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CLIMATE RESILIENCE 
AND A JUST ENERGY 
TRANSITION IN AFRICA

KEY MESSAGES

• Africa’s historical and current carbon emission share is below 3  percent of 
global emissions, but the burden of climate change on economies and 
livelihoods across the continent is disproportionately high — a climate injustice. 
Africa is also the least climate-resilient region in the world, with high vulnerability to climate 
change and a low readiness for its impacts. Climate change is already threatening to derail 
development gains and impose further economic costs and social disruption, with 
adaptation alone projected to cost the continent at least $50 billion annually by 2050.

• Africa’s low access to modern energy is undermining its development goals and 
ability to build climate resilience. Moves toward low-carbon sources of energy to 
reduce global greenhouse gas (GHG) emissions are of paramount importance, but they 
need to be compatible with achieving the continent’s development aspirations and 
meeting the unmet energy needs of some 600 million Africans.

• At 46 percent in 2020, the share of fossil-based energy sources in Africa’s energy 
mix is relatively modest compared with the share in other global regions. The 
continent has also increased its renewable energy technologies, which along with natural 
gas—which could serve as the transition fuel in countries that have access to it—will allow 
them to gradually reduce coal in their energy mix.

• Although low-carbon transitions in Africa vary by country, they could be 
transformational. These variations reflect differing ecological zones, climates, settlement 
patterns, economic structures, resource bases, and governance systems. Africa is richly 
endowed in energy and mineral resources, such as lithium, graphite, cobalt, nickel, copper, 
and rare earth minerals — all of which are new market opportunities for the green transition. 
with Africa’s limited lock-in to fossil-based energy technologies, these opportunities could 
help the continent build a climate-resilient and integrated sustainable energy sector.

• Policies to achieve climate resilience and a just energy transition in Africa should 
be inclusive, “leaving no one behind.” This transition requires close consideration of 
the equity implications and challenges associated with prevailing energy poverty, low 
energy consumption and energy needs for economic growth and transformation.

• The principle of a just energy transition in Africa must consider past emissions 
and how they shape future emission trajectories. Africa contributed little to the 
buildup of historical emissions and should therefore not be denied the “carbon space” to 
develop its economies. True climate justice suggests that Africa is owed almost 10 times 
as much as the global climate finance that it received in recent years.
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Africa is exceptionally 
vulnerable to climate 

variability and climate 
change, which affect 

millions of people 
and make adaptation 

efforts more 
pressing as rapid 

changes in weather 
patterns erode 

the productivity 
of local water and 
food systems and 

generate unintended 
consequences 
for sustainable 

development

INTRODUCTION

with the increasing concentration of the main 
GHGs — carbon dioxide (CO2), methane (CH4), 
and nitrous oxide (N2O) — the global temperature is 
rising, sparking huge global concerns. world lead-
ers inked their collective effort in the Paris Agree-
ment, which entered into force in November 2016 
and called for keeping the increase in the global 
average temperature to well below 2°C above pre-
industrial levels and for pursuing efforts to limit the 
temperature increase to 1.5°C above those levels. 
The agreement highlights “common but differen-
tiated responsibilities” for climate adaptation and 
for mitigation of GHG emissions. Climate justice 
— overarching a just energy transition in Africa — is 
about how the world should transition from car-
bon-intensive to climate-resilient pathways and how 
the cost of historical and current emissions should 
be shouldered by countries whose contribution to 
previous and present GHG emissions is negligible.

The projected temperature increase across 
Africa exceeds the global average and is expected 
to be accompanied by increases in the frequency 
and intensity of heavy rainfall events, heatwaves, 
floods, and droughts, heightening the risk of eco-
nomic and social catastrophe. All this threatens to 
derail hard-won development gains over the past 
two decades, with adaptation costs estimated at 
a minimum of $50 billion annually by 2050.1 Cog-
nizant, many African countries joined the global 
effort to reduce GHG emissions through the 
Nationally Determined Contributions.

The continent’s commitment, despite a his-
torical and current carbon emissions contribu-
tion below 3 percent, to reducing carbon emis-
sions is commendable, but Africa faces a unique 
challenge in access to modern energy to fulfill 
its development needs, including building cli-
mate resilience. About 600 million Africans do 
not have access to electricity, although the con-
tinent is richly endowed with energy resources to 
meet current and future demand. with the current 
demographic, urbanization, and economic growth 
trends, Africa needs to sharply lift its modern 
electricity production and consumption, which 
has important implications for its climate com-
mitments. These policy challenges call for a close 
examination of the issues, balancing sustainable 

development and climate resilience and with the 
transition to a just energy system at the center.

The 26th UN Climate Change Conference of the 
Parties (COP26) concluded with parties agreeing to 
the Glasgow Climate Pact, which included several 
items. The pact requests that countries revisit and 
strengthen their Nationally Determined Contribu-
tions to align with the Paris Agreement tempera-
ture goal by the next COP in Egypt. It also reaffirms 
developed countries’ responsibility to fulfill their 
pledge of providing $100 billion a year to develop-
ing countries and to double their collective provision 
of climate finance for adaptation, to 50 percent of 
global climate finance. Given that the next COP will 
take place in Egypt, Africa needs to make a strong 
case that the current climate finance architecture 
for accessing finance is not meeting Africa’s needs. 
Further, meaningful efforts will need to be made for 
a stronger narrative on financing loss and damage.

This chapter closely analyzes the state of cli-
mate vulnerability in Africa; resilience to climate 
change and its socioeconomic impacts; and the 
opportunities and challenges of building climate 
resilience while meeting development needs. The 
chapter lays out the development and fairness 
arguments for a just global energy system and 
examines low-carbon transition pathways and 
new opportunities, focusing on the roles of renew-
ables, minerals, gas, and green hydrogen. The 
chapter concludes with a call for balancing Africa’s 
energy needs and global climate commitments 
and offers actionable policy recommendations.

CLIMATE RESILIENCE, 
READINESS, AND 
VULNERABILITY IN AFRICA

The state of climate resilience and 
readiness in Africa
Africa is warming faster than the global average 
over land and oceans. According to the Sixth 
Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC), current predic-
tions are that critical global warming levels will 
likely be reached earlier than mid-century in Afri-
ca.2 Africa is, therefore, exceptionally vulnerable 
to climate variability and climate change, which 
affect millions of people and make adaptation 
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Africa is not only the 
second-most climate 
vul nerable region 
of the world; it also 
shows the least 
climate readi ness

efforts more pressing as rapid changes in weather 
patterns erode the productivity of local water and 
food systems and generate unintended conse-
quences for sustainable development.3

To account for the multiple elements involved 
in climate resilience, this chapter uses a Climate 
Resilience Index (CRI),4 measured by structural 
characteristics of a country that help either to 
increase or to decrease the risk of adverse effects 
of climate-related disasters.5

In 2010–19, Africa was the least climate-re-
silient region in the world, with both the lowest 
median (28.6) and mean (34.6) CRI scores, well 
behind Europe and Central Asia, the most resilient 
region to climate shocks (figure 2.1).

within Africa, disparities between regions and 
countries are vast. Among African regions, the 
most climate resilient are North Africa (63.5 CRI) 
and Southern Africa (43.6), followed by west Africa 
(25.6), East Africa (25.0), and Central Africa (20.6; 
figure 2.2). At the country level on the CRI score, 
the six least resilient countries were Democratic 
Republic of Congo, Chad, Central African Repub-
lic, South Sudan, Somalia, and Libya; the six most 
resilient were Mauritius, Cabo Verde, Tunisia, 
Morocco, Botswana, and South Africa (figure 2.3). 
Most of the low resilient countries are in desert and 

semidesert climatic zones, and the moderately 
low resilient countries are largely in the grassland 
zones in tropical and subtropical regions.

In countries with high CRI scores, the levels 
of economic diversity, innovation, and skilled 
labor force; the quality of healthcare, education, 
and information and communication technology 
(ICT); geographic characteristics; and the quality 
of infrastructure and local institutions are more 
adapted for reducing vulnerabilities to poten-
tial climate shocks and for increasing capacity 
to respond effectively to the adverse effects of 
climate-related events (figure 2.4). In contrast, in 
low and moderately low resilient countries, the CRI 
score is predominately explained by environmen-
tal factors, often beyond the country’s control, at 
the expense of other important dimensions that 
appear to play a negligible role in building resil-
ience. Still, countries can build capacity to adapt 
to these shocks and increase resilience.

Africa is not only the second-most climate vul-
nerable region of the world6 — only South Asia is 
more vulnerable— but also shows the least climate 
readiness7 (figure 2.5). North Africa and Southern 
Africa are the least vulnerable (figure 2.6), with high 
readiness, and tend to leverage climate finance and 
investments, which confirms the previous result 

FIGURE 2.1 Africa was the least climate-resilient region in the world over 2010–19
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Note: The chart shows the median Climate Resilience Index by region with the interquartile range (IQR) in 2010–19 

using principal component analysis. Scatters represent values outside the IQR.

Source: Staff calculations.
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that they are the most resilient to climate change 
(figure 2.7). They are also relatively well positioned 
to implement their climate policies. Indices of cli-
mate vulnerability and climate readiness show 
great variation across countries. Data for 53 African 

countries show that all countries are vulnerable to 
climate change, with countries including Somalia, 
Niger, Guinea-Bissau, Chad, and Sudan classified 
as the most vulnerable to climate shocks, and South 
Africa, Angola, Morocco, and Tunisia as the least so.

FIGURE 2.3 Climate Resilience Index score for African countries, average 2010–19
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Source: Staff calculations.

FIGURE 2.2 Climate Resilience Index score by African region, average 2010–19
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Note: The chart shows the median climate resilience index by region with the interquartile range (IQR) in 2010–19 

using principal component analysis. Scatters represent values outside the IQR.

Source: Staff calculations.
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FIGURE 2.5 Africa is the second-most climate vulnerable region of the world and displays the lowest climate readiness, 
average 2010–19
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Note: Regional averages are weighted by population size. Reported values represent the regional median. Lower and upper whisker values stand 

for 5th and 95th percentile values, respectively. Scatters represent outliers (values outside the 5th and 95th percentiles).

Source: Staff calculations based on Notre Dame Global Adaptation Initiative database.

FIGURE 2.4 Contribution of climate resilience dimensions to the overall Climate Resilience Index 
score, average 2010–19
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FIGURE 2.6 Climate Vulnerability Index score, by African 
region, average 2010–19
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FIGURE 2.7 Climate Readiness Index score, by African 
region, average 2010–19
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FIGURE 2.8 Classification of countries by climate vulnerability and readiness characteristics, 
average 2010–19
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Compounded by 
countries’ low 
adaptation, climate 
change is slowing 
Africa’s economic 
growth considerably, 
and in all countries

The upper right quadrant of figure 2.8 shows 
nine countries with high climate vulnerability and 
high readiness, and they need both adaptation 
and mitigation measures to reduce the impact of 
climate-related or climate-exacerbated hazards. 
Countries in the lower right quadrant (17) display 
low vulnerability but high readiness and are thus 
well positioned to pursue innovative adaptation 
and mitigation measures. Countries in the lower 
left quadrant (9) with low climate vulnerability and 
low readiness may show lagging efficiency of cli-
mate investment in such measures due to their 
low readiness. Last, the 17 countries in the upper 
left quadrant face the greatest climate challenges 
and need to take steps urgently on adaptation and 
mitigation and have the greatest need of climate 
finance.

Although contributing only marginally to global 
warming, Africa is bearing a disproportionately 
high burden as one of the regions of the world 
most vulnerable to the adverse effects of climate 
change.8 The region’s vulnerabilities stem from 
generally low socioeconomic development, where 
lack of resources increases the future risk of not 
meeting sustainable development objectives. It 

is therefore imperative that African regions and 
countries focus on developing response mea-
sures through identifying and assessing disas-
ter risks and strengthening collaboration and 
coordination.

The Human Development Index (HDI),9 on 
the one hand, and climate vulnerability, readi-
ness, and climate resilience, on the other, show 
a strong association. Climate vulnerability scores 
and HDI scores generally have an inverse rela-
tionship, while the climate readiness score is 
positively associated with HDI score (figure 
2.9). Data at the regional level show similar 
associations.

Climate change and socioeconomic 
impacts
Compounded by countries’ low adaptation, cli-
mate change is slowing Africa’s economic growth 
considerably, and in all countries (figure 2.10),10 
with average annual losses in GDP per capita 
growth of 5–15 percent in 1986–2015. These 
losses stem largely from differences in economic 
structure and exposure to climate change. For 
instance, estimated losses for resource-rich 

FIGURE 2.9 Human Development Index scores, climate vulnerability scores, and climate readiness scores for African 
countries, average 2010–19
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countries, such as Botswana, Equatorial Guinea, 
and Gabon, and for services and manufactur-
ing-based economies, such as Mauritius and 
South Africa, are more modest than in the majority 
of African countries whose economies are largely 
dependent on agriculture, whether measured by 
value added or employment shares. More con-
cerning is that many of the countries severely hurt 
by climate change were already poor.

This economic cost is projected to be much 
higher in the next few decades. The future cli-
mate-induced macroeconomic risk for African 
countries was estimated under two Represen-
tative Concentration Pathways — RCP2.6 and 
RCP8.5.11 Figure 2.11 shows the loss in GDP per 
capita growth due to climate change in these low 
(RCP2.6) and high (RCP8.5) warming scenarios for 
Africa and its five regions for 2010–50. west and 
East Africa are projected to be the most affected 
regions in both scenarios, with above 10 percent 
median reduction in GDP per capita growth in the 
high warming scenario by 2050. The effect on 
North, Southern, and Central Africa will be more 

FIGURE 2.10 Average annual climate-induced losses as a 
share of GDP per capita growth in Africa, by country and 
region, 1986–2015
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FIGURE 2.11 Estimated losses in GDP per capita growth under low and high warming scenarios, by African regions, 2010–50
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modest, with below 10 percent reduction in pro-
jected growth.

The high warming scenario will have partic-
ularly severe consequences for African econo-
mies. The reduction in GDP per capita growth in 
the high warming scenario is projected at 16–64 
percent by 2030. The differences in the impacts 
between these scenarios are relatively small for 
North Africa (2 percent vs. 2.3 percent) and Cen-
tral Africa (a negative 0.6 percent vs. 0.9 percent). 
The differences are much larger for East Africa in 
the high warming scenario. After 2030, the differ-
ence in losses under the two scenarios widens 
rapidly, with the estimated losses in the high 
warming scenario almost twice as high.

The evolution of temperature and precipitation 
alterations induced by climate change does not 
follow a similar pattern. According to the Global 
Climate Model (GCM), temperatures are projected 
to rise over time at different rates depending on 
underlying climate scenarios, whereas precipita-
tion tends to vary greatly across climate regions.12 
Because of these differences in climate patterns, 
projected temperatures and precipitation also 
evolve. while in the recent past, hydrometeoro-
logical events such as extreme dry weather and 
extreme wet weather were the main stressors, the 
GCM projections show that temperature-induced 
losses are having a progressively greater effect on 
economic growth. The changing nature of climate 
risks is observed across all countries in Africa, and 
a better understanding of these risks is essential 
for adaptation planning.

Beyond macroeconomic impacts, climate 
change has significant impacts on socioeconomic 
outcomes. For instance, the average global risk of 
mortality from high temperatures amounts to an 
additional 85 deaths per 100,000 people in 2100, 
but the effect is worse in Africa. In Ghana and 
Sudan, for instance, high temperatures could be 
responsible for an additional 160 and 200 deaths 
per 100,000, respectively, in 2100.13 High tem-
perature projections for that year would raise the 
prevalence of child-wasting among children under 
the age of five by 37 percent in west Africa and by 
25 percent in Central Africa and East Africa.14

In addition, the risks of climate change–
related conflicts, such as fighting over scarce 
water resources, are increasing. A 1°C higher 

temperature is associated with a greater risk of 
conflict in Africa of about 11 percent since 1980.15 
In 2020, 30 million people worldwide became 
internally displaced as a result of weather-related 
disasters, including 4.3 million in Africa — the high-
est level since 2012 — suggesting that climate-
related disasters lead primarily to internal rather 
than international migration, particularly in devel-
oping countries.16

Extreme weather events account for 89 per-
cent of all disaster displacement. In most African 
countries, they lead to higher rural–urban migra-
tion because of the effects on agriculture. Further, 
internally displaced persons struggle to find safety 
in camps, tents, and makeshift shelters, often for 
uncertain and prolonged periods. Lacking pri-
vacy for daily activities such as bathing, sleeping, 
and dressing, the camps become an ungoverned 
space for increased sexual violence.17 Many 
women and girls have reported heightened expo-
sure to gender-based and sexual violence when 
living in makeshift camps with very little protection.

Opportunities and challenges in 
building climate resilience

Realizing opportunities
Building resilience, if well planned and imple-
mented, can be very cost-effective, with bene-
fits multiple times the costs. Some of the actions 
taken to build climate resilience involve synergies 
with considerable mitigation co-benefits (figure 
2.12). Examples for Africa include climate- smart 
agricultural practices and low-cost but effec-
tive technologies such as water harvesting and 
small-scale irrigation techniques, land and water 
conservation and management strategies, and 
minimum or zero tillage agriculture with high net 
returns to farmers — and even higher when farmers 
adopt complementary technologies.18

Building resilience requires transformative 
changes, with support from the public sector. 
Creating enabling environments for innovation and 
involving stakeholders, including the private sector, 
are key challenges. For example, making climate 
information and early warning services available to 
enable forecast-based actions by users are two 
areas that require support for technologies and 
human and institutional capacity. These measures 

Building resilience, 
if well planned 
and implemented, 
can be very 
cost-effective, with 
benefits multiple 
times the costs
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Social protection to 
support poor people 

during climate 
shocks increases 

beneficiaries’ 
resilience by 

minimizing 
associated losses

would also need to overcome the “usability chal-
lenge” by reducing the mismatch between supply 
of and demand for climate information.

Adaptation investments, including social pro-
tection, in Africa can also support economic 
growth and reduce inequality and poverty. Esti-
mates for Africa show that such investments in 
resilient infrastructure, with measures to comple-
ment and upgrade the infrastructure, could con-
siderably reduce the negative impacts of climate 
change on economic growth compared with a 
business-as-usual scenario of investments in 
standard infrastructure. Investing in resilient infra-
structure also reduces inequality.19 An example 
from Mozambique’s Beira port shows the bene-
fits of building weather-resilient infrastructure in 
reducing losses of life and assets and in quicker 
resumption of activities after cyclones.20

Social protection to support poor people 
during climate shocks also increases beneficia-
ries’ resilience by minimizing associated losses. 
For instance, a social protection program in Ethi-
opia improved food security and reduced sales 
of assets by beneficiaries after climate disas-
ters, compared with nonbeneficiaries. Because 
the transfers to able-bodied beneficiaries of 
the program were made in exchange for labor 

contributions in public works, such as soil and 
water conservation, the program also helped build 
the resilience of the community and households.21

Overcoming challenges
with Africa’s limited adaptive capacity and cli-
mate resilience, climate change may undermine 
decades of hard-earned development gains, 
which are already under threat from the added 
impacts of COVID-19.

In response, efficient and cost-effective adap-
tation requires policy instruments designed and 
implemented to provide proper incentives for 
adaptation while avoiding perverse incentives of 
the type touched on earlier. Examples of proper 
instruments include price signals for water use 
and payments for ecosystem services.22 However, 
these instruments will have to take into account 
the need for technologies to be accessible and 
affordable against, for example, credit barriers 
that inhibit the uptake of climate-friendly technolo-
gies. Given the multisectoral and multilevel needs 
for building climate resilience, coordination chal-
lenges have to be tackled horizontally and verti-
cally across institutions, sectors, and jurisdictions, 
including by maximizing synergies, considering 
“low-regret” options in the face of uncertainty, 

FIGURE 2.12 Benefit–cost ratios for climate-resilient options in Africa
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highly site- and context-specific, and future uncertainty about the scale of climate change could affect them greatly.

Source: Adapted from Global Center on Adaptation (2021).
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mainstreaming climate resilience across sectors, 
and reducing maladaptation risks. 

One upshot of these challenges is that addi-
tional, climate change–linked costs will be 
incurred, including adaptation investments and 
costs, which are higher per capita for Africa than 
for other regions, owing to its high vulnerability, 
low readiness, and low climate resilience. Such 
investments and costs are estimated at about 
$70–$100 billion a year globally for a 2°C warmer 
world by 2050. This has important implications for 
allocating adaptation funds because the benefits 
of adaptation are location specific, unlike mitiga-
tion of GHG emissions.

Adaptation investments and costs vary con-
siderably across Africa, as seen in anticipatory 
adaptation investments (investments in building 
adaptation capital), reactive adaptation costs 
(costs of adaptation in reaction to climate change), 
and residual damages (the difference between 
total damages and total adaptation investments 
and costs; figure 2.13). East Africa has the high-
est adaptation investments and costs and resid-
ual damages, while North Africa has the lowest. 
Generally, regions with higher HDI (weighted by 
GDP per capita at purchasing power parity) tend 

to have lower adaptation investments and residual 
damages as a percentage of regional GDP.

The low adaptive and climate-resilience capac-
ity of Africa and the huge costs of building resil-
ience mean that international cooperation is 
required to cover not only adaptation investments 
and costs but also losses and damages associ-
ated with residual damage and adaptation deficits. 
Considering the high vulnerability and low readi-
ness of African countries (problems worsened by 
the impacts of the COVID-19 pandemic) and the 
limited contribution of Africa to climate change, 
increased bilateral and multilateral international 
cooperation and partnership are required to cover 
financial costs and enable technology transfer, 
technical cooperation, and human and institu-
tional capacity building. Although adaptation 
investments and costs would cover the additional 
costs of addressing climate change impacts, the 
residual damages also require provision for a 
losses and damages mechanism.

Modern energy in building climate 
resilience
One of the most important challenges contribut-
ing to Africa’s low level of climate resilience and 

FIGURE 2.13 Adaptation investments, adaptation costs, and residual damages in 2050, by 
African region
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Africa remains 
the world’s least 

industrialized region, 
and modern energy 

holds a pivotal 
role in facilitating 

the speed and 
degree of structural 

transformation

climate readiness is its huge energy gap. As 
extreme weather events become more frequent 
and intense, installation of residential and work-
place climate control systems is important for 
building climate resilience among households 
and businesses requiring modern energy, but 
such efforts are held back by Africa’s low modern 
energy production and consumption. For exam-
ple, to cool the approximately 700 million people 
in Africa who needed cooling in 2018 due to 
increasing temperatures would require over 1,000 
terawatt-hours (Twh) of electricity, or one-fifth of 
total electricity produced in Africa.23 If air-condi-
tioning technology remains unchanged, powering 
residential air- conditioning units for about 1.2 bil-
lion people, or 240 million households, by 2040 
would require around 1,008 Twh of electricity, 
which suggests that the continent must produce 
more than 10,080 Twh of electricity a year, or 3.5 
times as much as in 2020. Thus, the requirement 
for cooling should alert policymakers about inte-
grating energy needs in buildings and building 
materials to minimize the use of energy for cooling.

Energy is vital in building resilience for key pro-
ductive sectors of African economies, including 
agriculture, where changing patterns in rainfall 
and temperature threaten output and productivi-
ty.24 At present, lack of access to enough reliable 
and affordable energy poses a major constraint on 
agriculture production and post-harvest process-
ing. Investment is critical in climate-smart agricul-
ture or adaptation infrastructure to improve yields 
and productivity, reduce post-harvest wastage 
through cold storage, and strengthen food secu-
rity and climate resilience, particularly among sub-
sistence farmers. For example, improved access 
and greater use of modern energy services may 
reduce deforestation as the demand for traditional 
biomass declines. Further economic opportuni-
ties can be created by intensifying agriculture and 
ensuring farmers’ involvement in wider agricultural 
value chains, which were not possible in the past 
because of the scarcity of energy.

The use of modern energy in building climate 
resilience has the potential to improve the well-
being of women and young people in particu-
lar. Household energy is traditionally managed 
by women and youths who take on the tasks of 
gathering, preparing, and using wood for cooking. 

These tasks can adversely affect their health, nota-
bly through the inefficient combustion of biomass, 
which results in indoor air pollution, a major cause 
of illnesses that disproportionately affect women. 
The health effects of cooking go further, as the 
physical burden of arduous fuel collection increases 
women’s risk of injury and personal insecurity. The 
burning of wood-based biomass also contributes 
greatly to deforestation in Africa. Given these real 
concerns with the unsustainable harvesting and 
use of biomass, access to modern and reliable 
energy for cooking offers multiple co-benefits of 
building climate resilience and of increasing wom-
en’s well-being and human capital.25

ENERGY, DEVELOPMENT, 
AND A JUST TRANSITION IN 
AFRICA

Africa’s development vision and the 
centrality of energy
Africa needs to industrialize to meet the devel-
opment aspirations of its people and to create 
high-quality jobs and prosperity for all. The same 
route to industrialization that others have taken 
is rapidly closing, largely because of the limits 
imposed by a warming climate, as well as the 
increasing importance of automation, which ren-
ders cheap labor less important in businesses’ 
location decisions than during previous industrial-
ization eras. Huge opportunities lie in industrializa-
tion to meet the continent’s own needs beyond its 
export-led strategy. Given Africa’s less than 3 per-
cent contribution to the depletion of the “carbon 
budget” — a concept that helps in comprehending 
the issues underpinning the “common but differen-
tiated responsibilities and respective capabilities,” 
as outlined in the United Nations Framework Con-
vention on Climate Change (see “Development and 
fairness arguments for a just global energy system” 
below), the continent’s ambition for inclusive indus-
trialization must be supported as part of a fairer 
and more equitable way of addressing develop-
ment and climate challenges simultaneously.

Africa remains the world’s least industrial-
ized region, and modern energy holds a pivotal 
role in facilitating the speed and degree of struc-
tural transformation. Surges in energy use raised 
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contributor to human 
development and 
key for achieving 
the Sustainable 
Development Goals

average per capita consumption levels in today’s 
advanced economies to unprecedented heights, 
propelling their industrialization and ultimately 
helping them achieve high levels of prosperity. 
A strong correlation exists between GDP per 
capita and modern energy consumption in the 
form of electricity across a wide range of coun-
tries (figure 2.14). Emerging economies such as 
China, and more recently India, have driven most 
of the energy growth of the last 15 years, while 
some high-income countries seem to have already 
peaked on per capita and even total energy 
demand.

Energy use follows a fairly linear path during the 
lower stages of economic development (see figure 
2.14), then begins to plateau as countries achieve 
higher affluence. This pattern is rapidly changing 
with the global push to electrification of energy 
systems such as “green steel,” “green cement,” 
enhanced digitization of end-use technologies, 
and transport based on electricity, which will drive 
up electricity consumption.26 Africa is thus faced 
with the dual conundrum of expanding electricity 
provision to all its people as well as building a sus-
tainable energy system based on a highly efficient 
and resilient power sector.

Energy is an important contributor to human 
development and key for achieving the Sustainable 

Development Goals (SDGs). Electricity consump-
tion is highly correlated with the HDI, with a nota-
ble exponential slope, suggesting that electricity is 
particularly important for attaining broader socio-
economic development. For countries with an HDI 
score of less than 0.8, the positive relationship 
between electricity consumption and develop-
ment is strongly correlated at low levels of energy 
use. The relationship levels off at an HDI score of 
higher than 0.8— mainly developed countries — 
because these countries tend to minimize energy 
intensity and maximize energy efficiency, suggest-
ing that even small increments in energy services 
amount to proportionately more significant impact 
on well-being.

Traditional biomass is still the dominant source 
of energy in many African countries, although the 
continent has rich and diverse primary energy 
resources, with substantial gas, coal, geother-
mal, hydro, solar, and wind resources with more 
than 11 terawatts of capacity.27 Yet, Africa remains 
energy poor, unable to harness its enormous 
energy potential to meet its socioeconomic devel-
opment challenges. while oil and natural gas 
account for more than 80 percent of North Africa’s 
primary energy needs, most African countries still 
rely heavily on traditional and inefficient biomass 
to meet their energy needs (figure 2.15), especially 

FIGURE 2.14 Per capita electricity consumption and GDP per capita, 2019
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west Africa, East Africa, and Central Africa, where 
biomass accounts for over 60 percent of primary 
energy supply. Traditional biomass is predomi-
nantly for domestic use, mainly cooking.

Sub- Saharan Africa’s per capita consumption 
of modern forms of energy is much lower than that 

of any other global region (figure 2.16). while its 
per capita consumption was on a par with China’s 
in 1970, it was less than a fifth of China’s in 2019. 
As primary energy consumption in industrialized 
economies remained largely the same over the 
past five decades, energy consumption inequality 

FIGURE 2.16 Per capita primary energy consumption of modern forms of energy in 1970 and 
2019, by global region
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FIGURE 2.15 Primary energy supply in Africa and its regions, 2022
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has fallen for every global region except Sub- 
Saharan Africa.

Electricity production, a critical part of modern 
energy systems, is severely lacking in Africa. In 
2018, Africa had an installed power generation 
capacity of 244 gigawatts (Gw) for a population 
of 1.2 billion people, just slightly above Germa-
ny’s 211 Gw for a population of 83 million. North 
Africa accounted for about 110 Gw, South Africa 
about 64 Gw, and the rest of Africa about 70 Gw 
of installed capacity in 2019. This last figure, for 
47 countries, is less than the installed capacity of 
Turkey. The average expansion of installed capacity 
has been roughly on a par with population growth 
since 1990 across Africa, while installed capacity 
per million inhabitants grew fourfold in India and 
Southeast Asia. More recently, some of the gap 
has been filled by off-grid systems: in 2020, nearly 
60 million people in Africa had access to off-grid 
solar solutions, mainly in solar lights, solar home 
systems, and to a lesser extent mini-grids.28

Beyond electricity generation, Africa’s trans-
mission and distribution infrastructure is weak, 
averaging 200 kilometers of high-voltage trans-
mission lines for every million inhabitants. This 
is less than a quarter of the coverage for the 
United States (800 km per million), France (720), 
and Chile (680). National transmission rates vary 
from roughly 30 and 40 km per million in Nigeria 
and Kenya to over 500 km per million in South 
Africa. However, benchmarking different coun-
tries against each other is difficult given that 
required transmission line length per capita greatly 
depends on country-specific geographic factors 
as well as great variation in economic viability and 
independence of utilities, technical and nontechni-
cal losses, regulatory environment, and electricity 
generation capacity.

Around half of Africa’s population still does 
not have access to electricity. At slightly above 
50 percent — about 600 million people — Africa 
has the lowest electricity access rate of all global 
regions — a rate that drops to less than 30 per-
cent on average in rural areas. By region, access 
to electricity is near universal in North Africa (and 
far advanced in South Africa), but in 27 coun-
tries in west, East, Central, and Southern Africa, 
more than half of the population does not have 
access to electricity (figure 2.17). Moreover, since 

the 1980s, the rate of population growth has out-
paced the growth of installed electricity capacity 
and connections, with roughly 140 million more 
people without access to electricity in 2019 than in 
1990. Only Ghana, Kenya, and South Africa sub-
stantially reduced the number of people without 
access in this period.

Per capita electricity consumption in Africa 
remains very low, at around 550 kwh (370 kwh 
without North Africa and South Africa) compared 
with 920 kwh in India and 2,300 kwh in Asia.29 
Both the cost of being connected and equipped 
(connection fee, acquisition of the decentralized 
system or the stove, appliances) and the cost 
of energy used (electricity supply, cooking fuels) 
are higher in Africa than elsewhere in the world. 
The unit cost of electricity to consumers in many 
African countries is more than double that in 
high-income countries such as the United States 
($0.12/kwh) and far higher than in many emerging 
markets such as India ($0.08/kwh) (figure 2.18). 
The key is efficient energy pricing that reduces 
waste and enables reinvestment in grid exten-
sion and utilities, as well as strategies for expand-
ing mini-grids. For example, except in Mauritius, 
Namibia, and Uganda, most African utilities do not 
receive cost-reflective electricity tariffs because of 
low tariff collection rates; high transmission, distri-
bution, and nontechnical losses; and poor finan-
cial and technical management.

Low rates of access to electricity and inade-
quate supply and infrastructure affect not only 
households in Africa, but also social and produc-
tive sectors. About 1.75 million of Africa’s public 
health centers and schools lack reliable electricity 
supply, while one healthcare facility in four lacks 
electricity, and three in four lack reliable power.30 
Further, around 80 percent of businesses in Africa 
(except in North Africa and South Africa) experi-
ence outages, compared with 66 percent in South 
Asia and 38 percent in Europe. Power outage 
durations tend to be far longer in Africa than in 
Asia and Europe, with large between-country 
variations.

The energy access of power productive sec-
tors is an enduring problem in Africa. Agriculture 
employs half of the African workforce but accounts 
for less than 10 percent of energy for productive 
uses, pointing to the sector’s large energy gap. 



66 C L I M AT E  R E S I L I E N C E  A N D  A  J U S T  E N E R GY  T R A N S I T I O N  I N  A F R I C A

FIGURE 2.17 Electricity access in Africa, by country, 2019
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Low energy inputs along the value chain for irriga-
tion, mechanized production, storage, processing, 
and transport have huge effects on productivity.

Energy consumption in agriculture is distributed 
far from evenly across global regions (figure 2.19). 
Over the past two decades, energy consumption 
in Asia has grown as agriculture has become more 
mechanized along the agricultural value chain, from 
irrigation to processing. Still, generally low energy 
consumption and disparities across regions largely 

explain why Africa’s cereal yield is the lowest glob-
ally at 1,445 kilograms per hectare, against 3,250 
in India, 5,240 in the European Union, and 6,081 in 
China.31 African agriculture’s low energy use is an 
outcome of factors such as the characteristics of 
land, land markets, and land-use rights and the 
characteristics of farmers, such as education and 
access to capital and inputs. Energy for agriculture 
therefore needs to be tackled as part of wider agri-
cultural transformation.

FIGURE 2.18 Indicative electricity prices in selected African countries, June 2021
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FIGURE 2.19 Energy consumption in agrifood systems, by global region, 2000–18
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True climate justice 
suggests that Africa 

is owed almost 
10 times as much 

as the global climate 
finance that it 

received in 2016–19

Development and fairness arguments 
for a just global energy system
The historical responsibility of different coun-
tries for climate change is at the heart of debates 
over climate justice and is deeply rooted in the 
United Nations Framework Convention on Climate 
Change. Article 3.1 states that “The Parties should 
protect the climate system for the benefit of pres-
ent and future generations of humankind, based on 
equity and in accordance with their common but 
differentiated responsibilities and respective capa-
bilities. Accordingly, the developed country Parties 
should take the lead in combating climate change 
and the adverse effects thereof.” This also means 
that adherence to the principle of a just energy tran-
sition requires consideration of past emissions and 
how they shape future emissions trajectories.

Energy mixes are slowly changing as natural 
gas assumes a more prominent position in most 
countries. In recent years, renewables have also 
become important sources of electricity, espe-
cially in the European Union, where they account 
for around 23 percent of the electricity mix 
(figure 2.20). Africa’s energy mix is also changing as 
the share of gas increases. Of course, there is a 
huge difference in the size and scale of growth of 
power systems across countries. Since the 1980s, 
for example, developed economies have replaced 

part of their coal with gas, but their overall elec-
tricity consumption has shot up — by 48 percent 
in the United States, for instance, between 1985 
and 2020. Growth in coal power generation alone 
has gone up 8-fold in China and 18-fold in India. 
In Africa, in contrast, although its power sector is 
far smaller, the energy mix is shifting toward gas as 
more reserves are discovered across the continent.

The evolving global energy mix highlights the 
important but gradual steps high-GHG-emitting 
regions of the world are taking to reduce fossil use 
to stay within the remaining carbon budget.32 Since 
1850, humans have released around 2,400 giga-
tons of carbon dioxide equivalent (GtCO2eq) into 
the atmosphere, leaving less than 400 GtCO2eq 
in the remaining carbon budget in order to stay 
below the 1.5°C warming target.33 This means that 
the world has used over 85 percent of its carbon 
budget and, at current levels of annual emissions 
of 42.2 GtCO2eq, is fast depleting the remaining 
carbon budget. As said, Africa contributed little 
to the historical emissions buildup but could be 
denied the carbon space to expand its economy. 
And true climate justice suggests that Africa is 
owed almost 10 times as much as the global cli-
mate finance that it received in 2016–19 (box 2.1).

Continued emissions from production and 
high-consumption lifestyles in developed 

FIGURE 2.20 Changes in the power generation energy mix, selected regions and countries, 
1985–2020
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BOX 2.1 Finding a just balance: Estimating carbon debts and credits

One of the most important issues in global climate commitments to limit temperature increases to 1.5°C and in climate finance 
negotiations is attributing the amount of carbon that countries emitted in the past and allocating the remaining carbon budget. 
The global consensus seems to be that by limiting future emissions and setting commitments equitably, including those for 
finance, countries can quantify the “common but differentiated responsibilities” of countries for historical climate damage.1 
This chapter refers to this as carbon debt or credit. Given that the Intergovernmental Panel on Climate Change (IPCC) puts 
cumulative carbon dioxide (CO2) emissions at around 2,400 gigatons of carbon dioxide equivalent (GtCO2eq), the estimated 
remaining carbon budget from the start of 2020, with a 67 percent chance of limiting temperature increases to the 1.5°C target 
by 2050, is only 400 GtCO2eq (box figure 2.1.1). Almost all carbon emissions have come from industrialized countries, with the 
developing world emitting very little.

BOX FIGURE 2.1.1 Cumulative carbon emissions by region, 1850–2020

0

500

1,000

1,500

2,000

20202000195019001850

Gigatons of carbon dioxide equivalent Japan Rest of the worldRussia United States
Africa China IndiaEU27 + United Kingdom

Source: Staff calculations based on Our world in Data.

Also important is how to allocate the remaining carbon budget set out by the IPCC in a way that meets the global com-
mitment to net-zero emissions by 2050 (see the section “Green finance” in chapter 3). However, there is no universally agreed 
carbon allocation framework that accounts for or offers a just balance between countries’ historical responsibilities and other 
countries’ development needs. The two extreme approaches in the literature are “grandfathering” (allocating future emissions 
based on current emission shares) and an abrupt transition to equal per capita emissions (allocating to all countries a carbon 
budget equivalent to their share of the world population).

One pragmatic approach between these two is the “contraction and convergence” framework.2 This approach proposes a 
two-phased future emission rights allocation that balances environmental effectiveness, equity, national capacity and ability, 
political feasibility, economic efficiency, and technical requirements. In the first phase, the contraction and convergence frame-
work suggests that emissions increase for current low emitters and decrease for current high emitters for some period until 
the per capita emissions levels converge at equal per capita emissions across countries. In the second phase, all countries 
and regions are entitled to the same amount of annual per capita emissions, which decreases at the same rate until the net-
zero emission target is met. while this framework is simple and has limitations, it is pragmatic, allowing current high-emitting 
countries to gradually reduce their emissions and providing carbon space for historically low-emitting regions, such as Africa.  
 (continued)
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It also offers a useful way to engage in the discussion of historical responsibility, which is often ignored by countries with a 
much bigger footprint on past and present emissions.

Taking 2035 as a year of convergence, with per capita emission for all countries at around 2 tCO2eq a year, then gradually 
falling to zero by 2050, we calculated historical and future carbon debts and credits for countries. we used the 2020 average 
international energy market carbon price of $31 a ton3 (box figure 2.1.2) and the average social cost of carbon of $70 per ton 
(box figure 2.1.3) suggested by the High Commission on Carbon Prices, and used the suggested 2 percent per year discount 
rate for historical and future emissions.4 we also deducted the 2 tCO2eq per capita per year equal share from the actual 
annual per capita emissions before computing the per capita carbon debts and credits.

Box figure 2.1.2 shows the discounted cumulative per capita carbon debts and credits at a discounted international aver-
age carbon price of $31 per ton for three cut-off years: 1850, 1970, and 1990. The estimates vary widely depending on histor-
ical per capita emission levels: emerging and developing regions have carbon credits, but almost all the developed regions, 
as well as China, have large carbon debts. Africa’s estimated per capita carbon credits are $1,050–$1,570, and India’s are 
$700–$1,500, which are the amounts that an average person in these regions is owed. The largest carbon debt is held by the 
United States — $15,272–$26,954 — the amount that the average US citizen needs to pay to clear off all carbon debts valued 
at current carbon market prices.

BOX FIGURE 2.1.2 Cumulative per capita emission debt at the 2020 discounted international average carbon price of 
$31 a ton
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Market prices are, however, distorted on the global commons — as are carbon emissions — due to inherent market failures. To 
measure the true extent of cumulative damage to the climate, we used the discounted average social cost of carbon, finding that 
cumulative per capita social carbon debts and credits are more than double the amount using market prices (box figure 2.1.3). 
These costs reflect the true monetary extent of climate damages that emitters owe to the world — and to themselves. In contrast, 
countries and regions with carbon credits should be compensated substantially if equity and climate justice are to prevail.

In sum, Africa has a total carbon credit of $4.58–$4.8 trillion, averaging $4.64 trillion, a credit that considers historical, cur-
rent, and future shares of carbon emissions. Paid annually over 2022–50, this comes to about $165.8 billion a year, with lower 
and upper amounts of $163.4 billion and $173 billion. The amount of carbon credit that the continent is owed is, therefore, 
almost 10 times as much as the global climate finance that it received, which was around $18.3 billion annually in 2016–19.

(continued)
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countries and rapid economic growth in emerg-
ing economies are the main causes of the shrink-
age of the global carbon budget. The United 
States leads with a 25 percent share of cumu-
lative global emissions between 1850 and 2020, 
followed by the EU27 + the United Kingdom at 
22.5 percent and China at 14 percent.34 Africa’s 
cumulative share is just 2.7 percent. The average 
American had a carbon footprint of 14 tCO2eq 
in 2020, and the average African 0.95 tCO2eq, 
which is on the right side of the required global 
per capita average of 2.0 tCO2eq needed to 
achieve the 1.5°C target.

At the heart of the just energy transition in 
Africa is its right to part of the remaining carbon 
budget. Africa is endowed with significant renew-
able and nonrenewable resources that are distrib-
uted unevenly across the continent. Some regions 
are rich in hydropower, others in geothermal and 
wind energy. Some countries have been long-
standing exporters of hydrocarbons and made 

little use of these resources to transform their own 
economies and social development programs.

Africa’s key direction on climate is adapta-
tion, for which substantial energy services will be 
needed to build resilience in its future transforma-
tion. Current carbon emissions from Africa are still 
extremely low so that, even with steep increases 
in gas for power generation and heat, its increases 
in GHG emissions will amount to only a small frac-
tion of global emissions.

Components of a just transition in 
Africa’s energy system
Africa needs a just and equitable energy transition 
that strengthens inclusion and synergies to reduce 
inequality and empower people through modern 
energy access.35 An affordable, reliable, and sus-
tainable energy system is critical not only for pull-
ing millions of Africans out of poverty — the transition 
needs to open new opportunities and strengthen 
the rights of people living in poverty — but also for 

BOX FIGURE 2.1.3 Cumulative per capita emission debt at a discounted average social cost of carbon of $70 per tCO2
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Notes

1. Mitchell, Robinson, and Tahmasebi 2021.

2. Meyer 1999.

3. https://carbonpricingdashboard.worldbank.org/.

4. https://www.carbonpricingleadership.org/report-of-the-highlevel-commission-on-carbon-prices; Mitchell, Robinson, and Tahmasebi 2021.

https://carbonpricingdashboard.worldbank.org/
https://www.carbonpricingleadership.org/report-of-the-highlevel-commission-on-carbon-prices
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Africa needs to 
maintain a balanced 

energy mix to 
manage short-term 

energy security 
and build long-term 

trajectories that 
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low greenhouse 
gas emissions 

with meeting key 
objectives for 

the well-being of 
its population

building climate resilience, strengthening climate 
readiness, and minimizing climate vulnerability.

Critically, the feasibility of different clean energy 
transition pathways will depend on national start-
ing points and path dependencies. Installed 
power capacity shares differ greatly by region 
(figure 2.21). North and west Africa are dominated 
by natural gas and, to a lesser extent, oil, but in 
East and especially Central Africa hydropower 
accounts for the largest share. Southern Africa’s 
capacity mix is dominated by coal from South 
Africa and by a mix of hydropower, coal, gas, and 
oil from outside South Africa. Resource endow-
ments, especially fossil fuels, are similarly context 
specific. Africa needs to use its gas resources effi-
ciently and prudently where it can and to develop 
robust renewable energy programs to keep 
abreast of the renewable energy revolution.

A just energy transition in Africa requires careful 
consideration of the equity implications and chal-
lenges associated with energy poverty, low con-
sumption, and pent-up energy demand for eco-
nomic growth and transformation (box 2.2). while 
these issues require a well-purposed strategy, a 
just energy transition presents immense opportu-
nities that countries should maximize. For exam-
ple, countries with large parts of their rural and 

peri-urban populations still without electricity have 
launched national electrification plans to achieve 
universal access. Decentralized renewable energy 
systems could be crucial in meeting household 
energy needs and in electrifying key public insti-
tutions, such as healthcare and education facili-
ties, at the heart of socioeconomic development.36 
Decentralized renewable energy systems can 
also power local needs, including those in remote 
areas, help to achieve universal access, and con-
tribute to climate change mitigation — based on 
least-cost electrification. Moreover, distributed 
systems can be executed alongside grid expan-
sion to target remote areas that might otherwise 
not be reached for a decade or more.

Africa needs to maintain a balanced energy mix 
to manage short-term energy security and build 
long-term trajectories that reconcile achieving 
low GHG emissions with meeting key objectives 
for the well-being of its population. As the energy 
needs in much of Africa continue to grow and 
energy insecurity remains, countries will need to 
develop long-term strategies to exploit their enor-
mous renewable energy resources that are con-
sistent with the goals of the Paris Agreement. Afri-
can countries with huge natural gas resources will 
also need to formulate short- and medium-term 
goals to exploit gas as a transitional fuel that 
can be paired with renewable energy sources to 
ensure reliable energy to drive economic growth.

Diversification of the economy is key. For 
instance, in Ghana, fossil fuel wealth is being used 
to support the government’s One District, One 
Factory development programs and to move the 
country toward an export-orientated economy 
and reduce its dependence on food imports.37

Global finance to developing countries in sup-
port of clean and renewable energy had risen to 
$21.3 billion in 2017. But these investments do not 
always aim to ensure universal energy access: 
they aim for high returns over a short period or are 
not applied equitably and to all regions. For exam-
ple, the International Renewable Energy Agency 
shows that Africa received only 12 percent of the 
overall independent power producer (IPP) invest-
ments in energy globally in 2010–20 ($54 billion).38 
North and Southern Africa received the major 
share, Central Africa only $1.9 billion—and only 
$0.2 billion for renewables.39

FIGURE 2.21 Installed power capacity shares in Africa’s regions, 2018
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BOX 2.2 What is a just transition? An African perspective

The framing of a just transition has been shaped by underpinnings of both “labor rights” and “environmental justice” move-
ments. The concept stemmed from the trade union movement in the United States in the 1980s and was expanded by inter-
national organizations such as the International Labour Organization and the United Nations Environment Programme. The 
ideas associated with a just transition have been incorporated in the Paris Agreement of 2015. Its preamble cites “the impera-
tives of a just transition of the workforce and the creation of decent work and quality jobs in accordance with nationally defined 
development priorities, alongside the separate but related issues of environmental integrity and climate justice.”

Africa is defining and framing its just transition. In South Africa, a just transition has found space in climate policy frame-
works since 2012. Given the country’s dependence on energy-intensive sectors for employment and on mining for revenue, 
the 2012 National Development Plan recognized the need for a “judicious transition” to address the fact that poor and vul-
nerable people are likely to be disproportionately affected by climate change and associated policies. In 2015, the Intended 
Nationally Determined Contribution articulated a just transition as an inclusive process that would take “local and indigenous 
knowledge, gender considerations, as well as social, economic and environmental implications” into account. The latest 
revised Nationally Determined Contribution (2021) aligns the concept with a country’s “broader development objectives” and 
reiterates that a just transition must include energy security, water security, food security, infrastructure resilience, land use, 
and mobilization of necessary technological innovation and climate finance.

A just transition requires that climate change actions be carried out in an equitable and just manner, grounded in the 
existing economic structure and challenges, to ensure that actions are socially acceptable, economically viable, and directed 
at positive environmental and developmental outcomes. Africa will disproportionately bear the negative impacts of climate 
change and the socioeconomic impacts of climate hazards. This means that equitable solutions to climate change will require 
policies favorable to those most affected. Given the extent of energy poverty and inequality, and with economic development 
in mind, a just transition in Africa should prioritize the equitable distribution of benefits associated with the shift to a low-carbon 
and climate-resilient future across all sectors of society, including vulnerable groups.

Countries’ broader sustainable development agendas must view their just transition as integral. Plans and initiatives need 
to align with development priorities and increase access to advanced and efficient energy systems and technologies across 
economic sectors and socioeconomic groups. Thus, application of a just transition needs to serve as the foundational prin-
ciple for accelerating progress in achieving the Sustainable Development Goals. The equity and fairness aspects should be 
applied to mitigate the adverse effects of energy insecurity and should address challenges at sectoral and regional levels and 
by intergenerational, gender, and age-based groups, including marginalized and vulnerable groups.

The leave-no-one-behind argument embedded in a just transition must consider and overcome political-economy and insti-
tutional challenges to ensure that affected communities not only benefit but can define their own futures. while social dialogue is 
at the center, the transition will also include innovative finance directed toward meeting multiple co-benefits rather than mobilizing 
investment with the narrow aim of stimulating commercial markets. In communities with high energy poverty and inequality, 
innovative finance must be able to open up new opportunities and not undermine communities’ resilience and adaptive capacity.

The global pattern of emissions per person and by sector indicates not only the urgent need to reduce carbon emissions 
but also immense inequity in carbon-intensive production and consumption. In a just transition framework, while it is essential 
that Africa carry its fair share of commitments to climate goals, it is also essential that Africa be given the energy transition and 
decarbonization policy space and time horizon needed to balance development goals with climate objectives.

The energy transition is not only about providing access to electricity. It is also about securing socioeconomic gains from 
value-addition opportunities that the transition offers. One such opportunity is the manufacturing of green technologies. A 
2022 study by Renewable Energy Solutions for Africa, International Renewable Energy Agency, and the UN Economic Com-
mission for Africa indicates that by 2050, under the 1.5°C global warming scenario, Africa’s energy sector will employ 23 mil-
lion people, with about 73 percent of them engaged in transition-related jobs.1 Currently, Africa captures less than 3 percent of 
the global renewable energy employment share, largely because of the limited role of renewable energy in Africa’s energy mix. 
Therefore, a just energy transition should mitigate the risks of locking Africa out of the green technology manufacturing value 
chain and should aim to increase Africa’s share of green jobs.

Note

 1. RES4Africa, IRENA, and UNECA 2022.
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For Africa, with almost full dependence on 
imported energy technologies, a just energy 
transition framework should avoid locking the 
continent out of the green technology manufac-
turing value chain. Although global investments 
in renewable energy have grown over the past 10 
years, this growth has taken place mainly in devel-
oped and transition economies. Recent research 
shows that the green energy transition is a trans-
formational opportunity for fossil fuel import-
ers with good renewable energy resources by 
enabling them to domesticate former fuel imports 
and produce their own renewable energy–based 
fuel supplements.40 (See the penultimate section 
for a detailed discussion of green growth oppor-
tunities.) More broadly, the continental market for 
clean energy technologies should offer sufficient 
clusters of demand to encourage new manufac-
turing plants in countries with enough technical, 
regulatory, and policy preparation.

BUILDING SUSTAINABLE 
ENERGY SYSTEMS FOR THE 
FUTURE

Making the energy sector work
The energy transition presents a unique oppor-
tunity for redefining Africa’s energy systems to 
deliver on the African Union’s Agenda 2063, 
the Paris Agreement, and the SDGs. To make 
these systems work for the future, they must be 
designed with technologies that are technically 
adequate, cost optimal, and viable — now and in 
the future. They must also deliver maximum value 
for sustainable development in Africa by strength-
ening local capacity, resources, and knowledge.

Natural gas as a transition fuel will need to be 
part of Africa’s future energy mix, for several rea-
sons. First, African countries have over 600 tril-
lion cubic feet of proven natural gas reserves, 
in Nigeria, Algeria, and Mozambique, with new 
reserves discovered in Senegal, Mauritania, and 
Tanzania. Second, in many African countries, 
natural gas power plants will be needed to sup-
port the baseload, provide reserves, and balance 
the grid. Electricity systems and markets must 
adapt and be re-optimized to incorporate large 
proportions of variable renewables generation. 

Third, identifying an optimal energy mix over the 
next decades is necessary to determine the best 
contribution of renewables and natural gas in 
Africa. This focus needs to consider fuel availabil-
ity, transmission infrastructure for greater country 
and regional interconnection, fuel cost, technol-
ogy advancement, and a carbon price subject 
to change due to policies of non-African and 
African countries. In short, countries in Africa will 
need new technologies, management systems, 
and finance to develop and integrate their energy 
resources, including gas, to drive their industrial 
transformation.

Renewables are Africa’s cheapest generation 
options. Utility-scale solar photovoltaic (PV) and 
onshore wind systems are now firmly established 
as the cheapest sources of electricity generation. 
According to the latest figures from IRENA and 
from Lazard, solar PV electricity costs levelized41 
over their lifetime have fallen by almost 90 percent 
since 2010, to $0.03–$0.06 per kwh.42 Onshore 
wind has fallen to a similar cost range. These 
costs are far below the average fossil fuel level-
ized cost of electricity of $0.055–$0.145. Recent 
detailed geographic modeling by the University of 
Oxford of Egyptian and South African case studies 
confirms these price ranges for solar PV and wind, 
as well as their cost advantages over fossil-fuel 
generation in both countries.43 Solar PV auctions 
have produced winning bids of $0.025–$0.06 per 
kwh in some African countries, in a strong falling 
trend.44

The private sector is becoming increasingly 
important for closing Africa’s energy gaps, but 
governments will remain vital players. Historically, 
around 80 percent of Africa’s installed capacity 
has come from state-owned projects, with private 
IPPs accounting for 13 percent of installed capac-
ity in 2019. But the number of IPP projects has 
grown steeply in the last decade (figure 2.22). Over 
80 percent of financially closed projects since 
2010 have been renewable energy–based, albeit 
at considerably smaller scale than fossil fuel–
based IPPs, which have dominated IPP installa-
tions from a capacity perspective since the 1990s 
and offer promise for large-scale industrial uptake. 
Despite a notable downturn of IPP financial clo-
sures since the onset of the COVID-19 pandemic, 
IPPs make up almost half of all planned power 
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generation capacity in Africa, with state ownership 
dropping to roughly one-third.

In Southern Africa, IPPs account for over 60 
percent of the planned generation capacity in 
the pipeline, driven by Botswana, Zimbabwe, 
Malawi, and South Africa. South Africa’s Renew-
able Energy Independent Power Producer Pro-
curement Programme (REI4P) has been trans-
formational in attracting renewable energy IPPs 
to the country and driving down costs of solar 
and wind power. The IPP share in the pipeline is 
also high in west Africa, driven mainly by Nige-
ria and Ghana.45 In North Africa, roughly half of 
the power generation pipeline is owned by IPPs, 
though in East and Central Africa IPP ownership 
stands at below 25 percent. while government 
ownership increases the chances of success-
ful commissioning of planned power plants, 
many IPPs, especially public–private partner-
ship plants, have failed in the past, suggesting 
the need to improve policy and finance support 
for this category. Analyzing REI4P and other IPP 
projects, South African researchers have sug-
gested that investment flows are less affected by 
electricity market structures than by strong plan-
ning, regulatory, procurement, and contracting 
capacity.46

A focus in Africa on expanding generation 
capacity alone would not close the modern 

energy gaps on the continent. In addition, trans-
mission, distribution, and off-grid systems need to 
be greatly expanded to ensure more reliable and 
wider-reaching coverage.

Designing, building, and running 
optimal “clean energy portfolios” in 
Africa: Five balancing options
The first few solar PV and wind projects in a coun-
try can commonly be added to the grid without 
much change in the grid’s structure. As their share 
grows, several options for compensating daily and 
seasonal supply intermittencies of solar and wind 
power should be included in the system to bal-
ance supply and demand, yielding what is some-
times referred to as “clean energy portfolios.” Yet, 
while the potential of such portfolios for Africa is 
very promising, how much can be feasibly real-
ized depends heavily on whether there is enough 
upfront finance and how quickly renewables and 
various balancing options can be ramped up, 
including energy storage and increased intercon-
nection, as they all have high initial cost but low 
operation and maintenance costs. Hence, attain-
ing high shares of solar and wind power requires 
that African countries strongly commit to such 
pathways and that they are decisively supported 
financially by the international community and the 
private sector.

FIGURE 2.22 Government and independent power producer investments in Africa’s power 
sector, 1994–2021
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Five supply and demand balancing options 
enable the integration of large shares of solar and 
wind power in Africa and are usually associated 
with critical additional, nontechnical benefits for 
sustainable development (and discussed in more 
detail below): flexible generation47 on the grid, 
different storage technologies, interconnectivity, 
sector integration and demand-side measures, 
and use of decentralized off-grid energy.48 The 
likely optimum clean energy portfolio for most 
African countries is to complement solar PV and 
wind installations with a combination of these 
options. Research suggests that a well-designed 
Africa-wide clean energy portfolio with around 
80 percent generation from solar PV and wind that 
incorporates all five options could meet Africa’s 
entire electricity demand for every hour of the year 
at an overall levelized cost of electricity of roughly 
$0.06 per kwh.49 Renewable energy and storage 
will continue their cost decline, further improving 
the business case for clean energy portfolios.

Flexible generation on the grid can quickly 
react to and balance out differences in supply and 
demand. Certain conventional electricity generation 
technologies can be dispatched flexibly on short 
timescales to cover electricity shortfalls during pro-
longed periods of low availability of sunshine and 
wind. Open-cycle natural gas turbines, for exam-
ple, are often ramped up and down on subdaily 
timescales to meet differences between supply 
and demand. Reservoir hydropower, currently Afri-
ca’s most popular renewable electricity source, can 
provide balancing on both subdaily and seasonal 
timescales. Climate change, however, affects hydro-
logic cycles, and so expanding the share of hydro-
power in Africa needs to appreciate these anoma-
lies in countries. For example, the Grand Ethiopian 
Renaissance Dam — Africa’s largest hydropower 
plant — could operate flexibly to allow large shares of 
cheap solar PV and wind onto the grid while meet-
ing dynamic demand curves at all times.50

Storage costs are falling rapidly and pres-
ent intriguing prospects for the grid and local 
development in Africa. Utility-size batteries have 
decreased in cost enough to be cost compet-
itive with open-cycle natural gas turbine plants 
for balance times of up to four hours (to cover, 
for example, evening demand peaks).51 Over the 
next few years, battery storage should continue 

its fast growth, making technological gains and no 
doubt leading to further rapid cost declines, ren-
dering it far cheaper than open-cycle natural gas 
turbine plants for short-term storage. Batteries do 
not have ramp-up times — they can instantly dis-
patch electricity —and they offer large-scale local 
industry development potential as they could be 
produced cost-optimally in Africa. Pumped stor-
age hydro is another form of storage deployed 
successfully in many parts of the world.

Interconnectivity increases trade and reliability 
and decreases end-user costs. The more region-
ally interconnected an energy system is, the more 
potential it offers — for example, when it is cloudy in 
one location, it may be sunny in another — allowing 
a greater number of cheap renewables on the 
grid. Africa is seeking to make interconnectivity 
a reality through the Continental Power System 
Masterplan and the accompanying African Single 
Electricity Market (box 2.3).

Sector integration, which aims to meet energy 
demand in sectors in which demand is currently 
not met by electricity (such as transport, cook-
ing, agriculture, and some industries), helps to 
balance the grid and, perhaps more important, 
is driving sustainable development and supplying 
energy services beyond energy as a commodity. 
Demand-side measures include both improved 
energy efficiency (reducing demand while keeping 
service levels constant) and sector integration. This 
leads to smoother demand profiles because parts 
of these sectors’ energy demand occurs at (or can 
be shifted to) times of the day when solar and wind 
energy are abundant. Both measures lower over-
all unit energy costs. In addition to allowing more 
renewables onto the grid, sector integration would 
allow Africa’s future energy system to drive socio-
economic development in three main ways.
• Electrification can lead to savings for end-us-

ers. In almost all African countries, it is cheaper 
for end-users to operate an electric vehicle than 
one with an internal combustion engine, espe-
cially motorcycles and minibuses (figure 2.23). 
Innovative companies such as Ampersand in 
Rwanda, MAX in Nigeria, Bodawerk in Uganda, 
ARC in Kenya, and Agilitee in South Africa are 
part of a rapidly growing African electric motor-
cycle industry that has presented convincing 
business cases for producing new electric 
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BOX 2.3 Making the case for regional energy markets and regional grids in Africa

Integration of regional power grids in Africa is an essential pillar of the continent’s long-term energy sustainability aspiration. 
Connected markets can pool diversified supply sources and aggregate load patterns across borders. Electricity trade is thus 
expected to help reduce generation costs, optimize energy assets, and increase power system flexibility. Five regional power 
pools in Africa vary greatly in scale, governance, and effectiveness but face some common challenges in a fast-changing 
market.

Limited power trade within the continent takes place against a backdrop of the weak financial sustainability of the sector, 
due mainly to a lack of cost-reflective tariffs. The key question is: How can price signals support efficient entry and economic 
investments in resource adequacy for the future? On the one hand, while energy prices tend to converge across countries 
owing to power market integration, distributive effects of power trade may affect importing and exporting countries differently. 
On the other, a country will have to maintain adequate generation and transmission capacity not only for its own system but 
for whole-of-region system reliability. A fair cost allocation across countries therefore calls for a concerted regional action to 
support investment certainty and to ensure security of supply.

Given the limited availability of the baseload and constraints of transmission lines to balance the power system, the effect 
of uptake of renewable generation on the intermittency of power supply could be disproportionally large, making the cross-
border power flows more volatile and unpredictable. Further, renewables growth is changing the economics of the conven-
tional generation fleet, particularly natural gas power plants, which are still much needed in many African countries. The 
growth of distributed energy generation, such as mini-grid, energy storage, and electric vehicles, is also expected to unlock 
flexible opportunities for transmission and distribution operators to balance the system across countries. So, there is a need 
for African countries to consider new developments from the best solutions to promote emerging investment opportunities, 
while avoiding future stranding of assets in a changing competition environment.

The Continental Power System Masterplan integrates the visions of implementing the African Single Electricity Market 
(AfSEM), the African Development Bank’s New Deal for Energy in Africa, and the concept of clean energy corridors. Once 
operational, AfSEM will be the largest interconnected electricity market by geographic area in the world (box figure 2.3.1).

BOX FIGURE 2.3.1 Planned African interconnections
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Decentralized 
energy systems are 

critical for rapid 
energy access 
and need to be 

co-designed with 
grid expansion plans motorcycles or retrofitting conventional ones 

with electric motors. Crucially, electric vehicles 
have no local emissions, and far lower overall 
emissions, especially where the grid features 
high shares of renewables.

• Second, integrating new sectors into electrifi-
cation and energy access planning can create 
multiple synergies. It allows planners to explic-
itly design energy systems to capture value 
addition through productive use of energy. 
Examples include a solar mini-grid developer 
integrated into the local fish value chain who 
installed a system that generates income for the 
developer and for local fishers, while charging 
low tariffs to households.52 Such synergies are 
not limited to food production but extend to 
all energy-enabled sustainable development 
interventions, including those aimed at reduc-
ing poverty or food waste or improving agricul-
tural productivity, education facilities, or water 
access. Cost synergies from project integration 
in a given location can be expected to increase 
the more the SDGs are tackled simultaneously 
rather than being addressed individually.

• Health is an important sector to integrate into 
power sector planning, with benefits that move 

in both directions. Solar energy has been 
shown to be a feasible, cheap, and reliable way 
of electrifying all rural health centers without 
access in Africa,53 while electrifying new sec-
tors and meeting demand through renewables 
can have substantial health benefits. In addition 
to the well-known health hazards of indoor pol-
lution (which can be mitigated with clean-cook-
ing facilities), outdoor (or ambient) pollution in 
the form of particulate matter of 2.5 microns 
or smaller (PM2.5) increases the risks of lower 
respiratory infections, heart disease, neonatal 
disorders, and stroke, and is responsible for 
400,000 deaths a year in Africa.54

Decentralized energy systems are critical for 
rapid energy access and need to be co-designed 
with grid expansion plans. Off-grid solar energy 
systems have grown rapidly, especially in Sub- 
Saharan Africa, in recent years (figure 2.24). Solar 
home systems reached over 144 million people in 
2019 alone due to pay-as-you-go business model 
innovations and increased ability to secure finance 
for off-grid systems. According to IRENA, invest-
ments in off-grid systems in Africa are small but 
growing, reaching $380 million in 2020, with East 
Africa accounting for over half.55

FIGURE 2.23 The fuel cost benefits of electrifying transport in Africa
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African countries 
need to increase 
energy production 
not only to address 
low access, but 
also to enhance 
energy efficiency 
and so widen energy 
access on a more 
sustainable path

A total of 1,500 mini-grids were in use across 
Africa in 2018, and plans are in place to install sev-
eral thousand more. Off-grid systems are critical 
to provide universal access to electricity and to 
increase productivity, especially for parts of the 
population far removed from reliable grid systems. 
Analysis by IRENA suggests that roughly 70 per-
cent of off-grid solar energy capacity is used for 
productive and industrial purposes to ensure 
reliable access to power, commonly in systems 
between a few and several hundred kilowatts 
capacity.

One largely unaddressed issue is integrating 
off-grid systems once the grid arrives in an area. 
In traditional grid systems, energy flows one way 
from the main power plants to end-users. Modern 
grid infrastructure is designed, using feed-in tariffs, 
to allow mini-grid operators to sell to as well as buy 
from the main grid, often with remote sensing. Cru-
cially, agreements need to be in place with mini-
grid developers for areas where the grid arrives, to 
allow for long-term business security and integrate 
the solar and battery capacity. Some options for 
mini-grids include being converted to small power 
producers or small power distributors that operate 
side by side with the main grid without any physi-
cal connection between the two systems, or being 
compensated to exit.56 The selection will depend 
on the regulatory, commercial, and technical char-
acteristics of the mini-grid environment.

Improving energy efficiency in Africa
African countries need to increase energy produc-
tion not only to address low access, but also to 
enhance energy efficiency and so widen energy 
access on a more sustainable path. In 1990–2017, 
gains from improved energy efficiency and from 
economic structural change reduced Africa’s 
energy demand by 22 percent and 18 percent, 
respectively (figure 2.25, right panel), leading to 
cumulative energy savings of 493,957 kilotons of 
oil equivalent (ktoe) — 280,599 ktoe and 213,358 
ktoe, respectively (figure 2.25, left panel). These 
energy savings represent about 20 percent of 
cumulative final energy consumption in the three 
productive sectors over the period.

RENEWABLES, MINERALS, 
AND GAS IN THE GREEN-
ENERGY TRANSITION: AFRICA 
HAS THE WORLD’S BIGGEST 
TECHNICAL POTENTIAL FOR 
RENEWABLE ENERGY

The energy transition presents a transformative 
socioeconomic opportunity for Africa. To achieve 
the goals of the Paris Agreement, Africa requires 
around $3.5 trillion in average energy investment 
every year between 2016 and 2050, a near-dou-
bling from the $1.8 trillion in 2015. Africa is ideally 

FIGURE 2.24 Off-grid energy growth in Africa
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endowed for this transition and set to capitalize on 
this opportunity because, though a small player 
in the global fossil economy — of global reserves, 
it has 8 percent of oil, 6 percent of natural gas, 
and 1 percent of coal — it is far and away the 

world’s richest region for cheap renewable energy 
potential, with approaching half (44.8 percent) of 
the total technical potential of renewable energy 
(figure 2.26). Other world regions are unlikely to 
complete their transformation to net zero without 
green energy imports, in the form of either elec-
tricity or green fuels, such as green hydrogen (box 
2.4 below), methanol, and ammonia.

A recent study by RES4Africa, IRENA, and 
UNECA finds that a green transition scenario that 
keeps the global temperature to 1.5°C above the 
preindustrial level by 2050 would lead to 6.4 percent 
higher GDP in Africa in 2021–50 than in the current 
planned energy scenario — a business-as-usual 
scenario (figure 2.27).57 These results corroborate 
ones that modeled the macroeconomic effects of 
net-zero transitions but included the entire world at 
finer granularity and found a net positive effect for 
Africa of a 6.1 percent GDP increase for 2021–50.58 
In contrast, for countries heavily dependent on fossil 
fuels for export, the green transition is likely to have a 
net negative impact on GDP due to reduced export 
incomes and stranded fossil fuel assets. These 
countries need to closely scrutinize any new fossil 
fuel investments to avoid potential long-term losses.

FIGURE 2.25 Decomposition of final energy consumption in agriculture, industry, and services in Africa, 1990–2017
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FIGURE 2.26 Technical renewable energy potential, by world region
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Investments and economic activities required 
for the 1.5°C scenario generate about 20.5 million 
more jobs (3.5 percent on average) than under 
the planned energy scenario by 2050 in Africa 
(figure 2.28), most of them in promising green 
industries and services. The employment and 
growth effects are associated with overall welfare 

improvement estimated at 24 percent by 2050 
under the 1.5°C transition scenario compared 
with the planned energy scenario, with most of 
it in the environmental, social, access, and dis-
tribution attributes fundamental to a just energy 
transition. Other social benefits of the green tran-
sition are linked to increased solar off-grid finance, 

FIGURE 2.27 GDP difference between the 1.5°C scenario and current planned energy scenario, 
by driver, 2021–50
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FIGURE 2.28 Employment difference between the 1.5°C scenario and current planned energy 
scenario, by driver, 2021–50

Percent difference in 
employment from reference

2050204520402035203020252021

Indirect and
induced effects

TradeGovernment
spending

Transition-related
investment

Other
investment

Employment

–2

–1

0

1

2

3

4

5

Source: RES4Africa, IRENA, and UNECA 2022.



82 C L I M AT E  R E S I L I E N C E  A N D  A  J U S T  E N E R GY  T R A N S I T I O N  I N  A F R I C A

Africa has a 
unique competitive 

advantage in several 
large, green growth 

sectors on which 
it must capitalize 

to benefit from the 
green transition

including accelerated modern energy access, 
reduced access inequalities and energy poverty, 
and improved healthcare.

while many of these investments are yet to be 
made, there are already practical examples of energy 
projects fostering growth, employment, and social 
development. For example, the Noor Solar Com-
plex development in Morocco, through local content 
policy, captured 24–40 percent of expenditures in 
the local economy while creating over 1,100 jobs. 
The South African IPP Procurement Programme led 
to the creation of over 100,000 job-years, helping to 
build local renewable energy industries, resulting in 
over $100 million in spending on social infrastructure 
and saving 60.7 million tons in CO2 emissions.

Africa has a unique competitive advantage in 
several large, green growth sectors (figure 2.29) on 
which it must capitalize to benefit from the green 
transition. They include raw materials, components, 
products, and services that are relevant for domes-
tic and international use and that stretch across 
sectors and along the value chain. which green 
growth sectors to focus on will be context depen-
dent, reflecting capacities, experience, infrastruc-
ture, policy priorities, ability to mobilize investment, 
and global demand. Africa’s large endowments in 
renewable energy and minerals, and its innovative 
capacities in technologies for sustainable develop-
ment, suggest sizable potential for green growth.

Green growth products
Renewable energy as a product, and the green 
products it enables further downstream in the 
value chain, are a cornerstone of green growth 
potential in Africa. Renewables are subject to 
manufacturing economics — unlike fossil fuels, 
which are largely subject to resource-oriented 
economics — enabling African countries to enter 
the sector as manufacturers of components such 
as bio-gasifiers, electrical equipment, and solar 
cells. A growing solar PV components manufac-
turing industry in Kenya demonstrates the poten-
tial of the sector in Africa.

The green energy transition also offers African 
firms the chance to integrate deeper into industrial 
value chains and capture larger shares of value 
added by becoming industrial producers of green 
fuels, widely seen as key for global decarbon-
ization (box 2.4). Green liquid fuels are produced 
from green hydrogen59 and CO2, a conversion 
again driven by renewable energy.

Green growth materials and 
components
Africa can benefit from building on its large 
endowments in minerals (see figure 2.29) and on 
its potential to produce critical components from 
these minerals. Electric batteries are a key exam-
ple of how the continent’s resource endowments 

FIGURE 2.29 African countries have a competitive advantage in several large, green growth sectors

• Minerals for batteries 
(lithium, nickel, cobalt, 
manganese, and graphite)

• Minerals for magnets and 
other electric equipment 
(rare earths)

• Materials for conductivity 
and grid infrastructure 
(copper, aluminum)

• Natural gas as transition 
fuel (if benefits outweigh 
economic risks)

• …

• Electric batteries

• Other electrical 
components (pumps, 
magnets, capacitors, etc.)

• Solar cells

• Mirrors for concentrated 
solar power

• Bio-gasifier units

• Transmission and 
distribution grid 
components

• …

• Renewable electricity 
(solar, wind, hydro, 
geothermal, biomass)

• Green fuels (green 
hydrogen, green 
ammonia, green 
methanol, etc.)

• Electric vehicles (incl. 
electric mini-buses and 
motorbikes)

• Electric appliances for 
agricultural productivity 
(farming, processing, cold 
storage, etc.)

• Various frugal 
technologies

• …

• Energy-related services 
(energy access, energy 
efficiency, energy-enabled 
rural development, etc.)

• Waste management and 
recycling services

• Installation and 
construction services for 
green and climate-
resilient infrastructure

• Carbon removal (direct 
air capture, ecosystem 
services, etc.)

• Green development 
finance services 

• …

Example sectors and associated value chains with substantial green growth potential in Africa

Raw materials Components Products Services

Source: African Development Bank analysis.



C L I M AT E  R E S I L I E N C E  A N D  A  J U S T  E N E R GY  T R A N S I T I O N  I N  A F R I C A  83

BOX 2.4 Letting it slip: Prospects for green hydrogen in Africa

According to Precedence Research, the global green hydrogen market will reach roughly $90 billion in 2030, for an annual 
compound growth rate of 54 percent between 2021 to 2030.1 By 2050, projections foresee a green hydrogen market of 400–
800 million tons, worth $0.8–$1.6 trillion a year. Green hydrogen has many different uses: for decarbonization in chemical and 
steel industries; heating; heavy goods transport by road, sea, and air; and in the power sector as seasonal industry storage 
and for flexible renewable energy–based generation.

Africa has the world’s best potential to produce cheap hydrogen due to its abundant solar and wind potential (box figure 
2.4.1) but is failing to grab this opportunity (see figure 2.32 in the main text). Recent research has shown that, in practical 
terms, Europe, for example, cannot decarbonize its chemical industry without relying on green fuel imports due to limited 
renewable energy, and cites Africa as among its most promising sources.2

BOX FIGURE 2.4.1 Global regions’ technical potential for producing cheap, green hydrogen at under $1.50 per 
kilogram, by 2050
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Mauritania is establishing itself as the leading African country in the green hydrogen market, with a pipeline of the 4th and 
11th largest green hydrogen plants worldwide, with more than 20 gigawatts in installed capacity in 2021. The capital invest-
ment in these two plants is roughly five times Mauritania’s GDP.

The following are selected opportunities and risks of green hydrogen in Africa:
Opportunities
• Large scale green-growth based on Africa’s competitive advantage.
• Leverage to turn current fuel-importing countries into fuel exporters.
• Long-term storage option for clean energy.
• Multitude of domestic and export end uses.
• Enabler for increasing African value added and a driver of African industrialization.
• Creator of local value, jobs, and skills.
Risks
• High upfront investment costs.
• “Resource curse” risk — too heavy dependence on a single good or industry making export diversification more difficult 

— hence the need to use revenue to diversify.
• Resource conflicts over land.
• Risk of pure export focus; need to ensure local benefits.
• Scale of projects has risks for corruption and transparency, stakeholder exclusion, and the environment unless coupled 

with recycling and waste management.

Notes

 1. https://www.precedenceresearch.com/green-hydrogen-market.
 2. Kätelhön et al. 2019.

https://www.precedenceresearch.com/green-hydrogen-market
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BOX 2.5 Rare minerals and battery technology: Prospects for the battery industry in Africa and 
lessons from countries in the Organization of the Petroleum Exporting Countries

Growth in off-grid energy, in solar and wind generation, and in electrification of transport and industry 
feeds into growing demand for batteries in Africa. Stationary-battery capacity in Africa is expected to grow 
by 22 percent a year to 2030, to 83 Gwh and as high as 190 Gwh with full universal energy access (box 
figure 2.5.1).

BOX FIGURE 2.5.1 Africa’s technical potential for producing cheap, green hydrogen at under 
$1.50 per kilogram, by 2050
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African countries have strategic pres-
ences in critical rare earth minerals used 
in battery manufacture that are in high 
global demand. Democratic Repub-
lic of Congo has 50 percent of global 
reserves of cobalt, and South Africa and 
Gabon have nearly 40 percent of global 
manganese reserves. Mozambique and 
Tanzania, albeit at a smaller scale due to 
the relative size of their reserves, could 
play a value-chain role in graphite. Zim-
babwe could develop a niche presence 
in lithium, and because of cost- efficient 
logistics as well as cheap project devel-
opment, a battery factory in that coun-
try would cost roughly one-third of 
one in the United States or China (box 
figure 2.5.2).

BOX FIGURE 2.5.2 Investment cost of a 10,000-ton battery 
precursor plant, four countries
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With adequate 
policy and financial 
support, Africa 
could establish a 
large, lead-acid 
and lithium-ion 
battery recycling 
and repurposing 
value chain by 
organizing and 
formalizing existing 
informal capacities, 
linking regional 
battery sourcing, 
and standardizing 
battery value chains

make production far cheaper in Africa than else-
where (box 2.5). The battery industry has huge 
potential to build on and incorporate existing — 
and often informal — capacities of recycling pre-
cious materials for establishing a “circular” bat-
tery industry in Africa, where batteries and their 
constituent minerals and compounds are kept in 
a perpetual cycle of use and reuse. A further pri-
mary resource is natural gas, a potential transition 
fuel to clean energy systems: depending on coun-
try context, natural gas–based generation may 
be vital to bridge capacity gaps, though given its 
potential scale, it is critical for planners and deci-
sion-makers to assess the size of the associated 
economic risks of such investments.

with adequate policy and financial support, 
Africa could establish a large, lead-acid and 
lithium-ion battery recycling and repurposing value 
chain by organizing and formalizing existing infor-
mal capacities, linking regional battery sourcing, 
and standardizing battery value chains. Reusing 
batteries would generate environmental benefits, 
reduce battery costs by up to 30 percent, and 
build a job-heavy value chain (1,000 battery sales 
equal roughly 40 new jobs).

Yet, Africa risks missing opportunities. Despite 
solar energy being Africa’s cheapest generation 
technology, with nearly 45 percent of combined 
global renewable energy potential and the many 

opportunities for socioeconomic development 
discussed above, Africa accounts for what is 
close to a rounding error — 0.5 percent — of all new 
solar PV installations annually (figure 2.30).

Africa has roughly 5 Gw (0.7 percent) of global 
installed solar PV capacity. South Africa alone 
accounts for 42 percent of this capacity, three 
North African countries — Morocco, Egypt, and 
Algeria — 40 percent, and the remaining 18 per-
cent is spread across the other 50 countries on 
the continent. Both BloombergNEF and a study 
by the University of Oxford60 predict that solar 
PV and wind shares in Africa will not markedly 
increase this decade given the planned power 
pipeline. In 2018, less than 4 percent of electricity 
in Africa came from solar, wind, geothermal, and 
biomass combined, and this share will not exceed 
10 percent in 2030 on current plans (figure 2.31).

Similarly, the fast-growing green hydrogen 
market is overwhelmingly developing outside 
Africa (figure 2.32), despite the continent’s com-
petitive advantage.61

Apart from missing opportunities for develop-
ment, continued reliance on fossil fuels means 
risks for African firms engaged in international 
trade in the medium and long term. As interna-
tional companies are committing to Scope 3 net-
zero targets (which refer to emissions from assets 
not owned or controlled by the company but 

FIGURE 2.30 Global solar photovoltaic installation estimates and forecasts, 2010–30
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upstream or downstream of its value chain), Afri-
can firms need to ensure low-carbon emissions 
along their value chains. Hence, trading with Afri-
can businesses in a country with high fossil fuel 
shares in the energy mix becomes more expen-
sive and so less attractive. For example, several 

regions and countries, including the European 
Union, Japan, and Canada, are planning — or have 
already implemented (California) — carbon border 
adjustment mechanisms intended to prevent 
carbon leakage and support their increased ambi-
tions on climate mitigation. African countries and 

FIGURE 2.31 Africa’s electricity generation mix in 2018 and forecasts for 2030, based on national 
expansion plans, suggest little growth for solar and wind shares
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FIGURE 2.32 Clean hydrogen projects and investments have grown quickly, but almost all 
outside Africa, despite its competitive advantage, November 2021
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Actions to build 
climate resilience 
involve synergies 
to be maximized, 
with considerable 
mitigation 
co-benefits, while 
many other actions 
have benefits that 
exceed the costs 
multiple times

their continental institutions should study these 
mechanisms and advise governments on ways 
to adjust to the constraints and capitalize on the 
opportunities.

A dominant theme is that the depth of energy 
poverty in Africa calls for ramping up investment in 
energy infrastructure to accelerate access to mil-
lions of people and that, while closing the access 
gap, it is also essential to ensure high-quality, 
affordable, and reliable power supply in an inclu-
sive and equitable manner. Industrial growth is 
essential for a diversified and robust continental 
economy that meets the Agenda 2063 aspirations 
of economic transformation anchored on indus-
trialization. Achieving that will require rapid devel-
opment of Africa’s energy infrastructure. In short, 
Africa needs energy-access and development 
gains.

Balancing Africa’s own energy needs 
and its global climate commitments
while it is essential that Africa carry its fair share 
of commitments to climate goals, it is also nec-
essary that Africa be given the energy-transition 
and decarbonization policy space to balance its 
development goals and climate objectives and the 
time horizon to do so. The High-Level Dialogue 
on Energy in September 2021 at the UN General 
Assembly recognized this reality for developing 
economies, seeing them phasing out coal in the 
2040s and acknowledging the continuing role of 
gas as a transition fuel and with developed econo-
mies reducing their dependence to meet net-zero 
emissions by 2050.

Africa’s future energy system requires a new 
way of finance and policy support. Evidence is 
mounting that Africa can have it all: the continent 
has the opportunity to rapidly scale up its energy 
system to provide cheap, sustainable, and reliable 
electricity. However, it cannot achieve this with-
out dramatically increasing its domestic climate 
and development finance and ensuring, particu-
larly, international financing. Africa’s development 
needs, its endowments, and the green-transi-
tion opportunity need to be leveraged through 
accelerated financing for development, different 
approaches to mobilize private sector financ-
ing, and connection of financing to the Nationally 
Determined Contributions.

CONCLUSION AND POLICY 
RECOMMENDATIONS

Climate change and variability hit African coun-
tries’ economies hard over 1986–2015, likely 
causing average annual losses in GDP per capita 
growth of 5–15 percent, with regional variations 
generally reflecting a country’s economic structure 
and its exposure to climate change. Resource-
rich, services-based, and diversified economies 
tended to experience more limited impacts, while 
agrarian economies suffered far higher losses, 
largely because of vulnerability to precipitation 
variability. Projected consequences of climate-
related disasters and change at low (RCP2.6) 
and high (RCP8.5) warming scenarios also show 
regional patterns. Countries in west and East 
Africa are projected to be the most affected, with 
the impact of the high warming scenario becom-
ing progressively more severe.

Understanding the changing nature of the 
stressors on African economies is essential for 
adaptation planning. Particularly in climate adap-
tation in agriculture, options focused solely on 
water supply — typically irrigation — could lead to 
stranded adaptive investments as farmers could 
experience more permanent and severe conse-
quences from temperature and heat extremes 
than from insufficient water. Identifying problems 
contextually is thus of primary importance — at the 
heart of which is climate-resilient development.

Actions to build climate resilience involve syn-
ergies to be maximized, with considerable mitiga-
tion co-benefits, while many other actions have 
benefits that exceed the costs multiple times. 
These measures would need to be inclusive and 
equitable, offering just adaptation, considering the 
SDGs, and drawing on analysis of the best adap-
tation options in the local context. For example, 
climate-smart agriculture could involve uptake of 
climate-resilient crops for smallholder farmers. 
Affordable and reliable energy services would be 
important for enhancing the well-being of individu-
als, communities, and societies facing climate-re-
lated vulnerabilities and for helping create adaptive 
capacities to manage climate risks and build liveli-
hood opportunities.

Energy poverty in Africa has critical negative 
implications for economic growth as well as for 
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Given the importance 
of energy for 

economic and 
wider sustainable 

development, African 
countries must 

develop and support 
a just transition 

to a clean energy 
system that can 

drive socioeconomic 
benefits, social 
inclusivity, and 
empowerment

broader goals. Despite more than 50 years of effort, 
energy systems on the continent remain largely 
underpowered, inefficient, unequal, and ultimately 
unsustainable given climate change. The countries 
that achieved affluence through industrialization did 
so using centralized, large-scale energy systems 
that rely on fossil fuels and large hydropower plants 
and associated infrastructure. Even without added 
pressures from climate change, low access to 
modern energy has been the norm for most African 
countries, and low energy consumption broadly 
correlates with low per capita GDP and inversely 
with the HDI. Many areas of low energy access — 
frequently agricultural areas — have poor access to 
communication systems, roads, and education and 
health systems, as well as poor income generation, 
often because they cannot add value through agri-
cultural processing.

Given the importance of energy for economic 
and wider sustainable development, African coun-
tries must develop and support a just transition to a 
clean energy system that can drive socioeconomic 
benefits, social inclusivity, and empowerment. The 
current access gap needs to be closed to ensure 
that equity dimensions are not just discussed in 
policy circles but are acted on. Low-carbon tran-
sitions would need to be purposively designed 
through fair procedures to ensure that gender 
and social equity issues are included in design 
and implementation. African governments have a 
responsibility to create the governance and institu-
tional conditions in which distributional ambitions 
are anchored on procedural justice.

Given its low GHG emissions and prevalent 
energy poverty, Africa must be allocated a carbon 
space and planning horizon to define optimal 
contextual transition pathways that protect its 
socioeconomic transformation aspirations. Africa 
contributed very little to the buildup of GHG emis-
sion. Thus, simple climate justice demands that 
it should not be denied access to the remaining 
global carbon budget to power its industrialization. 
Specifically, where the benefits of natural gas out-
weigh the economic risks of stranded assets, high 
electricity costs, and decreased macroeconomic 
performance, natural gas should be allowed as 
a transition fuel. Gas can also be used alongside 
renewables to help overcome intermittency of 
power supply. The composition of the energy mix 

will ultimately depend on a range of factors, includ-
ing the speed and size of financing and the tech-
nology for developing and accelerating renewable 
energy options in African countries. 

The Russia–Ukraine conflict and its impact on 
the global energy market have also shed some light 
on the limitations of the nascent renewable energy 
sector to meet rising global energy demand. To 
counter the energy shortage due to the embargo 
on Russian oil and gas, advanced economies are 
resorting to coal-fired energy sources and other 
environmentally damaging methods such as frack-
ing. while such efforts might be warranted to fill 
the gap in energy needs in the short term, they go 
against the established global principles for a just 
energy transition, which these countries have com-
mitted to. Countries that face extreme energy pov-
erty and high vulnerability to the effects of climate 
change but contribute disproportionately very 
little to global carbon emissions might view such 
actions as undermining the credibility and trust in 
global partnerships toward a just energy transition.

African countries can select from multiple transi-
tion pathways, depending on their circumstances, 
resources, and finances. whichever pathways 
are chosen, the energy sector must be techni-
cally designed to meet the continent’s sustainable 
development needs. Exploring access to global 
technologies and adapting them to exploit Africa’s 
abundant and diverse energy resources should be 
the cornerstone of a future African energy system 
within the broader framework of universal access to 
energy, as underscored in the Paris Agreement and 
subsequent declarations. A just energy transition 
also means ensuring that the benefits of transition 
to Africa’s future energy system are equitably dis-
tributed and that countries are not locked out of the 
green-technology manufacturing value chain.

Integration of large shares of solar and wind 
energy in Africa is possible and cheaper than 
other options, but requires large upfront invest-
ment in a combination of measures, notably flexi-
ble generation, storage technologies, regional and 
continental interconnectivity, sector integration, 
and demand-side measures, as well as off-grid 
energy systems. Much of Africa may, however, be 
missing out on this opportunity.

The green energy transition holds transforma-
tive potential for the economy, employment, welfare, 
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NOTES

1. Global Center on Adaptation 2021.

2. IPCC 2021.

3. IPCC 2022.

4. The CRI was computed using principal component 

analysis and normalized between 0 and 100 for 

comparability.

5. Rifat and Liu 2020.

6. Climate vulnerability is a measure of a coun-

try’s exposure (the degree to which the country is 

exposed to the negative impacts of climate change 

and its variabilities), sensitivity (the extent to which 

the country depends on climate-sensitive sectors 

such as rain-fed agriculture or on a sector of the 

economy that is highly susceptible to climate change 

disturbances), and adaptive capacity (the ability of 

the country and its supporting sectors to adjust and 

reduce potential damage and to respond to the neg-

ative consequences of climate events). The Climate 

Vulnerability Index is scaled between 0 and 100, with 

higher values representing greater climate vulnera-

bility. The index is computed using six sectors: food, 

water, health, ecosystem services, human habitat, 

and infrastructure. Each sector comprises six indi-

cators that represent three cross-cutting compo-

nents: the sector’s exposure to climate-related or 

 climate-exacerbated hazards, the sector’s sensitivity 

to the impacts of the hazard, and the sector’s adap-

tive capacity to cope or adapt to these impacts.

7. The Climate Readiness Index score is measured 

through a country’s economic abilities (the degree 

to which the country’s investment climate facilitates 

the mobilization of capital from private sector), gov-

ernance abilities (the extent to which governance 

and existing institutional arrangements contribute to 

reducing climate investment risks), and social abilities 

(the degree to which social conditions in the coun-

try help make efficient and equitable use of invest-

ment and yield more benefit from the investment). 

The index is scaled between 0 and 100, with higher 

values meaning greater climate readiness. It is com-

puted using three components: economic readiness 

(Doing Business indicators: starting a business, 

dealing with construction permits, getting electricity, 

registering property, getting credit, protecting inves-

tors, paying taxes, trading across borders, enforcing 

contracts, and resolving insolvency), governance 

readiness (indicators of political stability and non-vi-

olence, control of corruption, rule of law, and regula-

tory quality), and social readiness (indicators of social 

inequality, information and communication technol-

ogy infrastructure, education, and innovation).

8. wMO 2019.

9. The Human Development Index (HDI) is a composite 

of indices related to life expectancy, education, and 

standard of living (GDP per capita).

10. Baarsch et al. 2020.

11. RCP2.6 represents a low warming scenario of emis-

sion and concentration pathway that aims at limiting 

the increase of global mean temperature to 2°C by 

the end of the century, whereas RCP8.5 represents 

a high warming scenario of limiting the temperature 

increase to 5°C.

12. https://www.gfdl.noaa.gov/climate-modeling/.

13. Carleton et al. 2020.

14. Baker and Anttila-Hughes 2020.

15. This chapter uses the Notre Dame Global Adapta-

tion Index methodology to define vulnerability and 

climate readiness (Carleton et al. 2020).

16. IDMC 2021.

17. Desai and Mandal 2021.

18. Tesfaye et al. 2017; Teklewold et al. 2017; Teklewold 

and Mekonnen 2017.

19. IMF 2020.

20. IMF 2020.

21. Knippenberg and Hoddinott 2017.

22. Niang et al. 2014.

23. IEA 2019.

24. Lipper et al. 2014; Taylor 2018.

25. Culver 2017.

26. Mulugetta et al. 2019.

27. McKinsey & Co. 2015.

28. IRENA 2022.

29. IEA 2019.

30. Moner-Girona et al. 2021.

31. world Bank Database.

32. Carbon budget represents the cumulative amount 

of carbon dioxide (CO2) emissions permitted over a 

and wider sustainable development of Africa. The 
continent has competitive advantages in several raw 
materials — notably green hydrogen — and in some 
component manufacturing, industrial products and 
services for green growth. whether it exploits those 
advantages will be crucial to the lives and livelihoods 
of all Africans in the coming decades.

https://www.gfdl.noaa.gov/climate-modeling/
https://data.worldbank.org/indicator/AG.YLD.CREL.KG?name_desc=false
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period of time to keep within a certain temperature 

threshold. Commonly used thresholds are 2°C and 

1.5°C above the preindustrial period.

33. IPCC 2021.

34. Evans 2021.

35. UN High Level Dialogue on Energy 2021.

36. Chen et al. 2019.

37. UNU–INRA 2019.

38. IRENA 2020.

39. IRENA and African Development Bank 2022.

40. Mercure et al. 2021.

41. The levelized cost of electricity is defined as the price 

at which the generated electricity should be sold for 

the system to break even by the end of its lifetime.

42. IRENA 2021; Lazard 2021.

43. Doorga, Hall, and Eyre 2022.

44. IRENA and African Development Bank 2022.

45. Alova, Trotter, and Money 2021.

46. Eberhard et al. 2017.

47. Flexibility is the ability of the power system to 

respond rapidly to changes in the supply–demand 

position, such as changes in variable renewable 

energy generation output, generation failures, and 

variations in demand (Australian Energy Market 

Operator 2018).

48. Sterl 2021.

49. Barasa et al. 2018.

50. Sterl et al. 2020.

51. Clean Energy Council 2021; Lazard 2021.

52. Haney et al. 2019.

53. Moner-Girona et al. 2021.

54. Fisher et al. 2021.

55. IRENA and African Development Bank 2022.

56. Tenenbaum, Greacen, and Vaghela 2018.

57. RES4Africa, IRENA, and UNECA 2022.

58. Mercure et al. 2021.

59. Green hydrogen is produced by using large amounts 

of RE to split water into hydrogen and oxygen in a 

process called electrolysis. Hydrogen is a combusti-

ble gas that emits only water when burned.

60. Alova, Trotter, and Money 2021.

61. Africa’s investments in off-grid energy were ham-

pered by the COVID-19 pandemic. Athough they 

have largely held their ground, they are still too small 

to achieve universal energy access.
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