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Summary

To achieve universal electricity access and rapid economic development, sub-Saharan Africa needs to
significantly accelerate its electricity generation. Despite rising real per capita incomes over the past two
decades, electricity production per capita has been declining. In addition, while hydropower is prominent in
some countries, solar and wind power generation has lagged other world regions, even though sub-
Saharan Africa has some of the most favorable conditions, particularly in terms of solar potential.

Relying more on solar- and wind-based energy would be economically advantageous for sub-Saharan
Africa because of the reduced cost of renewables and the region’s geography, regardless of climate
ambitions. However, a swifter shift would be needed to meet climate policy objectives.

While low-carbon energy sources have relatively low operating expenses, they require high initial capital
investments. Thus, the primary challenge across sub-Saharan Africa is securing the necessary financing
for renewables investment. A mix of domestic and external financing can increase both renewable
electricity generation and GDP. Relying solely on domestic financing would still boost power generation but
would reduce overall economic benefits because of the crowding-out effect on other sectors. Sources of
domestic revenues that could be used to finance green energy investments are country-specific and range
from carbon taxes, repurposing of fossil fuel subsidies and revenues from mining of minerals critical for the
energy transition, among others.

Advanced economies have committed $100 billion per year to climate finance for emerging market and
developing economies and a new collective quantified goal (NCQG) is expected to be set during COP29 in
November 2024. In one illustrative scenario where this finance is allocated based on the relative difference
between national and global per capita emissions, sub-Saharan Africa would receive about half, which in
turn would have to be allocated to climate mitigation and adaptation. If, in addition, it is assumed that half
of the climate finance flows received by sub-Saharan Africa are assigned to renewable energy, then
renewable electricity production could be up to 24 percent higher than in the baseline scenario excluding
this financing. Annual GDP growth in this illustrative scenario would be boosted by 0.8 percentage point on
average over the next decade, accompanied by stronger labor demand in the electricity sector.

Policies can help catalyze climate finance. Historical data for sub-Saharan Africa shows that market
reforms can attract additional concessional financing and grants for climate. An ambitious package of
governance, business regulations, and external sector reforms is associated with a 20 percent increase in
climate finance flows and a 7 percent increase in electricity generation over five years. Among these policy
categories, governance and external sector reforms show the strongest impact. In addition, implementing
climate policies is linked to increases in green foreign direct investment (FDI) announcements and green
electricity production, another important source of financing for renewables deployment.
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Introduction

Sub-Saharan Africa needs to boost electricity production to achieve universal access and foster
sustainable development. Approximately half of the sub-Saharan African population lacks electricity, and
those connected pay almost double the global rate. The region’s electricity demand is set to rise with its
booming population—projected to double by 2050—and with the structural transformation expected to increase
the role of manufacturing and services. To meet both future energy demands and global emission targets from
the 2015 Paris Agreement, the continent needs a sustainable energy transformation, instead of relying solely on
environmentally harmful energy sources like coal, oil, and traditional biomass.

Renewable energy is arguably within easier reach, given significant cost reductions, and would deliver
developmental benefits. The cost of solar and wind energy, as well as utility-scale batteries, has decreased
markedly in recent years. Driven by lower costs, global investments in these technologies have increased
exponentially (Creutzig and others 2017). At the same time, Africa has excellent conditions for renewables,
especially solar energy, and auction prices for utility-scale solar power have declined steadily (Kruger and
Eberhard 2023). Sub-Saharan Africa also faces a persistent electricity shortage, which acts as a major obstacle
to both human development—by limiting electricity access in rural areas—and economic growth—~by depriving
businesses of reliable and affordable energy. Generating electricity through renewable sources, rather than
fossil fuels, offers several tangible benefits, such as reducing dependency on volatile global fossil fuel markets,
minimizing harmful air pollution, and avoiding the risk of stranded fossil fuel assets. In addition, in the current
context of global decarbonization, international partners are likely more inclined to support investments in
renewable energy rather than carbon-intensive ones. Besides efficiency considerations, green?! technologies,
like microgrids and off-grid solar energy in remote areas, provide a range of developmental benefits. These
include improvements in health, access to information and communication infrastructure, and the productivity of
micro-enterprises (Mugisha and others 2021), while also contributing to climate adaptation. For example, solar
power allows for the use of irrigation systems and refrigeration in regions that are difficult to reach with the
central grid.

Several studies highlight that the technology is available to allow Africato scale up renewable energy. A
transition to an electricity system consisting entirely of renewable energy is technically possible (Barasa and
others 2018). Hydropower plants can be used as “virtual batteries,” which jump in when electricity supply from
solar and wind energy is low. The system could gain further efficiency by integrating water desalination and the
production of industrial gas when renewable energy production exceeds demand. Such a system, however,
would require a dense electricity network to allow for continental electricity trade.? Implementing this technical
possibility would require time (models anticipate 20 to 30 years) and political will. However, the existing and
proposed plants for renewable energy in sub-Saharan Africa could already cover a large part of total electricity
needs by 2040 (Peters and others 2024).

International organizations support the case for increasing renewable energy in Africa and identify key
measures for increasing investments. In an early analysis on enabling renewable energy in emerging market
and developing economies, UNEP (2012) identified three key approaches: creating a level playing field between
renewable energy and fossil fuels (mostly by phasing out fossil fuels subsidies), providing easy market access
to private investors, and mitigating political and regulatory investment risks. The IEA (2022) developed a
“Sustainable Africa Scenario,” which would allow universal electricity access and fulfill Africa’s climate pledges
by adding renewable energy. The International Renewable Energy Agency (IRENA) and AfDB (2022) provided a
comprehensive market analysis for renewable energy in Africa and identified substantial investment
opportunities. Sub-Saharan Africa could also take advantage of renewable energy development with the
production of minerals needed for the green transition. The IMF has recently stressed that the extraction of
critical minerals could boost GDP in sub-Saharan Africa, while developing processing industries for these

1 While the term “green” is broadly used to encompass a range of environmental issues including biodiversity, nature conservation, and
climate adaptation, in this note, it primarily refers to the low-carbon and zero-carbon transition, as well as the related policies and
technologies.

2 Caceres and others (2022) further refine the concept of fully relying on renewable energy by considering the potential effect of climate
change on hydropower availability. They find that the potential loss of capacity could be compensated by other renewables.
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minerals is an opportunity to climb the ladder toward more complex products (IMF 2024) and obtain revenues
that could be directed to power generation investments.

While increased investments in renewable energy hold significant potential, several critical challenges
need to be addressed to unlock them. Significant investments in upgrading and expanding electricity grids will
be required (World Bank 2017). Solar and wind energy require complementary investments into flexibility
options like interconnected electricity grids and energy storage, which are essential for balancing mismatches
between electricity supply and demand. In some countries, political and expropriation risks, and barriers to the
movement of capital represent constraints to private investment. Finally, managing the workforce transition from
the fossil fuel sector (Ferroukhi, Reiner, and El-Katiri 2022) to the renewable energy sector (IMF 2024) will be
essential to ensure a smooth and inclusive shift.

Increased investment in renewable energy requires market reforms to attract investors and sector-
specific policies to improve the management and reliability of electricity systems. Poor utility performance
and weak state capacity in sub-Saharan Africa are key constraints to electricity sector development (Eberhard
and others 2017; Foster, Eberhard, and Dyson 2021). Electricity has become a bottleneck for development
(Hardy and McCasland 2021; Mensah 2024). Hence, addressing this bottleneck is expected to deliver economic
benefits. Policies aimed at improving both on-grid and off-grid supply are crucial for enhancing the overall
efficiency and reach of electricity supply. Structural improvements such as increasing power reliability, boosting
energy efficiency, and improving regional electricity trade would increase GDP and wages in sub-Saharan Africa
(Rojas Romagosa and others 2024). Part of the solution is creating the conditions to gradually increase the role
of private power investments (PPIs), which many countries in sub-Saharan Africa have already implemented in
past years. Private investors are much more likely to invest in renewable energy and can be an alternative to
state-owned utilities (which are typically invested in established networks of fossil fuels). Besides private sector
reforms, independent regulatory agencies have an important effect on improving performance and reducing the
negative effects of institutional deficiencies (Imam, Jamasb, and Llorca 2019).

Securing funding is a key challenge for Africa’s electrification and energy transition and requires
policies to develop bankable projects and tackle implementation bottlenecks. The funding needs for
Africa’s investments necessary to modernize the electricity sector are estimated at $25 billion per year by the
IEA (2022). Access to funding is likely to be a more binding constraint for renewables. Fossil fuel plants have
lower upfront investment costs but higher operational costs as they require the purchase of fuels with volatile
prices. In contrast, renewable energy requires higher initial investments but mainly maintenance thereafter, as
captured by the high capital expenditure share of onshore wind and solar photovoltaic (PV) (see Beiter and
others 2024). For a sustainable shift, Africa needs diverse financing from public actors, private investors, and
the international community. Climate financing will also be needed for adaptation, and a wide range of
development needs compete for domestic resources. Therefore, increasing the availability of external finance is
critical. Access to public and private climate finance instruments requires improving national frameworks and
capacity to develop bankable projects (Arezki 2021; Belianska and others 2022), as well as addressing existing
bottlenecks in project implementation (IMF 2023a), but it is threatened by geopolitical fragmentation (Bolhuis
and others 2024).3 Sub-Saharan Africa has also received substantial investment in renewable energy from
China,* which has helped decrease greenhouse gas (GHG) emissions (Zakari and others 2022). To attract
private investment, it is crucial to improve governance and regulatory frameworks. Multilateral organizations
have a role in assisting both financially and with capacity building. Mission 300, a recent initiative by the World
Bank and the African Development Bank, aims to provide access to at least 300 million people in Africa by
2030, marking a significant step forward (World Bank 2024).

3 Gardes-Landolfini and others (2023) identify three main potential factors threatening the energy transition globally: (1) pullbacks in climate
mitigation policies and increased carbon lock-in in fossil fuel infrastructure and policymaking, (2) lower likelihood of continuous cost
reduction in renewable energy technologies, and (3) intensification of macroeconomic shocks amid increasing geoeconomic fragmentation.
4 According to the Financial Times fDi Markets database, China has invested $4.7 billion into fossil fuel extraction in sub-Saharan Africa and
$3.3 billion in fossil fuel electricity generation in the period from 2003 to 2022, compared to only $1.5 billion in renewable energy. However,
none of the fossil fuel investments occurred after 2018, and renewable energy investments are increasing.
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The overarching objective of this note is the analysis of the important role of renewables in increasing
the availability of electricity and boosting inclusive growth in sub-Saharan Africa. The specific questions
are as follows:

1. What will the sub-Saharan African energy mix look like under alternative degrees of climate ambition?

2. What economic, employment, and energy impacts can sub-Saharan Africa anticipate from improving the
existing power capacity and increasingly shifting toward renewable energy for future energy needs?

3. How do these effects vary with financing options, differentiating between external finance and domestic
financing, toward sustaining the capital costs for setting up new renewable capacity?

4. What reforms and policies are needed to reduce barriers to mobilize financing for renewable energy and
boost renewable electricity generation?

The analysis combines data and scenarios available in the literature, novel model simulations, and new
empirical findings. First, existing data shed light on the status quo of the electricity mix, while the
Intergovernmental Panel on Climate Change (IPCC) scenarios provide an overview of the potential development
of the energy sector under alternative degrees of climate ambition. Second, the IMF-ENV model—a global
dynamic computable general equilibrium model—is used to simulate the macroeconomic impact of alternative
policies to expand the electricity sector with a heavier reliance on renewables. Third, an econometric analysis
investigates the effects of market reforms and climate policies in attracting (official and private) climate finance
and boosting clean electricity generation.

The Current Energy Landscape and Future Scenarios

Electrification can leverage sub-Saharan Africa’s solar potential to increase energy access. In 2020, the
energy mix in sub-Saharan Africa was dominated by biomass, followed by oil. Biomass is used mostly for
cooking and oil for transportation and heating. The next most important energy sources are coal—used for
electricity generation—and natural gas—used both directly and for electricity generation. Electrification will make
it possible to use renewable energy in areas like cooking, transportation, and heating, also contributing to
decarbonizing energy use (Luderer and others 2022). Although emissions per capita in the region are low
compared to other EMDES, a large portion of the total CO2 emissions in sub-Saharan Africa (except South
Africa) is concentrated in the transport sector, as shown in Annex Figure 3.1. Therefore, electrification in the
transport sector also presents the potential for significantly reducing fossil fuel use, and consequently emissions
in most sub-Saharan African countries.

The Status Quo

The sub-Saharan African electricity mix is currently dominated by fossil fuels, followed by hydropower;
but solar and wind energy are expanding rapidly. Electricity production in sub-Saharan Africa increased
slowly between 2000 and 2021 (Figure 1, panel 1). Mostly used in South Africa (Figure 3), as of 2021 coal was
still the predominant electricity source, accounting for 43 percent of electricity generation. Coal’s contribution to
the electricity mix surged from 2000 to 2004, followed by a very modest decline until 2021. Hydropower, with a
30 percent share in the electricity mix of 2021, doubled over the period covered. In parallel, the generation from
oil and natural gas quadrupled in the same timeframe. Natural gas had a share of 13 percent in 2021. All other
energy sources contributed less than 10 percent of electricity generation. Nuclear energy production was very
small and remained approximately constant throughout the period. The milestone of 1 terawatt-hour (TWh) of
electricity production using geothermal energy was reached in 2005, while solar energy reached this landmark
in 2014 and wind energy in 2016. The decade from 2011 to 2021 witnessed the largest growth in electricity
generation from natural gas and hydropower in absolute terms. However, in terms of relative growth, solar and
wind power experienced the most dramatic increases: production from solar and wind was 78 times larger in
2021 than it was in 2011. Nevertheless, Africa remains the continent with the lowest share of solar and wind in
the electricity mix globally (Figure 1, panel 2).
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Figure 1. The Electricity Mix in Sub-Saharan Africa over Time
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Sources: International Renewable Energy Agency; Ember; and IMF staff calculations.

Note: The energy sources in the IRENA database are grouped as follows: Solar = Solar photovoltaic + Solar thermal energy,
Wind = Onshore wind energy + Offshore wind energy, Hydro = Renewable hydropower + Mixed hydro Plants + Pumped storage
+ Marine energy, Biofuels = Solid biofuels + Renewable municipal waste + Liquid biofuels + Biogas, Geothermal = Geothermal
energy, Coal = Coal and peat, Oil = Oil + Fossil fuels not else specified + Other nonrenewable energy, Natural gas = Natural gas,
Nuclear = Nuclear. TWh= terawatt-hour.

Figure 2. Electricity Generation Trends in Sub-Saharan Africa
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years less the average over the previous three years. orange line shows electricity per capita. Both variables are
Renewable energy is the sum of biofuels, geothermal, normalized such that their values in 2000 are equal to 1.

hydropower, solar, and wind energy. TWh= terawatt-hour.

Albeit starting from a low base, sub-Saharan Africa has already embraced renewable energy to increase
electricity generation; however, this is still not enough to keep up with growth. Net additions to total
electricity production were higher than net additions in renewable energy sources for most of the last 20 years
(Figure 2, panel 1). Since electricity production fluctuates strongly, three-year averages are reported. In recent
years, renewable energy additions® have exceeded the increase in total electricity generation. This means that
renewable electricity was used to compensate for the decrease in other electricity sources, mostly coal.
Renewable energy has thus already contributed to decarbonizing electricity production. Nevertheless, power
generation will have to be stepped up substantially to fuel growth. According to a “Kuznets curve” of energy
intensity, sub-Saharan Africa should be expanding energy intensity (Peralta-Alva, Tavares, and Xi 2017) and
yet, since 2004 electricity generation per capita has trended downward, while GDP per capita has trended
upward (Figure 2, panel 2). Given these trends, per capita GDP growth is constrained by the undersupply of

5 Of the increase in renewable energy between 2018 and 2021 in sub-Saharan Africa, 79 percent came from hydropower and 18 percent
from solar energy.
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electricity, as seen in load shedding in South Africa and private generators in many countries. If continued, the
shortage of electricity is expected to drag more heavily on growth (Hardy and McCasland 2021; Mensah 2024).6

The reliance on fossil fuels for electricity
generation varies across countries, with South
Africa depending heavily on coal and a few

Figure 3. The Electricity Mix in Sub-Saharan
Africa across Regions (TWh)
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Moreover, it is notable that South Africa contributes International Organization for Standardization (ISO) country codes.
95 percent of coal-generated electricity across sub-Saharan Africa. Despite this heavy reliance on coal, the
country distinguishes itself as the sole subregion/country within sub-Saharan Africa to generate significant
guantities of electricity from solar and nuclear sources. More than two-thirds of electricity production from oil and
natural gas is also present in certain subregions within sub-Saharan Africa.” However, clean energy is already a
strong component of the electricity mix in several other subregions. In four countries or subregions (DR Congo,
Ethiopia, “Middle other,” and “Eastern other”), more than half of the electricity generation comes from
hydropower. Kenya leads in the use of geothermal power, from which it sources half of its electricity generation.

The Future Electricity Mix

Solar and wind energy are the only low-carbon energy sources that can be scaled sufficiently to power
Africa’s expected development. Until the mid-2010s, scenarios for the future electricity mix in sub-Saharan
Africa strongly relied on carbon capture and storage, as well as biofuels. During the 2010s, two major
developments changed scenario results. First, the cost for solar energy declined by 89 percent between 2010
and 2022 and the cost of onshore wind energy declined by 69 percent in the same period (IRENA 2023).
Second, the technology for balancing the intermittency of these two sources matured (see Pietzcker and others
2017, among others). As a result, projections of the future electricity mix now rely very strongly on solar and
wind power. Given excellent natural conditions, solar energy is expected to dominate electricity generation
across the sub-Saharan African region (Bogdanov and others 2019). Studies now argue that the entire African
electricity system can be based on renewable energy (Barasa and others 2018; Sterl and others 2021; Bamisile
and others 2023).8

The future pathway of electricity systems in sub-Saharan Africa can be explored with the IPCC
scenarios generated with high-quality models. Scenarios of global climate mitigation that would keep the
average temperature increase below 1.5°C and 2°C are compared with a 3°C case. While the first two cases
represent very and moderately ambitious climate policies, respectively, the last case broadly represents

6 By contrast, access to electricity (26 percent in 2000 and 51 percent in 2021 in the World Bank data) and clean cooking fuels (9 percent in
2000 and 19 percent in 2021) developed more favorably, while the heterogeneity within sub-Saharan Africa remains large. Further, off-grid
solar has strongly contributed to increasing rural electrification from 17 percent to 28 percent between 2010 and 2020 (Babayomi and others
2023).

7 specifically, Nigeria and “Western other” regions are the principal areas where these energy sources are utilized for electricity generation.
These are also the subregions with major oil and natural gas exports.

8 Nuclear fusion (Nicholas and others 2021) and nuclear energy (Laureto and Pearce 2016; Muellner and others 2021) suffer from high
costs and technical challenges. Carbon capture and storage (Fuss and others 2018), biofuels (Jha and Schmidt 2021), and hydropower (Xu
and others 2023) can play a role but cannot be scaled up to satisfy the total electricity demand because of limited capacity.
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warming that is likely to be reached with unchanged climate policies.® The IPCC is deliberately inclusive in its
coverage of models. Scenario results from many models are included in the database.'® The temperature
targets refer to the global temperature increase. Models generally let advanced economies decarbonize first, but
reaching net zero emissions globally requires all regions, including sub-Saharan Africa, to decarbonize.

Figure 4. Sub-Saharan Africa’s Total Electricity Production in IPCC Scenarios
1. 3.0°C Scenario 2. 2.0°C Scenario 3. 1.5°C Scenario
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Sources: Byers and others (2022); and IMF staff calculations.
Note: The bold line shows the median scenario. The shaded area shows the range between the 25™ and 75" percentile. Total
electricity production refers to secondary energy produced from all primary energy sources. IPCC = Intergovernmental Panel on
Climate Change.

Stronger climate ambition would require accelerated electrification in sub-Saharan Africa, so that
electricity production is expected to increase to a larger extent under tighter temperature goals.
Electrification allows phasing out the direct use of fossil fuels, for example, in transportation (Luderer and others
2022) and cooking.!! As a result, the amount of electricity production would have to increase to a larger extent
under more ambitious climate policy. Figure 4 shows the total electricity production for the three global
mitigation goals. For each of them, the bold line indicates the value in the median scenario for each year. The
shaded area shows the range of results between the 25 and 75" percentile of the whole distribution of results.
In all cases, scenarios project a rapid growth in electricity production.2 While electricity production in 2020 was
at about 2 exajoule (EJ), scenarios predict it to have median values of 8.5 EJ for an average temperature
increase of 3°C, 12.5 EJ for 2.5°C, and 18.6 EJ for 1.5°C by 2050.

Figure 5. Sub-Saharan Africa’s Electricity Production in IPCC Scenarios
1. 3.0°C Scenario 2. 2.0°C Scenario 3. 1.5°C Scenario

2
8
2
8
H]
8

©
=1

@

o

@
=}
@
=
@
<]

I
=]
B
=
&
o

\)
(=]
o
=
o
o

Percent of total electricity production
Percent of total electricity preduction
Percent of total electricity production

=]
o

o

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Year 2020 2025 2030 2035 2040 2045 2050

Ye
fear fear

e [ 055i| Fuels o Nuclear s Hydro and Geothermal s \Nind and Solar = = 25th-75th percentile

Sources: Byers and others (2022); and IMF staff calculations.
Note: The bold line shows the median scenario. The dashed green lines show the 25th percentile and 75th percentile for solar
and wind energy. IPCC = Intergovernmental Panel on Climate Change.

9 In December 2023, it was estimated that the implemented policies would lead to warming between 2.2°C and 3.4°C with a median
estimate of 2.7°C (CAT 2023). The 3°C scenario thus represents a no-policy scenario, where countries do not take action beyond what they
already did.

10 Not all models submit scenario results for each temperature category. There are 97 scenarios in the 1.5°C category, 310 scenarios for
2°C, and 96 scenarios for 3°C.

11 Note that the United Nations Environment Programme is already implementing programs on electric mobility in Africa (UNEP 2022).

12 GDP and population pathways follow the assumptions of the SSPs, as defined in section 2.1 of Riahi and others (2017). GDP growth in
low-income countries in the SSP2 scenario, for example, is assumed to be 3.7 percent between 2010 and 2040 and 3.3 percent between
2040 and 2100 (Leimbach and others 2017). In SSP2, the population in Africa would grow from 1 billion in 2010, to 2 billion in 2050, and to
2.6 billion in 2100 (KC and Lutz 2017).
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Even under less ambitious climate goals, IPCC scenarios project a transition from fossil fuels to solar
and wind energy. Figure 5 shows median values of electricity generation from four groups of energy sources:
(1) nuclear energy, (2) fossil fuels, (3) hydropower and geothermal energy, and (4) solar and wind energy. The
scenarios under the 3°C category show that nuclear energy is not expected to play a material role. The role of
fossil fuels (which risk becoming stranded assets, as shown in Gardes-Landolfini and others 2023), as well as of
hydropower and geothermal energy, is expected to decrease gradually. The decline in the weight of these last
two sources is due to the limited technical potential (Elbarbary and others 2022; Xu and others 2023). The fact
that, even in the 3°C category, solar and wind are expected to gain market share steadily until 2050 in sub-
Saharan Africa demonstrates the technical and economic potential of these energy sources for the continent.

Greater climate ambition at the global level would require an acceleration of the transition from fossil
fuels to solar and wind energy also in sub-Saharan Africa. In the 2°C category, the pace of the decline in
the share of fossil fuels is expected to be significantly more pronounced than in the 3°C category and the fossil
fuel share would decrease below the share of hydropower and geothermal energy already in 2035. Nuclear
energy remains insignificant across all scenarios and categories, because of high cost (Lovering, Yip, and
Nordhaus 2016; Wealer and others 2021). Hydropower and geothermal energy are expected to double or triple
total production, but given the much stronger total electricity growth, their share in total production is expected to
decline. This amount of growth in hydropower use is possible in a sustainable and cost-effective manner (Xu
and others 2023), despite the effect of climate change on water availability (Caceres and others 2022). The
share of solar and wind is expected to increase at a much faster pace than in the 3°C category, primarily
because neither source has a limited technical potential, their prices are expected to fall, and the technology for
handling intermittency is expected to improve.13

The Macroeconomic Implications of Increased Power Generation

Increased power generation holds the potential to benefit sub-Saharan African economies, but effects
will differ significantly depending on the design and execution of relevant policies. This section leverages
the IMF-ENV model to explore a variety of scenarios pertaining to the expansion of power generation and its
associated macroeconomic effects. For this analysis, the model has been calibrated to reflect sub-Saharan
African subregions in line with the UN classification, in addition to specific countries selected for focused
analysis (for a summary of the model, its calibration, and the sub-Saharan African subregions under
consideration, refer to Annex 1).14

Increase in Power Generation under Baseline Assumptions
Under baseline assumptions, electricity production would increase, characterized by an expanding

contribution of solar and wind energy within the generation mix (Figure 6, Panel 1). The baseline scenario
is shaped by long-term GDP growth rates, demographic trends, energy efficiency gains, and key energy and
climate policies in large economies (see Annex 1). Compared to the year 2021, total power generation in sub-
Saharan Africa would increase by a factor of 1.7 by 2035, aligning with the range of the 3°C IPCC scenarios
presented in the previous section. Compared to 2021, solar and wind generation would increase the largest, by
a factor of 5.6, followed by a 2.2-times increase in other non-fossil fuel-based technologies,!® and lastly fossil
fuel-based technologies would grow by a factor of 1.3. The increase in the share of solar and wind energy
generation is supported by the implementation of all policies governments have already announced, alongside a
continued global reduction in the costs of solar and wind energy technologies. This shift would result in the
share of all renewable energy sources climbing from 31 percent in 2021 (as reported by IRENA) to 47 percent

13 1n the 1.5°C category, these developments are expedited even further. The median share of solar and wind energy would increase to
almost 75 percent of the electricity mix by 2050. The share of fossil fuels would fall even more rapidly reaching nearly zero by 2040.
Hydropower and geothermal energy would increase further in absolute terms than in the other temperature categories. However, given the
higher total electricity production, their share is similar across temperature categories, especially toward the end of the simulation horizon.
14The availability of detailed data prescribes the initial year of the simulations, which start in 2017 with key historical macroeconomic and
energy sector trends replicated until 2022. Simulations extend through 2035.

15 This includes an increase in hydropower by a factor of 2.3 and in nuclear generation by a factor of 1.4. Note that nuclear generation is
part of the electricity sector only in South Africa, and between 2021 and 2030, the share of nuclear generation falls from 3 percent to 2
percent in the baseline scenario for sub-Saharan Africa.
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by the year 2035. In absolute terms, total electricity generation would increase from 520 TWh to approximately
880 TWh within the same timeframe, with hydropower playing the most significant role (300 TWh in 2035).

Figure 6. Electricity Sector Trends for Sub-Saharan Africa in the IMF-ENV Baseline

Scenario
1. Sub-Saharan Africa: Power Generation Shares (Percent) 2. Sub-Saharan Africa: Change in Composition of
Electricity Generation from 2021 to 2035
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Sources: International Renewable Energy Agency; and IMF staff calculations using IMF-ENV model.

Note: Data from the IRENA is used to calibrate IMF-ENV model between 2017 and 2021. The left axis displays changes in
production (measured in TWh) across various power generation technologies, whereas the right axis shows the overall change
in total electricity generation (measured in percentage). Refer to Annex Table 1.2. for the regional abbreviations. Data labels in
the figure use International Organization for Standardization (1ISO) country codes. pct = percent; TWh= terawatt-hour.

Under the baseline scenario, substantial heterogeneity is expected to persist in the composition of
power generation technologies across sub-Saharan African economies through 2035 (Figure 6, Panel 2).
Throughout the period from 2021 to 2035, total electricity generation would increase across all sub-Saharan
African regions, with this growth being accompanied by a change in the composition of generation technologies.
In South Africa, a reduction in coal generation is expected, underpinned by the effective enforcement of carbon
pricing and Eskom’s decommissioning plans for coal plants.® This move toward less carbon-intensive sources
is primarily driven by an increase in the generation from solar and wind technologies. In Nigeria, and across
three aggregate sub-Saharan African subregions—Eastern Africa, Western Africa, and Middle Africa—natural
gas is the main driver of the increase in fossil fuel-based electricity generation and is followed by generation
from oil (diesel) sources in the latter three regions. Moreover, hydropower generation would expand in Eastern
Africa, Western Africa, Middle Africa, as well as Ethiopia and the Democratic Republic of Congo.”
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Paths to Scaling Up Renewables: Domestic and External Financing

Given the high capital expenses, securing appropriate financing is crucial for the expansion of
renewable energy capacity. This section explores the trade-offs involved in three strategies for funding the
growth of renewable energy: (1) utilizing domestic resources, (2) seeking international financial support, and (3)
a mix of these two strategies. The restricted fiscal capacity in most sub-Saharan African countries presents a
significant obstacle to diverting adequate domestic funds to the renewable sectors, resulting in insufficient
investment despite the considerable potential. International financing can address this challenge by alleviating
the trade-offs with other competing developmental needs. As an illustration, the three scenarios—domestic, mix,
and international—are designed such that total annual new investments in solar and wind sectors are 0.5
percent of baseline GDP higher annually until 2030 (in addition to the accumulated capital stock amounting to
0.5 percent of sub-Saharan Africa’s GDP in renewable electricity sectors under the baseline).*® If both solar and

16 Following the Integrated Resource Plan 2023 published by the Ministry of Mineral Resources and Energy, part of the coal fleet will be
decommissioned; see Electricity Regulation Act: Integrated Resource Plan 2023 (www.gov.za).

17 Overall, hydropower generation in sub-Saharan Africa would increase by a factor of 2.3 between 2021 and 2035 in the IMF-ENV baseline
scenario. Xu and others (2023) estimate that unused and profitable potential for expansion in hydropower generation in sub-Saharan Africa
is about four times the developed hydropower and, therefore, an expansion in hydropower generation is allowed in the model simulations.
Moreover, the |IEA also expects hydropower capacity to almost double between 2020 and 2030 under its Sustainable Africa scenario (IEA
2022) indicating the potential for growth in the sector.

18 According to IEA (2022), 48 African countries have requested more than $1,200 billion in climate financing with almost 60 percent of it for
climate mitigation. Half of this financing request comes from six African economies, five of which are in sub-Saharan Africa—Ethiopia,
Nigeria, Cameroon, South Africa, and Somalia. 0.5 percent of GDP investment shock in our simulations is equivalent to annual spending of
about $12 billion in total in sub-Saharan Africa by 2030, which is a fraction of the finance requested in the NDCs.
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wind sectors are present in a country, then the investment is equally shared between the two sectors. If only one
of these two-generation sectors is present, then the full investment is channeled into it. This keeps the
aggregate shock comparable across sub-Saharan African economies. In the domestic scenario, the new
investments are entirely funded by reallocating domestic resources that would otherwise be allocated to other
sectors.?® Differently, in the international scenario, new investments are covered by financing coming from
abroad.?° In the illustrative mix scenario, 50 percent of investments are assumed to be funded through domestic
sources and the rest through international funds.2! Importantly, increased electrification and improved reliance of
electricity can unlock productivity gains in sub-Saharan Africa (Alam et al. 2018; Rojas-Romagosa et al. 2024).
Estimates of long-term labor productivity improvements from eliminating power outages by (Fried and Lagakos
2023) average 15 percent across four significant economies in sub-Saharan Africa. Here, simulations
conservatively assume that investments sufficient to modernize the electricity sector (estimated at $25 billion per
year by IEA 2022) would lead to a 5 percent improvement in productivity by 2035. In each scenario, productivity
shocks are rescaled proportionally to the increase in renewable investment.

Figure 7. Average Annual GDP Growth Impacts Macroeconomic benefits would be greater the

between 2025 and 2030 (Percent) higher the share of external resources used to

0.60 B Domestic o Vi B International finance investment (Figure 7). As a result of the
diversion of resources from other sectors, if

040 r investment policies were pursued exclusively using

020 L domestic financing, most sub-Saharan African
regions would experience lower GDP gains

0.00 compared to the mix and international scenarios,
while some would face small GDP loses relative to

-0.20 the baseline.22 In the domestic scenario, between
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Source: IMF staff calculations based on IMF-ENV model. 2025 and 2030, annual GDP growth in sub-

Note: Refer to Annex Table 1.2. for the regional abbreviations. Data Saharan Africa would increase by 0.15 percentage

labels in the figure use International Organization for Standardization point relative to the baseline, with some regions

(ISO) country codes. ) _ ' . .

facing relatively more pronounced gains, like an

increase of 0.2 percentage point in South Africa and Eastern Africa while DR Congo and Western Africa would
face small GDP losses. In the international scenario, all sub-Saharan African economies would realize gains in
annual GDP growth (relative to the baseline) ranging from about 0.3 to 0.45 percentage point with overall GDP
growth in sub-Saharan Africa rising by 0.4 percentage point. Under the mix scenario, sub-Saharan Africa’s GDP
would increase by approximately 0.3 percentage point. Therefore, the mix scenario illustrates that a financing
strategy where both external and domestic sources cover a fraction of the investment needs can yield higher
GDP levels than those achievable with the domestic scenario. This is because the economic benefits of
increased power generation are accompanied by a smaller crowding-out of investments in other sectors.??

In the mix scenario, the increase in GDP is driven by higher investment and private consumption, while
net exports decline relative to the baseline scenario. As shown by the decomposition of the change in GDP
for the mix and domestic scenarios, external financing allows for higher overall investment levels across sub-

19 These model simulations are agnostic on the policy instrument used to drive the resources reallocation. The increase in renewables
investment is matched by a reduction in investment in all other sectors of the economy. In practice, different policy instruments, including
fiscal measures, may lead to different macroeconomic and distributional effects.

20 For simplicity, these financial flows are modeled as transfers, as the model does not allow for debt financing. The latter, together with
equity investments, grants, and government revenues, will be an important component of the financing mix. Potentially, international funding
could crowd out domestic investments in these sectors; however, this is not modeled in the scenario.

21 The share of 50 percent is illustrative. In many sub-Saharan African countries, the role of domestic financing, especially public, is very
limited. Therefore, in those cases, the likely scenario would be one with an even larger share of external financing.

22 |n practice, domestic financing may encounter two additional constraints: (1) it can be more costly, potentially affecting debt sustainability;
(2) due to the capital- and import-intensive nature of renewable energy investments, it may exert more pressure on reserves or the
exchange rate compared to external financing.

23 Reliable access to electricity is a big concern in sub-Saharan African economies and productivity gains above and beyond the labor
productivity gains included in the simulations could be unlocked with increased access and strengthened reliability of the electricity sector
(Alam et al. 2018; Rojas-Romagosa et al. 2024) . Absent granular estimates about these additional productivity gains, the simulations are
intentionally conservative.
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Saharan African economies, contributing more prominently to the increase in GDP (Figure 8, panel 1). Wages
also increase to a larger extent under the mix scenario, and higher incomes allow for higher private
consumption. In the domestic scenario, as a result of the crowding-out of other sectors, the aggregate change in
investment is more limited.?* Real net exports contribute negatively to GDP in both scenarios, owing to a larger
increase in import volumes relative to the increase in exports.25

Especially if supported by external financing, higher electricity supply would contribute to boosting
output in manufacturing and services. Under the mix scenario, higher electricity supply would bolster
production in the energy-intensive manufacturing and services sectors, with an overall domestic production
increase of approximately 6 percent in sub-Saharan Africa by 2030. Specifically, output in manufacturing would
increase by 4 percent, while services (including electricity) would increase by 11 percent. This shift would be
accompanied by a decline in the agriculture sector by about 15 percent. Although magnitudes vary, this pattern
of structural change is consistent across all sub-Saharan African economies. With only domestic financing, the
overall domestic production would increase by only 2 percent, and there would be only a marginal increase of
0.2 percent in manufacturing and a modest increase of 6 percent in the services sector. The decline in the
agricultural sector is very similar across the two scenarios.

Figure 8. Decomposition of GDP Impacts under the Domestic and Mix Scenarios (Percent)
1. Demand Side (2030) 2. Supply Side (2030)
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Source: IMF staff calculations using IMF-ENV model.

Note: Results are calculated as percentage change relative to the baseline. In panel 1, the change in government consumption (G) is fixed
to baseline levels in IMF-ENV (closure rule); therefore, the change in G relative to baseline is zero. The secondary axis shows the changes
in GDP levels relative to baseline in 2030. In panel 2, services include the electricity sector. Output of the services sector, excluding
electricity sector, increases by 2 percent and 5 percent, respectively, under the domestic and mix scenarios. Data labels in the figure use
International Organization for Standardization (ISO) country codes. Refer to Annex Table 1.2. for the regional abbreviations.

Model simulations are subject to important caveats. The first is the conservative calibration of the
productivity channel associated with increased electricity supply, which is likely to lead to an underestimation of
the GDP gains. In addition, although levelized costs of renewables have been falling over the last decade, and
this is captured in IMF-ENV through falling prices of renewables, other barriers like frictions to borrowing,
political resistance, inefficiencies in the power market structure and lengthy bureaucratic processes exist. These
are not captured in the model. Removing these barriers could further accelerate the pace of renewable
development and start a virtuous cycle with improved productivity gains. Moreover, the model does not allow for
debt financing, which together with equity investments, grants, and government revenues, will be an important
component of the financing mix, once market reforms and climate policies are adopted to address structural
constraints. Finally, the model does not distinguish between government and private investments, which are

24 IMF-ENV has a savings-driven investment closure, a standard closure rule in the computable general equilibrium models. Regional
savings rate (as a share of GDP) is exogenously defined, and this determines total investments in the subsequent period. Therefore, absent
additional savings, total domestic investments are affected in a limited manner because of changes in GDP under the domestic scenario in
Figure 8.

25 |In IMF-ENV, the external closure fixes the current account as a share of GDP to the baseline values in the policy simulations. Under the
mix and international scenarios, foreign savings of each sub-Saharan African country/subregion increase by the amount of the transfers
received.
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instead captured as an aggregate quantity. The government, domestic and international private investors, as
well as bilateral and multilateral lenders and donors, have all a role to play in the sub-Saharan Africa renewable
energy development.

Enhanced International Cooperation and the $100 Billion Goal

Climate finance will be pivotal in promoting green investments, particularly in economies constrained
by limited fiscal space. The concerted efforts to mobilize both official and private climate finance are crucial for
accelerating green investment initiatives in emerging market and developing economies (Black and others
2022). As part of the Copenhagen Accord in 2009, high-income countries pledged to mobilize at least $100
billion per year in climate finance from 2020 onward. The pledge, however, did not clarify the exact modalities
(Weikmans and Roberts 2019). In 2015, it was decided as part of the Paris Agreement to extend this
commitment to 2025 and to set a new collective quantified goal (NCQG) before 2025. Advanced economies
exceeded the $100 billion annual goal for the first time in 2022, mobilizing $103.6-$115.9 hillion, depending on
available estimates (OECD 2024; Mitchell and Wickstead 2024). However, sub-Saharan Africa typically receives
a relatively small share. Of the climate finance flows disbursed by advanced economies during 2016-20, only a
guarter went to Africa, including North Africa (OECD 2022). The definition of the NCQG is planned for COP29,
which will be held in November 2024.

Figure 9. lllustrative Climate Finance Contributions: $100 Billion (2035)
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Source: IMF staff calculations using IMF-ENV model.

Note: This is an illustrative scenario and not a policy recommendation. All sub-Saharan African countries/subregions are marked
in green bars. The bars (left axis) represent the share of transfers in billions of $, whereas the dots (right axis) display these
shares as a percentage of GDP in 2035. The allocation rule underlying these calculations is based on the proposal by Raghuram
Rajan, which states that countries either contribute to or receive funds in proportion to the difference between their per capita
emissions and the global average. This is further adjusted by an emissions price and the size of the regional population. Data
labels in the figure use International Organization for Standardization (ISO) country codes.

Annual flows of $100 billion starting in 2025 are assumed, with the allocation being determined
according to the difference between national and global per capita emissions. Given that the NCQG is still
to be decided, the assumed flows are kept at the level of the Copenhagen Accord. A previous IMF work has
discussed different rules that could be used to allocate climate finance from advanced economies to emerging
market and developing economies, while maintaining global equity in mitigation efforts (see Black and others
2022). This note borrows one illustrative scenario from Black and others (2022), namely the framework
proposed by Raghuram Rajan?® to design the distribution of the climate finance flows, because it incentivizes all
countries to decarbonize. This allocation rule envisions that countries either contribute to or receive funds to an
extent proportional to the difference between their per capita emissions and the global average, adjusted by an
emissions price and the regional population size. Based on this proposal, at the aggregate level, sub-Saharan
Africa would receive about half of the total funding flows by 2035 (Figure 9).2” Except for South Africa, all other
sub-Saharan African regions would remain beneficiaries, given their relatively low per capita emissions

26 See https://www.project-syndicate.org/commentary/global-carbon-incentive-for-reducing-emissions-by-raghuram-rajan-2021-05,

27 In terms of economic size, contributions from advanced economies toward the $100 billion goal would represent about 0.1 percent of their
GDP, while sub-Saharan Africa would collectively receive funds equivalent to 1.6 percent of its GDP in 2035. The analysis of Black and
others (2022) is conducted until 2030 and models alternate allocation options in which the sub-Saharan Africa share would vary from 17 to
30 percent, with the highest share being realized under the Rajan proposal. To compare, the 2030 allocation share toward sub-Saharan
Africa in this note is 38 percent, with updates in baseline emission projections being the primary drivers of the increased share of financing
allocated to sub-Saharan Africa under the Rajan proposal.
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compared to the global average.?® Recognizing that a significant part of these financial flows should be allocated
to climate adaptation, the following illustrative simulations assume that $25 billion per year (half of the about $50
billion flowing to sub-Saharan Africa) will be assigned to the renewable energy sector. Clearly, countries may
have different preferences regarding the funds’ allocation. For simplicity, these simulations also assume that
these flows are in the form of transfers. In practice, they will be a combination of debt instruments (which may
have a grant component), grants, and equity. The transfer-based nature of these flows likely leads to an
overestimation of the GDP impact. This will be more muted the smaller the grant component in overall

financing.2®

The allocation of climate finance within the power generation sector is envisaged to follow three

alternative investment strategies:

1. Solar & Wind: In this scenario, the funds are exclusively allocated toward investments in the solar

photovoltaic (PV) and wind generation sectors.

2. Transmission and distribution (T&D): Beyond the investments in solar PV and wind generation, this scenario
extends the use of funds to investments in the T&D sector, which is a critical input for scaling up power

generation capacity across any technology.

3. Energy Efficiency: This scenario envisages that new investments will not only bolster the solar PV, wind,
and T&D sector but will also contribute to improvements in energy efficiency.

In the Solar & Wind scenario, funds finance the new capital invested in these two sectors and the distribution of

funds is proportional to the share of investments these two sectors receive under the baseline scenario. In the

T&D scenario, the allocation of investments across the three sectors—solar, wind, and T&D—is determined

Figure 10. Change in Total Electricity
Supply in Sub-Saharan African Regions

(Percent Change Relative to baseline)
Solar and Wind: Electricity Supply (2035)
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Source: IMF staff calculations using IMF-ENV model.

Note: The results for scenario T&D and Energy Efficiency are
like that for scenario Solar and Wind. Annex Figure 1.5
shows the complete results for all three scenarios. Refer to
Annex Table 1.2. for the regional abbreviations. Data labels
in the figure use International Organization for
Standardization (ISO) country codes. T&D = transmission
and distribution.

based on their respective shares of investments in the
baseline scenario. The share of investments going jointly
to the wind and solar sectors is reduced substantially
under this allocation because of the large share of existing
capital stock in the T&D sector.3° Moreover, investments
in the T&D sector are technology-neutral within the model,
given that an efficient T&D infrastructure is essential for
the deployment of all power generation technologies.
Finally, in the Energy Efficiency scenario, the same level
of output can be produced with less energy inputs relative
to the baseline scenario. The energy efficiency
improvements are designed to be unbiased toward any
specific power generation technologies, thus benefiting

both fossil fuel-based and renewable energy sectors.

The allocation of climate finance toward solar and
wind sectors, along with the expansion of
transmission and distribution networks, would
substantially boost electricity supply (Figure 10). Total

28 | the illustrative scenario, a country's role as a donor or recipient in climate finance is influenced by its decarbonization pace relative to
the global average. South Africa, heavily reliant on coal, emits more per capita than the global average until 2032, making it a donor until it
becomes a recipient post-2033. This shift could occur sooner if South Africa accelerates its decarbonization or if global efforts slow.
Additionally, initiatives like the Just Energy Transition Partnership, established during COP26, where wealthy nations pledged $8.5 billion to
aid South Africa's coal transition, highlight how climate finance can address specific national challenges and encourage decarbonization at

different levels.

29 Although the effect on electricity generation and energy sector employment remains constant across financing scenarios, given equal
investment levels, the broader macroeconomic outcomes will vary by financing mix. Allocating half of climate funds to mitigation in sub-
Saharan Africa equates to an annual $25 billion investment or about 1% of the region's GDP by 2035, doubling the investment rate to 0.5%
of GDP annually by 2030 as seen in previous simulations. The increased investment and extended analysis to 2035 mark the primary
distinctions between these scenarios, influencing the magnitude of projected outcomes.

30 Based on the GTAP data, apart from South Africa and Kenya, in the rest of the sub-Saharan African economies, over half of the capital
stock within the electricity sector (all power technologies including T&D) exists in the hydropower sector. In South Africa and Kenya, most of
the capital stock is in coal generation (74 percent) and geothermal generation (48 percent), respectively. On average, a quarter of the
investments in electricity sector go to the T&D sector in sub-Saharan African countries.
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electricity generation in sub-Saharan Africa would increase by about 17 percent to 18 percent across scenarios
relative to the baseline scenario, with solar and wind generation increasing by 24 percent. The generation from
solar PV and wind sources would see a boost in all sub-Saharan African countries. However, the composition of
electricity generation varies based on which electricity sector is targeted for investments. Among the three policy
scenarios, the Solar & Wind scenario, which channels the most substantial investments into solar and wind
energy generation, showcases the largest increase in electricity generation relative to the baseline. The
increase in wind and solar PV is as high as 76 percent to 90 percent in the Eastern and Western African
regions. In the electricity sector, within the IMF-ENV model, T&D sector is recognized as an essential input for
power generation. Therefore, even when funds are exclusively allocated to renewable power generation sectors,
additional investments in the T&D sector take place. This explains the increase in fossil fuel and other
renewables-based generation under both the Solar & Wind and T&D scenarios even though these sectors are
not directly targeted by investments.3! As a result of this mechanism, the expansion of the T&D sector benefits
all power generation technologies by enhancing the overall efficiency and reach of the energy grid. The
expansion of the grid is likely to expand access.®? In the Energy Efficiency scenario, the growth in power
generation sectors is marginally lower as a result of the reduced energy requirements for generating output
given higher efficiency of energy inputs (see Annex Figure 1.5).

Figure 11. Impact on labor demand and GDP growth in Sub-Saharan Africa

1. Labor Demand in the Key Sectors (Percent) 2. Average Annual GDP Growth Impacts
between 2025 and 2035 (Percentage Point)
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Source: IMF staff calculations using IMF-ENV model.
Note: Both charts show percentage changes relative to the baseline. Regional abbreviations as in Annex Table 1.2. Refer to
Annex Table 1.2. for the regional abbreviations. Data labels in the figure use International Organization for Standardization (ISO)

country codes. T&D = transmission and distribution.
The Solar & Wind scenario amplifies employment within the renewable energy sector the most (Figure

11, Panel 1). All three investment strategies would contribute to an overall increase in labor demand within the
electricity sector, which would increase by about 8 percent to 9 percent by 2035 under each of the three
investment options, with the Solar & Wind scenario registering the most pronounced overall growth. Labor
demand in renewable generation rises by 15 percent to 17 percent, and a smaller increase of 3 percent to 4
percent is also seen in the fossil generation sectors as these sectors also gain from improved grid structures,
through expansion of the T&D sector, regardless of the investment focus.®? To ensure that the domestic labor
pool can meet the increased demand for specialized skills in the renewables sector, policy support for workforce
development, including training and education programs, would be essential (Alexander and others
forthcoming). Increased electricity supply supports the expansion of the manufacturing sector, which increases
its labor demand by about 9.5 percent relative to the baseline. Employment falls by 18 percent in the fossil

sl Higher generation from other renewables does not necessarily reflect expansion of capacity but could also result from higher utilization
rates because of improved grid infrastructure.

32 The link between higher electricity generation (with scaling up of the T&D sector) and electricity access is not directly modeled in IMF-
ENV. The literature shows that the electricity demand of newly connected households will be low at the beginning and therefore, the impact
of new connections on overall demand will remain small in the early years (Valickova and Elms 2021). Therefore, rather than increase in
demand for electricity, we can use the expansion in the T&D sectors as a proxy for improvement in access. Population density and local grid
characteristics play a key role in determining the cost-effectiveness of standalone and mini-grid solutions. Existing studies for Nigeria and
Ethiopia show that scaling-up of grid-based solutions would be the least costly option for improving access for most households (see Nerini
and others 2016), especially given the high population density in urban areas.

33 On average, in sub-Saharan Africa (excluding South Africa), almost half of the labor in the electricity sector is employed in T&D sector
(based on the GTAP data for the year 2017).
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mining sector (with a small increase in other mining activities) and 4 percent in all services sectors (excluding
the electricity sector). However, given the low labor intensity of the mining sector, the reduction in labor demand
in the services sector remains the substantial source of new labor in the manufacturing sectors.3*

These climate finance flows would result in higher GDP growth across most sub-Saharan African
economies (Figure 11, Panel 2). Collectively, sub-Saharan Africa would benefit from a GDP boost of about 9
percent by 2035, compared to the baseline scenario, across all three scenarios. In other words, 0.8 percentage
point would be added every year to GDP growth on average. The most significant gains would be observed in
the Eastern, Middle, and Western African regions, which would receive a substantial portion of the $100 billion
flow according to Rajan’s rule. As South Africa would transition from a contributor to a recipient only between
2032 and 2035, the country would see a slight decrease in the GDP level.

The Impact of Market Reforms and Climate Policies on Financing Flows and Power
Generation

Market reforms and climate policies have a role to play in reducing barriers and creating incentives to
mobilize financing for renewable energy in sub-Saharan Africa. This section uses econometric approaches
to investigate this hypothesis, analyzing data covering the past two decades. The analysis focuses on the
effects of market reforms affecting business regulations, governance, and the external sector, as well as climate
policies, on official climate finance, announced foreign direct investment (FDI) inflows, and power generation,
including from solar and wind.

Empirical Strategy and Data
The analysis uses standard econometric methodologies applied to a sample of 39 sub-Saharan African

economies over the period 2000-21. The data includes the number of climate policies implemented and
structural indicators covering areas of governance, business regulations, trade, and external finance. Consistent
with the previous literature on the economic impact of market reforms in emerging market and developing
economies (EMDEsSs) (for example, Dabla-Norris, Ho, and Kyobe 2016, IMF 2019, Budina and others 2023), the
local projection method developed by Jorda (2005) is adopted to estimate the dynamic effects of reforms on
outcome variables. To show potential gains from reforms, the results are illustrated for major historical
reforms—defined as episodes for which an improvement in the relevant indicator is at least as large as two
standard deviations of the distribution of annual changes in the relevant indicator across the whole sample.3®
When analyzing the impact of market reforms and climate policies on announced FDI inflows, the local
projection method is no longer adequate because of the large prevalence of zeros in the data, especially for
nongreen projects.3® Instead, and consistent with previous IMF works (Hasna and others 2023; Pienknagura
2024), the relationship between reforms and announced FDIs is estimated using the pseudo-Poisson maximum
likelihood estimator.3”

Sub-Saharan Africa continues to lag its peers in many areas of market reforms and climate policies. As
discussed in previous IMF works, first-generation reforms (governance, external sector, business regulation)
can boost economic activity in the short and medium term by increasing labor productivity, competition, and
investor confidence and fostering investment, especially when reform gaps relative to the frontier are particularly
large as is the case in sub-Saharan Africa (Budina and others 2023). These policies also help with the green
transition, by both reducing the GHG emission intensity of output and enhancing the response of the economy

34 The labor supply elasticity in sub-Saharan Africa is set to 0.1. With an increase in wages, labor supply increases by an average of 2.5
percent in sub-Saharan Africa. This increase in overall labor, along with reallocation from other sectors (mostly fossil mining), drives the
increase in employment in the electricity generation sector.

35 This definition is consistent with previous work, for example, Budina and others (2023) and IMF (2019). Examples of major structural
reforms include Rwanda’s governance reforms during the late 2000s, which involved a complete overhaul of regulatory quality and
government effectiveness, and Zimbabwe’s post-2008 exchange rate reforms to combat long-standing hyperinflation, allowing the adoption
of foreign currencies (including the US dollar and the Euro) as official currencies.

36 This is because there has been no new FDI announcement for some countries in some years.

37 Compared to OLS, this estimator is robust to heteroskedasticity and provides a natural way to deal with zeroes in the FDI data (Silva and
Tenreyro 2006). The coverage of climate policies is comprehensive, ranging from carbon prices to subsidies, regulation, information and
education, and climate targets, among others. A limitation of this data is that while capturing the number of policies implemented, it does not
measure their quality.
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to green policies such as energy taxes (Budina and others 2023). Despite some progress made in the past
decade, on average, the region is still experiencing gaps compared to the rest of EMDESs, especially in areas of
governance and external sector reforms, as well as in the number of climate policies implemented (Figure 12),
thus calling for greater attention to these policy areas. The next subsections present and discuss empirical
results on the impact of these policies on official climate finance, FDI, and power generation.

Figure 12. Policy Gaps in SSA

1. Structural Indicators 2. Average Number of Climate Policies

0-; | ESSA B Rest of EMDEs = —SSA  —Rest EMDEs
08 r
07 25 L
06
05 r
04 r
03 r
02
01 F
0

2005 ‘ 2021 2005 | 2021 2005 ‘ 2021 o

o
g
Governance External Sector Business Requlation ~

Sources: Climate Policy Database; Fraser Institute; World Bank; and IMF staff calculations.

Note: Structural indicators range between 0 and 1, with higher values implying better perceived quality of institutions (that is,
governance) and greater degree of liberalization (that is, external sector and business regulation). External sector reforms
comprise capital and exchange rate controls, tariffs and nontariff barriers, financial openness, and freedom of foreigners to visit.
The Climate Policy Database is the most comprehensive available data set on climate policies, but it is not complete for
emerging market and developing economies (EMDESs). SSA = sub-Saharan Africa

2001
2002 [
2003
004 [
2005
2006
007
2008

09

1

1

1

1

1

1

il

1

1

1

20

Official Climate Finance

Securing greater access to climate finance is critical for sub-Saharan Africa’s sustainable development.
Sub-Saharan Africa received $15.7 billion of concessional climate finance in 2020, falling short of the region’s
needs, which are estimated for all of Africa at $50 billion per year until 2050 for adaptation, and $190 billion per
year until 2030 for mitigation (IMF 2023a). These gaps emphasize that, besides concessional sources, all other
available instruments should be leveraged. This includes a wide range of financial instruments such as
multilateral development bank’s risk-sharing mechanisms, sustainability-linked bonds, public-private
partnerships, and other financing solutions to mobilize the necessary resources for both adaptation and
mitigation (Belianska and others 2022).

Figure 13. Impact of First-Generation Reforms on Official Climate Finance
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Note: t = 0 is the year of the shock. The lines denote the response to a major historical reform (two standard deviations). The first-
generation reform package is a simple average of governance, external sector, and business regulation reforms. The shaded
areas denote 90 percent confidence bands. Sample of 39 sub-Saharan African countries, 2000-21.

First-generation reforms are associated with an increase in official climate finance inflows in sub-
Saharan Africa (Figure 13). Results indicate that a major first-generation reform bundle, which includes
governance, business regulations, and external sector reforms, is associated with a 20.1 percent increase in
climate finance through grants and concessional debt (amounting to about $28—-$318 million for the countries at
the 25th and 75th percentile of the distribution of climate finance, respectively) over five years.3 More granular
results indicate that, over the medium term, governance and external sector reforms present a stronger
statistical association than business regulation reforms with official funding flows. As shown in Figure 12, these

38 These results are robust to excluding South Africa from the sample. See Annex Figure 2.1.
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policies are those for which the gap between sub-Saharan Africa and other EMDEs is the greatest. Therefore,
there is room to advance market reforms in these areas and potentially enhance climate finance flows to sub-
Saharan Africa.

So far, the implementation of climate policies has not been significantly associated with increases in
climate finance inflows in sub-Saharan Africa.®® Sub-Saharan African countries have adopted and
implemented fewer climate policies than other EMDES over the past two decades: a total of 10 per country, on
average, versus more than 30 per country in other EMDESs (Figure 12). A caveat is that coverage of climate
policies for some sub-Saharan African countries may not be exhaustive. In addition, providers of official
financing may be driven by many other motives, including developmental ones, in their decision to extend
concessional loans and grants, which would weaken the correlation between climate policies and finance
inflows. As sub-Saharan African countries converge to the level of climate action of other EMDEs, it is possible
that the international community may respond with a more decisive increase of official climate finance flows.

Figure 14. Green FDIs in SSA
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Sources: fDi Markets; and IMF staff calculations.
Note: In Panel 1, the chart shows the cumulative greenfield FDI inflows related to green activities in sub-Saharan Africa
(SSA). FDI = foreign direct investment. In Panel 2, Sample of 115 EMDEs (39 SSA countries), 2003-21. The bar chart shows
the estimated coefficients from the pseudo-Poisson maximum likelihood regression, which can be interpreted as elasticities of
FDI inflows in response to a percentage change in the stock of climate policies. Solid bars denote statistically significant
results at the 1 percent level for EMDEs and at the 10 percent level for sub-Saharan Africa (SSA). EMDEs = emerging market
and developing economies; FDI = foreign direct investment.

Foreign Direct Investments
FDI will likely play a major role in sub-Saharan Africa’s transition toward a greener, more productive

economy. In the context of a steady decline in official financing flows to sub-Saharan Africa, official climate
finance will not be enough to cover the region’s financing needs for the climate transition. Therefore, support
from the international community and development partners needs to be accompanied by increased private
climate finance flows. As countries develop, they typically rely more on FDI to finance their investment needs
(IMF 2023b). Scaling up green FDI would allow sub-Saharan African countries to diversify their funding mix and
accelerate their green transition. Over the period 2003-21, cumulative announcements of green FDI toward sub-
Saharan Africa amounted to $50.7 billion ($ in 2000), approximately 4 percent of the region’s GDP in 2021.
They accelerated after 2011, and almost a third of these announced green FDI were directed to South Africa
(Figure 14, panel 1). Other large recipients were Nigeria (16 percent), Mozambique and Ethiopia (7-8 percent
each), and the rest of Eastern Africa (18 percent).

Focusing on EMDESs, empirical results indicate that climate policies are associated with an increase in
the dollar amount of green FDI announcements (Figure 14, panel 2). Econometric estimates along the lines
of Jaumotte and others (forthcoming) show that a one-percent increase in climate policies is associated with a
0.5 percent increase in US dollar amount of green FDI announced in EMDESs during the following year. The sub-

39 |Information on the climate policy data is provided in the “Market Reforms and Climate Policies Data” section in Annex 2. Policies included
in the database are a combination of policies with explicit climate mitigation objective (that is, reduce emissions), energy policies that help
decarbonize energy supply/reduce energy demand, and policies that aim to introduce low-emissions practices and technologies.
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Saharan Africa-specific estimate is about 0.9 percent, but it is not statistically significant, regardless of the
inclusion of South Africa, the main recipient, in the sample.*? These results are in line with those of Hasna and
others (2023), which uses bilateral data and finds that in EMDESs, green FDI inflows increase after climate
policies are adopted (or trade barriers reduced), particularly those consisting in government expenditure, such
as R&D subsidies and feed-in tariffs, and government revenue measures, such as emissions trading systems.
Climate policies in EMDESs are even more strongly associated with announced FDI related to renewable energy,
especially solar and wind, as a 1 percent increase in these policies is associated with a 1.3 percent increase in
FDI announcements supporting solar and wind activities. Jaumotte and others (forthcoming) suggest that
closing the climate policy gap between the average EMDE and the average AE would triple the green FDI to
GDP ratio in the average EMDE and would close 40 percent of the private renewable investment gap in EMDEs
excluding China (see Box 1 for successful cases of climate policies in attracting FDI). Structural reforms aiming
at promoting private investment could foster FDI in sub-Saharan Africa, as in other EMDEs (Budina and others
2023) and make green FDIs more responsive to climate policies (Devine and others 2021 discuss these reforms
and provide policy recommendations).

Box 1. Climate Policies and Green FDI: Successful Cases

The experience of successful EMDESs suggests that there is an association between climate action and green FDI
inflows. Attracting green FDI requires specific policy effort and favorable preexisting conditions, such as progress
in structural reforms and geographical potential for renewables (Jaumotte and others forthcoming). Early adopters
of climate policies, such as Chile, Uruguay, and Mexico, have seen considerable inflows in renewable energy FDI
thanks to sustained efforts in developing a broad climate policy portfolio for the electricity sector. Successful cases
share a similar sequencing of climate policies, starting from expenditure-generating policies—such as subsidies,
feed-in tariffs, power purchasing agreements—to create a domestic market for renewables and strategic planning
(target setting, incentives, and so on), followed by regulation (such as energy efficiency policies), and finally,
revenue-generating policies such as carbon pricing or emissions trading systems.

Failure to sustain these efforts may result in the reversal of green FDI as observed in Mexico, which has seen a
decline in renewable energy FDIs in recent years, after the removal of the power sector auctions in 2019,
accompanied by a surge in fossil fuel generation. The ability to attract green FDI may also differ across countries
because of structural factors. For example, although Nigeria has been active on the climate policy front, passing
12 climate policies between 2007 and 2019, which included feed-in tariffs, strategic planning, and procedures for
renewable energy auctions, it has not been able to attract enough FDI, potentially because of policy uncertainty,
weak financing mechanisms and other structural weaknesses such as the existence of a parallel exchange rate
market in recent years. Sub-Saharan Africa can learn from the experiences of successful EMDEs and close the
most binding structural gaps, by promoting good governance, trade and capital accounts openness, as well as
product market reforms.

This box was prepared by Andrea Medici.

Power Generation

Increased renewable power generation is one of the main goals of official climate finance and FDI
inflows. While the previous results show that market reforms and climate policies may help attract climate
finance, this subsection tests whether these policies may specifically help boost power generation in sub-
Saharan Africa. In what follows, green power refers to power from solar and wind sources.

As the sub-Saharan African population grows and economies expand, the region needs to increase
electricity production to meet a growing demand and foster its development. So far, the increase in power
generation has not kept pace with population growth, and even less with output per capita (Figure 2). This issue
represents a major headwind to sub-Saharan Africa’s development since the lack of electricity leads to higher
production costs and hampers labor productivity and human capital accumulation (Lawal and others 2020;
Mensah 2024). Increasing green power generation will be a critical component of the region’s climate transition
and will also have broader positive developmental effects.

40 A signaling effect might explain the statistically significant response of nongreen FDIs in sub-Saharan Africa: following the adoption of
climate policies, international investors anticipate a policy environment compatible with sustainable development, which increases local
demand in the medium to long term.
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Figure 15. Impact of First-Generation Reforms on Total Electricity Generation

1. First-Generation Reform 2. External Sector 3. Business Regulation 4. Governance
12

]
~

=

10

=)

8

o

6

RIS
o Mo oa oo

: /\/—

-1

p .

=)

h

A

&

0 1 2 3 -1 o 1 2 3 4
Year since reform Year since reform

Percent changein toteie\ectrmty generation
Percent change in total electricity generation
Percent change in total electricity generation

Percent change in total electricity generation

-1 o 1 2 3 4
Year since reform

-1 o 1 2 3 4
Year since reform
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Note: t = 0 is the year of the shock. The lines denote the response to a major historical reform (two standard deviations). The first-
generation reform package is a simple average of governance, external sector, and business regulation reforms. The shaded areas
denote 90 percent confidence bands. Sample of 39 sub-Saharan African countries, 2000-21. The regression includes a country-specific
time trend: see the “Baseline Empirical Framework” section in Annex 2 for the detailed specification.

First-generation market reforms, which cover measures in governance, business regulations, trade, and
external finance, are associated with an increase in total power generation in sub-Saharan Africa (Figure
15). The implementation of a major first-generation reform is followed by a 7.2 percent increase in power
generation (representing about 3,400 GWh) over a five-year period.*! This positive effect is mainly driven by
external sector reforms and business regulation reforms. One plausible transmission channel is a direct effect:
by removing bottlenecks in the energy sector, first-generation reforms incentivize sectoral investments, which
lead to an increase in energy supply. An indirect effect is also at play: by enhancing economic activity, first-
generation reforms lead to an increase in energy demand, which in turn incentivize greater energy supply. In
contrast, climate policies do not show a statistically significant association with total power generation. This
result may be explained by the small share of renewables (that is, those sectors that are most likely to respond
to climate policies) in the region’s total power generation (Figure 1).

Figure 16. Impact of Policies on Renewable Electricity Generation
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includes a country-specific time trend: see the “Baseline Empirical Framework” section in Annex 2 for the detailed specification.
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Both first-generation reforms and climate policies have been recently associated with an increase in
renewable power generation in sub-Saharan Africa (Figure 16). The adoption of major policies is on
average followed by an increase of about 40 percent in renewable power generation over a four-year period.*?
The effect of first-generation reforms is mostly explained by business regulations reforms and, to a lesser
extent, by external sector reforms. The greater magnitude of the effect on renewable energy is likely because of

41 These results are robust to excluding South Africa from the Sample. See Annex Figure 2.2.

42 The local projections horizon has been restricted to four years since the data with significant renewables presence covers only the period
2010-21.
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the base effect, since solar and wind still represent a limited share of sub-Saharan Africa’s energy mix, but
declining costs and a relative abundance of wind and sunlight might also explain the marked response of
renewable electricity generation to these policies. Regarding climate policies, energy sector reforms are
generally followed by larger renewable power generation increases than transport sector reforms.43 Box 2
presents two country examples of renewable energy development.

Box 2. Boosting Renewable Energy in Sub-Saharan Africa: Two Country Cases

Tanzania is among the sub-Saharan African countries that increased electricity access the most, from 9 percent of
the population in 2000 to 46 percent in 2022 (World Development Indicators). The rapid electrification relied on
grid extension initiatives such as the Tanzania Rural Electrification Expansion Program, financed by the
government and the World Bank, and also on decentralization and developing mini-grids, which doubled in number
since 2008 to reach 135 in 2023. About 80 percent of mini-grids rely on solar and hydropower technology,
although 50 percent of mini-grids’ total installed capacity uses diesel as an input (35 percent uses solar and
hydro). Private sector involvement has been incentivized by the Small Private Producers Framework adopted in
2008: about 75 percent of mini-grids were privately held in 2023 (Lecaros and others 2024).

Namibia has swiftly expanded its solar photovoltaic production in recent years, from 2 percent of total installed
capacity in 2015 to 42 percent in 2022 (BloombergNEF), relying on regulatory support, such as the 2015
Renewable Energy Feed-in Tariff program and decentralized systems to reach off-grid populations. To benefit
further from its abundant sun and wind endowment, the recently adopted Green Hydrogen Project targets a
production of 10-12 million tons of green hydrogen by 2050. This effort involves the private sector, international
support including grants, and a financing vehicle, SDG Namibia One, that will raise funds from local and
international investors. This is also part of a larger strategy to achieve economic diversification, which includes
investment in infrastructure and green industrial policy (IMF 2023c).

This box was prepared by Thibault Lemaire.

Conclusion

Renewables have an important role to play in sub-Saharan Africa’s electricity supply. Several sub-
Saharan African countries already have low-carbon electricity mixes, mainly based on hydropower and, to a
lesser extent, on geothermal energy. For both these countries and for those that are currently relying on fossil
fuels, renewables can play an important role in their future energy and green growth strategies. As evident in the
results of the IPCC scenarios, energy-economy models identify solar and wind as important drivers of electricity
generation in the region, given its geographical advantage. Hydropower can play a crucial supporting role. By
sending the right signals and creating economic incentives, climate policies may help accelerate the green
electrification process.

Boosting electricity generation through renewable energy sources will significantly affect growth, but
sub-Saharan African countries cannot achieve this relying solely on domestic resources. Scaling up
renewable energy generation requires significant investments because of its capital-intensive nature. Thus,
securing sufficient financing and implementing complementary reforms is crucial. A mix of domestic and external
financing can lead to sizable increases in both renewable electricity generation and GDP. Conversely, relying
solely on domestic financing would still boost power generation but would dampen overall economic benefits
because of the crowding-out effect on other sectors of the economy. Sources of domestic revenues for financing
green energy investments are country-specific and diverse. These sources can include, but are not limited to,
carbon taxes, the repurposing of fossil fuel subsidies, and the mining of minerals critical for the energy
transition.

Climate finance is crucial for supporting green investments, especially in economies with limited fiscal
space. The commitment under the Copenhagen Accord by advanced economies to mobilize at least $100
billion annually in climate finance for emerging market and developing economies is expected to be revisited
during COP29 in November 2024. The objective is setting an NCQG. Absent information on the new goal, this
note explores scenarios with an annual target of $100 billion starting in 2025, based on an allocation rule where
countries either contribute or receive funds proportional to relative per capita emissions. Under these conditions,

43 These results are robust to excluding South Africa from the Sample. See Annex Figure 2.3.
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sub-Saharan Africa would receive approximately half of the total funding flows. Contributions from advanced
economies would amount to about 0.1 percent of their GDP, while sub-Saharan Africa would collectively receive
funds equivalent to about 1.6 percent of its GDP, which could be used for climate adaptation and mitigation. As
an illustration, if half of the funds received by sub-Saharan Africa were primarily directed to green power
generation, renewable electricity production would increase by up to 24 percent relative to a scenario excluding
these financing flows, boosting annual GDP growth by an additional 0.8 percentage point, and contributing to an
overall rise in labor demand within the electricity sector over the next decade.

Market reforms and climate policies can play a vital role in removing obstacles to securing financing for
renewable energy projects, and thereby increasing green electricity generation. One notable category of
reforms is comprised of measures tackling fundamental constraints to the proper functioning of markets, such as
governance, business regulations, and external sector reforms. In historical sub-Saharan African data, a major
bundle of these reforms is associated with a 20 percent increase in climate finance flows through grants and
concessional debt, and by a 7 percent increase in power generation over a five-year horizon. Notably,
governance and external sector reforms show the strongest link with official climate finance flows. Climate
policies can play a significant role in attracting environmentally friendly investments. In EMDE data, a 1 percent
increase in the number of climate policies is associated with a half percent increase in green FDI
announcements during the following year. Big pushes to market reforms and climate policies are both strongly
linked to significant increases in power generation from renewables in sub-Saharan African data.

In sum, with its geographical advantages, sub-Saharan African countries have the potential to
significantly boost renewable electricity generation, paving the way for sustainable economic growth
and a greener future. Governments and the private sector can leverage both domestic and international
resources to finance investments in green electricity generation, as both sources play an essential role in
supporting these initiatives. A more robust power supply and increased use of renewables, including off-grid
solutions that reach rural communities, would not only boost economic growth but it would also support
development goals by bringing universal access to electricity closer to reality. By removing structural barriers
and adopting climate policies, African policymakers can attract climate finance flows and green investments.
Defining the NCQG at COP29 represents an invaluable opportunity for the international community to make a
significant contribution to both African sustainable development and global climate objectives.
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Annex 1. Further Results and Details of the Stylized Facts and Model Analysis

Further information and results on the Current Energy Landscape and Possible Future Scenarios
The official database of the sixth assessment report of the IPCC (Byers and others 2022) contains all scenarios

included in the report. Inclusion criteria require publication in a peer-reviewed journal or recognition by the IPCC
as eligible gray literature. The scenarios are created with integrated assessment models, which combine
macroeconomic modeling with detailed representations of various emission sources, including the energy
sector. The integrated assessment models do not provide sectoral and employment effects of changes to the
energy system. This aspect is covered in the computable general equilibrium analysis used in this note.

Private power investments (PPIs)

Annex Figure 1.1. PPI Electricity Private power investments (PPIs) have an important role in
Capacity versus Renewable Energy supporting the production of renewable energy. There is a
Electricity Generation (Percent) correlation between the share of electricity capacity

_ constructed between 1995 and 2022 by PPIs and the share of

2 5 * total electricity capacity in 2022 (Annex Figure 1.1). The share

g of PPIs is compared to the share of renewable energy (other

2w ‘ than hydropower) in total electricity production. The chart

3 shows that some countries have achieved a high level of

gao ° PPlIs, while having low levels of non-hydropower renewables.

% The reverse, however, is not true: of the 18 countries with

0 . . ‘ zero PPI, only half have achieved more than 0.5 percent non-

g . hydropower renewables and none was able to exceed 8.1

g " A ‘ ‘ percent. This is consistent with evidence that since 2008,

g N AP "I ‘e PPIs have been directed almost completely to renewable

0 20 40 60 80 energy (Foster, Eberhard, and Dyson 2021). In many
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Sources: International Renewable Energy Agency: countries, state-owned utility companies invest very little in
Kruger and Alao (2023); and IMF staff calculations. renewable energy other than hydropower.

Note: In panel 2, 18 countries have zero PPIs, and of

these, 9 also have no capacity in non-hydropower Energy efficiency

renewable energy. Data labels in the figure use Stronger climate ambition would also incentivize energy
International Organization for Standardization (1SO) .. .
country codes. Refer to Annex Table 1.2. for the efficiency, which would reduce energy needs. Energy

regional abbreviations. PPI = private power investment; | consumption is expected to increase in all temperature

TWh= terawatt-hour. scenarios and in all models because sub-Saharan Africa is
assumed to converge to the output and energy use levels of high-income countries by the end of the twenty-first
century. A more ambitious climate policy, however, would incentivize higher energy efficiency, for example by
phasing out fossil fuel subsidies. As a result, the increase in total energy consumption is lower in more
ambitious climate scenarios (Annex Figure 1.2). Electricity consumption, however, increases with the degree of
climate ambition (Figure 4). Therefore, the share of electricity production in total energy is 16.2 percent in the
3°C median scenario, 30 percent in the 2°C scenario, and 44.6 percent in the 1.5°C scenario in 2050.

Annex Figure 1.2. Sub-Saharan Africa’s Total Energy Production in IPCC Scenarios
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Technical Description of the IMF-ENV Model
The IMF-ENV model is a recursive-dynamic neoclassical, global, general equilibrium model, calibrated primarily

with a database of national economies and a set of bilateral trade flows (Chateau and others forthcoming). The
model describes how economic activities and agents are interlinked across several economic sectors, as well as
countries and world regions. The central input of the model is version 11 of the Global Trade Analysis Project
(GTAP) database (Aguiar and others 2023). The database includes country-specific input-output tables for 160
countries and 65 commodities, as well as real macroeconomic flows. It also captures world trade flows
comprehensively for a given starting year. The currently used version 11 is based on data from 2017.

The model captures the activities of key economic actors: representative firms by sector of activities, a regional
representative household, governments, and markets. Firms purchase inputs and primary factors to produce
goods and services, optimizing their profits. Households receive factor incomes and, in turn, buy the goods and
services produced by firms; households’ demands result from standard welfare optimization under budget
constraints. Markets determine equilibrium prices for factors, goods, and services. Frictions on factor or product
markets are limited, except for some features described in the following. The model is recursive-dynamic; that
is, it is solved as a sequence of comparative static equilibria. The fixed factors of production are exogenous for
each time step and linked between time periods with accumulation expressions, similar to the dynamics of a
Solow growth model.

Output production is implemented as a series of nested constant-elasticity-of-substitution functions to capture
the different substitutability across all inputs. International trade is modeled using the so-called Armington
specification, which posits that demands for goods are differentiated by region of origin. This specification uses
a full set of bilateral flows and prices by traded commodity. In contrast to intermediate inputs, primary factors for
production are not mobile across countries. Model closures assume real government expenditure and current
account to be constant to baseline values. While the capital market is characterized by real rigidities, the labor
market is not.

One major characteristic of the model is that it features vintage capital stocks in such a way that the
representative firm’s production structure and behavior are different in the short and long term. In each year,
new investment is flexible and can be allocated across activities until the return to the “new” capital is equalized
across sectors; the “old” (existing) capital stock, on the contrary, is mostly fixed and cannot be reallocated
across sectors without costs. Therefore, short-term elasticities of substitution across inputs in production
processes (or substitution possibilities) are much lower than in the long term and make adjustments of capital
more realistic. In contrast, labor (and land) market frictions are limited: in each year, labor (land) can shift across
sectors with no adjustment cost until wages (land prices) equalize, and the labor (land) supply responds with
some elasticity to changes in the net-of-taxes wage rate (land price).

The model also links economic activity to environmental outcomes. Emissions of GHGs and other air pollutants
are linked to economic activities either with fixed coefficients, such as those for emissions from fuel combustion,
or with emission intensities that decrease (nhonlinearly) with carbon prices—marginal abatement cost curves.
This latter case applies to emissions associated with non-energy-input uses (for example, nitrous oxide
emissions resulting from fertilizer uses) or with output processes (like methane emissions from waste
management or carbon dioxide emissions from cement manufacturing). In the very long term, the model may
overestimate the cost of decarbonization, since it does not consider radical technology innovations that could
materialize at this longer horizon (for example, hydrogen, second generation of nuclear, biofuel, and carbon
capture and storage technologies). While some of these new technologies are at an experimental stage, it is
difficult to include them in the model at the moment because of a lack of information about their future costs if
they were deployed at industrial scale.
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Annex Table 1.1. Key Model Parameters Calibration

Parameter Values
Substitution between process
emissions bundle and net-of-
emissions output

Specific values per gas and sector; positive values for
GHG emissions; zero for air pollutants

e 0.2 for agricultural sectors

Substitution between intermediate e [0.4; 1.0] for manufacturing and services sectors
demand and value-added bundles e [0.1; 0.81] for energy sectors

e Always 0 for old vintage technologies

e 0 for agricultural sectors
e [0.1; 0.4] for manufacturing and services sectors
e 0.2 for energy sectors

Substitution between capital and e 0.2 for new and 0 for old vintage technologies
specific factor

Substitution between intermediate
goods and services

e 0.125 for old vintages, 1 for new vintages in all
nonenergy sectors

e 0.025 for old vintages, 0.22 for new vintages in non-
electric energy

e 0.05 for all vintages in electricity

Elasticity between electricity and non-
electricity energy bundle

Elasticity between coal and non-coal e 0.0625 for old vintages

bundle e 0.55 for new vintages

Elasticity between energy inputs in e 0.125 for old vintages

liquids bundle e 1.1 for new vintages

Armington trade elasticity, domestic Varies from 0.9 to 5 depending on the sector, identical
versus imports across regions. GTAP data are used

Armington trade elasticity, import Value equals from 0.9 to 10, generally twice higher than
origins Armington trade elasticity for domestic versus imports

Source: IMF-ENV model.
Note: The elasticities are based on the assumptions in the IMF-ENV model. GHG = greenhouse gas; GTAP = Global Trade Analysis Project.

The model can be used for scenario analysis and quantitative policy assessments. For scenario analysis, the
model projects an internally consistent set of trends for all economic, sectoral, trade-related, and environmental
variables up to the year 2050. In this context, the model can be used to analyze the economic impacts of
various drivers of structural changes like technological progress, increases in living standards, and changes in
preferences and in production modes. A second use for the model is quantitative economic and environmental
policy assessment for the coming decades, including scenarios of a transition to a low-carbon economy. In this
case, the model assesses the costs and benefits of different sets of policy instruments for reaching given targets
like GHG emission reductions. Annex Table 1.1 reports key parameters for the calibration.

Model Regions

There are two major approaches for dividing Africa into regions: one from the African Union** and the other from
the United Nations.*®> While both approaches share the region names (Northern, Western, Central, Eastern, and
Southern) and there is considerable overlap, there are a few differences. Angola, Burundi, Mauritania,
Mozambique, Sudan, Zambia, and Zimbabwe are in different regions. In this note, we follow the UN geoscheme
for Africa, because it is also used by GTAP, which is the main data source for country data in the IMF-ENV
model. Annex Table 1.2 shows which model region and UN geoscheme region each country belongs to. For
consistency, these country groupings are used also in other sections of the note.

44 See https://au.int/en/member_states/countryprofiles2.
45 See https://unstats.un.org/unsd/methodology/m49/.
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Annex Table 1.2. Definition of Model Regions in Sub-Saharan Africa

Country UN Geoscheme Region Model Region
Nigeria Western Africa NGA
Benin Western Africa WAF
Burkina Faso Western Africa WAF
Cote d’lvoire Western Africa WAF
Ghana Western Africa WAF
Guinea Western Africa WAF
Mali Western Africa WAF
Niger Western Africa WAF
Senegal Western Africa WAF
Togo Western Africa WAF
Cabo Verde Western Africa WAF
Gambia Western Africa WAF
Guinea-Bissau Western Africa WAF
Liberia Western Africa WAF
Mauritania Western Africa WAF
Sierra Leone Western Africa WAF
Democratic Republic of the Congo Middle Africa DRC
Angola Middle Africa MAF
Cameroon Middle Africa MAF
Central African Republic Middle Africa MAF
Chad Middle Africa MAF
Congo Middle Africa MAF
Equatorial Guinea Middle Africa MAF
Gabon Middle Africa MAF
Sao Tome and Principe Middle Africa MAF
Ethiopia Eastern Africa ETH
Kenya Eastern Africa KEN
Madagascar Eastern Africa EAF
Rwanda Eastern Africa EAF
Tanzania, United Republic of Eastern Africa EAF
Uganda Eastern Africa EAF
Burundi Eastern Africa EAF
Djibouti Eastern Africa EAF
Eritrea Eastern Africa EAF
Seychelles Eastern Africa EAF
Somalia Eastern Africa EAF
South Sudan Eastern Africa EAF
Comoros Eastern Africa EAF
Malawi Eastern Africa EAF
Mauritius Eastern Africa EAF
Mozambique Eastern Africa EAF
Zambia Eastern Africa EAF
Zimbabwe Eastern Africa EAF
South Africa Southern Africa ZAF
Botswana Southern Africa SAF
Eswatini Southern Africa SAF
Namibia Southern Africa SAF
Lesotho Southern Africa SAF

Source: IMF staff.

Note: Beyond sub-Saharan Africa, the G20 economies are represented individually while the rest of the world is aggregated into four model
regions (Other Eurasia, Other Latin America, Other East Asia and New Zealand, Other Organization of the Petroleum Exporting Countries

and Middle Eastern and North African countries).

Scenario Assumptions
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Baseline: Carbon prices included in the baseline (based on the effective carbon rates database of the
Organisation for Economic Co-operation and Development and the South African government’s tax proposal)
are:

- Kenya: Fuel excise taxes resulted in an effective Annex Figure 1.3: Power generation for
carbon price of $18.72/tCO2e in 2021 and this SSA in the IMF-ENV baseline scenario (in
rate is held constant in the baseline.*¢ TWh)

- South Africa: Carbon price starts in 2021 and is
set to increase to $30/tCO2 by 2030 (Qu et al. 1000 o
2023).47 o [ o iimg e

For other sub-Saharan African countries and regions, 700 L e

emissions follow projections from the Climate Policy i _

Assessment Tool CPAT until 2030 and are then driven by .l - —
model dynamics until 2035. Macroeconomic trends soo

between 2024 and 2029 are based on the IMF’s World fz I

Economic Outlook 2024 database. The post-2029 GDP 0 e e e —
growth projections are based on shared socioeconomic RRREEERERESRERAESREERERS
pathways (SSP) database, which provides narrative

pathways for future population and GDP. We use the SSP2 scenario, which is characterized as a scenario with
intermediate challenges. Population growth is also taken from the SSP2. Electricity mix between 2017 and 2021
is calibrated using data from the IRENA (see Annex Figure 1.3), while GHG emissions are calibrated using data
from the United Nation Framework Convention on Climate Change.

Scaling up renewable energy capacity requires significant investments because of its capital-intensive
nature (Annex Figure 1.4). On a global scale, in 2017, capital expenses accounted for an average of 60
percent to 65 percent of the overall input costs for solar PV and wind technologies (from Global Trade Analysis
Project (GTAP) Power V11 database, see Aguiar and others (2023)). The composition of intermediate costs
largely includes electricity, services, and metal and mineral inputs, leading to regional variations in their cost
share, influenced by the availability and pricing of each of these inputs. In many sub-Saharan African countries
and regions, capital inputs represent over half of the total input costs for both solar PV and wind technologies,
with some variability in cost structures. For instance, in Ethiopia’s solar PV sector, capital costs are the
predominant expense, whereas in Kenya intermediate inputs, primarily business services, and manufacturing
make up more than half of the total costs. In South Africa, the costs of capital and intermediate inputs (mostly
services) each contribute around 40 percent to the total. In the wind sector, intermediate costs are especially
significant in Kenya and the Middle Africa region, with the largest cost share attributed to the business services
sector.

46 Excise tax rates for specific commodities including energy commodities were introduced in Kenya through the Excise Duty Act of 2015
and are periodically revised. This effective tax rate assumption is based on the OECD effective carbon rates database for the year 2021 and
is one element of the baseline scenario but should not be interpreted as a policy recommendation.

47 Revenues collected in FY2021/22 showed that policy enforcement was low because of tax-free allowances and exemptions (see Qu
2023). The baseline assumes that, by 2030, policy enforcement would be improved; therefore, the effective tax rate would be the same as
the official tax rate.
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Annex Figure 1.4. Cost Shares for Generation of Solar PV and Wind Sector (Percent)
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Sources: IMF staff calculations using IMF-ENV and GTAP Power data V11.

Note: Intermediates include inputs like machinery and equipment, services, metals, electricity, and fossil fuels (for fossil
power technologies). See Chepeliev (2023) for details on the cost share estimation techniques used in the GTAP Power
database. Refer to Annex Table 1.2. for the regional abbreviations. Data labels in the figure use International Organization for
Standardization (ISO) country codes. GTAP = Global Trade Analysis Project; PV = photovoltaic.

Green Investments: New sectoral investments in solar and wind sectors are targeted and annually increase by
a total of half percent (denoted by x) of the region’s GDP, in addition to the baseline investments in the sector. If
a region has only one of the two sectors, then the entire half percent of GDP investment is allocated to the

sector, otherwise it is split equally between the two sectors. Thus, the shock in investments across sub-Saharan

African economies is comparable. Kvigic (r,a,t) =kvgey (r,a,t) + 2+ gdp(r,t)

All investments are assumed to be publicly financed (rsg). The key difference between the three simulations lies
in the shares of domestic financing (rsgsau) and external financing (ext_inv) that is used to reach the targeted
increase in investments, captured by parameter . External financing represents any type of investment flow
that do not draw down from the domestic investment pool. The value of 9 is set to 0 in domestic policy, 0.5 in

mix policy, and 1 in external policy simulations, respectively. ISQ;., (I, t) = rsgg,, (r,t) + &*ext_inv(r,t)

Climate Finance: The Rajan rule is implemented as described in the proposal where transfer denotes the
amount of contributions provided (negative value of transfers) or collected (positive value of transfers) by
country r, GCI denotes the global carbon incentive, population is denoted by pop, and per capita emissions by
emi_pc. GCl is calculated by dividing the targeted global climate finance goal, in this case 100 billion, by the
transfers that would be realized in the reference scenario.

Transfer(r):GCI*popdomesﬂc(r)*[emi global _ o domestic:|

pc(r)baseline pc(r)baseline
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Additional results from IMF-ENV

Annex Figure 1.5. Change in Total Electricity
Supply in Sub-Saharan African Regions with
Policies (Percent Change Relative to baseline)
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Note: Refer to Annex Table 1.2. for the regional abbreviations. Data
labels in the figure use International Organization for Standardization

(ISO) country codes. T&D = transmission and distribution.

This sub-section presents the impact on electricity
supply for all three investment scenarios using
climate finance — Solar and Wind, T&D and Energy
Efficiency (Annex Figure 1.5).

Scaling up renewables could lower electricity prices
in many sub-Saharan African economies.
Renewable generation is a capital-intensive activity
in most sub-Saharan African economies (Annex
Figure 1.4). Climate finance helps channel capital in
the sector, which reduces its cost, but the scaling-
up of production also causes an increase in the
demand for labor and intermediate inputs, affecting
their prices. Higher labor demand in the recipient
countries increases wages. In addition, there is a
mixed impact on prices of intermediate inputs, with
prices in construction and services rising but those
of energy-intensive inputs falling. The combination
of these price movements ultimately determines the
net effect on the change in electricity prices.
Altogether, these would decline in DR Congo (13
percent), Ethiopia (20 percent), South Africa (4
percent), Western Africa (1 percent), Middle Africa
(7 percent), and Southern Africa (5 percent),*® while
they would increase in other regions (with a range
between 5 and 10 percent).

48 price declines may not occur in countries where electricity prices are artificially kept below production prices.
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Annex 2. Technical Details of Empirical Analysis

Country Coverage
Annex Table 2.1 reports the country coverage featured in the empirical analysis.

Annex Table 2.1. Sub-Saharan Country Coverage

Country Income Group Country Income Group
Angola EM o

Liberia LIC
Benin LIC Madagascar LIC
Botswana EM Malawi LIC
Burkina Faso LIC Mali LIC
Burundi LIC Mauritius EM
Cabo Verde EM Mozambique LIC
Cameroon LIC Namibia EM
Chad LIC Niger LIC
Congo, Democratic LIC Nigeria LIC
Republic of the
Congo, Republic of LIC Rwanda LIC
Céte d’lvoire LIC Senegal LIC
Eswatini EM Seychelles EM
Ethiopia LIC Sierra Leone LIC
Gabon EM South Africa EM
Gambia, The LIC Tanzania LIC
Ghana LIC Togo LIC
Guinea LIC Uganda LIC
Guinea-Bissau LIC Zambia LIC
Kenya LIC Zimbabwe LIC
Lesotho LIC

Source: IMF staff.
Note: EM = emerging market; LIC = low-income country.

Market Reforms and Climate Policies Data

Governance
Consistent with the literature (IMF 2019; Budina and others 2023), the governance index employed in this SCN

is computed as the simple average of the six components of the widely used Worldwide Governance Indicators:

e Voice and accountability: This aims at measuring the citizens’ perception of government transparency in
each country (that is, elections, freedom of speech).

e Paolitical stability and absence of violence/terrorism: This measures the likelihood of politically induced
violence.

e Government effectiveness: This measures the quality of public services and policy formulation and
implementation, as well as the degree of independence from political pressures.

e Regulatory quality: This captures the ability of governments to formulate and implement regulations that
can promote private sector development.

¢ Rule of law: This captures the extent to which market participants feel confidence in the protection of
property rights, the quality of contract enforcements, and the police force.

e Control of corruption: This aims at capturing perceptions of the level of corruption in a given country.

These indicators were drawn from the Worldwide Governance Indicators database, which reports aggregate
and individual governance indicators for more than 200 countries over the period 1996—-2022. These indicators
summarize the views of various counterparts, from citizens to enterprises and expert survey respondents. The
Worldwide Governance Indicators are based on a variety of individual sources, including survey institutes, think
tanks, nongovernmental organizations, international organizations, and private sector firms.
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External Sector

External sector reforms—a composite indicator capturing the degree of economic freedom in trade and external
finance—describe the extent to which countries can freely exchange goods and services, as well as ideas.
Excluding indicators derived from the discontinued World Bank Doing Business Database, the external sector
index is computed as the simple average of four sub-indicators: (1) tariffs, which aim to measure to what extent
tariffs can be a barrier to trade freely internationally (tariff revenues, tariff rate and volatility of tariffs); (2) nontariff
trade barriers; (3) black-market exchange rate, which aims at capturing the disparity between the official and the
parallel (black-market) exchange rates; and (4) control of the movement of capital and people, which
encompasses a country’s degree of financial openness, restrictions to visitors, and whether capital controls are
in place.

Business Regulation
This indicator measures the extent to which regulations and bureaucratic processes in each country might

hamper private sector activity by restricting entry and decreasing competition. Excluding indicators derived from
the discontinued World Bank Doing Business Database, the business regulation index is the simple average of
three main components: (1) bureaucracy costs, which measure the risk of normal business operations becoming
more costly because of the regulatory environment; (2) administrative requirements, which measure the extent
to which reporting, or the issuance of permits and licenses, can be burdensome; and (3) impartial public
administration, which accounts for the degree of nepotism and discrimination in public administration. Apart from
the governance index, the rest of the structural indicators summarized in the previous section (that is, external
sector and business regulation) were sourced from the Fraser Institute’s Economic Freedom of the World
Database, which gathers data from third-party sources, including the International Country Risk Guide and the
Global Competitiveness Report. The aggregate indicators are normalized over a sample of 161 economies,
ranging between 0 and 1.

Climate Policies
Climate policy counts, from the Climate Policy Database, include policies with an explicit climate change

mitigation objective, such as GHG emissions reduction strategies; energy policies that help to decarbonize the
energy supply and/or reduce energy demand; and policies that aim to introduce low-emissions practices and
technologies to nonenergy sectors, such as agriculture and land use. A policy can be a law, a strategic
document, a target, or any other policy document that results in a lasting reduction of the country’s emissions
intensity (see Nascimento and others 2022). The main advantage of this measure, which has been used widely
in scientific publications, is its comprehensive coverage of policy actions, both from an instrument and sectoral
perspective. This is particularly important in a context where countries have resorted to sectoral policies and
regulations and subsidies instead of economy-wide carbon pricing. One drawback of this measure is that it does
not capture the intensity of each policy. For example, an economy-wide carbon price has the same weight as a
regulation in a specific sector. In addition, the raw policy count does not account for the enforcement of these
policy instruments.

Baseline Empirical Framework
Regression Specification

The analysis employs the local projection method proposed by Jorda (2005) to estimate the effects of structural
reforms on climate finance and electricity generation in a sample of 39 sub-Saharan African economies over the
period 2000-21. This same method has been used extensively in the literature to estimate the impact of macro
structural reforms on various macroeconomic outcomes (see Duval, Furceri, and Jalles 2022; Romer and
Romer 2017, among many others). The use of the local projection approach is motivated by its strong empirical
properties, which include the generation of accurate impulse responses (Auerbach and Gorodnichenko 2012;
2013) without requiring economic priors or dynamic restrictions (Plagborg-Mgller and Wolf 2021), as well as by
the flexibility to estimate nonlinear effects.

Specifically, our baseline panel LP model takes the following form:
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Yit+k —Yit-1 =&tV + .BkSRi,t + OX,i,t +e€ €]

where y; . is the log of the variable of interest (for example, climate finance through grants and concessional
debt), and «; and y, denote country and year fixed effects, which help control for unobservable cross-country
heterogeneities as well as common global factors (for example, oil prices, global business cycle), respectively.
By is our coefficient of interest and captures the (cumulative) impact on y; . following the introduction of a given
structural reform, SR; ;. X;, is a vector of control variables, including lags of the dependent variable, past
economic growth, and past reforms. Two lags of the dependent variable and the shock series are included in
each estimation to control for autocorrelation, following Montiel, Olea and Plagborg-Mgller (2021).Time and
country dimensions are indicated by t and i, respectively, while k = 0,1,2, ... 4. Equation (1) is estimated using
ordinary least squares and impulse responses for the estimated coefficients of interest, g, are generated using
the associated Driscoll and Kraay (1998) robust standard errors.

When estimating the impact of reforms on electricity generation, especially renewables, it is important to
account for the high growth of renewable power generation trend present in the data (Figure 1, Panel 2). This
trend can be heterogenous across countries as these differ in technology adoption. To this end, equation (1) is
modified slightly to include country-specific linear trends, y;t, in addition to country fixed effects. The modified
equation is as follows:

Vieske = Vig-1 = @ + Vit + PSR + 0X'; + €, 2

The empirical section not only focuses on the impact of reforms in attracting official climate finance through
grants and concessional debt but also devotes attention to the role of private sector FDIs. We use data on
announced green-field FDIs, sourced from fDi Markets covering a sample of 115 EMDEs from 2003 to 2021,
which are categorize as “green” or “non-green” following the methodology of recent IMF analyses (Hasna and
others 2023; Pienknagura 2024). Because greenfield investments are recorded as announcements, and many
countries do not receive private FDIs on a consistent basis, the data set has a large prevalence of zeros,
leading us to consider alternative econometric approaches to estimate the impact of reforms on private sector
FDIs. Following the methodology of these recent contributions, the relationship between market reforms and
FDIs using the pseudo-Poisson maximum likelihood estimator is estimated, and the equation is as follows:

Yzht =ex p{“i + y: + Blo g(CPi,t—l) + exi,t—l} + € (3)

where h € {total, non — green, green, renewable energy, wind and solar}, Yiflt is the real dollar value of
greenfield FDI inflows of type h in country i in year t, a; is a country fixed effect, y, is a year fixed effect,

log (CP;;_4) is the natural logarithm of the stock of climate policies in year t-1, X; ._, is a set of covariates
including trade over GDP, the log of the capital stock per employee, the log of GDP per capita and GDP growth.

Robustness checks — Excluding South Africa from the sample

This section presents the main findings relating to the impact of market reforms and climate policies on climate
finance and power generation for a sample of sub-Saharan African economies, excluding South Africa. Annex
Figures 2.1 to 2.3 show that the findings displayed in the main text hold even when South Africa is excluded
from the sample.
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Annex Figure 2.1. Robustness Check: Impact of Market Reforms on Climate Finance
Excluding South Africa
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Source: IMF staff calculations.

Note: t = 0 is the year of the shock. The lines denote the response to a major historical reform (two standard deviations). The
shaded areas denote 90 percent confidence bands. Sample of 39 sub-Saharan African countries, 2000-21. The sample average
climate financing received through concessional grants and debt is equal to roughly $150 million per year ($ in 2021). A major
first-generation reform is associated with a 17.5 percent increase in climate finance, or equivalent to a $130 million increase over
five years, on average, compared to a no-reform scenario.

Annex Figure 2.2. Robustness Check: Impact of Market Reforms on Total Electricity
Generation Excluding South Africa
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Source: IMF staff calculations.
Note: t = 0 is the year of the shock. The lines denote the response to a major historical reform (two standard deviations). The shaded
areas denote 90 percent confidence bands. Sample of 38 sub-Saharan African countries, 2000-21. The sample average electricity

generation is equal to roughly 9,567 GWh per year. A major first-generation reform is associated with a 7.6 percent increase in total
electricity generation, or equivalent to an additional 3,635 GWh over five years, on average, compared to a no-reform scenario.
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Annex Figure 2.3. Robustness Check: Impact of Market Reforms and Climate Policies on
Renewable Electricity Generation Excluding South Africa

1. First-Generation Reforms 2. Climate Policies

60

40
30
20

10

-1 o 1 2 3
Year since reform

Percent change in total renewable electricity generation
=

-20

-1 o 1 2 3
Year since reform

Percent change in total renewable electricity generation

Source: IMF staff calculations.

Note: t = 0 is the year of the shock. The lines denote the response to a major historical reform (two standard deviations). The
shaded areas denote 90 percent confidence bands. Sample of 38 sub-Saharan African countries, 2010-21. Renewable
electricity is defined as solar and wind generation. The sample average renewable electricity generation is equal to roughly 132
GWh per year. A major first-generation reform is associated with a 32 percent increase in renewable electricity generation, or
equivalent to an additional 170 GWh over four years, on average, compared to a no-reform scenario. Similarly, significant climate
action can boost renewable electricity generation by 26 percent, or equivalent to 137 GWh over four years, on average,
compared to a no-reform scenario.

Annex 3. CO2 Emissions in SSA

Annex Figure 3.1. CO,; Emissions in SSA by Sector
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Source: IEA.

Note: MainProd = main activities producer electricity and heat; Other = agriculture/forestry, fishing, commercial, and public services,
other energy industry use and other CO, emissions from fuel combustion not elsewhere specified. SSA= sub-Saharan Africa.

As illustrated in Annex Figure 3.1, South Africa contributes to the majority of CO2 emissions of the sub-Saharan
African region (roughly 56 percent in 2021), largely coming from main activities related to the production of
electricity and heat. CO2 emissions from the rest of the region are more concentrated in the transport sector
(roughly 50 percent), with total CO2 emissions increasing threefold since 2000.

IMF | Staff Climate Note 33



References

Aguiar, Angel, Maksym Chepeliev, Erwin Corong, and Dominique van der Mensbrugghe. 2023. “The Global
Trade Analysis Project (GTAP) Data Base: Version 11.” Journal of Global Economic Analysis 7 (2). doi:
10.21642/JGEA.070201AF

Alam, Md Samsul, Mohammad Dulal Miah, Shawkat Hammoudeh, and Aviral Kumar Tiwari. "The nexus
between access to electricity and labour productivity in developing countries." Energy policy 122 (2018):
715-726.

Alexander, Naomi-Rose, Mauro Cazzaniga, Stefania Fabrizio, Florence Jaumotte, Longji Li, Jorge Mondragon,
Sahar Priano, and Marina M. Tavares. Forthcoming. “Green Jobs and the Future of Work for Women
and Men.” IMF Staff Discussion Note.

Arezki, Rabah. 2021. “Climate Finance for Africa Requires Overcoming Bottlenecks in Domestic Capacity.”
Nature Climate Change 11 (11): 888—888. https://doi.org/10.1038/s41558-021-01191-7.

Auerbach, Alan J., and Yuriy Gorodnichenko. 2012. “Fiscal Multipliers in Recession and Expansion”, in Fiscal
Policy after the Financial Crisis, ed. by Alberto Alesina and Francesco Giavazzi (lllinois, Chicago:
University of Chicago Press). https://www.nber.org/books-and-chapters/fiscal-policy-after-financial-
crisis/fiscal-multipliers-recession-and-expansion

Auerbach, Alan J., and Yuriy Gorodnichenko. 2013. “Output Spillovers from Fiscal Policy.” American Economic
Review 103 (3): 141-46. doi: 10.1257/aer.103.3.141

Babayomi, Oluleke O., Babatunde Olubayo, lheanacho H. Denwigwe, Tobiloba E. Somefun, Oluwaseye
Samson Adedoja, Comfort T. Somefun, Kevwe Olukayode, and Amarachi Attah. 2023. “A Review of
Renewable Off-Grid Mini-Grids in Sub-Saharan Africa.” Frontiers in Energy Research 10.
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2022.1089025.

Bamisile, Olusola, Cai Dongsheng, Jian Li, Humphrey Adun, Raheemat Olukoya, Oluwatoyosi Bamisile, and Qi
Huang. 2023. “Renewable Energy and Electricity Incapacitation in Sub-Sahara Africa: Analysis of a
100% Renewable Electrification in Chad.” 2022 The ¥d International Conference on Power and
Electrical Engineering 9 (October): 1-12. doi: 10.1016/j.egyr.2023.05.049

Barasa, Maulidi, Dmitrii Bogdanov, Ayobami Solomon Oyewo, and Christian Breyer. 2018. “A Cost Optimal
Resolution for Sub-Saharan Africa Powered by 100% Renewables in 2030.” Renewable and
Sustainable Energy Reviews 92 (September): 440-57. doi: 10.1016/j.rser.2018.04.110

Beiter, Philipp, Jérome Guillet, Malte Jansen, Elizabeth Wilson, and Lena Kitzing. 2024. “The Enduring Role of
Contracts for Difference in Risk Management and Market Creation for Renewables.” Nature Energy 9
(1): 20-26. doi: 10.1038/s41560-023-01401-w

Belianska, Anna, Nadja Bohme, Kaihao Cai, Yoro Diallo, Saanya Jain, Giovanni Melina, Pritha Mitra, Marcos
Poplawski-Ribeiro, and Solo Zerbo. 2022. “Climate Change and Select Financial Instruments.” IMF Staff
Climate Note 2022 (009). https://www.imf.org/en/Publications/staff-climate-
notes/Issues/2022/10/28/Climate-Change-and-Select-Financial-Instruments-An-Overview-of-
Opportunities-and-Challenges-525195

Black, Simon, Jean Chateau, Florence Jaumotte, lan WH Parry, Gregor Schwerhoff, Sneha D. Thube, and
Karlygash Zhunussova. 2022. “Getting on Track to Net Zero: Accelerating a Global Just Transition in
This Decade.” Staff Climate Notes 2022 (010), International Monetary Fund, Washington, DC.

Bogdanov, Dmitrii, Javier Farfan, Kristina Sadovskaia, Arman Aghahosseini, Michael Child, Ashish Gulagi,
Ayobami Solomon Oyewo, Larissa de Souza Noel Simas Barbosa, and Christian Breyer. 2019. “Radical
Transformation Pathway towards Sustainable Electricity via Evolutionary Steps.” Nature
Communications 10 (1): 1077. https://doi.org/10.1038/s41467-019-08855-1.

Bolhuis, Marijn, Hamza Mighri, Henry Rawlings, M. lvanova Reyes, and Qiangian Zhang. 2024. “How
Vulnerable Is Sub-Saharan Africa to Geoeconomic Fragmentation?” IMF Working Papers 2024 (083).
https://www.imf.org/en/Publications/WP/Issues/2024/04/05/How-Vulnerable-is-Sub-Saharan-Africa-to-
Geoeconomic-Fragmentation-546346

Budina, Nina, Christian Ebeke, Florence Jaumotte, Andrea Medici, Augustus J. Panton, Marina M. Tavares, and
Bella Yao. 2023. “Structural Reforms to Accelerate Growth, Ease Policy Trade-Offs, and Support the
Green Transition in Emerging Market and Developing Economies.” IMF Staff Discussion Notes 2023

IMF | Staff Climate Note 34



(007), International Monetary Fund, Washington, DC. https://www.imf.org/en/Publications/Staff-
Discussion-Notes/Issues/2023/09/21/Structural-Reforms-to-Accelerate-Growth-Ease-Policy-Trade-offs-
and-Support-the-Green-538429

Edward Byers, Volker Krey, Elmar Kriegler, Keywan Riahi, Roberto Schaeffer, Jarmo Kikstra, Robin Lamboll,
Zebedee Nicholls, Marit Sanstad, Chris Smith, Kaj-lvar van der Wijst, Alaa Al Khourdajie, Franck
Lecocq, Joana Portugal-Pereira, Yamina Saheb, Anders Strgmann, Harald Winkler, Cornelia Auer,
Elina Brutschin, Matthew Gidden, Philip Hackstock, Mathijs Harmsen, Daniel Huppmann, Peter Kolp,
Claire Lepault, Jared Lewis, Giacomo Marangoni, Eduardo Miiller-Casseres, Ragnhild Skeie, Michaela
Werning, Katherine Calvin, Piers Forster, Celine Guivarch, Tomoko Hasegawa, Malte Meinshausen,
Glen Peters, Joeri Rogelj, Bjorn Samset, Julia Steinberger, Massimo Tavoni, Detlef van Vuuren. . 2022.
“AR6 Scenarios Database Hosted by IIASA.” International Institute for Applied Systems Analysis. 2022.
data.ece.iiasa.ac.at/ar6/

Caceres, Ana Lucia, Paulina Jaramillo, H. Scott Matthews, Constantine Samaras, and Bart Nijssen. 2022.
“Potential Hydropower Contribution to Mitigate Climate Risk and Build Resilience in Africa.” Nature
Climate Change 12 (8): 719-27. doi: 10.1038/s41558-022-01413-6

CAT. 2023. “Warming Projections Global Update.” Climate Action Tracker.
https://climateactiontracker.org/publications/no-change-to-warming-as-fossil-fuel-endgame-brings-focus-
onto-false-solutions/

Chateau, Jean, Hugo Rojas-Romagosa, Sneha Thube, and Dominique van der Mensbrugghe. forthcoming.
“IMF-ENV: A General Equilibrium Model for Understanding the Macroeconomic Effects of Climate
Mitigation.” IMF Working Paper.

Chepeliev, Maksym. 2023. “GTAP-Power Data Base: Version 11.” Journal of Global Economic Analysis 8 (2).
doi: 10.21642/JGEA.080203AF.

Creutzig, Felix, Peter Agoston, Jan Christoph Goldschmidt, Gunnar Luderer, Gregory Nemet, and Robert C.
Pietzcker. 2017. “The Underestimated Potential of Solar Energy to Mitigate Climate Change.” Nature
Energy 2 (9): 17140. doi: 10.1038/nenergy.2017.140

Dabla-Norris, Era, Giang Ho, and Annette J. Kyobe. 2016. “Structural Reforms and Productivity Growth in
Emerging Market and Developing Economies.” IMF Working Paper 2016 (015).
https://www.imf.org/en/Publications/WP/Issues/2016/12/31/Structural-Reforms-and-Productivity-Growth-
in-Emerging-Market-and-Developing-Economies-43686

Devine, Hilary, Adrian Peralta-Alva, Hoda Selim, Luc Eyraud, Preya Sharma, and Ludger Wocken. 2021.
“Private Finance for Development: Wishful Thinking or Thinking out of the Box?” Departmental Papers
2021 (011). https://www.imf.org/en/Publications/Departmental-Papers-Policy-
Papers/Issues/2021/05/14/Private-Finance-for-Development-50157

Driscoll, John C., and Aart C. Kraay. 1998. “Consistent Covariance Matrix Estimation with Spatially Dependent
Panel Data.” The Review of Economics and Statistics 80 (4): 549-60.

Duval, Romain, Davide Furceri, and Jodo Tovar Jalles. 2022. “Labor and Product Market Reforms and External
Imbalances: Evidence from Advanced Economies.” Journal of International Money and Finance, Current
Account (Im-)Balances: Determinants and Policy Implications, 121 (March):102513. doi:
10.1016/j.jimonfin.2021.102513

Eberhard, Anton, Katharine Gratwick, Elvira Morella, and Pedro Antmann. 2017. “Accelerating Investments in
Power in Sub-Saharan Africa.” Nature Energy 2 (2): 17005. doi: 10.1038/nenergy.2017.5

Elbarbary, Samah, Mohamed Abdel Zaher, Hakim Saibi, Abdel-Rahman Fowler, and Kamal Saibi. 2022.
“Geothermal Renewable Energy Prospects of the African Continent Using GIS.” Geothermal Energy 10
(1): 8. doi: 10.1186/s40517-022-00219-1

Ferroukhi, Rabia, Mirjam Reiner, and Laura El-Katiri. 2022. “Could the Energy Transition Benefit Africa’s
Economies?” International Renewable Energy Agency.
https://www.irena.org/News/expertinsights/2022/Nov/Could-the-Energy-Transition-Benefit-Africas-
Economies

Foster, Vivien, Anton Eberhard, and Gabrielle Dyson. 2021. “The Evolution of Electricity Sectors in Africa:
Ongoing Obstacles and Emerging Opportunities to Reach Universal Targets.” In Jean-Michel Glachant,
Paul L. Joskow, and Michael G. Pollitt (Editors) Handbook on Electricity Markets, 595-628. Edward

IMF | Staff Climate Note 35



Elgar Publishing.
https://www.elgaronline.com/edcollchap/edcoll/9781788979948/9781788979948.00029.xml

Fried, Stephie, and David Lagakos. (2023) "Electricity and firm productivity: A general-equilibrium
approach." American Economic Journal: Macroeconomics 15.4 : 67-103.

Fuss, Sabine, William F. Lamb, Max W. Callaghan, Jéréme Hilaire, Felix Creutzig, Thorben Amann, Tim
Beringer, Wagner de Oliveira Garcia, Jens Hartmann, Tarun Khanna, Gunnar Luderer, Gregory F
Nemet, Joeri Rogelj, Pete Smith, José Luis Vicente Vicente, Jennifer Wilcox, Maria del Mar Zamora
Dominguez and Jan C Minx. 2018. “Negative Emissions—Part 2: Costs, Potentials and Side Effects.”
Environmental Research Letters 13 (6): 063002. doi: 10.1088/1748-9326/aabfof

Gardes-Landolfini, Charlotte, Pierpaolo Grippa, William Oman, and Sha Yu. 2023. “Energy Transition and
Geoeconomic Fragmentation: Implications for Climate Scenario Design.” IMF Staff Climate Note 2023
(003). https://www.imf.org/en/Publications/staff-climate-notes/Issues/2023/11/16/Energy-Transition-and-
Geoeconomic-Fragmentation-Implications-for-Climate-Scenario-Design-541097

Hardy, Morgan, and Jamie McCasland. 2021. “Lights Off, Lights On: The Effects of Electricity Shortages on
Small Firms.” The World Bank Economic Review 35 (1): 19-33. doi: 10.1093/wber/Ihz028

Hasna, Zeina, Florence Jaumotte, Jaden Kim, Samuel Pienknagura, and Gregor Schwerhoff. 2023. “Green
Innovation and Diffusion: Policies to Accelerate Them and Expected Impact on Macroeconomic and
Firm-Level Performance.” IMF Staff Discussion Notes 2023 (008), International Monetary Fund,
Washington, DC. https://www.imf.org/en/Publications/Staff-Discussion-Notes/Issues/2023/11/03/Green-
Innovation-and-Diffusion-Policies-to-Accelerate-the-Process-and-Expected-Impact-on-540134

IEA. 2022. “Africa Energy Outlook 2022.” International Energy Agency. https://www.iea.org/reports/africa-
energy-outlook-2022/key-findings

Imam, Mahmud I., Tooraj Jamasb, and Manuel Llorca. 2019. “Sector Reforms and Institutional Corruption:
Evidence from Electricity Industry in Sub-Saharan Africa.” Energy Policy 129 (June): 532—45. doi:
10.1016/j.enpol.2019.02.043

IMF. 2019. “Reigniting Growth in Emerging Market and Low-Income Economies: What Role for Structural
Reforms?” In World Economic Outlook. Washington, DC: International Monetary Fund.
https://www.elibrary.imf.org/display/book/9781513508214/ch003.xml

IMF. 2023a. “Closing the Gap: Concessional Climate Finance and Sub-Saharan Africa.” International Monetary
Fund. https://www.imf.org/en/Publications/REO/SSA/Issues/2023/04/14/regional-economic-outlook-for-
sub-saharan-africa-april-2023

IMF. 2023b. “The Long Squeeze: Funding Development in an Age of Austerity.” In Regional Economic Outlook:
Sub-Saharan Africa—Light on the Horizon? Washington, DC: International Monetary Fund.
https://www.imf.org/en/Publications/REO/SSA/Issues/2023/10/16/regional-economic-outlook-for-sub-
saharan-africa-october-2023

IMF. 2023c. “Namibia: 2023 Article IV Consultation-Press Release; and Staff Report.” International Monetary
Fund. Accessed August 14, 2024. https://www.imf.org/en/Publications/CR/Issues/2023/12/12/Namibia-
2023-Article-IV-Consultation-Press-Release-and-Staff-Report-542307

IMF. 2024. “Digging for Opportunity: Harnessing Sub-Saharan Africa’s Wealth in Critical Minerals.” International
Monetary Fund. In Regional Economic Outlook: Sub-Saharan Africa—A Tepid and Pricey Recovery.
Washington, DC, April. https://www.imf.org/en/Publications/REO/SSA/Issues/2024/04/19/regional-
economic-outlook-for-sub-saharan-africa-april-2024

IRENA. 2023. “Renewable Power Generation Costs in 2022.” International Renewable Energy Agency.
https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022

IRENA and AfDB. 2022. “Renewable Energy Market Analysis: Africa and lts Regions.” Abu Dhabi and Abidjan:
International Renewable Energy Agency and African Development Bank.
https://www.irena.org/publications/2022/Jan/Renewable-Energy-Market-Analysis-Africa

Jaumotte, Florence, Jaden Kim, Samuel Pienknagura and Gregor Schwerhoff. forthcoming. “Policies to Foster
Green FDI: Best Practices for Emerging Market and Developing Economies.” IMF Staff Climate Notes,
International Monetary Fund, Washington, DC.Jha, Priyanka, and Stefan Schmidt. 2021. “State of

IMF | Staff Climate Note 36



Biofuel Development in Sub-Saharan Africa: How Far Sustainable?” Renewable and Sustainable
Energy Reviews 150 (October): 111432. doi: 10.1016/j.rser.2021.111432

Jorda, Oscar. 2005. “Estimation and Inference of Impulse Responses by Local Projections.” American Economic
Review 95 (1): 161-82. doi: 10.1257/0002828053828518

KC, Samir, and Wolfgang Lutz. 2017. “The Human Core of the Shared Socioeconomic Pathways: Population
Scenarios by Age, Sex and Level of Education for All Countries to 2100.” Global Environmental Change
42 (January): 181-92. doi: 10.1016/j.gloenvcha.2014.06.004

Kruger, Wikus, and Olakunle Alao. 2023. “Private Power Investments in Sub-Saharan Africa.” Power Futures
Lab Working Paper, June. https://powerfutureslab.co.za/media-publications/publications/private-power-
investments-in-ssa-2022/download

Kruger, Wikus, and Anton Eberhard. 2023. “The Impact of Competition, Trust and Capital on Renewable Energy
Auction Outcomes in Sub-Saharan Africa: Analysing Auctions in South Africa, Zambia and Namibia.”
Energy Policy 178 (July): 113572. doi: 10.1016/j.enpol.2023.113572

Laureto, John J., and Joshua M. Pearce. 2016. “Nuclear Insurance Subsidies Cost from Post-Fukushima
Accounting Based on Media Sources.” Sustainability 8 (12). doi: 10.3390/su8121301

Lawal, Adedoyin Isola, llhan Ozturk, Ifedolapo O. Olanipekun, and Abiola John Asaleye. 2020. “Examining the
Linkages between Electricity Consumption and Economic Growth in African Economies.” Energy 208
(October): 118363. doi: 10.1016/j.energy.2020.118363

Lecaros, Santiago Sinclair, Dimitrios Mentis, Emma H. Laswai, and Maneno J. J. Katyega. 2024. “EAE
Scenarios for Clean Energy Solution Providers in Tanzania.” May. https://www.wri.org/research/eae-
scenarios-clean-energy-solution-providers-tanzania

Leimbach, Marian, Elmar Kriegler, Niklas Roming, and Jana Schwanitz. 2017. “Future Growth Patterns of World
Regions — A GDP Scenario Approach.” Global Environmental Change 42 (January): 215-25. doi:
10.1016/j.gloenvcha.2015.02.005

Lovering, Jessica R., Arthur Yip, and Ted Nordhaus. 2016. “Historical Construction Costs of Global Nuclear
Power Reactors.” Energy Policy 91 (April): 371-82. doi: 10.1016/j.enpol.2016.01.011

Luderer, Gunnar, Silvia Madeddu, Leon Merfort, Falko Ueckerdt, Michaja Pehl, Robert Pietzcker, Marianna
Rottoli, Felix Schreyer, Nico Bauer, Lavinia Baumstark, Christoph Bertram, Alois Dirnaichner, Florian
Humpendder, Antoine Levesque, Alexander Popp, Renato Rodrigues, Jessica Strefler & Elmar Kriegler.
2022. “Impact of Declining Renewable Energy Costs on Electrification in Low-Emission Scenarios.”
Nature Energy 7 (1): 32—42. doi: 10.1038/s41560-021-00937-z

Mensah, Justice Tei. 2024. “Jobs! Electricity Shortages and Unemployment in Africa.” Journal of Development
Economics 167 (March): 103231. doi: 10.1016/j.jdeveco.2023.103231

Mitchell, lan, and Edward Wickstead. 2024. “Has the $100 Billion Climate Goal Been Reached? | Center For
Global Development.” CGD Note 370, Washington DC: Center for Global Development.
https://www.cgdev.org/publication/has-100-billion-climate-goal-been-reached

Montiel Olea, José Luis, and Mikkel Plagborg-Mgller. 2021. “Local Projection Inference Is Simpler and More
Robust Than You Think.” Econometrica 89 (4): 1789-823. doi: 10.3982/ECTA18756

Muellner, Nikolaus, Nikolaus Arnold, Klaus Gufler, Wolfgang Kromp, Wolfgang Renneberg, and Wolfgang
Liebert. 2021. “Nuclear Energy - The Solution to Climate Change?” Energy Policy 155 (August):
112363. doi: 10.1016/j.enpol.2021.112363

Mugisha, Joshua, Mike Arasa Ratemo, Bienvenu Christian Bunani Keza, and Hayriye Kahveci. 2021.
“Assessing the Opportunities and Challenges Facing the Development of Off-Grid Solar Systems in
Eastern Africa: The Cases of Kenya, Ethiopia, and Rwanda.” Energy Policy 150 (March): 112131. doi:
10.1016/j.enpol.2020.112131

Nascimento, Leonardo, Takeshi Kuramochi, Gabriela lacobuta, Michel den Elzen, Hanna Fekete, Marie
Weishaupt, Heleen Laura van Soest, Mark Roelfsema, Gustavo De Vivero-Serrano, Swithin Lui,
Frederic Hans, Maria Jose de Villafranca Casas, and Niklas Hohne. 2022. “Twenty Years of Climate
Policy: G20 Coverage and Gaps.” Climate Policy 22 (2): 158-74. doi: 10.1080/14693062.2021.1993776

IMF | Staff Climate Note 37



Nerini, Francesco Fuso, Oliver Broad, Dimitris Mentis, Manuel Welsch, Morgan Bazilian, and Mark Howells.
2016. “A Cost Comparison of Technology Approaches for Improving Access to Electricity Services.”
Energy 95 (January): 255—65. doi: 10.1016/j.energy.2015.11.068

Nicholas, T.E.G., T.P. Davis, F. Federici, J. Leland, B.S. Patel, C. Vincent, and S.H. Ward. 2021. “Re-Examining
the Role of Nuclear Fusion in a Renewables-Based Energy Mix.” Energy Policy 149 (February): 112043.
doi: 10.1016/j.enpol.2020.112043

OECD. 2022. Climate Finance Provided and Mobilised by Developed Countries in 2016-2020: Insights from
Disaggregated Analysis. Paris: Organisation for Economic Co-operation and Development.
https://www.oecd-ilibrary.org/finance-and-investment/climate-finance-provided-and-mobilised-by-
developed-countries-in-2016-2020_286dae5d-en

OECD. 2024. Climate Finance Provided and Mobilised by Developed Countries in 2013-2022. Paris:
Organisation for Economic Co-operation and Development. https://www.oecd-
ilibrary.org/environment/climate-finance-provided-and-mobilised-by-developed-countries-in-2013-
2022_19150727-en

Peralta-Alva, Adrian, Marina Mendes Tavares, and Xican Xi. 2017. “Accounting for Energy Intensity Across
Countries: Composition, Prices and Technology.” Mimeo.
https://ideas.repec.org/p/red/sed017/1531.html.

Peters, Rebecca, Jirgen Berlekamp, Charles Kabiri, Beth A. Kaplin, Klement Tockner, and Christiane Zarfl.
2024. “Sustainable Pathways towards Universal Renewable Electricity Access in Africa.” Nature
Reviews Earth & Environment 5 (2): 137-51. doi: 10.1038/s43017-023-00501-1

Pienknagura, Samuel. 2024. “Climate Policies as a Catalyst for Green FDI.” IMF Working Paper 2024 (046).
https://www.imf.org/en/Publications/WP/Issues/2024/03/01/Climate-Policies-as-a-Catalyst-for-Green-
FDI-545450

Pietzcker, Robert C., Falko Ueckerdt, Samuel Carrara, Harmen Sytze de Boer, Jacques Després, Shinichiro
Fujimori, Nils Johnson, Alban Kitous, Yvonne Scholz, Patrick Sullivan, Gunnar Luderer 2017. “System
Integration of Wind and Solar Power in Integrated Assessment Models: A Cross-Model Evaluation of
New Approaches.” Energy Economics 64 (May): 583-99. doi: 10.1016/j.enec0.2016.11.018

Plagborg-Mgller, Mikkel, and Christian K. Wolf. 2021. “Local Projections and VARs Estimate the Same Impulse
Responses.” Econometrica 89 (2): 955-80. doi: 10.3982/ECTA17813

Qu, Haonan, Suphachol Suphachalasai, Sneha D. Thube, and Sébastien Walker. “South Africa Carbon Pricing
and Climate Mitigation Policy.” Selected Issues Papers 2023 (040): 1. doi: 10.5089/9798400247620.018

Riahi, Keywan, Detlef P. van Vuuren, Elmar Kriegler, Jae Edmonds, Brian C. O’Neill, Shinichiro Fujimori, Nico
Bauer, Katherine Calvin, Rob Dellink, Oliver Fricko, Wolfgang Lutz, Alexander Popp, Jesus Crespo
Cuaresma, Samir KC, Marian Leimbach, Leiwen Jiang, Tom Kram, Shilpa Rao, Johannes Emmerling,
Kristie Ebi, Tomoko Hasegawa, Petr Havlik, Florian Humpendder, Lara Aleluia Da Silva, Steve Smith,
Elke Stehfest, Valentina Bosetti, Jiyong Eom, David Gernaat, Toshihiko Masui, Joeri Rogelj, Jessica
Strefler, Laurent Drouet, Volker Krey, Gunnar Luderer, Mathijs Harmsen, Kiyoshi Takahashi, Lavinia
Baumstark, Jonathan C. Doelman, Mikiko Kainuma, Zbigniew Klimont, Giacomo Marangoni, Hermann
Lotze-Campen, Michael Obersteiner, Andrzej Tabeau, Massimo Tavoni et al. 2017. “The Shared
Socioeconomic Pathways and Their Energy, Land Use, and Greenhouse Gas Emissions Implications:
An Overview.” Global Environmental Change 42 (January): 153—-68. doi:
10.1016/j.gloenvcha.2016.05.009

Rojas Romagosa, Hugo Alexander, Zuzana Dobrotkova, Claire Marion Nicolas, and Sheoli Pargal. 2024.
“Potential Labor Market Impacts of the Clean Energy Transition - A CGE Analysis for Nine Countries in
Sub-Saharan Africa.” Washington, DC: World Bank.
http://documents.worldbank.org/curated/en/099012324075034298/P1764381dad9a30371890717cdbd8
215604

Romer, Christina D., and David H. Romer. 2017. “New Evidence on the Aftermath of Financial Crises in
Advanced Countries.” American Economic Review 107 (10): 3072-118. doi: 10.1257/aer.20150320

Santos Silva, Jodo M.C., and Silvana Tenreyro. 2006. “The Log of Gravity.” The Review of
Economics and Statistics 88 (4): 641-58. doi: https://doi.org/10.1162/rest.88.4.641

IMF | Staff Climate Note 38


https://doi.org/10.1162/rest.88.4.641

Sterl, Sebastian, Dalia Fadly, Stefan Liersch, Hagen Koch, and Wim Thiery. 2021. “Linking Solar and Wind
Power in Eastern Africa with Operation of the Grand Ethiopian Renaissance Dam.” Nature Energy 6 (4):
407-18. doi: 10.1038/s41560-021-00799-5

UNEP. 2012. “Financing Renewable Energy in Developing Countries: Drivers and Barriers for Private Finance in
Sub-Saharan Africa.” United Nations Environment Programme Finance Initiative.
https://www.unepfi.org/regions/africa-middle-east/financing-renewable-energy-in-developing-countries-
drivers-and-barriers-for-private-finance-in-sub-saharan-africa/

UNEP. 2022. “Supporting the Global Shift to Electric Mobility - The Africa Support and Investment Platform.”
United Nations Environment Programme. https://www.unep.org/topics/transport/electric-
mobility/regional-support/electric-mobility-projects-africa

Valickova, Petra, and Nicholas Elms. 2021. “The Costs of Providing Access to Electricity in Selected Countries
in Sub-Saharan Africa and Policy Implications.” Energy Policy 148 (January): 111935. doi:
10.1016/j.enpol.2020.111935

Wealer, B., S. Bauer, C.V. Hirschhausen, C. Kemfert, and L. Géke. 2021. “Investing into Third Generation
Nuclear Power Plants - Review of Recent Trends and Analysis of Future Investments Using Monte
Carlo Simulation.” Renewable and Sustainable Energy Reviews 143 (June): 110836. doi:
10.1016/j.rser.2021.110836

Weikmans, Romain, and J. Timmons Roberts. 2019. “The International Climate Finance Accounting Muddle: Is
There Hope on the Horizon?” Climate and Development 11 (2): 97-111. doi:
10.1080/17565529.2017.1410087

World Bank. 2017. “Linking Up: Public-Private Partnerships in Power Transmission in Africa.” World Bank.
https://www.worldbank.org/en/topic/energy/publication/linking-up-public-private-partnerships-in-power-
transmission-in-africa.

World Bank. 2024. “New Partnership Aims to Connect 300 Million to Electricity by 2030.” World Bank.
https://www.worldbank.org/en/news/press-release/2024/04/17/new-partnership-aims-to-connect-300-
million-to-electricity-by-2030

Xu, Rongrong, Zhenzhong Zeng, Ming Pan, Alan D. Ziegler, Joseph Holden, Dominick V. Spracklen, Lee E.
Brown, Xinyue He, Deliang Chen, Bin Ye, Haiwei Xu, Sonia Jerez, Chunmiao Zheng, Junguo Liu,
Peirong Lin, Yuan Yang, Junyu Zou, Dashan Wang, Mingyi Gu, Zongliang Yang, Dongfeng Li, Junling
Huang, Venkataraman Lakshmi & Eric. F. Wood 2023. “A Global-Scale Framework for Hydropower
Development Incorporating Strict Environmental Constraints.” Nature Water 1 (1): 113-22. doi:
10.1038/s44221-022-00004-1

Zakari, Abdulrasheed, Guo Li, Irfan Khan, Abhinav Jindal, Vincent Tawiah, and Rafael Alvarado. 2022. “Are
Abundant Energy Resources and Chinese Business a Solution to Environmental Prosperity in Africa?”
Energy Policy 163 (April): 112829. doi: 10.1016/j.enpol.2022.112829

IMF | Staff Climate Note 39



PUBLICATIONS

Harnessing Renewables in Sub-Saharan Africa:
Barriers, Reforms, and Economic Prospects

IMF STAFF CLIMATE NOTES 2024/005

7

9

9

8400|

290107






