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ABSTRACT

The transition to renewable energy is crucial for addressing Africa’s rising energy demand while fostering sus-
tainable development. With abundant renewable resources such as solar, wind, hydropower, and biomass, Africa
is uniquely positioned to play a key role in the global low carbon energy transition. This study investigates the
role of renewable energy in supporting Africa’s Nationally Determined Contributions (NDCs) and its alignment
with the Paris Agreement’s climate goals. Using a combination of empirical methodologies, including market
analysis and cost-benefit evaluations, we assess the potential of renewable energy to reduce greenhouse gas
emissions, alleviate energy poverty, and promote economic growth. Our findings show that harnessing just 25 %
of Africa’s renewable energy potential could significantly reduce energy poverty, contributing to a sustainable,
low-carbon future. Furthermore, we highlights the declining costs of renewable energy technologies, driven by
innovation, economies of scale, and market dynamics, making renewable energy increasingly competitive with
traditional energy sources. This has led to lower consumer energy prices, improved market attractiveness, and
enhanced profitability for renewable energy investments. By examining the socio-economic impacts of renewable
energy adoption, the study provides key insights into the market dynamics, investment potential, and policy
implications for accelerating Africa’s renewable energy transition. Our findings suggest that targeted investments
in renewable energy could drive a just transition, improve energy access, and foster long-term socio-economic
development across the continent.

1. Introduction

Yet, this region remains home to the majority of the global population
without access to electricity, with an expected population of 2.5 billion

Despite possessing immense untapped energy potential in both fossil
fuels and renewable resources, Africa grapples with limited electricity
generation capacity and inadequate infrastructure, creating a critical
paradox in its journey toward sustainable energy [1]. This paradox
underlies the region’s social and economic challenges, where an unre-
liable electricity supply impedes development. As of 2022, Africa’s total
primary energy consumption stood at 20.26 Exajoules, with
Sub-Saharan Africa poised to contribute significantly to this consump-
tion due to rising living standards and decreasing energy poverty [2].

people by 2050, of which 80 % would be in Sub-Saharan Africa.
Increased access to renewable energy sources can promote economic
growth, job creation, and environmental management [3]. The Inter-
national Energy Agency estimates a 4 % increase in the number of
people without modern energy sources between 2019 and 2021 in
Sub-Saharan Africa. This highlights the urgent need for a strategic shift
in energy policy, particularly towards renewable sources like solar,
wind, hydropower, biomass, and geothermal energy [4].

Almost eight out of ten individuals lacking access to electricity
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worldwide reside in Africa [6], and if the status quo remains unchanged,
595 million Africans will remain without access to electricity by 2030
[7]. The World Health Organization (WHO) reported that approximately
15 % of healthcare facilities in the sub-Saharan Africa (SSA) region lack
access to power supply [8]. Fig. 1 illustrates that Africa is one of the least
electrified continents in the world, with over 500 million people living
without access to electricity [5]. To effectively tackle these challenges, it
is imperative to invest in the energy sector in Africa. Africa will require
an annual energy expenditure of roughly $25 billion by 2030 to carry
out the aforementioned energy improvements, according to estimates
provided by the IEA [9]. This cost is a modest fraction of the global
energy investment pool, equivalent to the capital cost of constructing a
singular large-scale Liquefied Natural Gas (LNG) terminal.

Africa still has a lot of untapped energy potential, both in terms of
fossil fuels and renewable energy sources and there is potential to in-
crease both foreign investment and revenue from the export of fossil
fuels, especially natural gas [10]. Likewise, Africa has optimal renew-
able energy resources like hydropower, geothermal, wind, and solar
energy. Despite this fact, only 1.7 % of global solar capacity is deployed
[11], which makes it even more crucial to prioritize sustainable energy
production in plans for industrialization and economic expansion [12].
This requires more investment and financing to ensure that more people
have access to energy in vital areas like health care and education [13].
Rehabilitation-related initiatives and funding should be used to accel-
erate the larger shift towards green energy as a crucial component for
building a strong society. Renewable energy sources such as solar, wind,
hydropower, biomass, and geoelectric are becoming more popular due
to the continent’s enormous potential and the need to address
energy-related issues, electrify remote areas, slow down climate change,
and improve energy availability [14]. According to World Health Or-
ganization (WHO), one-third of the world’s population (2.4 billion
people), is estimated to rely on fossil fuels like coal and natural gas for
heating and cooking [15]. Approximately 3.2 million premature fatal-
ities are reported yearly because of air pollution, primarily attributed to
the use of inefficient stoves in areas lacking adequate ventilation [16].

The literature on renewable energy in Africa reveals a complex
interplay of challenges and opportunities that are critical for sustainable
energy development in the region. Oyewo et al. [17] propose a rationale
and recommendation for Africa to achieve highly renewable energy
systems, emphasizing the need for periodic optimization based on
technological advancements and cost assumptions. This aligns with the
findings of Ekechukwu et al. [18]. Who discusses the multifaceted
challenges and opportunities in achieving universal electricity access,
underscoring the necessity for integrated approaches for oil and gas
sector operations. Recent works have further emphasized the critical
importance of renewable energy in addressing the contemporary energy
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crisis and achieving social, environmental, and economic sustainability.
For example, Farghali M. et al. [19] outlined strategies for mitigating
energy poverty through energy-saving measures in their work. Simi-
larly, they discussed the socio-economic impacts of integrating renew-
able energy into the electricity sector in another study [20]. This is
particularly relevant as Africa grapples with rising energy demands
driven by population growth and urbanization, which necessitate a shift
towards sustainable energy solutions [20]. The potential for renewable
energy to drive economic growth is also evident in Kumba’s review [21],
which asserted that renewable energy is a significant driver of economic
development, particularly in Eastern and Central Africa. The exploration
of hydrogen as a renewable energy source presents new opportunities
for Africa. Saleh [22], discussed the continent’s potential to develop a
robust clean hydrogen industry, which could not only enhance energy
security but also create millions of jobs by 2030. This aligns with the
findings of Ayorinde [23], who emphasized the importance of climate
finance strategies in supporting renewable energy projects across Africa,
thus facilitating the transition to a low-carbon economy. Despite these
advancements, significant gaps remain in the literature regarding Afri-
ca’s role in achieving the targets set by the Paris Agreement and NDCs.
The integration of renewable energy into existing energy systems poses
challenges related to intermittency and grid stability, as noted by Chi-
dolue et al. [24]. Additionally, the need for supportive policies that
encourage private investment in renewable energy is critical, as high-
lighted by Ngcobo R. and Wet M. [25], who argued for the development
of non-punitive policies to foster financial support for renewable energy
projects in South Africa.

While existing studies have focused on various aspects of renewable
energy in Africa, such as investment opportunities, challenges to uni-
versal energy access, and pathways to carbon reduction, significant gaps
exist in literature. Specifically, there are limited research studies on the
role of renewable energy in helping African countries meet their NDCs
and net-zero goals under the Paris Agreement. Much of literature fails to
explore the intersection of renewable energy development with Africa’s
unique socio-economic context, such as energy poverty alleviation, job
creation, and regional economic development. These gaps are critical, as
understanding the broader socio-economic impacts of renewable energy
adoption in the context of Africa’s energy challenges is crucial for
creating sustainable energy policies. This study seeks to address these
gaps by providing a comprehensive analysis of how Africa can leverage
its renewable energy resources to meet both climate goals and sustain-
able development objectives.

This study contributes significantly to the literature on renewable
energy in Africa by offering a comprehensive approach that integrates
technical, socio-economic, and policy perspectives on renewable energy
adoption. Unlike earlier studies that tend to emphasize the technical or
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financial dimensions, this paper provides a broader view of how Africa’s
renewable resources, can serve not only to achieve climate targets but
also to foster economic growth, create jobs, and improve living stan-
dards in rural and underserved areas. By highlighting renewable ener-
gy’s role in meeting Africa’s Paris Agreement obligations and NDCs, the
study underscores how these resources can alleviate energy poverty
while advancing broader development objectives, including poverty
reduction, health improvement, and climate change mitigation. The
paper’s novelty lies in its synthesis of these dimensions, offering new
insights into renewable energy’s potential within Africa’s energy tran-
sition, beyond merely reducing emissions.

Another key contribution is our focus on policy and investment
strategies. We provide actionable recommendations for governments,
international bodies, and private investors, emphasizing the importance
of international support, private sector involvement, and strategic
public-private partnerships in accelerating renewable energy adoption
across the continent. This study identifies key barriers, such as financing
gaps, technical capacity constraints, and policy challenges; and proposes
practical solutions to address these issues. We focus primarily on Sub-
Saharan Africa, home to the majority of the continent’s energy-poor
population. While this offers valuable insights into the region’s energy
challenges, it also limits the scope by concentrating on solar, wind,
hydropower, and biomass, excluding other potentially important re-
sources like geothermal and tidal energy. This narrower focus may affect
the generalizability of some of the findings.

By combining empirical techniques such as data analysis, market
research, and policy reviews, this study offers a well-rounded assess-
ment of renewable energy’s potential in Africa. This mixed-methods
approach integrates both quantitative analyses, like energy consump-
tion statistics and resource potential evaluations, and qualitative in-
sights, such as policy reviews and case studies from leading nations like
South Africa and Kenya. This balanced methodology provides a nuanced
understanding of how renewable energy can reshape Africa’s energy
landscape and drive socio-economic development. Data for this research
are drawn from reputable sources, renewable energy development re-
ports, and case studies from key African countries, ensuring both the
relevance and accuracy of the findings. We emphasize the need for clear
and supportive policies, increased financing, and enhanced regional
cooperation to address the barriers hindering renewable energy
development.

The subsequent sections of this paper are organized as follows:
Section 2 provides an in-depth analysis of the current state of renewable
energy in Africa, including key resources and major projects. Section 3
evaluates the trends and trajectory of renewable energy investments and
demand across the continent. Section 4 examines the rationale for the
adoption and implementation of sustainable energy sources in Africa,
considering economic, social, and environmental factors. Section 5
outlines actionable recommendations to promote the development and
scalability of renewable energy technologies in both urban and rural
contexts. Finally, Section 6 concludes the study by summarizing key
findings, identifying limitations, and proposing areas for future research
to enhance Africa’s renewable energy landscape.

2. The current landscape of renewable energy in Africa

While the adoption of renewable energy is increasing, with wind and
solar growing at the fastest rates (currently 8 % of generation), fossil
fuels still dominate 71 % of the energy supply [26]. This slow transition
may hinder decarbonization goals and limit the widespread availability
of renewable energy. Harnessing these resources has the potential to
drive economic growth and mitigate environmental impacts from fossil
fuel use [27,28]. Table 1 highlights key African nations, their energy
sources, and future energy capacity.
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Table 1
Summary of studies on African Countries’ renewable energy sources, and its
potential renewable energy capacity.

Reference Technology Country Capacity (MW)
Saifaddin Galal [29] Solar Algeria 22000
A. Laaroussi et al., [30] Solar South Africa 8400
N. E. Benti et al., [31] Hydropower Ethiopia 4330
N. E. Benti et al., [32] Biomass Ethiopia 3810
S. Elbarbary et al., [33] Geothermal Kenya 3300
Natalie Cowling [34] Wind South Africa 3103
Andritz [35] Hydropower Mozambique 2185
Remeredzai et al., [30] Solar Morocco 2000
Saifaddin Galal [36] Wind Egypt 1643
Relief Web [44] Wind Morocco 1556
Min. of Energy Dev [37]. Hydropower Kenya 800
Mordor Intelligence [38] Solar Ghana 500
State Dept. Energy [39] Biomass Kenya 493
ITA [40] Wind Kenya 436
Carlo Cariaga [41] Geothermal Tanzania 200
Int. Trade Admin [42] Solar Kenya 172

2.1. Solar energy

Due to Africa’s advantageous location and climate, the continent has
an abundant and easily accessible solar energy resource [43]. This
unique advantage allows for the widespread deployment of solar panels
and solar water heaters to generate electricity and provide hot water for
residential and industrial applications [44,45]. For instance, South Af-
rica can generate 42,243 TWh of solar photovoltaic electricity and 43,
275 TWh of concentrated solar power per year [46]. In most of South
Africa, where solar radiation averages 220 W/m?, over 2500 h of sun-
shine are available annually. According to the German Aerospace
Centre, solar farm spanning just 0.3 % of North Africa, could meet all of
Europe’s electrical needs, which is twice the current Africa’s energy
demand [47].

As shown in Fig. 2, solar energy shows remarkable growth, partic-
ularly solar PV, which began at approximately 0.5 GW in 2015, climbing
to 20 GW by 2025. This demonstrates Africa’s heavy reliance on solar PV
as the centrepiece of its renewable energy strategy. Meanwhile, solar
thermal capacity grew at a slower but steady pace, starting near zero in
2015 and reaching 5 GW by 2025, indicating a growing interest in
diversifying solar technologies. South Africa emerges as the dominant
contributor to solar capacity in Africa, followed by Egypt and Morocco,
which also have significant investments in solar projects. Other coun-
tries, including Ethiopia, Tunisia, Algeria, DR Congo, and Kenya, show
smaller but gradually increasing contributions, signifying a broader
adoption of solar energy across the continent. This highlights solar PV as
the leading renewable energy source driving Africa’s energy transition
[48].

Table 2 highlights that Africa’s northern and southern advantageous
location within the Sunbelt region contributes to its abundant solar
energy resources. Egypt and South Africa exhibit the highest photovol-
taic power output, ranging from 4.76 to 5.74 kWh/kWp and 4.00-5.66
kWh/kWp, respectively. Direct normal irradiation, critical for solar
thermal systems, is highest in South Africa (4.19-8.50 kWh/mz) and
Egypt (5.25-7.85 kWh/m?), indicating strong solar energy generation
potential across these regions [50].

Table 3 presents Africa’s top ten largest solar power projects high-
lighting the leading contributions from South Africa, Egypt, and
Morocco.

2.2. Wind energy

The development of wind energy in Africa is promising due to the
continent’s extensive coastlines and elevated topographies, which pro-
vide favourable conditions for wind power systems. Countries such as
South Africa, Egypt, and Kenya have taken the lead in harnessing wind
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Solar and Wind Capacity by Country (2015-2025)
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Fig. 2. Solar and Wind capacity growth in specific African countries [49,49].

Table 2
Photovoltaic Power and direct normal irradiance per day [50].
Algeria Egypt Libya Morocco South
Africa
Photovoltaic 4.19-5.50 4.76 4.76 4.33-5.54 4.00-5.66
Power -5.74 -5.57
Output
(kWh/kWp)
Direct Normal 4.41-6.97 5.25-7.85 5.31-6.82 4.52-7.20 4.19-8.50
Irradiation
(kWh/m2)
Table 3
Africa’s ten largest solar power projects [45].
S/N Country Project Name Capacity (MW)
1 Egypt Benban solar complex 1.8 GW
2 Morocco Noor Ouarzazate Solar complex 580 MW
3 South Africa De Aar photovoltaic solar plant 175 MW
4 South Africa Xina Solar One 100 MW
5 South Africa KaXu Solar One project 100 MW
6 South Africa Kathu Solar Park 100 MW
7 South Africa Ilanga Solar Power 100 MW
8 South Africa Jasper Solar Power Project 96 MW
9 South Africa Lesedi Solar PV project 80.51 MW
10 South Africa Kalbult solar PV plant 75 MW

country’s prominence in the African wind power landscape. Considering
the potential for offshore wind energy, the study by Rae and Erfort [59]
show the offshore wind energy production potential in the Southwestern
African region, particularly Namibia and west of South Africa, indi-
cating the possibility of major offshore wind power projects in the re-
gion. In addition, the study by Sawadogo et al. [60] emphasized the
importance of renewable energy, including wind energy, for the devel-
opment of African countries, indicating a growing focus on renewable
energy projects in the region. This suggests that while onshore wind
energy potential may be limited in certain African regions, offshore
wind power presents a viable alternative for harnessing wind energy.

As depicted in Fig. 2, an upward trajectory for wind energy, with
onshore wind dominating the capacity outlook across Africa. Starting at
approximately 1 GW in 2015, onshore wind steadily rises to about 20
GW by 2025, reflecting significant investments in this renewable energy
source. In contrast, offshore wind was almost zero until 2019, after
which it began to grow gradually, reaching about 2.5 GW by 2025. This
indicates that offshore wind projects are less prominent in this region
compared to onshore wind, due to higher costs, technological con-
straints, and infrastructure challenges. The wind capacity growth is
primarily driven by countries like South Africa and Egypt, with South
Africa maintaining its position as the leader in onshore wind develop-
ment throughout the period [48]. Table 4 highlights Africa’s top ten
largest wind power installations, showcasing their capacities, locations,
and current status.

energy potential along their coastlines [51]. However, it is important to
note that Africa’s wind energy potential is not as high as that of Europe
[52] and other regions with higher wind energy potential such as Ice-
land, Lithuania, Germany, and Turkey [53,54]. The study by Zeng et al.
[551, highlighted the distribution of wind power capacity in various
countries, emphasizing the potential for significant wind power projects
in Africa. Furthermore, the study by Adeyeye et al. [56], emphasized the
challenges of utilizing wind energy in Africa due to the prevalent low
wind speeds, especially in sub-Saharan Africa. This suggests that wind
power projects in Africa may face unique technical and operational
considerations. Moreover, the research by Pullinger et al. [57]. provided
insights into the young but growing wind industry in South Africa,
indicating the increasing focus on wind energy projects in the region.
The study by Umoh and Lemon [58], highlights the substantial growth
of wind installed capacity in South Africa, further underlining the

Table 4

Africa’s ten largest wind power installations [61].

S/ Country Project Name Capacity Status

N

1 Kenya Lake Turkana Wind Farm 310 MW Completed

2 Morocco Tarfaya Wind Farm 301 MW Completed

3 Egypt Ras Ghareb 262.5 MW Completed

4 Egypt Lekela Power 250 MW Planned

5 Ethiopia Adama I & II Wind Farm 204 MW Completed

6 Morocco Akhfenir Wind Farm 200 MW Completed

7 Senegal Taiba N’Diaye wind farm 158 MW Completed

8 South Khobab & Loeriesfontein 2 140 MW/ Completed
Africa Wind Farms farm

9 South Kangnas Wind Farm 140 MW Completed
Africa

10 Mauritania Boulenouar Wind Farm 102 MW Planned
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2.3. Hydropower

Africa’s extensive coastlines and elevated landscapes contribute to
an annual average flow of 17.7 m®/s, making the region highly condu-
cive for the utilization of hydropower, a renewable energy source that
has been harnessed for decades [62]. Hydropower currently constitutes
around 17 % of electricity generation in Africa, with several countries,
including the Democratic Republic of the Congo, Ethiopia, Malawi,
Mozambique, Uganda, and Zambia, relying on it for over 80 % of their
electricity needs [63]. Africa’s hydroelectric capacity is substantial, with
landmark projects such as the Grand Inga Dam projected to add 6,450
MW of capacity, making it one of the most ambitious renewable energy
undertakings on the continent [56]. By 2040, hydropower’s contribu-
tion is expected to rise to 23 %, playing a pivotal role in the transition to
sustainable energy [49].

However, while hydropower offers clean energy, it comes with
notable environmental and social trade-offs that require careful
consideration. The construction of large dams often leads to the
displacement of communities, as seen in projects like the Gibe III Dam in
Ethiopia, where thousands of residents were relocated. Furthermore,
hydropower projects can significantly impact biodiversity, as river
ecosystems are altered, fish populations disrupted, and wetlands floo-
ded. For example, the Aswan High Dam in Egypt has affected sediment
flow, altering agricultural productivity downstream. Climate change
further complicates these dynamics, as shifting rainfall patterns and
prolonged droughts threaten the reliability of hydropower plants,
especially in regions with seasonal water flow variability.

As shown in Fig. 3, the aging infrastructure of many African hydro-
power facilities, coupled with climatic stressors, is projected to reduce
the capacity factor of plants by an estimated 3 percentage points be-
tween 2060 and 2099, compared to the baseline period of 2010-2019
[49]. This decline poses a critical challenge for countries heavily
dependent on hydropower, necessitating the need for investments in
modernization and diversification of energy sources. A balanced
approach, incorporating integrated water resource management, equi-
table resettlement policies, and biodiversity conservation measures, is
crucial to ensuring that hydropower remains a sustainable and socially
responsible energy solution for Africa [64].

2.4. Biomass and bioenergy

Biofuels like green diesel, biogas, biodiesel, and ethanol made from
wood fuel, charcoal, timber pellets, crops, forestry residue, and indus-
trial and municipal waste continue to be the most commonly used en-
ergy sources in Africa [65]. Even if there are not many huge-scale biogas
facilities in Africa yet, there is still a lot of untapped potential [66].
Tumwesige et al. [64,67] emphasized the significant potential of biogas
utilization in rural regions of Sub-Saharan Africa. Africa possesses a
forest cover of 650 million hectares, constituting approximately 17 % of
the global land surface. The geographical extent of the covered area is
one-fifth of the continent [68]. However, it is important to note that the

The Hydropower Relative Capacity
Compared to Baseline.

100
98.6

97.1

2010-2019 2020-2059 2060-2099

Fig. 3. Hydroelectric Capacity Factor Trends in African Plants (2010-2019 vs.
2020-2099) [49].
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dissemination of this particular resource is characterized by an uneven
pattern. Several African nations, including Kenya, Zimbabwe, South
Africa, Tanzania, Ghana, and Ethiopia, have adopted the utilization of
biomass products as an alternative source of energy, with forest biomass,
leftovers, and various other forms of waste resources [69].

According to Dasappa [71], African forests provide an average of
0.85 ha per person in terms of forest area. Around 1 % of the its landmass
is classified as forest, although tropical rainforests constitute approxi-
mately 25 % of global forested regions. In light of the limited availability
of up-to-date information, this study presented forest product statistics
for some African countries using data from the Food and Agriculture
Organization (FAO), as shown in Table 5. Africa’s forests and woody
areas cover around 645 million hectares or 21 % of the continent’s total
geographical area. These regions are distinguished by a notable abun-
dance of biomass cover [72].

2.5. Geothermal energy

Geothermal energy have potential in Africa but remains underutil-
ized despite the continent’s vast resources. Table 6 outlines the ultra-
high-temperature rock energy potential in selected African countries
at depths of 7.5 km, 10 km, and 12.5 km, categorized by region. It
highlights geothermal energy resources in East, West, Central, and
Southern Africa, with the highest potential found at 12.5 km depths in
countries like Sudan, Ethiopia, and Chad. This data underscores the vast
untapped geothermal potential across the continent, particularly in East
Africa’s Rift Valley region [73]. Kenya leads the continent with about
630 MW of geothermal power capacity, representing over 40 % of the
country’s electricity production [74]. The Olkaria Geothermal Plant is a
major success story, positioning Kenya among the top ten countries
globally in geothermal power generation. With expansion plans to in-
crease capacity to over 1,000 MW by 2025, Kenya demonstrates that
geothermal energy can be a viable and sustainable solution, given
adequate investment and supportive policies [75].

Challenges including high upfront exploration costs, which can
range from $10 million to $20 million per project, and the need for
improved transmission and distribution infrastructure are major barriers
to the development of this technology [76]. Fragmented regulatory
frameworks across the continent also hinder large-scale geothermal
development, limiting the ability to fully tap into Africa’s geothermal
potential. Despite these challenges, the Industry Base-case projects
moderate growth, driven by improved policies and financing, while the
Ambitious Case forecasts the potential for 17 GW of geothermal capacity
by 2050 with more aggressive investments [77]. Beyond the East African
Rift, there is untapped geothermal potential in the Southern Africa re-
gion, where countries such as South Africa, Zambia, and Namibia could
benefit from emerging technologies like Enhanced Geothermal Systems
(EGS). EGS, which creates geothermal reservoirs in areas without nat-
ural hydrothermal resources, could unlock new opportunities for
geothermal development [78].

Additionally, Ocean Thermal Energy Conversion (OTEC) is an
emerging technology that could complement geothermal energy in Af-
rica, especially for island nations and coastal regions [79]. OTEC utilizes

Table 5
Areas of forest and woods in Africa [70].
African Area of Forest Area of Area with Area with
Region Land (1000 ha) Land (%) Woods (1000 Trees (1000
ha) ha)
North Africa 131,048 8.6 94,609 10,207
East & South 226,534 27.8 167,023 10,345
Africa
West & 277, 829 44.1 144,468 788
Central
Africa
Total 645, 412 21.4 406,100 21,339
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Table 6
Ultra hot Rock Energy Potential in Africa by Country, Depth, and Region [73].

Africa Region 7.5 km Depth 10 km Depth 12.5 km Depth
Country (GW) Gw) (GW)
Tanzania East Africa 0 0 50
Burundi East Africa 0 0 100
Mozambique Southern 0 0 100
Africa
Rwanda East Africa 0 0 50
Eritrea East Africa 0 0 100
Djibouti East Africa 0 0 100
Kenya East Africa 0 0 200
Angola Southern 0 0 100
Africa
South Sudan East Africa 0 0 100
Somalia East Africa 0 0 100
Cameroon Central 0 100 200
Africa
Nigeria West Africa 500 700 800
Ethiopia East Africa 600 900 1000
Niger West Africa 200 400 600
Chad Central 800 1000 1200
Africa
Sudan North Africa 1000 1200 2000

the temperature difference between warm surface waters and colder
deep ocean waters to generate electricity. The African Union’s Agenda
2063 [80] identifies ocean energy as a potential source for diversifying
Africa’s renewable energy mix. Although OTEC is still in the experi-
mental phase, countries like Mauritius and Seychelles have started
exploring its feasibility, with pilot projects in the pipeline. According to
recent studies, Mauritius could potentially generate up to 60 MW of
electricity using OTEC, significantly contributing to its renewable en-
ergy goals [81].

2.6. Mineral resources

As the world shifts away from fossil fuels, renewable technologies
such as solar and wind energy, paired with energy storage solutions like
lithium-ion batteries, are being adopted widely [82]. Lithium-ion bat-
teries have proven to be highly effective in meeting energy demands

Malc
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across various applications, including portable electronics, electric ve-
hicles, and grid storage [83]. Lithium-ion batteries dominate the electric
vehicle (EV) market, comprising about 49 % of the global rechargeable
battery market. Minerals essential for their production—lithium, cobalt,
manganese, nickel, and graphite—are found in abundance in several
African countries, including the Democratic Republic of Congo (DRC),
Zambia, South Africa, Madagascar, Mozambique, Tanzania, and Gabon
[84]. For instance, the DRC holds an estimated 6.6 million tonnes of
lithium reserves, making it a significant global supplier [84]. Similarly,
Nigeria, with its large population and growing adoption of electric
mobility, is emerging as a potential market for lithium-ion batteries
[85].

Africa holds approximately 30 % of the world’s mineral resources,
which are vital for renewable energy technologies [86]. Beyond lithium,
other minerals such as cobalt, nickel, manganese, and copper are critical
for the production of batteries, solar panels, and wind turbines [87].
Fig. 4 summarizes the distribution of key mineral reserves across African
nations, underscoring the continent’s central role in the global energy
transition. The DRC leads in cobalt production, while Zambia and South
Africa contribute significantly to global copper and manganese supplies
[88]. These resources are integral to the manufacturing of clean energy
infrastructure and are vital for achieving energy security.

While Africa’s mineral wealth offers significant opportunities, it also
presents challenges. The extraction of these resources often has envi-
ronmental and social consequences, such as land degradation, pollution,
and conflicts with local communities. Addressing these issues requires a
sustainable approach to mining that balances economic benefits with
environmental preservation and community welfare [89]. The growing
demand for minerals like lithium, cobalt, and nickel has also drawn
attention to their scarcity. As demand increases, industries are exploring
alternative materials and improving recycling methods to reduce
dependence on raw mineral extraction [90]. Recycling and urban min-
ing are gaining importance as strategies to ensure a steady supply of
these materials [90]. Lithium prices have risen sharply in recent years,
reaching over £61,000 per tonne in 2022 compared to £4,600 in 2020
[91]. This increase reflects the rising demand for EV batteries and en-
ergy storage systems. By 2050, the demand for metals such as cobalt,
lithium, and nickel is projected to grow by 500 %, driven by the
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Fig. 4. Distribution of key low-carbon minerals across Africa [88].
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expansion of renewable energy systems and electric mobility [92].

2.7. Scalability of renewable energy technologies: Urban vs. rural contexts

The scalability of renewable energy in Africa presents both oppor-
tunities and challenges, shaped by significant disparities in electrifica-
tion between urban and rural areas. Fig. 5 illustrates this regional divide,
showing that over 80 % of North Africa’s population has electricity
access, compared to less than 30 % in Sub-Saharan Africa (SSA). Urban
areas in African nations typically enjoy higher electrification rates, often
exceeding 70 %, while rural areas lag far behind, often below 20 %. For
instance, Cape Verde achieves near-equal electrification in urban (95 %)
and rural (95 %) areas, while Sierra Leone’s rural electrification rate is
just 2 % compared to 52 % in urban regions. Urban centers like
Johannesburg, Nairobi, and Cairo lead renewable energy adoption
through projects like Cairo’s Benban Solar Park (1.8 GW) and Nairobi’s
Olkaria Geothermal Plant (700 MW). However, expanding urban sys-
tems will require substantial investments, with the IEA estimating a
need for $50 billion annually in Sub-Saharan Africa by 2030 to improve
grid flexibility, energy storage, and infrastructure [93].

In rural areas, where over 600 million Africans lack electricity
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access, decentralized renewable energy systems such as solar home kits
and microgrids offer practical solutions [94]. These systems provide
power for essential services like healthcare and education, as seen in
Nigeria’s Rubitec Solar microgrid, which powers over 500 households
and businesses [95]. Despite their potential, rural electrification faces
significant challenges, including high mini-grid costs, averaging
$0.55/kWh, compared to the global average of $0.35/kWh. Seasonal
income variability and logistical difficulties further threaten the finan-
cial sustainability of these projects. For instance, Burkina Faso, where
70 % of the population is rural, has an electrification rate of just 4.7 %,
highlighting the scale of the challenge. Cape Verde’s 95 % rural elec-
trification rate demonstrates how strong governance and targeted in-
vestments can overcome these barriers [93].

The urban-rural divide reflects decades of unequal energy infra-
structure investment. While urban areas in Senegal and Nigeria, enjoy
electrification rates exceeding 70 %, rural areas often remain below 10
%. Bridging this gap will require tailored approaches [93]. Urban areas
must prioritize grid modernization, smart grids, and energy storage in-
novations, while rural areas will benefit from decentralized solutions
and realistic tariff benchmarks [96]. To accelerate rural electrification,
public-private partnerships and international aid have facilitated
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off-grid projects like mini-grids and solar home systems. For example,
Ghana, where 70 % of the rural population is electrified, showcases the
potential of such interventions when combined with effective planning
and investment [97].

As electricity demand continues to grow due to population increases
and economic development in SSA, renewable energy must serve as the
foundation of Africa’s energy strategy [98]. Addressing rural infra-
structure gaps and leveraging decentralized renewable systems will
enable Africa to bridge the electrification divide. By capitalizing on its
abundant solar, wind, and geothermal resources, coupled with inter-
national support and innovative financing mechanisms, Africa has the
potential to achieve widespread energy access and drive transformative
socio-economic progress [99].

2.8. Africa’s share in global renewable energy investment landscape

Following the COVID-19 pandemic and the Russian invasion of
Ukraine, the energy sector and global economy have faced significant
disruptions, forcing countries to re-evaluate their energy policies [100].
These crises have disproportionately affected emerging and developing
economies, particularly in Africa, where energy security and financial
stability are pressing concerns. Policymakers, businesses, and house-
holds are prioritizing energy independence and sustainability to miti-
gate rising global energy costs and supply chain [101,102]
vulnerabilities [103] shift, which aligns with the urgent need to address
climate change. Globally, organizations like the IEA have pledged sig-
nificant investments, including USD 2 trillion allocated for clean energy
upgrades in 2024, signalling a shift toward a new energy economy.
However, Africa, despite its growing energy needs, will receive only
USD 40 billion, just 2 % of the total clean energy investment globally,
further emphasizing the continent’s financial disadvantageous position
in transitioning to sustainable energy [104].

Between 2016 and 2030, Africa’s clean energy investments have
been steadily increasing, but the region is behind global trends, as
illustrated in Fig. 6 [105]. Surveys indicate that USD 110 billion is spent
annually on the African energy market, of which USD 70 billion is
allocated to fossil fuels, surpassing renewable energy investments. This
disparity highlights the continent’s urgent need for increased funding to
scale up renewable projects and reduce dependence on fossil fuels [106].
By comparison, major economies like China are expected to receive USD
675 billion, followed by Europe (USD 370 billion) and the United States
(USD 315 billion) in 2024 alone, due to their exponential growth in
electric vehicles and clean energy infrastructure [107]. For Africa to
achieve a meaningful energy transition, increased investments in
renewable technologies and infrastructure are crucial, particularly as
raw material price hikes threaten to raise capital costs for key projects by
15-25 % compared to 2020 [108]. Despite these challenges, renewable

Fuel Supply Investment (Billion USD)
m Power Investment (Billion USD)

End Use Investment (Billion USD)
m Share of GDP (%)
m Energy Share - Fossil Fuel Related (%)

2016-20 4 70 30

Fig. 6. Projected clean energy investments in Africa (2016-2030): Allocation
by sector, share of GDP, and energy type [105].
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energy remains the most affordable option for new electricity generation
globally, offering Africa an opportunity to align with sustainable energy
goals while addressing its unique energy challenges [109].

2.9. Aligning Africa’s renewable energy market with global energy
transition trends: opportunities and lessons

Africa’s renewable energy market, while still developing, holds sig-
nificant potential to align with global energy transition trends. The
continent possesses 10 % of the world’s wind potential and 40 % of its
solar potential, yet only accounted for 47 GW of global renewable ca-
pacity in 2021, compared to the global total of 2,800 GW [110].
Morocco’s Noor OQuarzazate Solar Complex (580 MW) and Kenya’s Lake
Turkana Wind Power Project (310 MW) exemplify Africa’s progress but
also highlight the vast untapped potential [111]. As renewable energy
continues to be a global priority, Africa’s vast resources position the
continent as a key player in meeting global decarbonization goals. The
global trend of decentralization in energy systems presents both chal-
lenges and opportunities for Africa. Mini-grids and off-grid solar solu-
tions are becoming critical to improving energy access for the 600
million Africans without electricity [112]. Africa’s decentralized energy
solutions mirror global moves toward distributed generation seen in
Europe and the U.S., where smart grids and energy storage have trans-
formed grid management. The adoption of smart grid technologies in
Africa, while still in its infancy, could significantly enhance the inte-
gration of renewable energy into national grids, addressing challenges of
energy variability and grid reliability [113].

2.9.1. Comparative analysis of energy costs

Economic competitiveness plays a pivotal role in aligning Africa’s
renewable energy market with global trends. Globally, the cost of
renewable energy has fallen dramatically in recent years. Between 2010
and 2021, the levelized cost of electricity (LCOE) for utility-scale solar
PV dropped by 88 %, and for onshore wind by 68 %, and the LCOEs have
even reduced further since then, making renewables the cheapest power
generation option in most regions [114]. In Africa, solar PV and wind
now outperform coal and gas in cost-competitiveness, offering a
pathway to reduce electricity prices while increasing energy access. A
global comparison of electricity costs further underscores the potential
for renewable energy to improve affordability in Africa. Fig. 7 illus-
trating the global electricity costs reveals significant disparities, with
average electricity prices in countries like Germany ($0.323 per kWh)
and Japan ($0.211 per kWh) being far higher than those in regions with
abundant renewable energy resources, such as Russia ($0.050 per kWh)
and China ($0.084 per kWh) [115]. Africa can leverage its vast renew-
able energy potential to achieve cost reductions similar to those
observed in China, where large-scale deployment of solar PV and wind
has driven down energy costs significantly [115].

Countries like Germany and China provide clear examples of how
renewable energy adoption can drive down costs. Germany’s Ener-
giewende, through sustained investment and policy incentives, has
significantly reduced the cost of wind and solar energy while ensuring
their competitiveness against fossil fuels [116]. Similarly, China’s
large-scale deployment of solar PV, which reached 330 GW by 2021, has
been instrumental in driving global cost reductions [117]. Africa, with
its abundant natural resources and rapidly declining renewable energy
costs, is well-positioned to follow these examples to attract foreign in-
vestments, reduce electricity prices, and improve energy access. Lower
electricity costs driven by renewables also carries socio-economic ben-
efits. Affordable electricity enhances energy access for underserved
populations, promotes industrial development, and reduces reliance on
costly and polluting fossil fuels. By addressing investment barriers and
scaling renewable deployment, Africa can unlock these benefits and
position itself as a leader in the global energy transition [118].
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Fig. 7. Comparative Overview of Global Average Electricity Prices (USD per kwh) Highlighting Regional Disparities and Opportunities for Renewable Energy to

Drive Affordability [115].

3. Africa’s renewable electricity market analysis

In 2020, Africa’s residential sector was at the forefront of electricity
consumption, accounting for 14,416,372 TJ of energy consumed [119].
This high demand in the residential area underscores the urgent need for
renewable energy solutions. The transportation sector followed as the
second-largest energy consumer, using about 4,695,000 TJ, which
highlights the potential for a substantial impact through renewable
energy and electric vehicle integration [119]. The industrial sector
played a considerable role, consuming around 3,513,000 TJ, further
emphasizing the transition to renewable energy sources as crucial for
sustainable development [119]. This context sets the stage for the Sus-
tainable Africa Scenario’s projections between 2020 and 2023, indi-
cating a pivotal shift in energy sources. This shift is driven by decreasing
costs in renewable technologies and the introduction of new policies
supporting renewables.

Africa’s strategic move to capitalize on its abundant renewable re-
sources, particularly its rich solar potential, is a key component in this
transition. By 2030, it is projected that solar PV and wind energy will
account for 27 % of the continent’s power generation. This increase in
renewable power generation is not just beneficial for environmental
reasons but is also critical for the operational dynamics of power sys-
tems, playing a vital role in maintaining a stable balance between supply
and demand. The combined efforts in residential, transportation, and
industrial sectors towards renewable energy adoption are essential for
the development of a robust, sustainable, and resilient energy infra-
structure in Africa. This transition is supported by the decreasing costs of
renewable technologies and the implementation of policies that

encourage the adoption of low-carbon energy solutions [120,121]. Af-
rica, possessing the globe’s richest solar resources, is set to significantly
increase its solar and wind power generation. By 2030, these sources are
projected to produce 27 % of Africa’s electricity, marking an eightfold
increase from 2020. Such a surge in renewable power generation holds
profound implications for the functionality of power systems, particu-
larly in maintaining the equilibrium between supply and demand [122].

3.1. The demand for electricity in Africa

Electricity demand in Africa remains high due to low access rates,
with many individuals and businesses relying on costly alternatives such
as diesel or petrol generators to meet their daily energy needs [122].
According to the World Bank [123], a significant portion of Africa’s
population lacks reliable electricity access, leading to increased energy
costs and hindering socio-economic development. This underscores the
market potential for electricity generation and distribution, presenting
attractive opportunities for investment. Africa’s residential sector was
the largest consumer of electricity in 2020 followed by the trans-
portation sector and the industrial sector (3.51 PJ) [124]. As shown in
Fig. 8, by 2040, electricity consumption is projected to triple due to
rising household purchasing power, increased industrialization, and
supply reliability, with consumption categorized into productive de-
mand, existing consumptive demand, and new consumptive demand
[125]. This growth reflects the continent’s rapid urbanization and eco-
nomic expansion, projected to reach $10 trillion by 2030 and $29 tril-
lion by 2050.

Table 7 highlights the demographic drivers of electricity demand in
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Fig. 8. Electricity consumption breakdown by category for the years 2018 and
2040 [125].

Table 7
Population dynamics in top 20 African countries [126].

Countries Population % Growth Net Migrants
Nigeria 226,324,453 2.41 —59,996
Ethiopia 128,030,971 2.55 —11,999
Egypt 113,551,323 1.56 —29,998
DR Congo 103,843,533 3.29 —14,999
Tanzania 68,370,261 2.96 —39,997
South Africa 60,700,957 0.87 58,496
Kenya 55,620,606 1.99 —10,000
Uganda 49,214,074 2.82 —126,181
Sudan 48,697,356 2.63 —9,999
Algeria 45,924,024 1.57 —9,999
Morocco 38,015,708 1.02 —39,998
Angola 37,211,284 3.08 —1,000
Ghana 34,431,271 1.93 —9,999
Mozambique 34,349,713 2.81 —5,000
Madagascar 30,670,130 2.41 —1,500
Cote d’Ivoire 29,217,039 2.53 6,000
Cameroon 28,999,174 2.63 —4,800
Niger 27,689,329 3.8 1,000
Mali 23,633,353 31 —39,998
Burkina Faso 23,528,830 2.55 —24,998

Africa’s most populated countries. For example, Nigeria, with a popu-
lation of over 226 million and a growth rate of 2.41 %, represents a
significant share of the continent’s energy needs. Similarly, countries
like Ethiopia (128 million, 2.55 % growth) and the Democratic Republic
of Congo (103 million, 3.29 % growth) demonstrate the link between
population growth and rising energy demand [126]. These trends un-
derscore the urgent need for sustainable electricity infrastructure to
meet the demands of rapidly growing populations and urban centers.
Off-grid systems are expected to play a major role in addressing Africa’s
electricity deficit, particularly in rural areas. Zebra et al. projected that
off-grid solutions will electrify a substantial portion of the population in
Sub-Saharan Africa [127]. Initiatives like the Southern African Univer-
sities Radiometric Network (SAURAN) and assessments of solar irradi-
ance in Southern and West Africa provide critical data to support the
development of solar energy projects. Such efforts will be essential in
meeting the continent’s growing electricity needs while mitigating the
impacts of climate change on energy resources [128].

3.2. Africa’s investment dynamics and trends in renewable energy

African renewable energy markets are undergoing significant trans-
formation, reflecting a growing awareness of the sector’s vast potential
[129]. As shown in Fig. 9, between 2000 and 2020, approximately USD
60 billion was invested in green energy projects, excluding large hy-
dropower [130]. Notably, over 90 % of this, or USD 55 billion, was
committed between 2010 and 2020, with investments concentrated in a
few countries. During this period, renewable energy investments in
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Fig. 9. Past and future energy investment in Africa (2016-2030) [130].

Africa grew at an impressive annual rate of 96 %, outpacing growth in
Asia-Oceania (15 %) and the global average (7 %). Despite this progress,
Africa received only 2 % of global renewable energy investments over
the past two decades [131]. Fig. 9 reveals the past and future energy
investments in Africa (2016-2030). It highlights the disparity between
current trajectories and the levels required to meet net-zero targets by
2050. Under the Announced Pledges Scenario (APS), investment in
low-emission electricity, grids, and clean energy supply is projected to
increase but remains insufficient compared to the Net Zero Emissions
(NZE) scenario, which requires significantly higher allocations to clean
energy and grid infrastructure [132]. This underscores the need for
greater international support, private sector participation, and strategic
policies to close the funding gap and accelerate Africa’s energy
transition.

While renewable energy investments are gaining momentum, fossil
fuels still attract substantial funding, with international companies
spending over USD 5.1 billion on fossil fuel exploration in Africa in 2022
[133]. This focus on fossil fuels presents challenges to aligning with the
Paris Agreement’s 1.5 °C target [134,135]. However, initiatives like
Kenya’s inaugural Africa Climate Summit have begun calling for urgent
action to scale up renewable energy investments and reduce reliance on
fossil fuels [136]. In 2023, Africa’s renewable energy investments
reached a record $36.6 billion, marking a 12 % increase from the pre-
vious year. Despite this growth, the continent’s share of global renew-
able energy investments remains disproportionately low, accounting for
only 3 % of the total [11,137]. This highlights the ongoing need for
increased investment to fully harness Africa’s renewable energy
potential.

3.2.1. Public-private partnerships and international support in Africa’s
Renewable energy development

Africa’s energy landscape faces a critical challenge, with approxi-
mately 600 million people lacking reliable electricity access [94]. To
address this, the African Union has set ambitious goals to achieve uni-
versal electricity access by 2030, requiring an estimated $30 billion in
initial investment to unlock over $70 billion in electrification opportu-
nities [138]. Public-private partnerships (PPPs) have emerged as a key
mechanism for bridging this funding gap, leveraging private sector
innovation and public sector support to drive sustainable energy solu-
tions across the continent [139]. PPPs bring together public and private
entities to pool financial resources, technical expertise, and risk miti-
gation strategies. In renewable energy, these partnerships can enable
scalable and cost-effective solutions. The Power Africa initiative, for
instance, demonstrates the impact of such collaborations [140]. By
combining public financing with private innovation, the initiative has
expanded solar energy access in Tanzania, creating affordable and
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sustainable energy options. Similarly, Kenya’s Lake Turkana Wind
Power project—Africa’s largest wind farm, was developed through a
partnership between the Kenyan government, private investors, and
international financial institutions. This project significantly increased
Kenya’s renewable energy capacity, created jobs, and stimulated local
economic development [141].

International organizations like the Global Energy Alliance for Peo-
ple and Planet (GEAPP) also play a critical role in fostering Africa’s
renewable energy transition. These organizations offer financial in-
struments and guarantees to mitigate risks, making renewable energy
projects more attractive to private investors [142]. Such support is
particularly vital in regions where local utilities face operational or
financial instability, often deterring large-scale investment. Partnerships
that integrate local developers with international expertise ensure that
projects remain contextually relevant while benefiting from advanced
technology and de-risked financing [143]. South Africa’s renewable
energy auction system exemplifies this, using transparent processes to
secure investment and deliver predictable returns [144].

While the potential of PPPs is significant, challenges such as currency
depreciation, political instability, and weak utility performance remain
obstacles to progress. Currency volatility undermines the financial sus-
tainability of projects, while unpredictable regulatory changes deter
long-term investment. Additionally, the financial instability of local
utilities often jeopardizes energy supply reliability, complicating the
investment landscape. Addressing these challenges requires coordinated
efforts from governments, private investors, and international organi-
zations. By fostering stronger public-private collaborations and miti-
gating risks, Africa can accelerate its renewable energy transition,
expand electricity access, and drive sustainable economic growth [94,
142].

3.3. Progress, opportunities and challenges of renewable electricity market
in Africa

Africa’s electricity market is primarily regulated by state-owned
utilities overseeing generation, transmission, and distribution [145].
However, efforts toward privatization and market-oriented reforms
have emerged in some countries to foster competition and attract private
investments [146]. South Africa’s Renewable Energy Independent
Power Producer Procurement Programme (REIPPPP) has procured over
6,000 MW of renewable energy since 2011, attracted $14 billion in
private investments, and created over 30,000 jobs, demonstrating the
transformative potential of liberalization [147]. In contrast, Europe and
the USA, where private companies own over 50 % of renewable energy
capacity, benefit from stable regulatory frameworks that encourage
innovation and private-sector participation [148]. The continent’s
renewable energy sector faces challenges such as political instability,
weak governance, and regulatory uncertainty. Recent military coups in
Mali, Niger, and Burkina Faso have disrupted energy investments and
increased risks such as contract enforcement issues and regulatory in-
consistencies [149]. According to IRENA [150], 25 African nations lack
comprehensive renewable energy policies, deterring private investors.
Security risks, including civil unrest and infrastructure vandalism,
disrupt over 40 % of projects, while currency volatility in countries like
Zambia and Ghana further escalates costs for imported components
[151,152].

Despite these obstacles, Africa’s renewable energy potential is
immense. With abundant solar, wind, and hydro resources, renewable
energy could address energy poverty for 600 million Africans without
electricity while creating over 2 million jobs by 2030 [144]. Solar and
wind energy emit less than 20 gCO2/kWh over their lifetimes compared
to 500 gCO2/kWh for coal, making them a sustainable alternative [143].
Addressing challenges such as land-use impacts, and critical material
sustainability will be essential to ensuring the long-term success of
renewable energy investments in Africa [90].
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3.4. Successful renewables energy projects in Africa

Table 8 summarizes the diversity of renewable energy projects in
Africa and the importance of considering both their successes and
challenges.

4. Rationale for the implementation of sustainable energy
sources in Africa

4.1. Cost of renewable and conventional energy comparison

According to recent studies, renewable energy remains the most
affordable option for new electrical systems globally, especially in Africa
[167]. Paul Akiwumi [168,169] noted that by 2030, renewables may
become more affordable than 96 % of coal plants worldwide. This shift
positions renewable energy as the most financially sensible choice for
increasing installed capacity or modernizing aging infrastructure [170].
In 2021, nearly two-thirds of the 163 GW of newly built renewable
power had lower costs than the G20’s lowest coal-fired option [171].
Solar PV, now the cheapest source of electricity in Africa, is projected to
outperform all other sources by 2030. The cost of wind energy has also
dropped significantly since 2010, while the costs of traditional fossil and
nuclear technologies have either stagnated or seen minimal reductions
[94].

Recent data also highlights a major transformation in renewable
energy costs between 2010 and 2023, as illustrated in Table 9. Solar PV
experienced an 86 % reduction in total installed costs (from USD 5,310/
kW to USD 758/kW) and a 90 % drop in its levelized cost of electricity
(LCOE) (from USD 0.46/kWh to USD 0.044/kWh). Similarly, onshore
wind saw a 49 % decrease in installed costs and a 70 % decline in LCOE,
while offshore wind costs reduced by 48 % and LCOE dropped by 63 %.
In contrast, traditional fossil fuels and nuclear power have not experi-
enced comparable declines. From 2010 to 2021, the LCOE for large-scale
renewable energy projects experienced unprecedented reductions: an
88 % decline for solar PV, 68 % for onshore wind, and 60 % for offshore
wind [172].

These cost reductions have made renewables increasingly competi-
tive with fossil fuels. However, 2022 saw temporary cost increases in
some renewable energy technologies due to global supply chain dis-
ruptions. Onshore wind costs rose by 39 % to USD 0.046/kWh, while
offshore wind experienced a 1.4 % increase to USD 0.076/kWh. Solar PV
costs decreased by 6.25 % to USD 0.045/kWh during the same period.
Encouragingly, renewable energy prices began stabilizing by the end of
2022, with reductions of 1.7 % for solar PV, 10.2 % for offshore wind,
and 6.3 % for onshore wind [172]. The dramatic decline in renewable
energy costs over the past decade underscores the economic viability of
transitioning to clean energy systems. Investments in solar PV and wind
energy, supported by ongoing technological advancements and econo-
mies of scale, position Africa to achieve cost-effective energy access
while addressing climate change and fostering sustainable development.

4.2. Renewable energy role in enhancing energy security

The African Development Bank underscores the critical role of
renewable energy in enhancing Africa’s energy security while safe-
guarding the environment [173]. Africa possesses an abundance of
regionally dispersed renewable resources, including 10 TW of solar ca-
pacity, 350 GW of hydropower potential, 110 GW of wind energy po-
tential, and 15 GW of geothermal energy potential [174]. These
resources can collectively generate up to 24,000 TWh of electricity
annually, offering sustainable and cost-effective energy solutions for the
millions of Africans currently lacking access to modern energy services.
By harnessing these localized renewable energy resources, African
countries can significantly mitigate the risks associated with volatile
fossil fuel prices, supply interruptions, and reliance on imported energy
[175].
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Table 8
Successful implemented renewable energy projects in Africa.
Projects Successes Failures Budget Impact
Noor Solar Complex, e 580 MW Generating Power Plant [153] e Budget overruns. $2 billion e Reduces carbon gas
Morocco e 1000 employment opportunities e Concerns about water usage in the desert region [155] emissions,
e 533,000 tonnes annual reduction of [154] e Increases energy security,
carbon emission [153,154] e Loss of native vegetation and wildlife habitat [156] e Boosts economic growth,
e The globe’s biggest concentrated solar e Expands electricity access
power facility [155] o Facilitates education [156]
REIPPP Program, e Total generating capacity of 6.3 GW Delays and disputes related to power purchase $20.5 billion o Electricity Supply
South Africa e R209.4 billion private sector agreements and grid integration [157]. [158]. Enhancement [159]

investment.

38,701 employment opportunities
33.2 Mton reduction of carbon
emissions.

Saved 39.2 million kilolitres of water

Job Creation [159]
Economic Growth [160]
Facilitates Education [161]

[157]
Rwanda’s Solar e 12.230 MW Total energy installed on- e Private industry constraints $48.94 million e Electricity Supply
Home Systems grid [162]. e Unaffordability for low-income households [162] Enhancement
e Negative regulatory adjustments [163] e Job Creation
e Economic Growth [164]
Benban Solar Park, e 1650 MW Generating Capacity Concerns about land disputes and local employment $4 billion e Job Creation and Skills
Egypt e World’s 4th largest solar plant [165] issues [166]. [165] Development [166]

Economic Impact [166]
Supporting National Energy
Goals [165]

Increased Renewable Energy
Capacity [36]

Table 9

Trends in Total Installed Costs, Capacity Factors, and Levelized Cost of Electricity (LCOE) for Renewable

Energy Technologies from 2010 to 2023 [172].

Total Installed Costs (2023

Levelized Cost of Electricity

Technology USD/kW) Capacity Factor (%) (2023 USD/kWh)
Percent Percent Percent
2010 2023 Change 2010 2023 Change 2010 2023 Change
(Bioenergy 3010 2730 9% 72 72 0% 008 0072 4%

Geothermal 3011 4589 52% 87 82 -6% 0.054 0.071 31%
Hydropower 1459 2806 92% 44 53 20% 0.043 0.057 33%
Solar PV 5310 758  -86% 14 16 14% 0.46 0.044 -90%
Concentrated
Solar Power
(CSP) 10453 6589 -37% 30 55 83% 0.393 0.117 -70%
Onshore
Wind 2272 1160 -49% 27 36 33% 0.111 0.033 -70%
Offshore
Wind 5409 2800 -48% 38 41 8% 0.203 0.075 -63%

Renewable energy integration also offers a pathway to reducing
dependence on fossil fuels, enhancing resilience, and strengthening
long-term energy security. By diversifying the energy mix, countries can
reduce their vulnerability to geopolitical and market fluctuations tied to
oil and gas imports [176]. For instance, Kenya, a leader in renewable
energy on the continent, has committed to achieving a complete tran-
sition to renewable energy by 2030 [177]. Through measures such as
revising feed-in tariffs, establishing net metering, and providing tax
incentives, Kenya is enhancing the accessibility and affordability of
electricity while diversifying its power supply [178]. This strategy not
only decreases reliance on fossil fuels but also ensures greater grid sta-
bility by balancing intermittent sources like solar and wind with more
consistent ones such as hydropower and geothermal energy [176].

Decentralized systems, such as mini-grids and off-grid solar solu-
tions, further bolster energy reliability, especially in rural areas [179].
Modern grid technologies like energy storage and smart grids enhance
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stability by managing fluctuations in renewable energy supply and de-
mand. For example, solar microgrids in East Africa have reduced reli-
ance on diesel generators while increasing electricity access in
underserved communities [179]. Kenya’s White Paper on Renewable
Energy envisions energy as a catalyst for decarbonized growth, targeting
100 GW installed capacity by 2040. This strategy attracts investments
from businesses transitioning to clean energy, positioning Kenya as a
global leader in renewable innovation [180]. By harnessing its abundant
resources and adopting progressive policies, Africa can reduce fossil fuel
dependency, enhance energy security, and build a resilient, sustainable
energy system [181].

4.3. Technological and infrastructure challenges of integrating
intermittent renewable energy sources

Integrating solar and wind energy into Africa’s power grids poses
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challenges due to variability and outdated infrastructure [182].
Renewable energy depends on environmental factors, causing fluctua-
tions that disrupt supply-demand balance. In sub-Saharan Africa, up to
20 % of potential renewable energy is curtailed due to insufficient
storage and grid flexibility [183]. Lithium-ion batteries and pumped
hydro storage can store excess energy for later use, and battery costs
have dropped by 97 % over the last three decades, making them
increasingly viable [184]. Demand response strategies, such as incen-
tivizing households to align energy use with peak generation, also
enhance grid reliability [185].

Africa’s centralized grids are poorly suited for decentralized re-
newables, especially in regions like Northern Kenya and South Africa’s
Northern Cape, which lack transmission networks to move energy to
demand centers [186]. This causes bottlenecks and curtailments [183].
Smart grids, offering real-time monitoring and automated energy man-
agement, optimize renewable integration. South Africa’s smart grid
systems have cut transmission losses by 30 %, demonstrating their po-
tential across the continent [187]. Projects like the Southern African
Power Pool and the Ethiopia-Kenya high-voltage line, which will carry
2,000 MW, are essential for improving cross-border energy flow and
reducing inefficiencies [188]. Grid instability remains a challenge as
renewables expand. Without adequate backups, sudden drops in solar or
wind output—during cloudy days or low wind—can destabilize grids
[189]. Solutions like South Africa’s 50 MW/75 MWh battery storage and
Ethiopia’s solar-hydro hybrid systems have shown success in stabilizing
grids by balancing variability [190,191]. However, modernizing
sub-Saharan Africa’s energy infrastructure will require $80-100 billion
over the next decade [192]. Kenya’s green bond program, which raised
$40 million for renewable projects, highlights how innovative financing
can bridge funding gaps. By investing in storage, smart grids, and
transmission infrastructure, Africa can overcome these barriers and
unlock its vast renewable energy potential [193].

4.4. Promotes climatic Adaptation and long-term viability

Africa faces significant challenges ahead, with climate change posing
one of the most severe and lasting threats [194]. According to the 2023
World Economic Forum (WEF) Global Risks Report, failure to address
climate change could result in widespread displacement, food and water
insecurity, and an 18 % decline in global GDP [195]. These risks are
compounded in Africa by its reliance on climate-sensitive agriculture
and its rich but vulnerable biodiversity [196]. An estimate of the
possible impact or severity of the risks that have been discovered is
shown in Table 10, considering a 2-year and a 10-year timeframe. Africa
comes with significant environmental implications that require careful
consideration. Lifecycle emissions from technologies like solar panels
and wind turbines, though much lower than fossil fuels, are generated
during production, transportation, installation, and decommissioning,

Table 10
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often involving the energy-intensive extraction of rare earth elements
and other critical materials [197]. A life cycle assessment (LCA)
approach is essential to quantify these emissions and improve sustain-
ability [198]. Additionally, large-scale renewable projects, such as solar
farms, wind farms, and bioenergy plantations, can have substantial
land-use impacts in Africa, potentially leading to habitat loss, biodi-
versity disruption, and competition with agricultural activities. Poorly
managed bioenergy production, for instance, risks deforestation and
ecosystem degradation. To ensure renewable energy development aligns
with environmental and social needs, sustainable land-use planning and
resource management are critical [199].

Additionally, Africa’s role as a supplier of critical minerals raises
sustainability concerns. The extraction of materials like cobalt and rare
earth elements can lead to environmental degradation and social con-
flict [200]. Adopting responsible mining practices, advancing recycling
technologies, and exploring material alternatives are necessary to
minimize these impacts [199]. To ensure renewable energy adoption
aligns with environmental goals, African countries must integrate LCA
methods, promote sustainable land use, and invest in responsible
resource management [199]. These strategies will maximize the benefits
of renewable energy while minimizing adverse impacts, ensuring a
sustainable energy transition for the continent.

4.5. To achieve the Paris Agreement’s goals

Africa’s vast and largely untapped renewable resources, including
solar, hydroelectric, wind, and geothermal, position it uniquely to
champion renewable energy adoption. Leveraging these resources could
provide sustainable energy solutions, crucial for both economic growth
and environmental preservation [201,202]. Renewable energy adoption
in Africa is pivotal in the global effort to reduce greenhouse gas emis-
sions, a core goal of the Paris Agreement. Although Africa’s contribution
to global emissions is comparatively low, prioritizing renewables allows
the continent to avoid the carbon-intensive developmental paths of
industrialized nations. This proactive approach not only aligns Africa
with global climate mitigation efforts but also sets a precedent in
low-carbon development, crucial for the health of the planet [203].
Investing in renewable energy infrastructures, such as solar and wind
farms, strengthens Africa’s resilience to climate change impacts like
droughts and floods.

Renewable energy sources offer more stable and sustainable energy
supplies, enhancing community resilience, particularly in remote and
vulnerable areas [204]. The transition to renewable energy, supported
by strong policy frameworks and international cooperation, is essential
in realizing theParis Agreement’s vision [205]. Such a transition ne-
cessitates substantial global investment and technological support to
drive Africa’s shift toward renewable energy, ensuring alignment with
theParis Climate Agreement goals and fostering a sustainable,

Estimation of The Potential Impact of Identified Risks, Considering a 2 Year, 10-Year Timeframe [195].

2 years

Living expenses

Geo-economic tensions

Social disintegration and polarization

10 years

Inaction on climate change mitigation

Cybersecurity and cybercrime widespread

Massive Unplanned migration
Environmental Geopolitical

Social disintegration and polarization

Cybersecurity and cybercrime are widespread

Societal

Geo-economic tensions

Technological Economic
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low-carbon future [205]. The transition from traditional to sustainable
energy sources, apart from supplying large amount of the continent’s
energy needs, it will help to prevent climate change and meet local
energy needs and economic development [206]. Collaboration with
international organizations is crucial to this shift. The African Union,
UN, and different international development agencies have been
encouraging Africa to boost its renewable energy capabilities [207].
Through strategic investments, international cooperation, and the
development of local capacities, Africa can significantly contribute to
the global transition towards more sustainable energy systems, while
also achieving its own economic and social development goals [120].

4.6. To achieve Africa’s net zero goals and ambitious Nationally
Determined Contributions (NDC)

Africa’s NDC calls for a shift to low-carbon energy sources, which is
essential for both the region’s sustainable development and achieving
global climate targets. Two essential elements of this shift are the use of
renewable energy sources and the decrease in greenhouse gas emissions
[208]. However, implementing this change will present serious hurdles
for African nations. These difficulties include the need to strike a balance
between economic development and environmental preservation, en-
ergy poverty, policy execution, and financial accessibility [209]. Posi-
tive advancements have occurred despite these challenges, with nations
such as Senegal advancing their National Energy Efficiency Action Plans
(NEEAP) and National Renewable Energy Action Plans (NREAP) [210].
To ensure a fair transition to lower-carbon and more environmentally
friendly economies, African nations must increase their investments in
clean fuels, technology, and renewable energy [211]. As part of the Paris
Agreement, African nations have filed their NDCs, which set forth their
commitment to lowering greenhouse gas emissions and preparing for
the effects of climate change [212].

A lot of African nations have set high goals to improve resilience and
lower emissions intensity [213]. Kenya, for instance, has set itself an
NDC that calls for a 30 % reduction in emissions by 2030, mostly from
renewable energy sources [214]. Similarly, some African countries are
currently pledging to meet Net Zero targets, which entail achieving
carbon neutrality by matching removals and emissions of greenhouse
gases [215]. As one of the continent’s biggest emitters, South Africa has
promised to reach net zero emissions by 2050. The nation’s climate
targets and policies are rated as "insufficient" by the Climate Action
Tracker (CAT) [44]. The "insufficient" rating implies that South Africa’s
climate policies and pledges need to be significantly improved to meet
the Paris Agreement’s 1.5 °C temperature target [216,217]. Morocco has
made several big steps toward addressing climate change, but it is still
heavily reliant on coal. Morocco’s climate goals and achievements
continue to be ranked as "almost sufficient" by the CAT [218]. The
Kenyan government’s existing policies easily fulfill the unconditional
emissions reduction target, but it would need to propose a more ambi-
tious conditional aim if it is willing to meet the conditional NDC target.
Kenya’s endeavor to fulfill the target was recently assessed as "critically
insufficient," while Gambia’s conditional NDC aim versus simulated
domestic pathways was downgraded from "1.5 °C compatible" to "almost
sufficient" [219]. Africa’s NDCs and emerging Net Zero ambitions reflect
the continent’s commitment to addressing climate change and renew-
able energy plays a central role in realizing these aspirations by reducing
emissions, expanding energy access, and driving economic growth.

Table 11

South Africa, Morocco, Gambia, and Kenya’s net-zero targets.
Country Net Zero Target Overall Rating Status Date Ref
South Africa 2050 Insufficient Oct-22 [216,218]
Morocco Not Specified Almost Sufficient Apr-23 [218]
Kenya No Target Almost Sufficient May-22 [220]
Gambia 2050 Almost Sufficient Feb-22 [219]
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Table 11 shows the summary of South Africa, Morocco, Gambia, and
Kenya’s net-zero targets.

4.7. Socio-economic benefits of renewable energy in Africa

Renewable energy deployment in Africa offers a wide array of socio-
economic benefits, contributing to sustainable development, economic
growth, and social well-being [221]. The transition to renewable energy
presents opportunities to address key challenges, such as energy poverty
and unemployment, while fostering an environment conducive to in-
vestment and growth [222]. By providing reliable and affordable en-
ergy, renewable sources can enhance economic opportunities, create
jobs, and improve living standards, particularly in rural and underserved
areas [223]. For example, renewable energy projects often generate
employment in construction, installation, operations, and maintenance,
while supporting small and medium-sized enterprises (SMEs) [224].
This localized economic activity reduces the need for migration in
search of economic opportunities and promotes socio-economic stability
[152]. Additionally, the sector attracts foreign direct investment (FDI)
by signaling a commitment to sustainable development, fostering eco-
nomic partnerships, and diversifying Africa’s economy [225]. In-
vestments in renewable energy infrastructure also facilitate
technological innovation, knowledge transfer, and skills development,
further strengthening the industrial and economic fabric [226].

However, while these benefits are significant, the transition to
renewable energy is not without trade-offs, particularly concerning
traditional energy sectors. The growth of renewables could lead to job
displacement in fossil fuel-dependent industries such as coal mining, oil
extraction, and gas production, which currently employ a large work-
force in some African countries [227]. For instance, nations like Nigeria,
where oil contributes significantly to the economy and employment,
may face challenges in reskilling workers and transitioning communities
reliant on fossil fuel industries [228]. Without well-designed policies
and support systems, these job losses could exacerbate social in-
equalities and economic insecurity [229].

Moreover, renewable energy projects, particularly large-scale solar,
wind, or hydropower developments, can present localized environ-
mental and social challenges. Land acquisition for renewable infra-
structure can disrupt farming activities and displace communities,
particularly in densely populated rural areas [230]. Additionally, energy
transition strategies focused primarily on centralized renewable energy
generation may overlook the immediate needs of fossil fuel workers and
their families, creating social tensions [231].

To mitigate these trade-offs, African governments and stakeholders
must adopt just transition frameworks that prioritize inclusivity and
social equity. These include investing in reskilling and upskilling pro-
grams for workers transitioning from traditional energy sectors to re-
newables, ensuring that economic benefits are distributed equitably,
and developing localized renewable energy solutions to minimize land
conflicts and community displacement [232]. Collaboration with in-
ternational partners can support such initiatives through technology
transfer, capacity building, and financial assistance [233].

5. Suggestions for sustainable energy in Africa development
5.1. Awareness-building

Developing Africa requires a greater awareness of the realities and
advantages of renewable energy technologies [234]. Misconceptions
exist concerning the capabilities and limitations of renewable energy, as
it is sometimes negatively viewed due to outdated information and prior
restrictions. In Africa, renewable energy is frequently viewed as a costly,
erratic, and time-consuming substitute for conventional energy sources
[235]. The renewable energy industry has seen substantial trans-
formation and advancement in the last ten years, characterized by the
rapid implementation of increasingly efficient and economically viable
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technology. Growing research on markets and policy in emerging and
developing nations has been published in recent years; these studies
have yielded insightful analysis, best practices, and technical break-
throughs that have increased productivity [236]. The energy sector is
undergoing fast changes driven by the imperative of addressing climate
change, which is accelerating the global energy revolution. In an era of
dynamic worldwide transformations, it is imperative to establish accu-
rate assessments of the true costs, performance, and dependability
characteristics of various technologies.

5.2. Policy and regulation frameworks

The government’s allocation of limited resources often leads to the
prioritization of other sectors compared with renewable energy,
resulting in a lack of political commitment and consistency in policies.
The article previously addressed several obstacles that hinder Africa’s
adoption of renewable energy. Governments, businesses, and interna-
tional development partners must place a high priority on renewable
energy and make it the top priority on their agendas to successfully
remove these barriers [171]. By involving all parties and utilizing their
skills and experience, those challenges can be successfully addressed
[237]. Significant alterations have been made to the legal and regulatory
structures of numerous African nations. Two well-known programs, the
Continental Power System Masterplan (CMP) with the African Single
Electricity Market (AfSEM), are designed to assist the continent’s power
industry and foster energy collaboration between Europe and Africa
[94]. However, ensuring the success of these programs requires policies
tailored to the unique energy needs and conditions of urban and rural
areas. Urban energy strategies should prioritize grid modernization,
efficient land use planning, and incentivizing private-sector investment,
while rural strategies must focus on scaling decentralized systems,
building local capacity, and integrating renewable energy solutions with
community development initiatives [97]. These tailored approaches are
essential for advancing sustainable energy transitions in Africa, aligning
with both regional development goals and global climate objectives.

In addition to renewable energy, the management of other natural
resources, such as minerals critical for renewable technologies (e.g.,
lithium, cobalt, and nickel), requires targeted and comprehensive policy
interventions [238]. Many African countries possess significant reserves
of these minerals, yet the absence of robust governance frameworks
often leads to inefficiencies, environmental degradation, and social
conflicts [239]. To address these issues, policies must prioritize sus-
tainable extraction practices while ensuring that local communities
benefit equitably from resource revenues. This can be achieved by
promoting transparency in mining operations, equitable distribution of
revenues, and strict adherence to environmental standards. Further-
more, fostering value addition through local processing and
manufacturing is essential for creating jobs and reducing dependence on
raw material exports. Incentives such as tax breaks or subsidies for
processing facilities can play a significant role in achieving this goal
[240].

International collaboration is also crucial to establishing fair trade
practices and aligning resource governance with global sustainability
standards. Integrating resource governance into national development
plans is vital for aligning these efforts with broader objectives, such as
achieving the SDGs and fulfilling commitments under the Paris Agree-
ment [241]. By adopting a holistic and inclusive approach to
policy-making, African nations can effectively harness their natural re-
sources, including renewable energy and critical minerals, to drive
sustainable development, enhance energy security, and facilitate eco-
nomic transformation [242].

5.3. Enhancing the investment climate and mitigating risks

More capital must be allocated to renewable energy in Africa than
the 1.6 % cap now in place. The application of project risk reduction
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techniques is crucial to promoting the expansion of renewable energy
investments in Africa [243]. For most African republics, obtaining
financial resources remains a formidable challenge. Capital expenses
might differ by up to seven times between a location and the US or
Europe [66]. It is very important to spend more than Africa’s current
limit of 0.6 % on renewable energy. To help the growth of renewable
energy investments in Africa, it is important to use project risk reduction
methods [244]. Gaining access to financial resources is still a difficult
task for most African states. Investment expenses can be as much as
sevenfold higher in some locations than they are in the US or Europe.
Africa needs to put a lot of money into renewable energy sources on a
scale that has never been seen before if it wants to reach its goals for
sustainable growth. Securing enough funds is a big problem in this sit-
uation [11]. To accomplish SDG 7 goals, Africa must invest 190 billion
USD a year in energy between 2026 and 2030, with 70 % allocated to
clean energy as shown in Fig. 10.

6. Limitation of study, future outlook, and conclusion
6.1. Limitations of the study

This study provides a comprehensive analysis of the renewable en-
ergy market in Africa, offering valuable insights into the role of
renewable energy and critical resources in Africa’s energy transition.
However, there are several limitations that warrant acknowledgment.
First, the study focuses predominantly on solar, wind, hydropower, and
biomass as renewable energy sources, while other resources such as tidal
and wave energy, green hydrogen, and advanced bioenergy (such as
biogas) are not explored in depth. This may affect the generalizability of
some findings to other renewable resources. Additionally, the analysis of
critical minerals essential for renewable energy technologies, such as
lithium, cobalt, and nickel, is constrained by limited data on the socio-
environmental impacts of their extraction and usage in Africa. Future
research should delve deeper into the governance frameworks and local
implications of mineral resource management to provide a more holistic
view.

6.2. Future outlook

Future research should explore underrepresented renewable energy
sources in Africa, such as tidal and wave energy, green hydrogen, and
advanced bioenergy (biogas), alongside solar, wind, hydropower, and
biomass. This will ensure a broader understanding of the continent’s full
energy potential. Addressing infrastructure challenges in transmission,
storage, and distribution is crucial. Advanced technologies like Al-
driven energy management, machine learning, and predictive mainte-
nance can enhance grid performance and facilitate the seamless inte-
gration of diverse renewable energy sources. Research must assess the
environmental impacts of renewable energy deployment, including land
use and ecosystem effects. Tools like Integrated Assessment Models
(IAMs) can evaluate the long-term socio-environmental and economic
impacts, ensuring alignment with sustainable development goals.
Effective financing strategies, including blended finance, green bonds,
and public-private partnerships, are needed to scale renewable projects
in Africa. Additionally, expanding regional energy markets through
super grids and cross-border interconnectors can enhance energy trade
and resource utilization.

The linkage between FDI and renewable energy in Africa is a critical
area of study. FDI plays a crucial role in the development of renewable
energy infrastructure, bringing in necessary capital, technology, and
expertise. Research should focus on how investment patterns influence
RE adoption, considering regulatory environments, energy policies, and
geopolitical stability. Understanding the economic impacts of FDI on
renewable energy projects can provide insights into market dynamics,
employment creation, and industrial growth in Africa. Additionally,
sustainable extraction and governance of critical minerals such as



T. Alex-Oke et al.

Energy Strategy Reviews 59 (2025) 101700

Annual Investment in Africa’s Energy Sector (S Billion)
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Fig. 10. The annual investment deficit in Africa’s energy sector [245].

cobalt, nickel, and rare earth elements are essential for the advancement
of renewable energy technologies. Africa holds significant reserves of
these minerals, making it imperative to ensure responsible mining
practices and equitable value distribution. Machine learning and
econometric models can help assess market dynamics and environ-
mental impacts, promoting a balanced approach to mineral resource
management. Policymakers must consider global best practices to
ensure resource sustainability while maximizing economic benefits.

6.3. Conclusion

This study highlights Africa’s immense potential to address energy
challenges through renewable sources like solar, wind, and geothermal.
However, realizing this potential requires concerted efforts to overcome
barriers such as inadequate infrastructure, financial constraints, and
limited regional cooperation. Policymakers must prioritize creating
regulatory frameworks and financial incentives to attract investment,
while regional energy integration through initiatives like the Southern
African Power Pool will optimize resource utilization and enhance trade.
Technological advancements, such as Al-driven energy management
systems offer critical solutions for improving grid efficiency and inte-
grating diverse renewable sources.

It is recommended that stakeholders focus on several key actions.
First, addressing the infrastructure challenges of energy transmission
and storage is paramount. Adopting machine learning and predictive
maintenance technologies can improve grid performance and enable
smoother renewable energy integration. Financial models tailored to
Africa’s unique economic landscape, such as green bonds and public-
private partnerships, are essential to scaling renewable projects. Addi-
tionally, expanding regional energy markets and creating super grids
will facilitate greater cross-border energy trade. For the long-term sus-
tainability of the sector, the governance of critical minerals like cobalt
and nickel, essential for renewable energy technologies, must be
strengthened through transparent, sustainable extraction practices. By
implementing these strategies, stakeholders can unlock Africa’s renew-
able energy potential, ensuring energy security, environmental sus-
tainability, and socio-economic growth across the continent.
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