aquatic and terrestrial environ-
ments, whereas open-loop projects offer greater flexibility in installation.
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In particular, impacts on aquatic resources are generally lower for closed-loop projects than for open-
loop projects, as closed-loop projects are not continuously linked to a naturally flowing body of water.
This helps to avoid the sluggishness of the water between the reservoir and the freely flowing water,
which causes many impacts of open-loop projects. For closed-loop projects, impacts on aquatic re-
sources are primarily related to the initial removal of surface water for reservoir fill, which could reduce
the availability of surface water for other uses.

The various points studied are as follows:
Aquatic Resources:

* Quality and quantity of surface water. The impacts of the construction and operation of the hubs are
mainly related to the initial removal of surface water for filling the networks and the movement of water
between and within the project’s water bodies, whether lakes, natural constructed rivers or reservoirs.

» Groundwater quality and quantity. For projects that use groundwater as a source to initially fill their
reservoir and to replace evaporation and infiltration losses (typically closed-loop), there is potential for
impacts on groundwater quality and quantity.

 Aquatic ecology. The impacts of the construction and operation of a power plant on peas and other
aquatic ecosystems are mainly related to the construction of dams (for open-loop projects), the initial
removal of surface water for the filling of re flows reservoirs, and the movement of water between and
within project water bodies, especially lakes or rivers that flow naturally. Potentially affected land re-
sources include:

Land resources:

» Geology and soils. As with any major infrastructure project, the construction of PSH has impacts on
geology and soils, as the project reservoirs and related facilities require large-scale excavation and
tunnel digging. Project operations may also impact geology and soils due to erosion of reservoir banks.

* Terrestrial Ecology. Construction may impact terrestrial ecology as reservoirs for the project and As-
sociated facilities require clearing and/or flooding of large terrestrial areas that provide wildlife habitat.

* Land use, recreation, visual and cultural resources. Construction requires clearing and/or flooding of
large land areas, particularly for project reservoirs. Allocating large areas to the development of the
HSP may have implications for existing and planned land uses, recreation, visual resources or cultural
resources on and around the project site.

The report does not compare open-loop and closed-loop PSH projects in terms of potential greenhouse
gas (GHG) emissions or emissions reductions.]

10 MISSING INFORMATION

Although an extensive search for studies and reports was made within the available resources, some
information was missing, incomplete or not detailed. In the next phases, efforts will be made to comple-
ment these, or different approaches will be proposed to fill these gaps.

Hydro reservoir and pumped storage potential

A considerable amount of information is available regarding the untapped PSP potential. However,
when it comes to gathering information specifically on committed and candidate projects, the sources
of information are more reduced and/or not detailed. There is a lack of information on the characteristics
of these projects, such as, name, location, potential and capacity profile. The lower availability of studies
on pumped storage in Africa might be linked to problems associated with lack of energy/infrastructure
and energy pricing (peak/base). In general, there is less discussion about PSP in developing countries,
as demonstrated by Ali et al. (2021) [14] when comparing developed and developing countries drivers
and barriers to the deployment of pumped hydro energy storage. In developing countries, the barriers
are mostly techno-environmental, such as lack of infrastructure, and when it comes to socio-economic
barriers, project investment is the major barrier.
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To address this issue, the databases found on PSP in the African Continent were complemented and
will continue to be complemented by online news and articles and documents found on individual project

studies.

Additional information must be added to identify possible projects and make a classification upon sev-
eral parameters (technical, financial, environmental feasibility), such as:

Streams average discharge;

Existing / planned protected areas (exclusion of construction);

Existing lakes and ponds;

Existing / planned renewable energy production projects (wind, solar, etc.);
Existing / planned electricity transport grids.
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