
Article https://doi.org/10.1038/s41467-026-72692-2

Forecast on Africa’s power production up to
2030 with related water use and CO2
emissions

S. D. Vaca-Jiménez 1,2, P. W. Gerbens-Leenes 2 , Bunyod Holmatov3,
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Africa needs to increase electricity production to improve electricity access.
For informed decision making, there is a need for reliable, findable, high-
quality, open access and spatially distributed power plant data with associated
water use and CO2 emissions amounts. Here we present a detailed spatial
inventory of operational, under construction and planned African power
plants from 2020 until 2030, covering 3,139 individual plants, the result of an
intensive data mining effort. This inventory forecasts a 57% increase to
1,787,858 Gigawatthours in electricity production from 2023 to 2030. Related
water use and CO2 emissions increase substantially, showing trade-offs in
water and carbon intensity of different fuel types. Africa is stepping up in
planning and constructing additional power plants, with renewables’ share
growing from 19% to 34%. However, the increase in hydropower puts addi-
tional pressure on availablewater resources. Current power plant construction
falls slightly short on commitments in the nationally determined
contributions.

Electricity access in Africa, currently at 57%of the population, is among
the lowest in the world, with large variations between countries1.
Within the Sustainable Development Goals (SDGs), target 7.1 aims at
ensuring universal access to affordable, reliable and modern energy
services by 2030. Indicator 7.1.1 specifically measures the proportion
of the population with access to electricity, showing that Africa is
lagging behind other continents.

The African continent is developing fast, though, with a growing
production and consumption of electricity1. There are, however, large
regional differences,with only three countries, South Africa, Egypt and
Algeria, producing 60% of Africa’s electricity1. Total power production
generally is larger in countries with larger gross domestic products
(GDPs)2. Increasing electricity production and access to electricity is
therefore high on the African policy and investment agenda.

African countries need to invest in future power plant expansion
in a water-resilient way while accounting for CO2 emissions. The

electricity system is an important sector within a wider nexus
approach, where interlinkages, synergies and trade-offs between dif-
ferent sectors are addressed. Nexus definitions are heterogenous,
depending on which systems or sectors—such as energy, biodiversity/
ecosystem, water, food, health, climate—are included3–6. Here, we
address selected components of the energy–water–climate nexus7–9,
by analysing power plant water use and CO2 emissions, as important
trade-offs between these two environmental pressures exist8, 9.

For informed decision making, there is a need for reliable, find-
able, high-quality, open-access and spatially distributed power plant
data with associated water use and CO2 emissions amounts. Currently,
there is a persistent lack of such data throughout Africa for the current
situation aswell as for future projections10. Some data are available11–14,
yet they fall short on providing a continent-wide assessment of exist-
ing, under construction and planned power plants, while accounting
for their water use and CO2 emissions.
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Existing power plant databases for Africa include the World
Resource Institute (WRI)’s Global Power Plant Database (GPPD)12, the
Renewable Power Plant database for Africa (RePP Africa)13, a database
provided by the European Commission for the year 201614, as well as a
database by Gerbens-Leenes et al for the year 202011. The first two
databases have many fewer entries for Africa than the ones we include
(Supplementary Table 1). They also do not include water use or CO2

emissions. The GPPD only includes existing power plants, whereas
RePPAfrica includes some future renewable power plants. The last two
databases11, 14 do account for water use but not for CO2 emissions, and
exclude future power plants. Spatially distributed CO2 emissions for
power plants have been computed, such as the global CO2 emissions
catalogue from thermal power plants for the year 2018 by Guevara
et al. 15, yet none in the spatial resolution for Africa and for the year
2030 forecast we assess. Modelling efforts have shown that globally,
water use for energy is increasing, indicating the hotspots where this
might occur16. However, such studies generally analyse results on the
national level and donot provide spatial detail within a country or river
basin, nor do they account for actual planning or construction of
power plants. The same is true for CO2 emissions.

In this paper, we analyse the evolution of Africa-wide electricity
production in high spatial resolution until 2030, which is the target
year of the SDGs. We first make an inventory of all operational power
plants from 2021 to 2023. This extends the recent study by Gerbens-
Leenes et al. 11. Here, we then identify the operational plants up to 2030
based on publicly available information on decommissioned, planned
and projected power plants. We add these power plants, including
details on location, year of start of operation, fuel type and other
details, into the power plant inventory called INVENTORY, the main
output of this paper. It includes 3139 individual power plants and is the
most detailed and updated database on power plants covering Africa
until 2030 available in the literature

It is not the result of a model. It is the result of an intensive, time-
consuming data mining effort of open-access data sources. We used
only open-access sources, to be able to provide our resulting database
open access. Data sources include GEMwiki17 andWikipedia18, because
they provide recent information on power plants, especially on the
large ones. Other data sources used were Power Technology19, a
website on the global energy industry, which also provides informa-
tion on installed capacity and year of commission. We also used Open
Street maps, reports from national ministries or international organi-
zations (e.g., the World Bank), scientific papers, companies’ websites,
reports and newspapers, which give information on the opening or
closure of specific plants. We checked and adapted the location
coordinates of all power plants using Google Maps. Data sources for
each power plant are included in Supplementary Tables 2–7.

INVENTORY provides a realistic analysis of existing power plants
and an estimate of power plants under construction, because the
planning and construction of power plants takes time20 and the fore-
cast windowup to 2030 is relatively short. According to Sovacool et al.
20, nuclear power plants and larger hydropower dams have the longest
mean construction times, i.e., 7 and 10 years, respectively. Small run-
of-river power plants take less time to construct. Fossil-fuelled thermal
plants have a mean construction time of almost 5 years. Solar projects
and wind farms show the lowest average construction times of about
two and one year, respectively. There is, however, quite a variation on
these averages. While our forecast window up to 2030 is only about
five years, we are confident that we include almost all planned and
under constructionpowerplants, aswe restrictourselves toplants that
are currently under construction or are being planned, all to start
operations by the latest 2030.

We additionally analyse five other forecasts up to 2030: four
based upon historical electricity generation and one based on the
electricity mix of the Nationally Determined Contributions (NDCs), in
accordance with Article 4, paragraph 12 of the Paris Agreement21. As

such, we analyse six forecasts. The first forecast is INVENTORY, the
second forecast is called NDC. The four additional forecasts are based
on the time trends of national electricity generation from the IEA1 and
IRENA22 from 1990 to 2015, as well as on the INVENTORYdatabase until
2023. These are extrapolations to 2030 bymeans of a linear regression
(called REGR_LIN), a polynomial regression (called REGR_POL), a mul-
tivariate regression using population and GDP as variables (called
REGR_MVAR) and an Autoregressive Integrated Moving Average
(ARIMA) analysis (called ARIMA).

Freshwater is a limited resource and its use by different sectors,
including the energy sector, leads to water scarcity in many places
around the world23. Water use is increasing due to a combination of
economic development, population growth, urbanization, and other
factors. Considering Africa has the largest population growth between
now and 205024, the continent stands out as a key region with pro-
jected increases in water demand. Water is an important constraint to
producing electricity. Thermal power plants use water for cooling or
dust suppression, hydropower needs water to move its turbines, and
solar panels need water for cleaning25, 26. There is a large difference in
water use intensity (the amount of water per unit of electricity pro-
duced) between different energy sources. On average, in Africa,
reservoir hydropower has the highest water intensity, fossil fuels are in
the mid-range, and wind and solar renewables have the lowest water
intensities11. It is therefore important to have insight into the future
water requirements for electricity generation within a country when
new power plants are planned and constructed.

In this study, we therefore assess the blue water withdrawal (WW)
and water consumption (WC) for the 2030 forecasts. Blue water or
freshwater refers to water in rivers, lakes, wetlands and aquifers27. WW
refers to the volume of water extracted from its source (rivers, lakes,
aquifers) for any economic activity or sector. WC refers to the portion
of WW that is not returned to the original water source after being
withdrawn, or that flows to the atmosphere through evaporation.

The generation of electricity also has an impact on climate
change, due to CO2 emissions, especially when fossil fuels are used.
Between 2010 and 2021, electricity generation in Africa doubled,
although its share of global CO2 emissions remains small (about 3%)1.
The Paris agreement, introduced in 2015, aims to keep the temperature
increase below two degrees of warming compared to pre-industrial
levels. Countries that signed the agreement complywith the goals that
are formulated in their NDCs21. In Africa, 53 countries have submitted
an NDC on climate change, which together aim to mitigate 550 Mt of
CO2 by 2030—equal to 40%ofAfrica’s emissions today. To complywith
the agreement, countries need to write a national strategy on how to
decrease their greenhouse gas emissions. These plans often include
goals for the electricity mix and express strategies for renewables in
terms of installed capacities (MW), not in electricity generation.
Twelve African countries, which together represent over 40% of those
emissions, have also announced net-zero emissions goals. Many Afri-
can NDCs include targets that are conditional on financial support
from developed countries28, amounting to USD 1200 billion in the
period to 203022. This exceeds pledges from developed countries to
provide USD 100 billion annually to all developing economies from
2023. We therefore assess the CO2 emissions for the 2030 forecasts.

We provide our INVENTORY in unprecedented spatial resolution,
with associated water use and CO2 emissions for each power plant. In
general, sectoral water use data, including for electricity, are very
scarce for African countries29. For many countries, data are even
lacking on the national level. A persistent lack of reliable water data
and information is a widespread constraint on water management in
the global South10. For detailed water management and water scarcity
assessments, accounting for different water demand stakeholders
such as electricity, spatially detailed data are a necessity23, 27, 30, 31.

In addition, weprovide all data open access for any stakeholder to
use freely. This is of importance for researchers and stakeholders
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working in Africa, as they often lack the funds to purchase high-quality
data and assessments. Some companiesmanage databases on existing
power plants32; however, their data usage and replication are restricted
and not available under a Creative Commons license13. This limits
ongoing research efforts on the sustainable development of electricity
production and constrains a science-based discussion among stake-
holders in the decision process.

Our manuscript is organized in the following way: section
“Results” provides results on the electricity production forecasts up to
2030, the water use forecasts up to 2030 and the CO2 emissions up to
2030. Section “Discussion” first generally discusses the results, fol-
lowed by a discussion on policy implications and recommendations,
followed by a brief discussion on limitations and uncertainties. Section
“Methods” provides an overview of the methodology, presented in
different steps and subsections.

In this study, we provide six forecasts for 2030 for the African
continent on electricity production, with related water use and CO2

emissions. Our main assessment is INVENTORY, a detailed database
on existing power plants and an estimate of under-construction and
planned power plants. We also compute four forecasts based on
historical electricity generation to analyse whether Africa is stepping
up in power plant expansion. Additionally, we conduct a forecast
based on the NDCs, to analyse whether current power plant con-
struction as grasped by INVENTORY is in line with made
commitments.

Results
Electricity production forecasts up to 2030
Africa-wide overall electricity production for INVENTORY has
increased from 1,046,061 GigaWatt hours (GWh) in 2020 to
1,080,938GWh in 2021 (+3%), 1,119,233GWh in 2022 (+7%) and
1,139,289GWh in 2023 (+9%) (Fig. 1). We forecast for INVENTORY an
increase to 1,787,858GWh in 2030 (+741,797GWh or +71% relative to
2020; +648,569GWh or +57% relative to 2023). Past electricity pro-
duction evolution from 1990 up to 2023 forecasts lower amounts for
2030: 1,157,485GWh for REGR_LIN, 1,155,210GWh for REGR_MVAR,
1,280,169GWh for ARIMA, and up to 1,414,231 GWh for REGR_POL. In
comparison with the past evolution in electricity production, Africa is
thus stepping up in planning and constructing additional power plants
to increase power production for the period 2024–2030. Current
power plant construction, however, still falls short on commitments in
the NDCs, which amount to 1,868,433GWh. Additional power plants
should be constructed up to 2030 to meet these commitments.

The electricity production per power (fuel) type also differs
between INVENTORY and NDC for 2030 (Fig. 1). For INVENTORY, of a
total 1,787,858, 1,098,120GWh (61%) is produced by fossil fuels,
599,220GWh (34%) by renewable energy and 90,519GWh (5%) by
other sources. For NDC, of a total 1,868,433, 1,068,020GWh (57%) is
produced by fossil fuels, 709,352GWh (38%) by renewable energy and
91,061GWh (5%) by other sources. For NDC, more electricity is thus
producedby renewable resources, both proportionally and in absolute

Fig. 1 | Electricity production (in GWh year−1) in Africa from 1990 to 2015 (his-
torical), for INVENTORY (from 2020 to 2023 as well as 2030) and for the five
remaining forecasts in 2030 (REGR_LIN, REGR_MVAR, REGR_POLY,
ARIMA, NDC). Total amounts are shown as well as amounts per powerplant (fuel)

type. Excluded from these amounts are Ascension Island, Comoros, Mayotte,
Reunion, St. Helena, Swaziland, Tristan da Cunha, as they do not have individual
nationally determined contributions (NDCs).
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amount. For the fossil fuels, considerably more power is produced
from coal for INVENTORY (331,593GWh) compared to NDC
(269,647GWh), whereas for natural gas it is the opposite (693,476 and
725,323GWh, respectively). For the renewables, considerably more
power is produced from hydropower in INVENTORY (517,501 GWh)
compared to NDC (378,598GWh). For solar, it is the opposite (24,570
and 179,645 GWh, respectively), as well as for wind (30,685 and
109,627GWh, respectively).

We identify in INVENTORY 605 additional power plants with a
start of operation during the period 2021–2030 (with a cumulative
power production of 742,170GWh, adding up to 1,792,844GWh
operational in 2030, Fig. 2b), compared to the year 2020. Of these, 551
can be geolocated by means of x and y coordinates (with a cumulated
energy production of 691,228GWh, adding up to 1,741,903GWh
operational in 2030, Fig. 2b). Additional power plants have been or are
being constructed, spread heterogeneously over Africa (Fig. 2a). For a
large proportion of additional power plants, the actual year of start of

operation is known. For many, the year of start of operation is known
to be from 2024 to 2030, due to missing data on the actual year.

In terms of additional power plants during the period 2021–2030
with the highest national cumulative power production, Congo (DRC)
adds the most power production with 195,891 GWh, followed by
Nigeria (92,175 GWh) and Egypt (76,601GWh) (Figs. 2c and 3b). For the
DRC, primarily hydropower plants are constructed (total
195,823GWh), with the start of operation between 2024 and 2030, i.e.,
the Grand Inga Power Station (152,321 GWh) and the Inga III Power
Station (40,075 GWh) on the downstream part of the Congo river, the
largest dam project in the world (Fig. 3a and b). Nigeria invests in
nuclear power by building the Geregu and Itu nuclear power plants
(17,636GWh each). It is building coal-fired (Itobe project 14,155GWh)
and natural-gas-fired (e.g. Sparkle Power Plant, 8848GWh) power
plants, as well as hydropower plants (e.g. Mambilla, 11,777GWh).
Cumulative solar and waste heat projects amount to 1159 and
1939GWh, respectively. In Egypt, focus is put on the construction of a

Fig. 2 | Total electricity production (in GWh year−1) for all power plants in
INVENTORY, for each year from 2020 up to 2030 (including Ascension Island,
Comoros,Mayotte, Reunion, St.Helena, Swaziland, TristandaCunha). aMapof
powerplantswith known coordinates, with indicationofpowerproductionamount
(size of circle) as well as year of start of operation (colour of circle, blue indicates
the period 2024–2030, but uncertain which year exactly). b Total electricity

production amount according to year of start of operation for all powerplants
(1,792,844GWh, more than 1,787,858GWh as presented before due to inclusion of
islands) and powerplants with known coordinates (1,741,903GWh). c National
electricity production according to the year of start of operation, for the eleven
countries with the highest amounts for the period 2021–2030. Map in a created
with ArcGis using country/continent borders from GADM.
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nuclear power plant (Dabaa power plant, 35,272GWh) and additional
gas-fired power plants (combined 37,410GWh).

During the period 2021–2030, Ethiopia is increasing its power
production by 47,247GWh, of which 37,482GWh is hydropower
extension, 8434GWh geothermal, 748GWh solar and 582GWh wind
(Figs. 2 and 3). The value for South Africa is 39,283GWh, of which a
coal-fired plant extension of 13,810GWh during 2021–2023 (such as
the Kusile plant of 9227 GWh in 2022), as well as wind and solar
extensions during the same period of 1656 and 256GWh, respectively.
From 2024 to 2030 it expands gas power plants by 20,884GWh, such
as the Coega power plant in the Eastern Cape (8017GWh) in 2025. It
expands solar power by 2508GWh, such as by the Coega Solar PV Park
(2221 GWh).

Other countries that substantially increase power production in
absolute terms during the period 2021–2030, include Mozambique
(33,231GWh, of which 19,171 GWhhydropower and 13,918GWhnatural

gas), Algeria (31,026GWh, of which 30,859GWh natural gas) and
Zimbabwe (23,184GWh, ofwhich 14,302GWh in coal-fired power plant
expansion and 7318GWh hydropower)(Fig. 3). For Libya, Angola and
South Sudan the amounts are 23,129, 20,807 and 19,534GWh,
respectively, mostly in hydropower and natural gas expansion.

While electricity production for INVENTORY is forecasted to
increase by 71% for the entire African continent in 2030 compared to
2020, the relative change is for certain countries higher and others
lower than this average amount (Fig. 4). Countries with a high relative
increase, include South Sudan (+7443%), the DRC (+2941%), Namibia
(+1905%), Sierra Leone (+371%), Zimbabwe (+328%), Madagascar
(+253%), Ethiopia (+247%), Nigeria (+220%), Central African Republic
(+213%), Malawi (+210%), Niger (+198%), Guinea (+196%), Angola
(+96%) and many others. Countries with a less than average increase
include large countries such as Sudan (+66%), Kenya (+66%), Libya
(+43%), Algeria (+31%), Morocco (+27%), Egypt (+27%), South Africa

Fig. 3 | Total electricity production (in GWhyear−1) for all power plants in
INVENTORY, for each year from 2021 up to 2030, according to power plant
(fuel) type. aMap of existing (triangle, period 2021–2023) and new (circle, period
2024–2030) power plants with known coordinates, with indication of power plant

type (colour of triangle/circle) and power production amount (size of triangle/
circle).bNational energy production according to power plant type, for the eleven
countries with the highest amounts for the period 2021–2030. Map in a created
with ArcGis using country/continent borders from GADM.
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(+13%) and Tunisia (+10%). Some of these countries are identified with
a large absolute increase (Figs. 2 and 3, Egypt, South Africa, Algeria,
Libya), yet their relative increase is smaller than average. Some coun-
tries currently have a larger access to electricity, especially in northern
Africa and South Africa (Fig. 4b 33), which could partly explain the
lower relative increase. Yet, not only does the general population
require electricity access, but also other sectors such as industries,
mining or the transport sector, many of which are growing and would
require additional electricity.

In certain countries, almost no additional power plants are plan-
ned or constructed, such as Somalia (+6%), although only 6% of its
population currently has access to electricity. In others, no additional
power plants are in the INVENTORY for 2030 (relative change 0%),
such as Eritrea or Guinea-Bissau, countries with 12% and 29% of the
population with electricity access, respectively. Due to unstable gov-
ernments and institutions, there is currently no investment in con-
structing power plants for increasing electricity access.

Water use forecasts up to 2030
Africa-wide, for INVENTORY, water withdrawal (WW) increased from
33,097Mm3 in 2020 to 34,357Mm3 in 2021, 36,071Mm3 in 2022 and
38,255Mm3 in 2023 (+16% relative to 2020)(Fig. 5b). In 2023, fossil fuels
account for 29%of totalWW,with especially natural gas accounting for
a high amount (9462Mm3or 25%of totalWW). Renewables account for
71% of totalWW. Hydropower is the dominant WW user, as it accounts
for 27,165Mm3 or 71% of total WW.

For INVENTORY, we forecast a large WW increase to 66,234Mm3

for 2030 (+100% and +73% relative to 2020 and 2023, respectively).
Achieving the NDCs would result in a WW increase to 68,323 Mm3 in
2030 (+106% and +79% relative to 2020 and 2023, respectively). These
increases are generally the result of natural gas and hydropower
expansion up to 2030 (Fig. 5b). Especially, hydropower expansion
results in a substantial WW increase. It increases from 27,165Mm3 in
2023 to 54,469 and 56,546Mm3 in 2030, for INVENTORY and NDC,
respectively.

For INVENTORY, we forecast large increases in hydropower WW
up to 2030 in countries such as the DRC, Ethiopia, Nigeria, Mozam-
bique, Zambia, Cameroon, Ghana, Tanzania and Kenya (Fig. 5a). Large
increases in natural gasWWup to 2030 are forecast for countries such
as Egypt, South Africa, Nigeria, Algeria, Libya and Tanzania. For NDC,
large increases in hydropowerWWup to 2030 are forecast in countries
such as Ethiopia, Nigeria, Mozambique, Zambia, Cameroon, Ghana,
Tanzania and South Africa. Similar to INVENTORY, large increases in
natural gas WW up to 2030 are forecast for countries such as Egypt,
South Africa, Nigeria, Algeria, Libya and Tanzania.

Increased WW for electricity production puts additional pressure
on available renewablewater resources in themain African river basins
(Fig. 6). Available renewable water resources are defined as natural
renewablewaterminus environmental flows (EFs), in this case the high
level protection EFs as defined by Richter et al. 34. For many river
basins, the relation between WW and water availability increases from
2020 to 2023 to the forecast of 2030. These include the Volta (from
42.7% in 2020 and 2023 to 49.7% in 2030), the Zambezi (from 8% in
2020 to 10.1% in 2023 to 14.5% in 2030), the Nile (from 4.8% in 2020 to
5.8% in 2023 to 6.5% in 2030), the Niger (from 2.8% in 2020 to 2.9% in
2023 to 6.8% in 2030) and the Congo (from 0.1% in 2020 and 2023 to
3.4% in 2030) river basins. This will increase competition for available
water resources with other sectors, including the environment.

Using a low EF protection level reduces the amount in the relation
between WW and water availability, but confirms that the relation
betweenWWandwater availability increases from2020 to 2023, to the
forecast of 2030 (Supplementary Fig. 2).

CO2 emissions up to 2030
Africa-wide, for INVENTORY, CO2 emissions increased from 641Mt
CO2e in 2020 to 654Mt CO2e in 2021, 671Mt CO2e in 2022 and 678Mt
CO2e in 2023 (+6% relative to 2020) (Fig. 7b). In 2023, fossil fuels
account for 99.5% of total CO2 emissions, i.e. oil for 50Mt CO2e (7.5%),
coal for 326Mt CO2e (48%) and natural gas 298 for Mt CO2e (44%).
Renewables account for the remaining 0.5% of CO2 emissions.

Fig. 4 | Key national indicators on power production and access to electricty.
a Percentage (%) increase in national power production for INVENTORY in 2030
relative to 2020. The average amount for the African continent is 71%. b National

access to electricity in percentage (%) for 2020–2022 (Sustainable Development
Goal or SDG Indicator 7.1.1)33. Map in a and b created with ArcGis using country/
continent borders from GADM.
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For both the INVENTORY, based on actual plans and con-
struction, as well as for the NDCs, based on policy goals, CO2e
emissions are forecast to increase up to 2030. The overall increase
is smaller for NDC as compared to INVENTORY. Achieving the NDCs
would result in a CO2 emissions increase to 766 CO2e in 2030 (+20%
and +13% relative to 2020 and 2023, respectively). Emissions
increase to 61 Mt CO2e for oil (identical to INVENTORY), to 394Mt
CO2e for natural gas (+32%), but decrease to 293Mt CO2e for coal
(−10%). For INVENTORY, emissions increase to 808Mt CO2e for
2030 (+26% and +19% relative to 2020 and 2023, respectively).

These relatively large increases are the result of fossil fuel expan-
sion. Emissions increase to 61 Mt CO2e for oil (+23% relative to
2023), to 364Mt CO2e for coal (+12%), and to 375Mt CO2e for nat-
ural gas (+26%). For natural gas, there is thus a larger CO2e emis-
sions increase for NDC compared to INVENTORY, due to a net
expansion in natural gas. There is, however, a decrease in coal-
related CO2e emissions in NDC compared to INVENTORY, due to a
net decrease in coal-fired power production in NDC. In INVENTORY,
some additional coal-fired power plants are constructed up to 2030,
whereas in NDC, selected coal-fired power plants are shut down.

Fig. 5 | Total Water Withdrawal (WW) for all power plants in INVENTORY and
NDC (nationally determined contributions), from 2020 up to 2023, as well as
for 2030, according topowerplant (fuel) type. aMapof existing (triangle, period
2020-2023) and new (circle, period 2024–2030) power plants with known coor-
dinates for INVENTORY, with indication of power plant type (colour of triangle/

circle) and WW amount in m3 year−1 (size of triangle/circle). b Total WW (Mm3

year−1) according to power plant type for INVENTORY for the years 2020–2023 and
2030, as well as for NDC 2030. Map in a created with ArcGis using country/con-
tinent borders from GADM.
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For INVENTORY, large increases in coal CO2e emissions up to
2030 are forecast in countries such as Nigeria, Zimbabwe and Bots-
wana (Fig. 7a). Large increases in natural gas CO2e emissions up to
2030 are forecast for countries such as South Africa, Egypt, Mozam-
bique, Nigeria, Algeria and Libya, Namibia, Cote d’Ivoire and Tanzania.
For NDC, increases in coal and natural gas occur in the same countries,
while in South Africa, selected coal-fired power plants are decommis-
sioned (Grootvlei, Kelvin, Majumba, Matla, Sasol one, Tutuka, com-
bined 71Mt CO2e) and one natural gas power plant is added (19 Mt
CO2e), compared to INVENTORY.

Discussion
Here we show that Africa is stepping up in planning and constructing
additional power plants up to 2030 to increase electricity access, by
producing the most detailed spatial inventory of African power plants
from 2020 until 2030 available. Our database covers 3139 individual
plants, including information on fuel type (oil, coal, natural gas,
hydropower, wind, sun, biomass, geothermal, nuclear andwaste heat),
location (coordinates), installed capacity (MW), electricity production
(MWh), water withdrawal, water consumption, CO2 emissions and
other information, such as climate, operating conditions and data

sources. This level of detail, including future projections, goes well
beyond existing spatially distributed databases, such as WRI’s GPPD12,
RePP Africa13, Gonzalez Sanchez et al. 14 or Gerbens-Leenes et al. 11

(Supplementary Table 1).
We forecast an increase in electricity production to 1,787,858GWh

in 2030 (+57%) for INVENTORY, from 1,139,289GWh in 2023. This is a
higher amount than expected from past evolutions in electricity pro-
duction from 1990 to 2015 (REGR_LIN, REGR_MVAR, ARIMA and
REGR_POL). This confirms Africa is stepping up, with some countries
driving the forecast, others lagging behind. Current additional power
plant construction (INVENTORY) falls slightly short of the commitments
in the NDCs, which amount to 1,868,433GWh. Also, the electricity
produced by power plant types differs between INVENTORY and NDCs
for 2030. For NDC, more electricity is produced by renewable resour-
ces, both proportionally and in absolute amount. For the fossil fuels,
considerably more power is produced from coal for INVENTORY com-
pared to NDC, whereas for natural gas, it is the opposite. For the
renewables, more power is produced from hydropower in INVENTORY
compared to NDC. For solar and wind, it is the opposite.

Compared to the current WW and CO2e emissions of power
production of 38,255Mm3 and 678Mt CO2e (year 2023), respectively,

Fig. 6 |WaterWithdrawal (WW) as a percentage of renewablewater availability
in major African river basins. Highlighting selected basins with the highest
amounts, for INVENTORY for the years 2020 (a), 2023 (b) and 2030 (c). For 2030,

only new power plants with known coordinates are included. d shows amounts for
selected river basins (upper bar 2020, middle bar 2023, lower bar 2030). Map in
a and b created with ArcGis using country/continent borders from GADM.
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we forecast a substantial increase up to 2030 for both these environ-
mental pressures8. For INVENTORY, we forecast an increase to
66,234Mm3 and 808Mton CO2e, whereas for NDC the amounts are
68,323Mm3 and 766Mton CO2e. The total amounts in current and
forecast WW are dominated by hydropower (due to its high average
water intensity of 105m3MWh−1, Fig. 8) and to a lesser extent bynatural
gas (average water intensity of 14.3m3MWh−1). For 2023, gas and
hydropower account for 25% and 71% of total WW, respectively. For
2030, the values are 15% for gas and 82–83% (INVENTORY-NDC) for
hydropower. There are important trade-offs in water and carbon
intensity of different fuel types. The total amounts in current and
forecast CO2e emissions are dominated by fossil fuels, due to their

high average carbon intensities compared to renewables (Fig. 8). Coal
has an average carbon intensity of 1098 kg CO2MWh−1, whereas for oil
and natural gas the amounts are 840 and 541 kg CO2MWh−1, respec-
tively. These amounts are very high compared to hydropower, with an
average intensity of 0.8 kg CO2MWh−1. For 2023, oil, coal, gas and
renewables account for 7.5%, 48%, 44% and 0.5% of total CO2 emis-
sions, respectively. For 2030, all fossil fuels account for 98–99% and
hydropower <0.5% of total CO2 emissions.

These trade-offs are visible in the difference in total WW and CO2

emissions between INVENTORY—what is actually constructed and
likely to be operational by 2030—and NDC—what is committed to.
Higher CO2e emissions in INVENTORY are due to additional fossil fuel-

Fig. 7 | Total CO2 emissions (CO2e) for all power plants in INVENTORY and
Nationally Determined Contributions (NDC), from 2020 up to 2023, as well as
for 2030, according topowerplant (fuel) type. aMapof existing (triangle, period
2020–2023) and new (circle, period 2024–2030) power plants with known coor-
dinates for INVENTORY, with indication of power plant type (colour of triangle/

circle) and CO2 emissions amount in tCO2e year
−1 (size of triangle/circle). b Total

CO2 emissions (MtCO2e year
−1) according to power plant type for INVENTORY for

the years 2020–2023 and 2030, as well as for NDC 2030. A map was created with
ArcGIS using country/continent borders from GADM.
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based power plants (especially coal and gas-fired) being constructed,
whereas in NDC, several coal power plants are decommissioned and
replaced by less carbon-intensive gas-fired power plants. On the other
hand, throughout different parts of Africa, carbon low hydropower35

has been developed and is still under development, leading to sub-
stantially increased total WW forecasts for 2030. These put additional
pressure on available water resources in many major African river
basins (Fig. 6).

Hydropower is one of the major causes of the decline in fresh-
water biodiversity36, 37. Almost one in three freshwater species is
threatened with extinction, which is consistently higher than for their
terrestrial counterparts38–40. Hydropower is also vulnerable to
droughts and floods, aggravated by climate change41–44. The drought
throughout 2024 in Southern Africa has plunged Zambia into daily
blackouts, as the reservoir of the Kariba hydroelectric dam has not
enough water45. We forecast that the Zambezi basin, in which Kariba is
located, will experience additional WW pressure by 2030 (Fig. 6 and
Supplementary Fig. 2). The large increase in hydropower development
in Africa up to 2030 is good for low CO2 emissions, but has a high
vulnerability to drought and might negatively impact freshwater bio-
diversity. The latter, which includes fish, amphibians, but also large
animals such as crocodiles and hippos, is also important for local food
security and income from wildlife tourism.

To increase the resilience of electricity production, a mix of dif-
ferent (renewable) energy sources is required, which includes not only
hydropower, but also solar and wind energy44, 46–48. While our forecast
also shows significant development of solar and wind energy by 2030,
hydropower is dominant in future development, as it has been in the
past47. Previously, solar and wind technologies were not at the high
standard they are now and were expensive to construct, whereas
hydropower was an established technology. Given the low water and
carbon intensity of wind and solar, additional expansion of these low-
cost energy sources can be considered win-win in many African set-
tings, especially as Africa currently still falls short of achieving NDCs
by 2030.

Carlino et al show that declining costs of solar andwind, as well as
climate change, curb the need for African hydropower expansion49.

According to Peters et al. 47, declining costs for solar photovoltaics
(90% decline since 2009) and wind turbines (55–60% decline since
2010) mean solar and wind have the potential to lead sustainable
renewable energy pathways in Africa going forward. Africa-wide, wind
and solar potential are far less exploited thanhydropower47. Due to the
different mean construction times of hydropower plants (10 years for
larger plants) on the one hand and solar projects and wind farms (1–2
years) on the other hand, we most probably underestimate new solar
and wind capacity construction up to 2030 in INVENTORY. Given
Africa’s increasing commitment to low-carbon development,
increased solar and wind construction up to 2030might even result in
many African countries reaching their NDCs, given investment is
guaranteed47. When additional capacity is installed, that would only
strengthen our statement that, overall, Africa is stepping up in plan-
ning and constructing additional power plants. Nevertheless, indivi-
dual countries still require a serious stepping up in the construction of
renewable power plants.

Policies on the electricity system, therefore, need to account for
different carbon emissions and water intensities of energy sources
(Fig. 8) as well as local water availability (Fig. 6 and Supplementary
Fig. 2) and the water demand of other sectors. This requires nexus
thinking7, coordination and collaboration between differentministries
(such as ministries of energy, environment, water, agriculture/irriga-
tion, among others) and stakeholders, thereby aligning policies on
energy, water, agriculture, industry and the environment50.

The Kenyan “Energy Transition & Investment Plan 2023–2050”
by the Kenyan Ministry of Energy and Petroleum51, e.g., outlines the
country’s path to achieving net-zero emissions by 2050. It aims at
decarbonizing the energy system by increasing the construction of
renewables (geothermal, hydropower, solar, wind) and ensuring
flexibility (batteries, demand response). The plan recognizes that to
successfully implement the net-zero ambition in the energy sector, a
best practice governance structure, process, and action plan is
required, involving transparency and coordination across the min-
istries and sectoral policies that are consistent with national objec-
tives. In the plan51, the water demand of the energy system and its
relation to local water resources is not explicitly mentioned,
although Kanda et al. 52 confirm that Kenyan water policies should
have a central position in Water-Energy-Food (WEF) nexus-related
policies. We forecast (INVENTORY) an increase in electricity pro-
duction from 12,006 to 19,880GWh (+66%) for Kenya by 2030
compared to 2020. This leads to a 51% increase in water demand,
from275 to 416Mm³,withhydropower contributing the largest share
of this rise. Given that Kenya is already facing water stress, projec-
tions like ours should be central to a broader, integrated nexus
approach and policy development.

Targeted policy recommendations can be summarized as follows.
First, policies on the electricity system require nexus thinking. They
need to account for different carbon emissions andwater intensities of
energy sources (Fig. 8) as well as local water availability and the water
demand of other sectors. Hydropower is vulnerable to increased and
intensified drought events due to climate change, requiring a mix of
energy source investments. Additional expansion in the low-cost
energy sources, solar and wind, is a win–win in many African settings.
Additional stepping up of these sources until 2030 and beyond may
reach the NDCs.

Second, coordination and collaboration between different min-
istries and stakeholders is required, thereby aligning policies on
energy, water, agriculture, industry and the environment50. Third, it is
essential that African countries secure investment/financing for their
planned and under-construction power plants, so that they are not
delayed or cancelled. Financing can occur through amix of public and
private funding, from theprivate sector53,multilateral institutions such
as the World Bank or African Development Bank54, bilateral develop-
ment agencies or others.

Fig. 8 | Averagewater andCO2 intensity (WaterWithdrawal orWWinm3MWh−1

and CO2 emissions in kg CO2MWh−1) per power plant fuel for Africa. Note that
these are average values for all power plants, whereas individual plants show awide
range. The bar charts for WW (left) and CO2 emissions (right) for each fuel type are
displayed in the same colour.

Article https://doi.org/10.1038/s41467-026-72692-2

Nature Communications |         (2026) 17:6154 10

www.nature.com/naturecommunications


Fourth, integrated solutions are required, including the con-
struction of a mix of different (renewable) energy sources55, battery
storage55, the establishment of a reliable national grid including
transnational electricity sharing (international power pools)47, as well
as small-scale localized solutions47. Fifth, policies need to address
cooperation and river management across borders56.

Sixth, policies should bedata and science-based.Our INVENTORY,
an openly accessible and location-specific dataset for the years
2020–2030, is fundamental for the development of an integrated
sustainable renewable energy mix. Countries need to share high-
quality data, including data about their power plants and sectoral
water uses

Different approaches and frameworks exist in electricity supply
and demand modelling and forecasting, with many review papers
published on the matter57–59. Their inputs range from socio-economic
drivers (GDP, population, market trends, among others), the effect of
energy and climate policies, to the effect of external shocks and the
engagement of stakeholders59. Regarding the latter, there is growing
interest in, and demand for, energymodellers to integratemore diverse
perspectives on possible and preferred futures into the modelling
process. McGookin et al. 59, e.g., provide a framework that offers mul-
tiple entry points for modellers to incorporate participatory elements
either throughout the process or in individual stages. Our assessment
indirectly involves stakeholders through using the national NDC’s for
each country, as these are developed by countries themselves.

We do not use sophisticated modelling approaches in our paper.
The main output of this paper is our African power plant inventory
(INVENTORY). These represent the real-world situation of main power
plants in Africa, as power plants take a long time to construct and our
forecast is only for a short time window until 2030. We are confident
that no model until now has modelled this situation. Therefore,
INVENTORY can function as a calibration tool or anticipated result for
existing or future models. By refining input data and/or parameters in
existing/future models, INVENTORY provides a real-world forecast up
to 2030 for training or finetuning models on the African, national or
subnational level.

Moreover, we use three regressionmodels (REGR_LIN, REGR_POL,
REGR_MVAR) and ARIMA, which justify the statement that Africa is
stepping up in planning and constructing additional power plants. The
use of simple regression models to forecast electricity production for
the short time frame 2024–2030 is justified by the specific objective of
our analysis: to compare electricity production from INVENTORY with
historical trends, rather than to develop highly accurate or optimized
forecasts throughmodelling.We thereby place real government plans,
including ongoing construction of power plants—already shaped by
cost, policy, technical considerations and the inclusion of the private
sector—within a context of historical electricity production. Simple
regressionmodels, as the ones weuse, are well-suited for this purpose.
This allows for an effective evaluation of whether planned and under-
construction power plants align with, exceed, or fall short of those
historical patterns.

Like any future forecasting study, our analysis has certain limita-
tions and uncertainties, as discussed below.

The INVENTORY forecast assumes that all planned and under-
construction power plants will be completed by 2030. This assump-
tion is made based on the relatively short time window until 2030 and
the average planning and construction time for power plants. On the
one hand, this assumption may not account for certain delays, can-
cellations or changes in energy policies. It is, however, impossible to
foresee such events or certain shocks (such as conflict, natural disaster
or financial shock) that could lead to such events. On the other hand,
extra power plants with relatively short planning and construction
time (low-cost options, such as solar power plants and wind farms)
could be constructed until 2030, for which currently no information is
available.

Assuming in INVENTORY delays of 1 year for solar power plants
and wind farms to become operational, for all other power plants 2
years, and accounting for potential delays in nuclear and large
hydropower plants, decreases the electricity production forecast from
1,787,858GWh in 2030 to 1,504,848GWh.Much of this decrease is due
to the assumption that the large Congo river hydropower plants are
delayed, i.e., the Grand Inga Power Station (152,321 GWh) and Inga III
(40,075 GWh). Other large hydropower plants include the Mambilla
power plant in Nigeria (11,777GWh) and Mphanda Nkuwa in Mozam-
bique (10,710GWh). We also assume the two new Nigerian nuclear
power plants to be delayed (17,636GWh). This much delayed version
of INVENTORY thusonly adds up to 1,504,848GWh (−16% compared to
1,787,858GWh), an amount still higher than the highest time series
regression analysis (REGR_POL 2030, 1,414,231 GWh, Fig. 1). The delay
of only these hydropower plants results in a reduction of 14%. The
delay of only these nuclear power plants results in a reduction of 4%.
Even for all these delayed versions of INVENTORY, it can be confirmed
that Africa is stepping up in electricity production. As we most prob-
ably underestimate solar power plant and wind farm projects in
INVENTORY for the later years up to 2030, our statement that Africa is
stepping up remains valid.

INVENTORY is therefore to be regarded as an estimate, based on
current information available.

As our paper was first submitted in November 2024, we present
our analysis up to the year 2023 as existing data, and all successive
years (2024–2030) as forecasteddata. In 2026,wewereable to identify
the additional power plants becoming operational in the years 2024
and 2025 based on real-world data. We compare the results in Sup-
plementary Table 8. In termsof total electricity produced, we compute
in INVENTORY 1222GWh for 2024 and 1251GWh for 2025, whereas
real-world data are 1161 GWh for 2024 and 1220GWh for 2025 (dif-
ference of 5% and 2%, respectively). These are relatively low differ-
ences, generally due to delays in power plants becoming operational
or new power plants becoming operational, not captured in INVEN-
TORY. The latter is especially the case for power plants with short
construction times, such as solar and wind, as discussed before. The
same can be observed for the number of power plants, where the
differences are 0% and −1% (Supplementary Table 8).

The regression forecasting methods (REGR_LIN, REGR_POL,
REGR_MVAR) andARIMAare basedon historical trends,whichmay not
accurately reflect future developments, especially in rapidly changing
energy landscapes. We only used these regressions and ARIMA to
evaluate the extent to which they forecast the amounts provided by
INVENTORY by 2030. All three regressions and ARIMA underestimate
totalAfricanelectricity production as captured in INVENTORYby 2030
(Fig. 1), which justifies our statement that “Africa is stepping up in
planning and constructing additional power plants”. This statement is
justified as an overall Africa-wide observation, whereas national and
fuel-specific observations can differ.

Supplementary Fig. 3 shows that natural gas-fired electricity pro-
duction in Egypt, as quantified by INVENTORY for 2030
(290,810GWh), is best forecast with ARIMA (304,279GWh). REGR_LIN
(Eq. (3)) and REGR_MVAR (Eq. (5)), which result in 247,599 and
256,742GWh, respectively, underestimate the INVENTORY amount.
REGR_POL (Eq. (4)) overestimates with 332,388GWh the INVENTORY
amount.

For multiple fuel types in different countries, REGR_POL forecasts
a value close to the year 2030 INVENTORYamount, whereas REGR_LIN,
REGR_MVAR and ARIMA underestimate this INVENTORY amount
(Supplementary Fig. 4). This is the case for gas-fired electricity pro-
duction in Libya (Supplementary Fig. 4a), where REGR_POL forecasts
64,856GWh and INVENTORY 67,591 GWh, whereas REGR_MVAR fore-
casts 39,965GWh, REGR_LIN 40,796GWh and ARIMA 47,820GWh.
Other examples include solar PV in the RSA (REGR_POL 7107GWh and
INVENTORY 5673GWh, Supplementary Fig. 4b), natural gas in
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Tanzania (REGR_POL 9155GWh and INVENTORY 8346GWh, Supple-
mentary Fig. 4c) or solar PV in Namibia (REGR_POL 711 GWh and
INVENTORY 608GWh, Supplementary Fig. 4d). This clearly shows that
the use of REGR_POL is justified for our short-term forecasting.

In many cases, even REGR_POL underestimates the INVENTORY
electricity production amount for 2030 (Supplementary Fig. 5). This is
the case for gas-fired electricity production in Nigeria, where
REGR_POL forecasts 49,610GWh, yet the INVENTORY amount is with
53,618GWh substantially higher (Supplementary Fig. 5a). Other
examples include solar PV in Kenya (REGR_POL 651 GWh and INVEN-
TORY 994GWh Supplementary Fig. 5b) and hydropower in Ethiopia
(REGR_POL 39,936GWh and INVENTORY 55,759GWh Supplementary
Fig. 5c). For geothermal in Tanzania, regression analysis forecasts
0GWh for the year 2030, as geothermal has not been installed until
2023. The new investment in geothermal, as captured in INVENTORY
with 1349, is thus not captured in regression forecasts norARIMA. Such
examples show why the different regression analyses, as well as
ARIMA, underestimate the combined INVENTORY electricity produc-
tion amount by 2030 (Fig. 1).

The study does not account for potential improvements in power
plant efficiency or new technologies that could emerge by 2030. This
could affect both electricity production estimates and associated
water use and CO2 emissions. When new thermal power plants are
built, the efficiency might increase. However, based on the limited
timeframe of the projection (2024–2030), we assume there is no sig-
nificant change in efficiency. Moreover, power plants have a long
lifetime, and the fraction of new thermal installations is small, so dif-
ferences on a national scale will also be small. Electricity production
expansion is mostly done using renewables like hydropower, solar
and wind.

Methods
This study makes an analysis of electricity production and related
freshwater withdrawal, freshwater consumption and CO2 emissions in
Africa for the period 2020–2030. Our analysis partly builds upon the
study Gerbens-Leenes et al. 11, who recently created the spatially most
detailed database on electricity production and related water demand

for the year 2020 for Africa, including 2534 individual power plants
with their specific location.

We conduct our study in five steps. In Step 1, we update the
database for the year 2020 until the year 2023 in annual steps. In step
2, wemake an estimate or forecast of electricity generation in 2030 for
INVENTORY, which is based on information we found on decommis-
sioned, projected and power plants under construction per country. In
step 3, wemake four estimates or forecasts of electricity generation in
2030 based on the time trends of electricity generation per country
from the IEA1 and IRENA22 from1990 to 2019, aswell as on the database
of 2020 and its update for 2023. They are extrapolations to 2030 by
means of three different regressions, a linear one (called REGR_LIN), a
polynomial one (called REGR_POL) and amultivariate regression using
population andGDP as variables (called REGR_MVAR). Additionally, we
make an extrapolation based upon an ARIMA (Autoregressive Inte-
grated Moving Average) analysis.

In step 4, we identified the electricity projections per country
basedon the forecast ofnational policies as expressed in theNationally
Determined Contributions (NDCs), based on the Paris agreement21.
This fifth forecast is called NDC.

Finally, in step 5 we estimated water withdrawal (WW), water
consumption (WC) and CO2 emissions based on electricity generation
per technology for INVENTORY and the three different regression
based forecasts for 2030. These five steps are described below, and
visualized in Supplementary Fig. 1. An overview of the different fore-
casts is provided inTable 1 and anoverviewof data sources is provided
in Table 2.

Step one: Construction database 2023
For the construction of the database for 2023, we apply the method
described in Gerbens-Leenes et al. 11. We identify new power plants per
fuel type, installed capacity, electricity generation, fresh or saline
water use, and location using publicly available open access data
sources, to be able to provide our resulting database open access. Data
sources include GEM wiki17 and Wikipedia18, because they provide
recent information on power plants, especially on the large ones.
Other data sources used were Power Technology19, which also

Table 1 | Overview of six different forecasts

Forecast Description

INVENTORY Spatial inventory of African power plants from 2020until 2030. It is the result of an intensive, time-consuming datamining effort of open-
accessdata sources. It is not the resultofmodelling. It provides a realistic analysis of existingpower plants andan estimateof powerplants
under construction

Regressions and ARIMA Extrapolations to2030bymeansof threedifferent regressions,basedon the time trends of electricity generationper country from the IEA1

and IRENA23 from 1990 to 2019 as well as on the database of 2020 and its update for 2023

REGR_LIN Linear regression

REGR_POL Polynomial regression

REGR_MVAR Multivariate regression using population and GDP as variables

ARIMA Autoregressive Integrated Moving Average

NDC Electricity projections per country based on the forecast of national policies as expressed in the Nationally Determined Contributions
(NDC’s), based upon the Paris agreement

Table 2 | General overview of different data sources

Data Sources

Electricity production per technology, for the different years in our assessment, as well as for the NDC Supplementary Table 2

Power plants and characteristics in the year 2020 Gerbens-Leenes et al. 11

List of data sources for including the power plants that started operations between 2021 and 2023, per country Supplementary Table 3

List of data sources to identify the power plants for the period 2024–2030, per country Supplementary Table 4

Water withdrawal intensities for each power plant technology included in our assessment Supplementary Table 5

Water consumption intensities for each power plant technology included in our assessment Supplementary Table 6

Carbon Emission intensities for each power plant technology included in our assessment Supplementary Table 7

Natural renewable water in high spatial resolution (0.1 degrees or 11.1 km at the equator) Vanham et al. 65.
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provides informationon installed capacity and yearof commission.We
also used Open Street maps, reports from national ministries or
international organizations (e.g., the World Bank), scientific papers,
companies’websites, reports and newspapers, which give information
on the opening or closure of specific plants.

We studied satellite images to confirm the coordinates of all
power plants.We also used these satellite images for all thermal power
plants to assess the cooling type, i.e., cooling tower, once-through or
dry cooling, and type of water, i.e., freshwater or saline water.

As an example for 2023, we first assess the installed capacities in
2023 for country c, fuel f and technology t, IC2023,c,f,t (MW), as Eq. (1):

IC2023, c, f, t = IC2020, c, f, t + ICnew, c, f, t � ICold, c, f, t ð1Þ

where IC2020,c,f,t are the installed capacities in 2020 for country c, fuel f
and technology t, ICnew,c,f,t the newly installed capacities and ICold,c,f,t

the decommissioned installed capacities from 2020 to 2023 for
country c, fuel f and technology t.

Next, we estimate electricity generation for country c, fuel f and
technology t in 2023, E2023,c,f,t (MWh), as Eq. (2):

E2023, c, f, t = IC2023, c, f, t*SE2023, c, f, t ð2Þ

where SE2023,c,f,t is the specific electricity generation per unit of
installed capacity for country c, fuel f and technology t (MWhMW−1).
We derived data on specific electricity generation from Gerbens-
Leenes et al. 11. As such, new power plants are added to the database of
Gerbens-Leenes et al. 11 indicating their year of first being operational
(2021, 2022, 2023).

Step 2: Estimation of electricity generation in 2030 for
INVENTORY
In step 2, we estimate electricity generation in 2030 per country for
INVENTORY. The study first estimates the potential installed capacities
of operational power plants in 2030. This ismade by assessing publicly
available data sources about the expansion in electricity generation for
every African country. We included in the INVENTORY all the power
plants that are currently under construction, or are being planned to
start operations by 2030. Then we use Eq. (1) for the period
2020–2030. Next, we apply Eq. (2) to arrive at electricity generation
per country, assuming that the specific electricity generation per unit
of installed capacity does not change during this period.

Step 3: Estimating electricity generation in 2030 by regression
analysis
In step 3, we estimate electricity generation in 2030 per country for
four forecasts: REGR_LIN, REGR_POL, REGR_MVAR and ARIMA.

We make an estimate of electricity generation in 2030 based on
the growth rates between 1990 and 2020, by using regression analysis.
We made an inventory of electricity generation per country for the
period 1990–2020 in annual time steps. The IEA1 provides data for the
largest African countries covering the period 1990–2020. However,
data for some smaller countries were lacking. For those countries, we
adopted data from IRENA22, which often provides data for a shorter
time range. These countries include Burkina Faso, Gambia, Guinea,
Liberia, Mali, Mauretania, Mauritius, Niger, Reunion, Seychelles, Sierra
Leone, Somalia, South Sudan and Togo. For Acension Island, Chad,
Djibouti, Equatorial Guinea, Guinea Bissau, Lesotho, Malawi, Mayotte,
StHelena, Swaziland, TristandaCunha,Western Sahara andZimbabwe
no historical data were available. For those countries, we used our own
estimations for 2020 and 2023 from the inventory for 202011 and
2023 (step 1).

Using these time trends, we estimate electricity generation for
country c, fuel f and technology in 2030 with linear (REGR_LIN),

EL2030,c,f,t (MWh), as Eq. (3):

EL2030, c, f, t =a*YEAR+b ð3Þ

where a is the slope of the regression line calculated for the relation
between the years (independent variable) and the electricity genera-
tion (dependent variable), and b is the intercept value, i.e. the value of
the dependent variable (electricity production) when the independent
variable (year) is zero

The same process is made for the estimation of electricity gen-
eration using the polynomial regression of the second order
(REGR_POL), EP2030,c,f,t (MWh), as Eq. (4):

EP2030, c, f, t = c*YEAR
2 +d*YEAR+ e ð4Þ

where c, d and e are constants calculated through iteration tominimize
the sum of squared errors.

A polynomial regression of the second order and not higher
orders is used. For many countries, the polynomial regression of the
second order fits data points very well up to the year 2030, which is a
short period for forecasting. As in African countries, generally, elec-
tricity production does not meet demand by 2030, a flattening of the
curve as possible with a polynomial regression of the third order is not
necessary.

We also conduct a multivariate regression (REGR_MVAR),
EMV2030,c,f,t (MWh), based on the variables population and GDP of the
countries during the same years for which we have the electricity
generation data, as Eq. (5):

EMV2030, c, f, t = r*GDP+ s
*Population+ t ð5Þ

where r is the constant defined as the contributionof GDP to electricity
generation, s is the constant defined as the contribution of Population
to electricity generation, and t is the intercept of the curve, calculated
through iteration to minimize the sum of squared errors.

Method for ARIMA:
Time-series forecasting from 2023 until 2030 was also performed

using the Autoregressive Integrated Moving Average (ARIMA) model,
denoted as ARIMA (p,d,q), as used in many articles to forecast both,
energy production and demand, i.e. Luzia et al. 60, Prakash et al. 61 and
Suo et al. 62. The model used is as Eq. (6):

1�
Xp

i= 1

+iB
i

 !
1� Bð Þdyt = 1�

Xq

j = 1

θjB
j

 !
ηt ð6Þ

where yt is the observed value at time t, B is the backshift operator,
represents the white noise, and ϕ, and θ are model parameters. The
latter were estimated using likelihood optimization with statsmodels
Python library63.

The ARIMA model considers the autoregressive (AR(p)), differ-
encing of order d and themoving average (MA(q)) components. Thus,
the first step is to identify the order of themodel in terms of p,d and q.

For that, and for each time series analysed, we performed the
following steps: (1) Define the stationarity of the data to establish d,
with (a) augmented Dickey–Fuller (ADF) test (H0: non-stationary) and
(b) KPSS test (H0: stationary); and (2) to determine p and q, we
examined: (a) autocorrelation function (ACF)→ identification ofMA(q)
and (b) partial autocorrelation function (PACF)→ identification
of AR(p).

Across countries and technologies, the differenced series con-
sistently showed: (1) ADF and KPSS: Failed ADF while passing KPSS
after first differences, validating d = 1; (2) ACF: strong lag-1 spike and
rapid decay, suggesting q= 1; (3) PACF: strong lag-1 spike and rapid
decay, suggesting p= 1.
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Thus, the canonicalmodel ARIMA(1,1,1) was adopted uniformly to
ensure comparability across all datasets. For that, we used the fit
ARIMA function in the statsmodels Python library64.

To estimate the ARIMA for the technologies, an automated batch-
processing script was used to ensure that each dataset—regardless of
country, technology, or data format—was processed identically and
reproducibly. The script is added to the paper as presented in the
section “Code availability”.

Finally, to validate the data and error checking, several quality-
control steps were applied before and after the model fitting as: (1)
Frequency standardization of the datasets, in whichwe enforce annual
start-of-year (YS) timestamps to avoid irregular spacing; (2) Minimum-
sample check of the datasets, in which the ones with fewer than 10
valid observations were excluded, as ARIMA estimation becomes
unstable with fewer points; (3) Review of possible ARIMAoptimization
failures; (4) Analysis of AIC values to define suitability of the results
obtained.

Step 4: Identification of electricity mix NDC’s
In accordance with Article 4, paragraph 12 of the Paris Agreement,
NDCs communicated by parties are recorded in a public registry
maintained by the secretariat (UNFCCC, 2024). Formost countries, we
used the indicated values for nominal capacity to be installed by
country c, and fuel f. Because NDCs do not always provide information
regarding technology, we assumed that each country c, will use the
most available technology t for their NDC expansion.

Often, the NDCs do not provide information on electricity supply
or electricity mixes, and only indicate goals for installed capacities or
the fractionof renewables. Thiswas the case for Burkina Faso, Ethiopia,
Kenya, Madagascar, Mauritius, Sierra Leone and Zambia. With the
exception of Kenya, in these cases, we considered that the NDC is the
same as our INVENTORY. In the case of Kenya, we obtained the pro-
spective electricitymix from a report by the KenyanMinistry of Energy
and Petroleum51.

For the estimates of electricity generation in 2030, we assumed
that the electricity mix based on our inventory is also valid for the
NDCs. Based on our inventory, we identified the electricity mix for
country c, fuel f and technology t for 2030 and calculated electricity
generation, E2030,c,f,t (MW), using Eq. (2).

Step 5: Water withdrawal, water consumption and CO2 emis-
sions electricity 2020–2030
Step 5 calculates water withdrawal, water consumption and CO2

emissions related to electricity production per country for the period
2020–2030. For the calculation of freshwater withdrawal and con-
sumption, we only include the operational stage, excluding water in
the supply chain. Freshwater consumption per country n per energy
source s,Watern,s (m

3 yr−1) was calculated as Eq. (7):

Watern, s = En, s*W s, o, c ð7Þ

in which En,s is the electricity generation of energy source s (MWhyr−1)
in country n and Ws,o,c is the specific freshwater consumption of
energy source s, operational characteristic o (operation cycle and
infrastructure) in climate c (m3/MWh). Freshwater withdrawal and CO2

emissions were calculated in the same way using the specific fresh-
water withdrawal data of energy source s in climate c using the same
methodology as the one used in Gerbens-Leenes et al. (2024) and CO2

emissions from the National Renewable Energy Laboratory (NREL),
2024. For this calculation, differentiated factors for each power plant,
depending on the climate and type, were used.

The water intensities are based on the following climate zones, as
obtained from Kottek et al. 64: Tropical Rainforest (Af), Tropical Mon-
soon (Am), Tropical Savannah (Aw), Arid Steppe Hot (BSh), Desert Hot
(BWh), Humid subtropical (Cfa), TemperateWithout dry Season (Cfb),

hot-summer Mediterranean (Csa), warm-summer Mediterranean
(Csb), Dry-winter humid subtropical (Cwa), Dry-winter subtropical
highland (Cwb).

For hydropower, we calculated water evaporation per plant
depending on the reservoir surface areas, climate or other
infrastructure.

All relevant information and data are included in Supplementary
Tables 4–6 in the SI.

Next, we calculated freshwater consumption per country n
(Water,n, m

3 yr−1) as Eq. (8):

Watern =
Xt

s = 1
Watern, s ð8Þ

Freshwater withdrawal and CO2 emissions per country n were
calculated in the same way.

Calculationofwater demandas apercentageof renewablewater
availability for major African basins for INVENTORY
We quantified the relation of the water demand for electricity to
renewable water availability in major river basins of Africa. We defined
renewable water availability as natural renewable water minus envir-
onmental flows (EFs), as in Eq. (9):

renewablewater availability = natural renewablewater��EF ð9Þ

Natural renewable water in high spatial resolution (0.1° or 11.1 km
at the equator) was taken from Vanham et al. 65, who used the hydro-
logicalmodel LISFLOOD66. Themodel works at a daily time step for the
period 1980–2018 and generates natural water availability as the sum
of renewable surface and groundwater. We used the geodataset on
river (sub)basins of Hydrosheds67 to aggregate grid natural renewable
water amounts to the basin level.

EFs are the quantity and timing of water flows required to main-
tain the components, functions, processes and resilience of aquatic
ecosystems and the goods and services they provide to people. They
are required to maintain ecosystem integrity in streams, rivers, wet-
lands, riparian zones and estuaries. EFs also provide many additional
ecosystem services, with direct links to specific SDGs27, 68.

To quantify EFs, we used the presumptive standard for EFs by
Richter et al. 34, which defines 80% of the natural flow as EF. The
remaining 20% is considered as water available for human use, in this
paper defined as renewable water availability. The methodology by
Richter is widely used in water management studies23, 30, 69–72. This
presumptive standard is supported by empirical studies showing that
flow alterations within 20% support native fish species and flow
alteration beyond this level strongly affects biodiversity and ecosys-
tem structure and function73.

We did not conduct a full water stress assessment, for which all
water demand stakeholders (suchas agriculture31,municipalwater use,
mining and industrial water use) are required. Reason is that not for all
of these stakeholders, spatiallydetaileddata to the level of detail of our
energy assessment, are available.

Uncertainty analysis
To account for uncertainty for future power plants up to 2030 in
INVENTORY, we account for delays in power plants becoming opera-
tional. We assume that for solar power plants and wind farms, with
their relatively short planning and construction time14, a delay of one
year occurs74. The ACP, e.g., reports solar and wind projects to be
delayed by an average of 13 months74. As an African example, the
120MW Kairouan Solar Photovoltaic Project in Tunisia was originally
planned to become operational in 202475, but this was delayed to
202576. For all other power plants, which have on average longer
planning and construction times14, we assume a delay of two years.
Fossil-fuelled thermal plants show average construction times of
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almost 5 years14, so adding two years is an increase of 40%. An example
is the Egbema gas-fired power station in Nigeria, which in INVENTORY
is identified to become operational in 202477, but was delayed to
202678. In addition, we select planned nuclear power plants and large
hydropower plants due to their long planning and construction times,
and exclude them in case of a substantial possibility for a delay, based
on recent information. As such, we quantify electricity production by
2030 for an INVENTORY analysis with substantial delays.

For our assessment on the water demand as a percentage of
renewable water availability for major African basins for INVENTORY,
we also account for uncertainty: we conducted the same analysis for an
EF measure representative for minimum flow recommendations, i.e.,
themonthlyQ95, the flow exceeded for 95% of eachmonth30,60. As such,
weprovide a range between a high (EFs byRichter et al. 34) and low (Q95)
EF protection level. The results are shown in Supplementary Fig. 2.

In addition, we account for uncertainty in future electricity pro-
duction forecasting up to 2030 based upon past time series data (from
1990 to 2015, as well as on the database of 2020 and its update for
2023), by using three different regression analyses as well as ARIMA.

Power plants are becoming operational in 2024 and 2025
Our paper was first submitted in November 2024, while the final
publication occurred in 2026. We therefore present our analysis up to
the year 2023 as existing data, and all successive years (2024–2030) as
forecasted data. At the beginning of 2026, we are, however, able to
identify the additional power plants becoming operational in the years
2024 and 2025 based on real-world data. We compare the results in
Supplementary Table 8.

Data availability
All data are provided open access as Supplementary Data files: Sup-
plementary Data 1: INVENTORY, the inventory of power plants; Sup-
plementary Data 2: Past, current and forecasted electricity generation
by source (GWh) on the national level; Supplementary Data 3:
REGR_MVAR national data; Supplementary Data 4: Annual and
monthly evaporation amounts (in mm) per hydropower plant; Sup-
plementary data 5: National values 1990–2030 Energy (GWh), water
withdrawal (m3), water consumption (m3) and CO2 emissions (tCO2e);
Supplementary data 6: Power plants for the NDC scenario, based on
INVENTORY; Supplementary data 7: National amounts (per fuel type)
for electricity production per installed capacity Source data are pro-
vided with this paper.

Code availability
The Python code for the ARIMA analysis is available on the repository
Zenodo https://doi.org/10.5281/zenodo.1960292779. Python is an
open-source software.

References
1. IEA. Energy System of Africa https://www.iea.org/regions/africa

(International Energy Agency (IEA), 2024).
2. Fu, H., Lyu, G., Liu, X. & Jiang, H. Spatial correlation between

electricity generation and economic scale in Africa. PLoS ONE 19,
e0300627 (2024).

3. Liu, J. et al. Nexus approaches to global sustainable development.
Nat. Sustain. 1, 466–476 (2018).

4. Biggs, E. M. et al. Sustainable development and the
water–energy–food nexus: a perspective on livelihoods. Environ.
Sci. Policy 54, 389–397 (2015).

5. Albrecht, T. R., Crootof, A. & Scott, C. A. The Water–Energy–Food
Nexus: a systematic review of methods for nexus assessment.
Environ. Res. Lett. 13, 043002 (2018).

6. Holmatov, B., Lautze, J. & Uhlenbrook, S. The nexus across water,
energy and food: learning from research, building on evidence,
strengthening practice. Nat. Resour. Forum 47, 817–841 (2023).

7. Suo, C. et al. Towards sustainability for China’s energy system
through developing an energy–climate–water nexus model.
Renew. Sustain. Energy Rev. 135, 110394 (2021).

8. Vanham, D. et al. Environmental footprint family to address local to
planetary sustainability and deliver on the SDGs. Sci. Total Environ.
693, 133642 (2019).

9. Mekonnen, M. M., Gerbens-Leenes, P. W. & Hoekstra, A. Y. Future
electricity: the challenge of reducing both carbon and water foot-
print. Sci. Total Environ. 569–570, 1282–1288 (2016).

10. International Water Management Institute (IWMI) & CGIAR System
Organization. CGIAR Water Systems Integration Roadmap
2024–2030: Science to TransformWater Systems—Creating Impact
from Genes to Basins https://hdl.handle.net/10568/155336 (2024)
https://doi.org/10.5337/2024.234.

11. Gerbens-Leenes, P. W., Vaca-Jiménez, S. D., Holmatov, B. & Van-
ham, D. Spatially distributed freshwater demand for electricity in
Africa. Environ. Sci.: Water Res. Technol. 10, 1795–1808 (2024).

12. WRI. Global Power Plant Database https://Datasets.Wri.Org/
Dataset/Globalpowerplantdatabase (WRI, 2021).

13. Peters, R., Berlekamp, J., Tockner, K. & Zarfl, C. RePP Africa—a
georeferenced and curated database on existing and proposed
wind, solar, and hydropower plants. Sci. Data 10, 16 (2023).

14. Gonzalez Sanchez, R. et al. Freshwater use of the energy sector in
Africa. Appl. Energy 270, 115171 (2020).

15. Guevara, M. et al. A global catalogue of CO2 emissions and co-
emitted species from power plants, including high-resolution ver-
tical and temporal profiles. Earth Syst. Sci. Data 16, 337–373 (2024).

16. Wada, Y. et al. Modeling global water use for the 21st century: the
Water Futures and Solutions (WFaS) initiative and its approaches.
Geosci. Model Dev. 9, 175–222 (2016).

17. GEMWiki. Global Energy Monitor Wiki https://www.gem.wiki/Main_
Page (2025).

18. WIKIPEDIA. Wikipedia: The Free Encyclopedia https://en.wikipedia.
org/wiki/Main_Page (2025).

19. Power Technology. AI-enabled Smart Grid to Accelerate Power
Sector’s Shift to Clean Energy https://www.power-technology.
com/ (Power Technology, 2025).

20. Sovacool, B. K., Schmid, P., Stirling, A., Walter, G. & MacKerron, G.
Differences in carbon emissions reduction between countries pur-
suing renewable electricity versus nuclear power. Nat. Energy 5,
928–935 (2020).

21. United Nations Climate Change (UNFCCC). Nationally Determined
Contributions Strategy https://unfccc.int/NDCREG (United Nations
Climate Change (UNFCCC), 2024).

22. IRENA. https://www.irena.org/ (IRENA—International Renewable
Energy Agency, 2024).

23. Mekonnen, M.M. &Hoekstra, A. Y. Four billion people facing severe
water scarcity. Sci. Adv. 2, e1500323 (2016).

24. UN.World Population Prospects 2022 Department of Economic and
Social Affairs https://population.un.org/wpp/ (2024).

25. Gleick, P. H. Water and energy. Annu. Rev. Energy Environ. 19,
267–299 (1994).

26. Meldrum, J., Nettles-Anderson, S., Heath, G. & Macknick, J. Life
cycle water use for electricity generation: a review and harmoni-
zation of literature estimates. Environ. Res. Lett. 8, 015031
(2013).

27. Vanham, D. et al. Physical water scarcity metrics for monitoring
progress towards SDG target 6.4: an evaluation of indicator 6.4.2
“Level of water stress. Sci. Total Environ. 613, 218–232 (2018).

28. World Bank. Understanding Country Income: World Bank Group
Income Classifications for FY26 https://blogs.worldbank.org/en/
opendata/understanding-country-income--world-bank-group-
income-classifica (2026).

29. FAOSTAT. AQUASTAT—FAO’s Global Information System on Water
and Agriculture https://www.fao.org/aquastat/en/ (2026).

Article https://doi.org/10.1038/s41467-026-72692-2

Nature Communications |         (2026) 17:6154 15

https://doi.org/10.5281/zenodo.19602927
https://www.iea.org/regions/africa
https://hdl.handle.net/10568/155336
https://doi.org/10.5337/2024.234
https://Datasets.Wri.Org/Dataset/Globalpowerplantdatabase
https://Datasets.Wri.Org/Dataset/Globalpowerplantdatabase
https://www.gem.wiki/Main_Page
https://www.gem.wiki/Main_Page
https://en.wikipedia.org/wiki/Main_Page
https://en.wikipedia.org/wiki/Main_Page
https://www.power-technology.com/
https://www.power-technology.com/
https://unfccc.int/NDCREG
https://www.irena.org/
https://population.un.org/wpp/
https://blogs.worldbank.org/en/opendata/understanding-country-income-world-bank-group-income-classifica
https://blogs.worldbank.org/en/opendata/understanding-country-income-world-bank-group-income-classifica
https://blogs.worldbank.org/en/opendata/understanding-country-income-world-bank-group-income-classifica
https://www.fao.org/aquastat/en/
www.nature.com/naturecommunications


30. Vanham, D. et al. The number of people exposed to water stress in
relation to how much water is reserved for the environment: a
global modelling study. Lancet Planet. Health 5, e766–e774 (2021).

31. Chukalla, A.D. et al. Global spatially explicit cropwater consumption
shows an overall increase of 9% for 46 agricultural crops from 2010
to 2020. Nat. Food https://doi.org/10.1038/s43016-025-01231-x

32. African Energy.African Energy Live Datahttps://www.africa-energy.
com/live-data (2025).

33. Center For International Earth Science Information Network—CIE-
SIN-Columbia University. SDG Indicator 7.1.1: Access to Electricity,
2023 Release Palisades, NY: NASA Socioeconomic Data and Appli-
cations Center (SEDAC) https://doi.org/10.7927/GXNR-SX57 (2023).

34. Richter, B. D., Davis, M. M., Apse, C. & Konrad, C. A presumptive
standard for environmental flow protection. River Res. Apps 28,
1312–1321 (2012).

35. Wang, L., Wang, Y., Zhou, Z., Garvlehn, M. P. & Bi, F. Comparative
assessment of the environmental impacts of hydro-electric, nuclear
and wind power plants in China: life cycle considerations. Energy
Procedia 152, 1009–1014 (2018).

36. Grill, G. et al. An index-based framework for assessing patterns and
trends in river fragmentation and flow regulation by global dams at
multiple scales. Environ. Res. Lett. 10, 015001 (2015).

37. Lynch, A. J. et al. Future-proofing the emergency recovery plan for
freshwater biodiversity. Environ. Rev. 32, 350–365 (2024).

38. Collen, B. et al. Global patterns of freshwater species diversity,
threat and endemism. Global Ecol. Biogeogr. 23, 40–51 (2014).

39. Tickner, D. et al. Bending the curve of global freshwater biodiversity
loss: an emergency recovery plan. BioScience 70, 330–342 (2020).

40. WWF. Living Planet Report 2020—Bending the Curve of Biodiversity
Loss (WWF, 2020).

41. Liu, X., Yuan, X., Ma, F. & Xia, J. The increasing risk of energy
droughts for hydropower in the Yangtze River basin. J. Hydrol. 621,
129589 (2023).

42. Opperman, J. J., Camargo, R. R., Laporte-Bisquit, A., Zarfl, C. &
Morgan, A. J. Using the WWF water risk filter to screen existing and
projected hydropower projects for climate and biodiversity risks.
Water 14, 721 (2022).

43. Rigden, A., Golden, C., Chan, D. & Huybers, P. Climate change
linked to drought in Southern Madagascar. npj Clim. Atmos. Sci. 7,
41 (2024).

44. Van Der Most, L., Van Der Wiel, K., Benders, R. M. J., Gerbens-
Leenes, P. W. & Bintanja, R. Temporally compounding energy
droughts in European electricity systems with hydropower. Nat.
Energy https://doi.org/10.1038/s41560-024-01640-5 (2024).

45. Ghosh, S., Kour, S., Taron, A., Kaywala, K. & Rajakaruna, P. Assessing
El Niño-induced drought in Zambia and its effects using earth
observation data. Nat. Hazards (2024).

46. Gonzalez, J.M. et al. Designingdiversified renewableenergy systems
to balancemultisector performance.Nat. Sustain.6, 415–427 (2023).

47. Peters, R. et al. Sustainable pathways towards universal renewable
electricity access inAfrica.Nat. Rev. Earth Environ.5, 137–151 (2024).

48. Wu, G. C. et al. Avoiding ecosystem and social impacts of hydro-
power, wind, and solar in Southern Africa’s low-carbon electricity
system. Nat. Commun. 15, 1083 (2024).

49. Carlino, A. et al. Declining cost of renewables and climate change
curb the need for African hydropower expansion. Science 381,
eadf5848 (2023).

50. Pardoe, J. et al. Climate change and the water–energy–food nexus:
insights from policy and practice in Tanzania. Clim. Policy 18,
863–877 (2018).

51. Ministry of Energy and Petroleum. Kenya Energy & Investment Plan
2023–2050 (Ministry of Energy and Petroleum, 2024).

52. Kanda, E. K., Lusweti, E. & Odhiambo, K. O. Water–energy–food
nexus in Kenya: a review of policy interventions.World Water Policy
9, 823–836 (2023).

53. Mungai, E. M., Ndiritu, S. W. & Da Silva, I. Unlocking climate finance
potential and policy barriers—a case of renewable energy and
energy efficiency in Sub-Saharan Africa.Resour. Environ. Sustain. 7,
100043 (2022).

54. Mutezo, G. & Mulopo, J. A review of Africa’s transition from fossil
fuels to renewable energy using circular economy principles.
Renew. Sustain. Energy Rev. 137, 110609 (2021).

55. Abuzayed, A., Chitandula, A., Nyoni, K. J. & Solá Vilalta, A. Power
system expansion and renewable integration for drought-resilient
electrification in Zambia. Energy Policy 206, 114786 (2025).

56. Basheer, M. et al. Cooperative adaptive management of the Nile
River with climate and socio-economic uncertainties. Nat. Clim.
Chang. 13, 48–57 (2023).

57. Nikas, A. et al. Perspective of comprehensive and comprehensible
multi-model energy and climate science in Europe. Energy 215,
119153 (2021).

58. Fodstad, M. et al. Next frontiers in energy system modelling: a
review on challenges and the state of the art. Renew. Sustain.
Energy Rev. 160, 112246 (2022).

59. McGookin, C. et al. Advancing participatory energy systems mod-
elling. Energy Strategy Rev. 52, 101319 (2024).

60. Luzia, R., Rubio, L. & Velasquez, C. E. Sensitivity analysis for fore-
casting Brazilian electricity demand using artificial neural networks
and hybrid models based on Autoregressive Integrated Moving
Average. Energy 274, 127365 (2023).

61. Prakash, C., Dhyani, B., Chauhan, A. & Sayal, A. ARIMA based fore-
casting of solar and hydro energy consumptionwith implications for
grid stability and renewable policy. Discov. Sustain. 6, 663 (2025).

62. Suo, R., Wang, Q., Tan, Y. & Han, Q. An innovative
MGM–BPNN–ARIMA model for China’s energy consumption struc-
ture forecasting from the perspective of compositional data. Sci.
Rep. 14, 8494 (2024).

63. Seabold, S. & Perktold, J. statsmodels: Econometric and statistical
modeling with Python. In Proc. of the 9th Python in Science Con-
ference (2010).

64. Kottek, M., Grieser, J., Beck, C., Rudolf, B. & Rubel, F. World Map of
the Köppen–Geiger climate classification updated.metz 15,
259–263 (2006).

65. Vanham, D., Alfieri, L. & Feyen, L. National water shortage for low to
high environmental flow protection. Sci. Rep. 12, 3037 (2022).

66. Van Der Knijff, J. M., Younis, J. & De Roo, A. P. J. LISFLOOD: a GIS-
based distributed model for river basin scale water balance and
flood simulation. Int. J. Geogr. Inf. Sci. 24, 189–212 (2010).

67. WWF. Hydrosheds https://www.hydrosheds.org/ (2024).
68. Arthington, A. H. et al. The Brisbane Declaration and Global Action

Agenda on Environmental Flows (2018). Front. Environ. Sci. 6,
45 (2018).

69. Richter, B. D. et al. Water scarcity and fish imperilment driven by
beef production. Nat. Sustain. 3, 319–328 (2020).

70. Hogeboom, R. J., Bruin, D., Schyns, J. F., Krol, M. S. & Hoekstra, A. Y.
Capping human water footprints in the world’s river basins. Earth’s
Future 8, e2019EF001363 (2020).

71. Stewart-Koster, B. et al. Living within the safe and just Earth system
boundaries for blue water. Nat. Sustain. 7, 53–63 (2023).

72. Rockström, J. et al. Safe and just Earth system boundaries. Nature
https://doi.org/10.1038/s41586-023-06083-8 (2023).

73. Rolls, R. J. & Arthington, A. H. Howdo lowmagnitudes of hydrologic
alteration impact riverine fish populations and assemblage char-
acteristics? Ecol. Indic. 39, 179–188 (2014).

74. ACP. Clean Power Quarterly Market Report, Q2 2023 https://
cleanpower.org/news/market-report-2023-q2/ (2023).

75. WIKI. Kairouan Solar Power Station https://en.wikipedia.org/wiki/
Kairouan_Solar_Power_Station (2024).

76. AFDB. Tunisia: African Development Bank Welcomes the Commis-
sioning of 120 MWp Kairouan Solar Photovoltaic Project, a Major

Article https://doi.org/10.1038/s41467-026-72692-2

Nature Communications |         (2026) 17:6154 16

https://doi.org/10.1038/s43016-025-01231-x
https://www.africa-energy.com/live-data
https://www.africa-energy.com/live-data
https://doi.org/10.7927/GXNR-SX57
https://doi.org/10.1038/s41560-024-01640-5
https://www.hydrosheds.org/
https://doi.org/10.1038/s41586-023-06083-8
https://cleanpower.org/news/market-report-2023-q2/
https://cleanpower.org/news/market-report-2023-q2/
https://en.wikipedia.org/wiki/Kairouan_Solar_Power_Station
https://en.wikipedia.org/wiki/Kairouan_Solar_Power_Station
www.nature.com/naturecommunications


Milestone https://www.afdb.org/en/news-and-events/press-
releases/tunisia-african-development-bank-welcomes-
commissioning-120-mwp-kairouan-solar-photovoltaic-project-
major-milestone-89873 (2025).

77. PowerTechnology. EgbemaThermalPowerStation,Nigeria. https://
www.power-technology.com/marketdata/egbema-thermal-
power-station-nigeria/ (2021).

78. GEM wiki. Egbema Power Station https://www.gem.wiki/Egbema_
power_station#cite_note-autoref_10-11 (2026).

79. Vaca-Jiménez, S., Gerbens-Leenes, W., Holmatov, B., Vanham, R. &
Vanham, D. Code for Publication ‘Forecast on Africa’s power pro-
duction up to 2030 with related water use and CO2 emissions’.
Zenodo https://doi.org/10.5281/ZENODO.19602927 (2026).

Acknowledgements
This research, led by the International Water Management Institute
(IWMI), was carried out under the CGIAR Policy innovations Science
Programme (www.cgiar.org/cgiar-research-porfolio-2025-2030/policy-
innovations) and the DIWASA (Digital Innovations for Water Secure
Africa) project (www.iwmi.org/projects/diwasa/). The authorswould like
to thank all funders who supported this research through their con-
tributions to the CGIAR Trust Fund (www.cgiar.org/funders) as well as
the Helmsley Charitable Trust. D.V., S.D.V-J, P.W.G.-L. and B.H. received
funding from theCGIAR Trust Fund,whereas D.V. received funding from
the Helmsley Charitable Trust.

Author contributions
D.V. conceived the study with inputs from S.D.V.-J., P.W.G.-L. and B.H.
S.D.V.-J. and P.W.G.-L. conducted the data mining and analyses. B.H.
provided carbon intensity expertise. R.V. provided mathematical
expertise on regression analyses. D.V. led the writing of the manuscript
with the support of S.D.V.-J. and P.W.G.-L. D.V. created the figures.
S.D.V.-J., P.W.G.-L. and B.H. contributed to the review and editing of the
manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-026-72692-2.

Correspondence and requests for materials should be addressed to
P. W. Gerbens-Leenes or Davy Vanham.

Peer review information Nature Communications thanks the anon-
ymous, reviewer(s) for their contribution to the peer review of this work.
A peer review file is available.”

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article's Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article's Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2026

Article https://doi.org/10.1038/s41467-026-72692-2

Nature Communications |         (2026) 17:6154 17

https://www.afdb.org/en/news-and-events/press-releases/tunisia-african-development-bank-welcomes-commissioning-120-mwp-kairouan-solar-photovoltaic-project-major-milestone-89873
https://www.afdb.org/en/news-and-events/press-releases/tunisia-african-development-bank-welcomes-commissioning-120-mwp-kairouan-solar-photovoltaic-project-major-milestone-89873
https://www.afdb.org/en/news-and-events/press-releases/tunisia-african-development-bank-welcomes-commissioning-120-mwp-kairouan-solar-photovoltaic-project-major-milestone-89873
https://www.afdb.org/en/news-and-events/press-releases/tunisia-african-development-bank-welcomes-commissioning-120-mwp-kairouan-solar-photovoltaic-project-major-milestone-89873
https://www.power-technology.com/marketdata/egbema-thermal-power-station-nigeria/
https://www.power-technology.com/marketdata/egbema-thermal-power-station-nigeria/
https://www.power-technology.com/marketdata/egbema-thermal-power-station-nigeria/
http://www.gem.wiki/Egbema_power_station#cite_note-autoref_10-11
http://www.gem.wiki/Egbema_power_station#cite_note-autoref_10-11
https://doi.org/10.5281/ZENODO.19602927
http://www.cgiar.org/cgiar-research-porfolio-2025-2030/policy-innovations
http://www.cgiar.org/cgiar-research-porfolio-2025-2030/policy-innovations
http://www.iwmi.org/projects/diwasa/
http://www.cgiar.org/funders
https://doi.org/10.1038/s41467-026-72692-2
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Forecast on Africa’s power production up to 2030 with related water use and CO2 emissions
	Results
	Electricity production forecasts up to 2030
	Water use forecasts up to 2030
	CO2 emissions up to 2030

	Discussion
	Methods
	Step one: Construction database 2023
	Step 2: Estimation of electricity generation in 2030 for INVENTORY
	Step 3: Estimating electricity generation in 2030 by regression analysis
	Step 4: Identification of electricity mix NDC’s
	Step 5: Water withdrawal, water consumption and CO2 emissions electricity 2020–2030
	Calculation of water demand as a percentage of renewable water availability for major African basins for INVENTORY
	Uncertainty analysis
	Power plants are becoming operational in 2024 and 2025

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




