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Abstract  

Electricity is central to the functioning of modern societies and economies – and 
its importance is only growing as technologies that run on electricity, such as 
electric vehicles and heat pumps, become increasingly popular. Power generation 
is currently the largest source of carbon dioxide (CO2) emissions in the world, but 
it is also the sector leading the transition to net zero emissions through the rapid 
expansion of renewable energy sources such as solar and wind power. Ensuring 
consumers have secure and affordable access to electricity while also reducing 
global carbon dioxide (CO2) emissions is one of the core challenges of the energy 
transition. 

Given these trends, the International Energy Agency’s Electricity 2024 is essential 
reading. It offers a deep and comprehensive analysis of recent policies and market 
developments, and provides forecasts through 2026 for electricity demand, supply 
and CO2 emissions. The IEA’s electricity sector report, which has been published 
regularly since 2020, provides insight into the evolving generation mix. In addition, 
this year’s report features in-depth analysis on the drivers of recent declines in 
electricity demand in Europe; the data centre sector’s impact on electricity 
consumption; and recent developments in the global nuclear power sector. 
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Executive summary 

Global electricity demand rose moderately in 2023 but is 
set to grow faster through 2026  

Falling electricity consumption in advanced economies restrained growth in 
global power demand in 2023. The world’s demand for electricity grew by 2.2% 
in 2023, less than the 2.4% growth observed in 2022. While China, India and 
numerous countries in Southeast Asia experienced robust growth in electricity 
demand in 2023, advanced economies posted substantial declines due to a 
lacklustre macroeconomic environment and high inflation, which reduced 
manufacturing and industrial output.  

Global electricity demand is expected to rise at a faster rate over the next 
three years, growing by an average of 3.4% annually through 2026. The gains 
will be driven by an improving economic outlook, which will contribute to faster 
electricity demand growth both in advanced and emerging economies. Particularly 
in advanced economies and China, electricity demand will be supported by the 
ongoing electrification of the residential and transport sectors, as well as a notable 
expansion of the data centre sector. The share of electricity in final energy 
consumption is estimated to have reached 20% in 2023, up from 18% in 2015. 
While this is progress, electrification needs to accelerate rapidly to meet the 
world’s decarbonisation targets. In the IEA’s Net Zero Emissions by 2050 
Scenario, a pathway aligned with limiting global warming to 1.5 °C, electricity’s 
share in final energy consumption nears 30% in 2030.  

Electricity consumption from data centres, artificial intelligence (AI) and the 
cryptocurrency sector could double by 2026. Data centres are significant 
drivers of growth in electricity demand in many regions. After globally consuming 
an estimated 460 terawatt-hours (TWh) in 2022, data centres’ total electricity 
consumption could reach more than 1 000 TWh in 2026. This demand is roughly 
equivalent to the electricity consumption of Japan. Updated regulations and 
technological improvements, including on efficiency, will be crucial to moderate 
the surge in energy consumption from data centres.  

Emerging and developing economies are the engines of 
global electricity demand growth 

About 85% of additional electricity demand through 2026 is set to come from 
outside advanced economies, with China contributing substantially even as 
the country’s economy undergoes structural changes. In 2023, China’s 
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electricity demand rose by 6.4%, driven by the services and industrial sectors. 
With the country’s economic growth expected to slow and become less reliant on 
heavy industry, the pace of Chinese electricity demand growth eases to 5.1% in 
2024, 4.9% in 2025 and 4.7% in 2026 in our forecasts. Even so, the total increase 
in China’s electricity demand through 2026 of about 1 400 TWh is more than half 
of the European Union’s current annual electricity consumption. Electricity 
consumption per capita in China already exceeded that of the European Union at 
the end of 2022 and is set to rise further. The rapidly expanding production of solar 
PV modules and electric vehicles, and the processing of related materials, will 
support ongoing electricity demand growth in China while the structure of its 
economy evolves.  

China provides the largest share of global electricity demand growth in 
terms of volume, but India posts the fastest growth rate through 2026 among 
major economies.  Following a 7% increase in India’s electricity demand in 2023, 
we expect growth above 6% on average annually until 2026, supported by strong 
economic activity and expanding ownership of air conditioners. Over the next three 
years, India will add electricity demand roughly equivalent to the current 
consumption of the United Kingdom. While renewables are set to meet almost half 
of this demand growth, one-third is expected to come from rising coal-fired 
generation. We also expect Southeast Asia to see robust annual increases in 
electricity demand of 5% on average through 2026, led higher by strong economic 
activity. 

While electricity use per capita in India and Southeast Asia is rapidly rising, 
it has been effectively stagnant in Africa for more than three decades. Per 
capita consumption in Africa even declined in recent years as the population grew 
faster than electricity supply was made available, and we only expect it to recover 
to its 2010-15 levels by the end of 2026 at the earliest. Thirty years ago, a person 
in Africa consumed more electricity on average than someone living in India or 
Southeast Asia. However, strong increases in electricity demand and supply in 
India and Southeast Asia in recent decades – which have gone hand in hand with 
a boom in economic development – have transformed these regions at a 
spectacular pace. Meanwhile, Africa's per capita electricity consumption in 2023 
was half that of India and 70% lower than in Southeast Asia. Our forecast for Africa 
for the 2024-26 period anticipates average annual growth in total electricity 
demand of 4%, double the mean growth rate observed between 2017 and 2023. 
Two-thirds of this growth in demand is set to be met by expanding renewables, 
with the remainder covered mostly by natural gas. 

Electricity demand in the United States fell by 1.6% in 2023 after increasing 
2.6% in 2022, but it is expected to recover in the 2024-26 outlook period. A 
key reason for the decline was milder weather in 2023 compared with 2022, 
though a slowdown in the manufacturing sector was also a factor. We forecast a 
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moderate increase in demand of 2.5% in 2024, assuming a reversion to average 
weather conditions. This will be followed by growth averaging 1% in 2025-26, led 
by electrification and the expansion of the data centre sector, which is expected 
to account for more than one-third of additional demand through 2026.   

Slim chances of a quick recovery for energy-intensive 
industries in the European Union 

Electricity demand in the European Union declined for the second 
consecutive year in 2023, even though energy prices fell from record highs. 
Following a 3.1% drop in 2022, the 3.2% year-on-year decline in EU demand in 
2023 meant that it dropped to levels last seen two decades ago. As in 2022, 
weaker consumption in the industrial sector was the main factor that reduced 
electricity demand, as energy prices came down but remained above pre-
pandemic levels. In 2023, there were also signs of some permanent demand 
destruction, especially in the energy-intensive chemical and primary metal 
production sectors. These segments will remain vulnerable to energy price shocks 
over our outlook period. 

EU electricity consumption is not expected to return to 2021 levels until 2026 
at the earliest. Electricity demand in the European Union’s industrial sector fell 
by an estimated 6% in 2023 after a similar decline in 2022. Assuming the industrial 
sector gradually recovers as energy prices moderate, EU electricity demand 
growth is forecast to rise by an average 2.3% in 2024-26. Electric vehicles, heat 
pumps and data centres will remain strong pillars of growth over the period – 
together accounting for half of expected gains in total demand. 
Electricity prices for energy-intensive industries in the European Union in 
2023 were almost double those in the United States and China. Despite an 
estimated 50% price decline in the European Union in 2023 versus 2022, energy-
intensive industries in the region continued to face far higher electricity costs 
compared with the United States and China in the aftermath of Russia’s invasion 
of Ukraine. The price gap between energy-intensive industries in the European 
Union and those in the United States and China, which already existed before the 
energy crisis, has widened. As a result, the competitiveness of EU energy-
intensive industries is expected to remain under pressure. Policy makers are 
currently discussing new policy initiatives and financial instruments to enable the 
European Union to position itself among other global industrial heavyweights. The 
scope and effectiveness of these measures will likely determine the future of the 
European Union’s energy-intensive industrial sector. 
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Clean electricity supply is forecast to meet all of the 
world’s demand growth through 2026  

Record-breaking electricity generation from low-emissions sources – which 
includes nuclear and renewables such as solar, wind and hydro – is set to 
cover all global demand growth over the next three years. Low-emissions 
sources, which will reduce the role of fossil fuels in producing electricity globally, 
are forecast to account for almost half of the world’s electricity generation by 2026, 
up from 39% in 2023. Over the next three years, low-emissions generation is set 
to rise at twice the annual growth rate between 2018 and 2023 – a consequential 
change, given that the power sector contributes the most to global carbon dioxide 
(CO2) emissions today.  

Renewables are set to provide more than one-third of total electricity 
generation globally by early 2025, overtaking coal. The share of renewables 
in electricity generation is forecast to rise from 30% in 2023 to 37% in 2026, with 
the growth largely supported by the expansion of ever cheaper solar PV. Through 
this period, renewables are set to more than offset demand growth in advanced 
economies such as the United States and the European Union, displacing fossil-
fired supply. At the same time, in China, the rapid expansion of renewable energy 
sources is expected to meet all additional electricity demand, though the weather 
and the extent to which the country’s demand growth eases remain key sources 
of uncertainty for the outlook. The strong expansion in renewable power capacity 
must also be accompanied by accelerated investment in grids and system 
flexibility to ensure its smooth integration. 

The rapid growth of renewables, supported by rising nuclear generation, is 
set to displace global coal-fired generation, which is forecast to fall by an 
average of 1.7% annually through 2026. This follows a 1.6% increase in coal-
fired output in 2023 amid droughts in India and China that reduced hydropower 
output and increased coal-fired generation, more than offsetting strong declines in 
coal-fired generation in the United States and the European Union. The major 
factor that will determine the global outlook is evolving trends in China, where 
more than half of world’s coal-fired generation takes place. Coal-fired generation 
in China is currently on course to experience a slow structural decline, driven by 
the strong expansion of renewables and growing nuclear generation, as well as 
moderating economic growth. Despite the commissioning of new plants to boost 
the security of energy supply, the utilisation rate of Chinese coal-fired plants is 
expected to continue to fall as they are used more flexibly to complement 
renewables. Nevertheless, coal-fired generation in China will be influenced 
significantly by the pace of the economy’s rebalancing, hydropower trends, and 
bottlenecks in integrating renewables into the country’s power system.  
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Natural gas-fired generation is expected to rise slightly over the outlook 
period. In 2023, sharp declines in gas-fired power generation in the European 
Union were more than offset by massive gains in the United States, where natural 
gas, which has increasingly replaced coal, recorded its highest-ever share in 
power generation. Global gas-fired output grew by less than 1% in 2023. Through 
2026, we forecast an average annual growth rate of around 1%. While gas-fired 
output in Europe is expected to continue declining, global growth will be supported 
by significant gains in Asia, the Middle East and Africa amid rising demand for 
power in these regions and the availability of additional liquefied natural gas (LNG) 
supply from 2025 onward. 

Nuclear power generation is on track to reach a new 
record high by 2025 

By 2025, global nuclear generation is forecast to exceed its previous record 
set in 2021. Even as some countries phase out nuclear power or retire plants 
early, nuclear generation is forecast to grow by close to 3% per year on average 
through 2026 as maintenance works are completed within France, Japan restarts 
nuclear production at several power plants, and new reactors begin commercial 
operations in various markets, including China, India, Korea, and Europe. Many 
countries are making nuclear power a critical part of their energy strategies as they 
look to safeguard energy security while reducing greenhouse gas emissions. At 
the COP28 climate change conference that concluded in December 2023, more 
than 20 countries signed a joint declaration to triple nuclear power capacity by 
2050. Achieving this goal will require tackling the key challenge of reducing 
construction and financing risks in the nuclear sector. Momentum is also growing 
behind small modular reactor (SMR) technology. The technology’s development 
and deployment remains modest and is not without its difficulties, but R&D is 
starting to pick up. 

Asia remains the main driver of growth in nuclear power, with the region’s 
share of global nuclear generation forecast to reach 30% in 2026. Asia is set 
to surpass North America as the region with the largest installed nuclear capacity 
by the end of 2026, with a large number of plants currently under construction 
expected to be completed by then. More than half of new reactors expected to 
become operational during the outlook period are in China and India. Nuclear 
power has seen particularly strong growth in China over the past decade, with 
capacity additions of about 37 gigawatts (GW), equivalent to almost two-thirds of 
its current nuclear capacity. This resulted in China’s share in global nuclear 
generation rising from 5% in 2014 to about 16% in 2023. China started the 
commercial operation of its first fourth-generation reactor in December 2023, 
further underscoring the country's nuclear power advances. 
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Emissions from electricity generation are entering 
structural decline as decarbonisation gathers pace 

Global CO2 emissions from electricity generation are expected to fall by 
more than 2% in 2024 after increasing by 1% in 2023. This is set to be followed 
by small declines in 2025 and 2026. The strong growth in coal-fired power 
generation in 2023 – especially in China and India amid reduced hydropower 
output – was responsible for the rise in the global electricity sector’s CO2 
emissions. As clean electricity supply continues to expand rapidly, the share of 
fossil fuels in global generation is forecast to decline from 61% in 2023 to 54% in 
2026, falling below 60% for the first time in IEA records dating back to 1971. While 
extreme weather conditions, economic shocks, or changes in government policies 
could lead to a temporary rise in emissions in individual years, the broader decline 
in power sector emissions is expected to persist as renewables and nuclear power 
capacity continue to expand and displace fossil-fired generation.  

The CO2 intensity of global electricity generation is set to fall at twice the 
rate recorded in the pre-pandemic period. The forecasted average decline of 
4% in CO2 intensity between 2023 and 2026 is double the 2% observed in the 
period between 2015 and 2019. The European Union is expected to record the 
highest rate of progress in reducing emissions intensity, averaging an 
improvement of 13% per year. This is followed by China, with annual 
improvements forecast at 6%, and the United States at 5%. The decline in the CO2 
intensity of electricity generation means that emissions savings via the 
electrification of transport, heating and industry will become even more 
substantial. 

Wholesale electricity prices remain above pre-Covid 
levels in many countries 

Wholesale electricity prices in many countries fell in 2023 from the record 
highs observed in 2022. This took place in tandem with declines in prices for 
energy commodities such as natural gas and coal. There are, however, regional 
differences. Wholesale electricity prices in Europe declined on average by more 
than 50% in 2023 from record levels in 2022. Despite this, prices in Europe were 
still roughly double 2019 levels, whereas US prices in 2023 were only about 15% 
higher than in 2019. Uncertainty about both the pace of France’s nuclear recovery 
and natural gas prices are supporting higher futures prices in Europe for upcoming 
winters. The hydropower-dominated Nordics remain the only market in Europe 
with average wholesale electricity prices comparable to those in the United States 
and Australia. Wholesale prices in Japan and India also remained above 2019 
levels in 2023.  
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Growing weather impacts on power systems highlight 
the importance of investing in electricity security  

Global hydropower generation declined in 2023 due to weather impacts such 
as droughts, below average rainfall and early snowmelts in numerous 
regions. Canada, China, Colombia, Costa Rica, India, Mexico, Türkiye, the United 
States, and Vietnam, along with other countries, all saw hydropower generation 
decline. The global hydropower capacity factor, a key measure of utilisation rate, 
fell to below 40%, the lowest value recorded in at least three decades. In certain 
countries, diminished hydropower output led to energy shortages, heightened 
reliance on fossil sources such as coal and gas, and raised concerns about the 
stability of electricity supply. The overall trend underscores the susceptibility of 
hydropower to weather patterns and the potential exposure of countries that rely 
heavily on hydro to generate electricity. Diversifying energy sources, building 
regional power interconnections and implementing strategies for resilient 
generation in the face of changing weather patterns will be increasingly important. 

Extreme weather events triggered major power outages in 2023 in the United 
States and India. This underlined the need to boost resilience as weather impacts 
on power systems increase, with both supply and demand becoming more 
weather-dependent. Insufficient power capacity, fuel supply challenges and grid-
related technical issues also continued to cause significant power shortages in 
many regions. The majority of these outages were observed in emerging 
economies such as Pakistan, Kenya and Nigeria, which are particularly affected 
by insufficient electricity supply, infrastructure problems and strained grids in the 
face of rising power demand. Expanded, stronger grids would not only ensure 
reliable electricity but also serve as a vital backbone for integrating renewables 
into power systems. Improving data collection, digitalisation and greater data 
transparency regarding outages is also essential to provide better insight into why 
faults occurred and to help develop preventative measures.  

Specific operating measures and new markets for ensuring the stability of 
power systems are becoming more common. Countries with high shares of 
variable renewable generation are implementing mechanisms to ensure a steady 
power system frequency. Some regions are establishing minimum requirements 
for system inertia, a property typically provided by conventional generators with 
spinning rotors that helps enhance the power system’s resilience during 
disturbances. Additionally, various countries including the United Kingdom, Ireland 
and Australia have been introducing markets and measures such as fast 
frequency response and similar services that stabilise the power system rapidly 
after disruptions. Battery storage systems can provide such services for grid 
stability while enhancing system flexibility, thus playing a crucial role in integrating 
renewable energy sources. 
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Global trends 

Demand: Global electricity use 
posts strong growth to 2026  

Emerging economies are the engines of 
global electricity demand growth  

Global electricity demand grew by a relatively modest 2.2% in 2023, down from 
2.4% in 2022. Growth, however, is on course to accelerate to a higher 3.4% in our 
2024-2026 forecast period, with emerging markets continuing to dominate growing 
electricity demand, as they did in 2023. The far-ranging repercussions of the 
energy crisis continued throughout 2023, with elevated inflation levels, high 
interest rates and heavy debt burdens exerting downward pressure on economies 
around the world. Still, emerging market countries recorded strong growth in 
electricity demand. By contrast, most advanced economies posted declines amid 
the lacklustre macroeconomic environment as well as the weak industry and 
manufacturing sectors, despite continued electrification. Milder weather compared 
to the previous year also exerted downward pressure on electricity consumption 
in some regions, including the United States. 

Year-on-year change in electricity demand by region, 2022-2026 

 
IEA. CC BY 4.0. 

Note: Advanced economies grouping in this chart excludes Mexico and Türkiye. 
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Strong growth in emerging economies combined with an anticipated recovery in 
industry and ongoing electrification of the residential and transportation sectors in 
many parts of the world will be the mainstays of increasing electricity over our 
outlook. An important new source of higher electricity consumption is coming from 
energy-intensive data centres, artificial intelligence (AI) and cryptocurrencies, 
which could double by 2026. 

About 85% of the additional electricity through 2026 is set to come from outside 
advanced economies, mostly in People’s Republic of China (hereafter, “China”), 
India and Southeast Asia. The International Monetary Fund (IMF) October 2023 
outlook projects a gradual economic recovery for advanced economies, with the 
2023 GDP growth rate of 1.5% followed by 1.4% in 2024 and an annual average 
of 1.8% in 2025-2026. By contrast, for emerging economies, the IMF projects 
sustained robust growth of an average annual 4%, or slightly higher at 4.1%, 
during 2024-2026, in line with the estimated 4% in 2023.   

The share of electricity in final energy consumption is estimated at 20% in 2023, 
up from 18% in 2015. While there is progress, electrification of end uses needs to 
occur at a much faster pace to reach decarbonisation targets. In the IEA’s Net 
Zero by 2050 Scenario (NZE Scenario), a pathway aligned with limiting global 
warming to 1.5 °C, the electricity share in final energy consumption nears 30% by 
2030.  

Year-on-year percent change in electricity demand in selected regions, 2019-2026 

 
IEA. CC BY 4.0. 
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China has the largest increase in electricity 
demand, while India sees the fastest growth  

Electricity demand reflected diverging trends in 2023, with advanced economies 
recording significant declines, while emerging market countries, and especially 
China and India, recorded strong growth rates on rising demand for electricity 
spurred by economic activity. China posted growth of 6.4% in electricity demand 
in 2023, compared to the 3.7% year-on-year increase in 2022. Following the 
easing of stringent pandemic measures at end-2022, electricity demand growth 
accelerated from around 3% to over 5% year-on-year by H1 2023, and continued 
to rise further in H2 to close the year at over 6%. While construction-related 
industries such as glass and cement saw a slowdown in 2023, growth in Chinese 
electricity consumption was driven higher by the services and various industrial 
sectors, including manufacturing of PV modules, electric vehicles, and the 
processing of associated materials. The economy has shown some signs of 
rebalancing and is expected to grow at a slower pace in the coming years. As a 
result, we forecast electricity demand growth at 5.1% in 2024, before gradually 
easing to 4.9% in 2025 and 4.7% in 2026. Despite this slower pace of growth, 
China’s increase in electricity demand of an estimated 1 400 TWh to 2026 is still 
more than 50% of current total annual electricity consumption of the European 
Union. Electricity consumption per capita in China already exceeded that of the 
European Union at the end of 2022.  However, the per capita electricity 
consumption of households in China is still below the average for EU households. 

Electricity demand in India rose by 7% in 2023 compared to last year’s 8.6%. 
Continued rapid economic expansion and robust demand for space cooling were 
the main pillars of growth. After two consecutive years of strong gains, India’s 
electricity consumption surpassed that of Japan and Korea combined at the end 
of 2023. Bolstered by a fast-growing economy and powered by increased 
electrification, we expect India’s electricity demand to rise by an annual average 
of 6.5% over the 2024-2026 period. While China provides the largest share of 
demand growth in terms of volume, India posts the fastest growth rate out to 2026 
among major economies. Following this, India will have added additional electricity 
demand roughly equivalent to that of the United Kingdom over the next three 
years. 
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Total electricity demand (left), population (centre), and electricity consumption per 
capita (right) in China, European Union, and the United States, 1990-2026 

 
IEA. CC BY 4.0. 

Notes: The figures for 2024-2026 are forecast values. Historical data and forecast for population are from World Bank 
(2022). 
 

Electricity demand in the United States, the world’s second largest consumer 
behind China, declined by 1.6% in 2023, after 2.6% growth in 2022. A major 
contributor to the downturn was the milder weather in 2023 compared to 2022. A 
slowdown in the manufacturing sector was also a factor, albeit with significantly 
less impact than the weather. While record high summer temperatures in Texas 
drove up cooling demand, overall summer weather was milder in 2023 compared 
to last year. Similarly, winter months were also warmer, with the lowest number of 
heating degree days recorded since 2012. We forecast a moderate rebound in 
demand of 2.5% in 2024, assuming normal weather conditions, followed by an 
average growth rate of 1% in 2025-2026 due to continued electrification and strong 
growth in the data centre sector. We expect more than one-third of the additional 
US electricity demand out to 2026 to come from the expanding data centres. 

Electricity demand in Japan declined by 3.7% in 2023 compared to a 1% increase 
in 2022. Despite high temperatures boosting cooling demand in the summer, the 
slowdown in the manufacturing sector and continued energy saving measures 
exerted strong downwards pressure on electricity consumption. However, against 
a backdrop of an assumed gradual recovery in the manufacturing sector in 2024 
and accelerating electrification of the transport and heating sectors over the 
outlook period, a modest rebound in electricity demand of 1.2% in 2024 is forecast, 
followed by an average annual growth rate of 0.2% in 2025-2026. 

In the European Union, following a 3.1% decline in 2022, electricity demand fell 
by a further 3.2% in 2023. We anticipate a return to growth in 2024 of 1.8%, 
assuming a partial recovery in the industry sector given more moderate energy 
prices and expanding electrification of the transportation and heating sectors. EU 
electricity demand is forecast to grow on average by 2.5% annually during the 
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2025-2026 period, supported by an improved economic outlook. Nevertheless, 
following the record demand contraction in the European Union last year, 
uncertainties surround over how much of this decline is temporary and how much 
is structural.  

Southeast Asia and India make strides in per 
capita electricity use, but Africa lags behind 

In 1990, the average electricity consumption per person in Africa exceeded that of 
Southeast Asia by 40% and India by 65%. However, recent decades have 
witnessed a significant surge in electricity demand and supply in India and 
Southeast Asia, accompanied by rapid economic development and prosperity in 
these regions. Southeast Asia overtook Africa in per capita electricity consumption 
in 1995, and India achieved the same in 2008. Conversely, Africa's per capita 
electricity consumption has remained stagnant for more than three decades, with 
2023 figures revealing it to be half that of India and 70% lower than in Southeast 
Asia. The 2023 per capita electricity consumption on the African continent is 
estimated at 530 kWh, while sub-Saharan Africa excluding South Africa averaged 
around 190 kWh. We expect per capita electricity consumption in Africa to recover 
to its 2010-2015 levels by the end of 2026 at the earliest. 

Total electricity demand (left), population (centre), and electricity consumption per 
capita (right) in Africa, Southeast Asia, and India, 1990-2026 

 
IEA. CC BY 4.0. 

Notes: The figures for 2024-2026 are forecast values. Historical data and forecast for population are from World Bank 
(2022). 
 

Africa’s population is set to grow rapidly, making up one-fifth of the world’s 
population by 2030. This highlights the massive potential and need for additional 
electricity supply in this region. Our forecast for Africa for the period 2024-2026 
anticipates an average annual growth in total electricity demand of 4%, more than 
double the mean growth rate observed over 2015-2023. Around 60% of this 
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growth in demand is to be met by expanding renewables, the remaining mostly by 
natural gas. Renewable generation in Africa has grown on average by 5% in 2015-
2023. We forecast an average of 10% growth in renewable generation out to 2026 
in Africa, as deployment of renewables gathers pace. Nevertheless, In order to 
achieve the region's energy development and climate targets, energy investments 
will have to more than double from today's USD 90 billion by 2030, with almost 
two-thirds of this spending going towards clean energy. 

As of 2023, 600 million people, or more than 40% of the African population lacked 
access to electricity, mostly in sub-Saharan Africa. A common solution to 
electricity access in Africa has been off-grid gasoline or diesel generators as they 
present low upfront costs in contrast to the cost of connection to the grid. However, 
their operating costs have significantly increased, especially since 2021 after oil 
prices soared. Additionally, since 2015 the adoption of decentralised modular 
solar home systems (SHS) has steadily increased. Countries like Ghana and 
Kenya increased their SHS capacity by more than twenty times from 2015 to 2019. 
SHS providers have enabled the system implementation through financial 
incentives such as a pay-as-you-go business model.  

Spotlight: Navigating the uncertainties in the 
recovery of EU electricity demand 

With consecutive declines of historic proportions in 2022 (-3.1%) and 2023 
(-3.2%), electricity demand in the European Union has fallen to levels last seen 
two decades ago, predominantly due to lower consumption in the industrial sector 
amid the economic malaise. Our analysis shows that with a gradual recovery in 
the industrial sector, EU electricity demand would return to 2021 levels by 2026 at 
the earliest, with an average annual growth rate of 2.3%. The IMF October 2023 
outlook projects GDP growth of the euro area for 2024 at 1.2%, indicating a slight 
recovery from the substantial slowdown in 2023 at 0.7% GDP growth that followed 
a robust 3.3% in 2022. Accordingly, the EU economy is expected to grow faster 
over 2025-2026, with an average annual growth rate of around 1.8%.  

In addition to the gradual recovery in economic growth, strong drivers of electricity 
demand in the period to 2026 will come from electric vehicles, heat pumps and 
data centres, which combined are expected to account for half of the total demand 
gains. An estimated total of 9 million new battery electric vehicles and 11 million 
new heat pumps are expected to become operational by 2026 in the European 
Union, which will account for a large share of this stronger growth. Moreover, we 
forecast that electricity consumption from data centres in the European Union in 
2026 will be 30% higher than 2023 levels, as new data facilities are commissioned 
amid increased digitalisation and AI computations. Ireland and Denmark alone 
make up 20% of the expected increase in data centre electricity demand to 2026. 

https://www.iea.org/reports/financing-clean-energy-in-africa
https://www.iea.org/commentaries/access-to-electricity-improves-slightly-in-2023-but-still-far-from-the-pace-needed-to-meet-sdg7
https://www.iea.org/commentaries/access-to-electricity-improves-slightly-in-2023-but-still-far-from-the-pace-needed-to-meet-sdg7
https://www.iea.org/reports/africa-energy-outlook-2022
https://www.imf.org/en/Publications/WEO/Issues/2023/10/10/world-economic-outlook-october-2023
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Estimated drivers of change in electricity demand in the European Union, 2021-2026 

 
IEA. CC BY 4.0. 

Notes: Other includes the combined effect of changes in electricity demand in households, services and other sectors, 
including increases from EVs, heat pumps and data centres in 2022 and 2023. For 2024-2026 these are shown separately. 
In 2022, the net impact of weather on demand is estimated to have been a reduction of 13 TWh. In 2023, net weather 
impact is estimated to have accounted for a reduction of 7 TWh. 
 

Industry was the main factor behind the decline in EU 
electricity demand in 2022 and 2023 

Despite energy prices falling from their previous record highs, EU electricity 
demand further declined in 2023. Lower industrial electricity demand was the most 
important factor, as in the previous year. Following a 5.8% decline in 2022, we 
estimate electricity consumption in the EU industrial sector fell 6% year-on-year in 
2023, with energy-intensive industries the hardest hit. Despite regional variations, 
the average European wholesale electricity price in 2023 was still more than 
double the 2019 level (see the Prices chapter for more analysis). This, combined 
with slower economic growth, lower consumer demand, weaker exports and the 
overhang of stocks from 2021 and 2022, depressed EU industrial electricity 
demand further.  

The impact of milder weather on electricity consumption also weighed on demand, 
although to a much more limited extent. Overall, winter temperatures were higher 
and summer temperatures were lower compared to 2022, resulting in less space 
heating and cooling. About 0.3 percentage points of the 3.2% decline in EU 
electricity demand is attributable to weather, which means that the year-on-year 
decline would have been 2.9% without the influence of weather.   

The six-month moving average for the EU wholesale electricity price was almost 
45% lower in the second half of 2023 compared to the first half, stabilising around  
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EUR 100/MWh in the fourth quarter. Similarly, the year-on-year fall in total 
electricity demand stopped from September onward and recovered slightly in 
November and December, after declines compared to 2022 had been recorded in 
every month up to that point.  

Monthly EU electricity demand, 2021-2023 (left), and average wholesale electricity 
prices in the European Union and the United States, 2019-2023 (right),  

 
IEA. CC BY 4.0. 

Notes: In the chart on the left, 2022 and 2023 demand is weather-corrected to the base year of 2021. This means what 
demand would have been in 2022 and 2023 if the weather was the same as in 2021. The 2021 demand profile corresponds 
to the realised net demand. In the chart on the right, the plotted average wholesale prices are 6-month moving averages 
(6MMA). 
Source: IEA analysis based on data from Eurostat (2023) and EIA (2023). 
 

Assuming energy prices remain relatively moderate and the economic outlook 
improves over the forecast period, we expect electricity demand in the industry 
sector to start recovering gradually from 2024 onward. Nevertheless, some 
permanent electricity demand destruction has already occurred, especially in 
energy-intensive chemical and primary metal industries, and there is still 
significant uncertainty about how much of the reductions of the last two years will 
be temporary or permanent. 

There are signs of some permanent electricity demand 
destruction 

Overall, production output and consequently the electricity demand of the energy-
intensive industries such as aluminium, steel, paper and chemicals were lower in 
2023 than in the previous year. Some production curtailments announced by 
energy-intensive industries following the sharp climb in prices in 2022 were 
temporary, as various facilities restarted and ramped up operations when energy 
prices started falling in 2023. However, many other plants remained shut down. 
Restarting a closed facility is generally costly. For example, reopening an 
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aluminium smelter can cost up to EUR 400 million (USD 394 million). Hence, it is 
likely some of the temporary shutdowns to date will be followed by permanent 
closures.  

The chemical industry has been severely affected from elevated energy costs, 
with the risks of permanent closures compounded by reduced competitiveness as 
China dominates growth. Producers such as Yara, Dow, INEOS, Grupa Azoty, 
among many others, curtailed production of chemical products such as 
polyethylene, ammonia, urea, nitrates and NPK (nitrogen, phosphorus, and 
potassium) fertilisers. Large chemical producers such as BASF shut down plants 
in part due to high energy costs. This included the closure of caprolactam, 
ammonia, cyclohexanol, cyclohexanone, soda ash, toluene diisocyanate and 
precursor plants at its Ludwigshafen site, as well as fertiliser facilities. The site has 
an annual electricity consumption of around 6 TWh, and has plans to reduce their 
emissions by 5%. Assuming a similar 5% reduction in energy consumption, this 
amounts to 0.3 TWh of permanent electricity demand reductions. 

Estimated year-on-year changes in industrial output and electricity consumption in 
selected industries in the European Union in 2023 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from Eurostat, Worldsteel, International Aluminium Institute and CEFIC. 
 

The European primary metal industry was hit especially hard by soaring 
electricity prices due to the energy-intensive nature of the production process. For 
primary aluminium, for example, electricity costs generally make up about 40% of 
the cost of production. Considering the ongoing curtailments and announced 
shutdowns until end of 2023, our analysis shows the loss in EU annual electricity 
demand, cumulating the closures since 2020, to be about 23 TWh in the 
considered primary metal industries of aluminium, zinc, steel, and silicon. 
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https://www.thechemicalengineer.com/news/basf-announces-2-600-jobs-losses-as-it-cuts-costs-in-europe/
https://www.basf.com/global/en/who-we-are/organization/locations/europe/german-sites/ludwigshafen/production/energy.html#:%7E:text=Besides%20steam%2C%20large%20amounts%20of,the%20electricity%20around%20the%20site.
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https://ec.europa.eu/eurostat/web/main/data/database
https://worldsteel.org/
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Estimated cumulative loss in annual electricity demand in selected primary metal 
industries in the European Union compared to 2020 

  
IEA. CC BY 4.0. 

Notes: Estimates are based on announcements of permanent and indefinite plant closures, and production curtailments. 
The numbers are to be interpreted as the structural demand destruction due to production losses compared to the 
reference period 2020. Realised changes of demand in the year of closure can differ due to the exact timing of the closure 
within that year. Silicon electricity demand considers silicon metals, silicon manganese, polysilicon and silicon-based 
alloys. 
Source: IEA analysis of company data, national statistics and news reports. 
 

Around 30% of EU primary aluminium production capacity has been suspended 
since 2021, with the curtailments and closures adding up to a loss of about 1.1 Mt 
of annual production capacity by the end of 2023. This corresponds to an 
estimated loss of about 15 TWh of annual electricity demand. In 2023, several 
companies followed the temporary cuts in production with shutdowns. The 
temporary curtailment of Slovakia’s Slovalco turned into a permanent shutdown in 
2023. Germany’s Speira, having halved its production in 2022, and announced in 
2023 that it will stop production at its Rheinwerk (Germany) smelter. Similarly, 
Slovenia’s Talum announced in 2023 that it will halt primary aluminium production, 
after having reduced output to 20% of capacity in 2022. Various other producers 
of primary aluminium such as Alcoa, Aldel, Alro, and Trimet also cut production. 

Some producers also restarted production or are planning to do so. Liberty 
Aluminium ramped up the production of primary aluminium to full capacity in their 
Dunkirk (France) plant in early 2023, after cutting it by 20% in 2022. Alcoa 
announced that it will restart operations in 2024 after shutting down its primary 
aluminium production in San Ciprian (Spain) at the end of 2021 due to high energy 
costs. An agreement was reached to restart production through a long-term wind 
power purchase agreement (PPA) that powers 75% of its production capacity.  

There is also an observable trend in Europe towards shifting operations to 
recycled aluminium production, which is less energy-intensive. In April 2023, 
Speira completed the acquisition of Real Alloy Europe, which was announced in 
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https://aluminiuminsider.com/slovalco-ends-aluminium-production-after-70-years/
https://www.reuters.com/markets/commodities/germanys-speira-end-rheinwerk-aluminium-smelting-due-energy-costs-2023-03-09/
https://seenews.com/news/slovenias-talum-to-halt-primary-aluminium-output-cut-120-jobs-report-817453
https://www.reuters.com/markets/commodities/europes-aluminium-smelters-cut-output-power-crunch-intensifies-2022-08-25/
https://aluminiuminsider.com/high-power-prices-prompt-dutch-aluminium-firm-aldel-to-shutter-production-at-farmsum-plant/
https://www.alro.ro/sites/default/files/alro/2023/Alro%20Group%20Quarterly%20Report%2030%20September%202023.pdf
https://www.alcircle.com/news/production-vs-reduction-european-aluminium-smelters-being-victim-to-energy-price-surge-83391
https://www.reuters.com/markets/commodities/aluminium-dunkerque-relaunch-idled-capacity-2023-01-11/
https://www.reuters.com/markets/commodities/aluminium-dunkerque-relaunch-idled-capacity-2023-01-11/
https://www.miningweekly.com/article/alcoa-says-workers-back-2024-restart-of-its-aluminum-smelter-in-spain-2023-02-06
https://www.reuters.com/markets/deals/germanys-speira-more-than-doubles-aluminium-recycling-capacity-2023-03-31/
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February 2022, doubling its aluminium recycling capacity with the addition of 
350 kt. Romania’s Alro extended its aluminium recycling capacity following the 
commissioning of its new recycling facility with an annual capacity of 60 kt in 
September 2023.  

Three zinc smelting factories shut down in Germany, Italy and the Netherlands, 
equivalent to 580 kt of production capacity, and two in Belgium and France 
reduced production by 50% each. These reductions in zinc production correspond 
to an estimated yearly electricity demand loss of almost 4 TWh. Shutdowns and 
production reductions in silicon and silicon-based alloys from the plants of 
Ferroglobe in Spain and France are estimated to similarly account for a loss of 
annual electricity demand of almost 2 TWh. The steel sector lost almost 4 Mt of 
capacity, equivalent to an estimated 2 TWh of electricity demand, with Lech 
steelworks shutting down completely in Germany and ArcelorMittal's blast 
furnaces in France idling.  

Amid elevated energy costs, flexible operation is becoming increasingly more 
important for energy-intensive industries. ArcelorMittal reacted to the rise in 
electricity costs by taking advantage of the flexibility of their system; stopping 
during an electricity price peak and resuming after the peak had passed. Other 
producers such as Salzgitter chose to continue operations at its steel plant in 
Peine using the flexibility of their facilities to shift production to lower cost hours, 
thereby partially mitigating the adverse effects of the increased energy costs. 

High energy prices also pose a challenge for small and 
medium-sized companies 

Many large energy-intensive industries across the European Union are often 
exempted from various taxes and fees related to electricity and are also partially 
compensated for the indirect costs resulting from the EU Emissions Trading 
System (EU-ETS). By contrast, small and medium-sized industries generally face 
higher electricity prices. A survey in Germany showed that during the peak of the 
crisis in 2022, many medium-sized companies reported high energy costs as an 
existential challenge. The rate at which industrial companies in the European 
Union are declaring bankruptcy showed an increasing trend in 2023. While new 
industry-related business registrations have posted steady growth over the period 
Q1 2022-Q2 2023, averaging 4.4% per quarter, the number of industrial 
businesses declaring bankruptcy increased at an even higher rate of 10% over 
the same period. 

High energy costs for small and medium-sized companies are particularly 
problematic if they are also facing international competition, as relatively higher 
EU energy costs decrease their competitiveness. A survey conducted in 2023 by 
the German Chamber of Industry and Commerce found that one-third of the 

https://www.alro.ro/en/article/alro-inaugurates-usd-11-million-investment-its-eco-recycling-facility
https://www.reuters.com/markets/commodities/glencore-take-steps-towards-restart-nordenham-zinc-smelter-sources-2023-11-13/
https://www.reuters.com/business/energy/glencores-portovesme-zinc-operation-enter-care-maintenance-2021-11-22/
https://www.reuters.com/markets/commodities/nyrstar-put-budel-zinc-operations-care-maintenance-sept-1-2022-08-16/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/metals/101321-zinc-producer-nyrstar-cuts-output-by-up-to-50-at-three-european-smelters-on-energy-price-surge#:%7E:text=The%20company's%20Balen%20smelter%20is,of%20around%20200%2C000%20mt%2Fyear.
https://minedocs.com/17/Auby_FactSheet_2016.pdf
https://www.argusmedia.com/en/news/2367284-ferroglobe-shuts-simn-femn-plants-on-energy-crunch
https://min.news/en/economy/e756e918dd0fe8041741f32076ac51ba.html
https://www.faz.net/aktuell/wirtschaft/mehr-wirtschaft/lech-stahlwerk-stoppt-produktion-wegen-gestiegener-strompreise-17866947.html
https://www.faz.net/aktuell/wirtschaft/mehr-wirtschaft/lech-stahlwerk-stoppt-produktion-wegen-gestiegener-strompreise-17866947.html
https://gmk.center/en/news/arcelormittal-fos-sur-mer-will-continue-to-idle-blast-furnace-1/#:%7E:text=ArcelorMittal%20Fos%2Dsur%2DMer%20has,3.1%20million%20tons%20of%20steel.
https://www.faz.net/aktuell/wirtschaft/mehr-wirtschaft/lech-stahlwerk-stoppt-produktion-wegen-gestiegener-strompreise-17866947.html
https://www.faz.net/aktuell/wirtschaft/mehr-wirtschaft/lech-stahlwerk-stoppt-produktion-wegen-gestiegener-strompreise-17866947/stahlproduktion-ist-17866973.html
https://www.zeit.de/wirtschaft/2022-09/industrie-produktion-energie-kosten-krise
https://www.tagesschau.de/wirtschaft/unternehmen/industriestrompreis-energieintensive-unternehmen-100.html
https://www.dihk.de/de/themen-und-positionen/internationales/auslandsinvestitionen-motiv-kostenersparnis-wieder-auf-dem-vormarsch-93664
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country’s companies that were considering investing abroad cited concerns about 
high energy cost as a disadvantage. For example, the manufacturer of traditional 
Christmas sweets Lambertz is considering withdrawing its production operations 
in Germany, stating that its international customers are reportedly unable to accept 
the rising prices. The glass manufacturer Heinz-Glass, which supplies bottles for 
the international perfume industry, has recently indefinitely postponed its plans to 
increase production capacities, citing concerns over high energy cost in the future.  

Outside the energy-intensive sectors, some smaller businesses were also strongly 
hit by soaring energy bills, often without the financial buffer that large companies 
tend to have. Particularly affected, for example, are bakeries, where businesses 
scrambled to adjust operations for energy saving or decided to file for insolvency 
under the pressure of rising electricity prices. Many countries, such as France, 
Germany, Poland and Spain, introduced measures to dampen the negative effect 
on local businesses. On a European level, emergency interventions included a 
revenue cap of inframarginal producers at EUR 180/MWh and redistribution of 
excess profits in the oil, gas, coal and refinery sectors. 

European metal and chemical industries are likely to 
remain vulnerable to energy price shocks 

The degree of vulnerability in energy-intensive commodity industries from 
increasing energy prices varies significantly. While some industries can tolerate 
elevated energy costs, other sectors are more dependent on cheap energy inputs. 
Our analysis shows that chemicals, steel, and aluminium are more exposed to 
increasing energy cost. Despite energy prices stabilising in 2023, the metal and 
chemical industries remain vulnerable, with margins expected to stay at low levels 
until 2025. While other industries may have a more positive outlook, increasing 
uncertainty and expectations about future price increases may still negatively 
impact business conditions for industry in Europe. 

https://www.welt.de/wirtschaft/article242621809/Weihnachtsgebaeck-Deutschen-Printen-und-Lebkuchen-droht-das-Aus.html
https://www.sueddeutsche.de/wirtschaft/glas-rennsteig-hilferuf-1.5534274
https://www.tagesschau.de/wirtschaft/unternehmen/handwerker-energiekosten-101.html
https://daily.energybulletin.org/2022/08/energy-crisis-squeezes-smaller-firms-that-power-europes-economy/?utm_source=rss&utm_medium=rss&utm_campaign=energy-crisis-squeezes-smaller-firms-that-power-europes-economy
https://www.economie.gouv.fr/boulangers-aides-hausse-prix-energie
https://www.bundestag.de/dokumente/textarchiv/2022/kw50-de-energiepreisbremse-924550
https://notesfrompoland.com/2022/09/16/poland-to-freeze-electricity-prices-and-reward-households-that-cut-use-by-10/
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_2408
https://energy.ec.europa.eu/topics/markets-and-consumers/actions-and-measures-energy-prices_en#:%7E:text=energy%20savings%20data.-,Emergency%20intervention%20to%20address%20high%20prices,proposal%20from%2014%20September%202022.
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Estimated quarterly net value added of selected industries in Germany, 2021-2025 

IEA. CC BY 4.0. 

Notes: Chemical feedstock includes basic organic and inorganic chemicals, fertilisers and nitrogen products, primary 
rubber and plastics, industrial gases, and pigments and colourings. The analysis uses data on German firms from 2019 to 
calculate the initial profit margins, aggregated by sector. These are extrapolated using EUROSTAT indices for production 
volume and producer price indices on a sectoral level. Assuming a constant energy intensity of production over time, 
historical and futures price data on energy carriers are used to simulate the margins over time. Considering the pass-
through of cost in the future, futures prices of the produced commodity are used when available (i.e. for steel and 
aluminium). The analysis also excludes ex-post compensation payments, subsidies or any other government interventions. 
Prices are calculated using a 3-month moving average.  
Source: IEA analysis based on data from Eurostat and Destatis. 
 

How much electricity does the European Union import in 
the form of energy-intensive goods? 

The issue of reduced production of energy-intensive goods in the European Union 
amid high energy prices has contributed to an increase in imports in these sectors, 
which was particularly observable in 2022. This raises the question of how much 
electricity is not consumed in the European Union but is shifted to other regions 
and imported from there indirectly in the form of energy-intensive goods. 

Our analysis shows that over 160 TWh of electricity – corresponding to 6% of EU 
electricity demand – was indirectly imported in 2022 into the European Union in 
the form of energy-intensive goods made up by chemicals, primary aluminium, 
crude steel, paper pulp, and cement. After an estimated 8% year-on-year 
increase in 2022, 2023 is expected to record a decline of 4% in indirect imports 
of electricity in the form of the energy-intensive goods, which can be attributed 
to the slowdown in EU manufacturing, weaker demand and overhang of 
inventories. Nevertheless, 2023 imports are still estimated to be 4% higher than 
the 2021 levels. This means that, in the years 2022 and 2023 combined, an 
additional 18 TWh of electricity was imported compared to 2021 levels in the 
form of energy-intensive goods considered in our analysis, mostly due to higher 
primary aluminium imports.  
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Indirect electricity imports in the form of energy-intensive goods (chemicals, primary 
aluminium, crude steel, paper pulp, and cement) to the European Union by country of 
origin, 2019-2023 

 
IEA. CC BY 4.0. 

Notes: The indirect electricity imports of selected energy-intensive goods include chemicals, primary aluminium, crude 
steel, paper pulp and cement. Indirect electricity imports in the form of energy-intensive goods are estimated as the 
electricity required to manufacture the imported product in the European Union based on the electricity intensity of 
production values in the European Union. The 2023 values are estimated based on Q1-Q3 2023 data and analysis of latest 
market trends. 
Source: IEA analysis based on data from EU trade since 1999 by SITC and Eurostat (2023).  
 

The largest cumulative increases in energy-intensive imports since 2021 have 
been in primary aluminium. In 2022 and 2023 combined, there was an additional 
20 TWh of indirect electricity imports, compared to 2021 levels. Around half of this 
came from higher imports from India, which was followed by United Arab Emirates. 
Chemicals was another sector which saw growth in imports in 2022, with about 
2 TWh more indirect electricity imported compared to 2021, mainly from the United 
States and China. But the imports of chemicals declined in 2023 amid slower 
economic activity, more than offsetting this increase. Pulp and cement imports 
similarly saw increases in 2022, but were more than offset by significant declines 
in 2023. 

There have been also changes with respect to where these energy-intensive 
products came from. For example, in order to substitute the loss of crude steel 
imports from Ukraine following the Russian invasion, imports from China, Brazil, 
India, and other countries increased in 2022. 

Sanction-hit Russia has seen a sharp drop in exports to the European Union in 
the energy-intensive industries. The share of Russia in the indirect electricity 
imports from these energy-intensive goods is estimated to have decreased from 
18% in 2019 and 14% in 2021, to 9% in 2023. As sanctions entered into force 
gradually over the course of 2023, Russia was still one of the largest sources of  
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indirect electricity imports to the European Union in the form of energy-intensive 
goods in 2023, largely due to substantial amounts of steel imports, followed by 
primary aluminium and chemicals. 

Estimated indirect electricity imports in the form of energy-intensive goods to the 
European Union by sector and country of origin, 2022 

 
IEA. CC BY 4.0. 

Note: Indirect electricity imports in the form of energy-intensive goods are calculated as the electricity required to 
manufacture the imported product in the European Union, based on the electricity intensity of EU production values. 
Source: IEA analysis based on data from Eurostat (2023), EU trade since 1999 by SITC.  
 

Russia’s share in the imports of these energy-intensive goods is expected to 
decrease further in the future, as sanctions are rigorously applied. However, other 
products such as primary aluminium are currently not sanctioned. Even though 
there are sanctions on individual aluminium products, primary aluminium remains 
unsanctioned since it is considered a strategic raw material by the European 
Union. Additionally, Russian aluminium is still strongly integrated within European 
supply chains. However, there have been calls within Europe’s aluminium industry 
group to lobby for EU sanctions on Russian aluminium. 

EU sanctions on Russia related to energy-intensive goods 

Sector Date of adoption Sanction 

Steel 15 March 2022 

The European Union adopted Council Regulation (EU) 
2022/428 imposing an import ban on iron and steel products 
originating from Russia (flat-rolled products, bars, rods, 
wire, tubes, pipes etc.) 

 23 June 2023 

As part of the eleventh EU sanctions package, importers of 
iron and steel must prove that inputs used in their goods 
have not originated in Russia. However, these sanctions 
are implemented in phases coming into force in September 
2023. 
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https://ec.europa.eu/eurostat/databrowser/view/DS-018995__custom_7622582/default/table?lang=en
https://www.reuters.com/markets/commodities/europe-adds-aluminium-its-critical-raw-materials-list-andy-home-2023-07-06/
https://www.reuters.com/markets/commodities/trade-body-flags-possible-eu-ban-russian-aluminium-not-rusal-2023-07-14/
https://www.globaltradealert.org/intervention/101870/import-ban/eu-further-trade-restrictions-with-russia-on-steel-and-iron-products-luxury-goods-and-other-financial-sanctions
https://eurometal.net/eu-extends-sanctions-on-imports-of-products-goods-containing-russian-steel/
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Sector Date of adoption Sanction 

Cement 8 April 2022 
Imports of cement from Russia are banned as part of a fifth 
set of economic and individual sanctions 

Paper 
pulp 6 October 2022 

Plastics, paper and wood pulp imports from Russia are 
banned as part of an eighth set of economic and individual 
sanctions. 

Chemicals 6 October 2022 

Imports of chemical products such as basic petrochemicals, 
inorganic chemicals, intermediates, plastics, fertilisers and 
specialties are now banned. These include methanol, 
phosphates, potash, NPK, nitrates, hydrochloric acid, nitric 
acid, phosphoric acid, sulfuric acid and others. 

Aluminium 8 April 2022 
Imports of flat-rolled aluminium products above 0.2 mm 
such as plates, sheets or strip from Russia are banned as 
part of the fifth set of sanctions. 

 18 December 2023 
As part of the twelfth EU sanctions package, imports of 
aluminium wires, foil, tubes and pipes from Russia were 
banned. 

Carbon policy and EU energy-intensive industries 
Next to overall competitiveness influenced by energy prices, EU carbon policy will 
additionally play a large role in determining the future of the energy-intensive 
industries in Europe. Relying to a large extent on price-based policies, the EU-ETS 
will soon be accompanied by a Carbon Border Adjustment Mechanism (CBAM) at 
the centre of its climate policy. Allowance prices have been rising over the last few 
years, exceeding EUR 100/t CO2 in February 2023 for the first time, before falling 
and averaging about EUR 85/t CO2 in the second half of the year. In addition, 
progressing decarbonisation will ease the burden accordingly as companies invest 
in reducing the carbon intensity of production. Other countries outside the 
European Union have significantly lower carbon prices and/or rely on subsidy-
based programmes (such as the United States with the Inflation Reduction Act of 
2022), or have no effective policies targeting CO2 emissions.  

Additionally, the European Union uses a range of measures to counter potential 
negative effects on the competitiveness and carbon leakage of industry. After 
providing free allowances to energy-intensive industries in the first years of the 
EU-ETS, the CBAM will be phased in, pricing embedded carbon on EU imports 
for key sectors, including cement, aluminium, steel and fertilisers. This can aid 
competitiveness in the domestic market and shield against import pressure. 
However, EU firms largely relying on exports will still need to compete in 
international markets, where other firms might face less stringent carbon pricing 
policies. Partially addressing this, electricity compensation schemes allow 
member states to provide state aid for a limited time up until 2030, to offset 
increases in electricity cost associated with the EU-ETS (see the Prices chapter 
for more details.)  

https://www.globalcement.com/news/item/13959-council-of-europe-bans-cement-imports-from-russia
https://ec.europa.eu/commission/presscorner/detail/en/qanda_22_5990
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/petrochemicals/101022-eu-agrees-latest-package-of-sanctions-against-russia-including-chemical-export-import-bans
https://steelnews.biz/eu-sanctions-russian-aluminium-imports/
https://www.reuters.com/world/europe/eu-adopts-12th-package-sanctions-against-russia-2023-12-18/
https://icapcarbonaction.com/en/ets-prices
https://www.ft.com/content/53e91aab-3290-4eb8-944d-19b9ee915baa
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Global electricity demand from data centres 
could double towards 2026 

We estimate that data centres, cryptocurrencies, and artificial intelligence (AI) 
consumed about 460 TWh of electricity worldwide in 2022, almost 2% of total 
global electricity demand. Data centres are a critical part of the infrastructure that 
supports digitalisation along with the electricity infrastructure that powers them. 
The ever-growing quantity of digital data requires an expansion and evolution of 
data centres to process and store it. Electricity demand in data centres is mainly 
from two processes, with computing accounting for 40% of electricity demand of 
a data centre. Cooling requirements to achieve stable processing efficiency 
similarly makes up about another 40%. The remaining 20% comes from other 
associated IT equipment. 

Future trends of the data centre sector are complex to navigate, as technological 
advancements and digital services evolve rapidly. Depending on the pace of 
deployment, range of efficiency improvements as well as artificial intelligence and 
cryptocurrency trends, we expect global electricity consumption of data centres, 
cryptocurrencies and artificial intelligence to range between 620-1 050 TWh in 
2026, with our base case for demand at just over 800 TWh – up from 460 TWh in 
2022. This corresponds to an additional 160 TWh up to 590 TWh of electricity 
demand in 2026 compared to 2022, roughly equivalent to adding at least one 
Sweden or at most one Germany. 

Global electricity demand from data centres, AI, and cryptocurrencies, 2019-2026  

 
IEA. CC BY 4.0. 

Notes: Includes traditional data centres, dedicated AI data centres, and cryptocurrency consumption; excludes demand 
from data transmission networks. The base case scenario has been used in the overall forecast in this report. Low and high 
case scenarios reflect the uncertainties in the pace of deployment and efficiency gains amid future technological 
developments.   
Sources: Joule (2023), de Vries, The growing energy footprint of AI; CCRI Indices (carbon-ratings.com); The Guardian, 
Use of AI to reduce data centre energy use; Motors in data centres; The Royal Society, The future of computing beyond 
Moore’s Law; Ireland Central Statistics Office, Data Centres electricity consumption 2022; and Danish Energy Agency, 
Denmark’s energy and climate outlook 2018. 
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https://www.baldor.com/mvc/DownloadCenter/Files/BR267
https://www.sciencedirect.com/science/article/pii/S2542435123003653?dgcid=author
https://indices.carbon-ratings.com/?
https://www.theguardian.com/environment/2016/jul/20/google-ai-cut-data-centre-energy-use-15-per-cent
https://search.abb.com/library/Download.aspx?DocumentID=BR267&LanguageCode=en&DocumentPartId=&Action=Launch
https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0061
https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0061
https://www.cso.ie/en/releasesandpublications/ep/p-dcmec/datacentresmeteredelectricityconsumption2022/keyfindings/
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/deco18.pdf
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Data centres are significant drivers of electricity demand 
growth in many regions  

There are currently more than 8 000 data centres globally, with about 33% of these 
located in the United States, 16% in Europe and close to 10% in China. US data 
centre electricity consumption is expected to grow at a rapid pace in the coming 
years, increasing from around 200 TWh in 2022 (~4% of US electricity demand), 
to almost 260 TWh in 2026 to account for 6% of total electricity demand. Growth 
will be driven by increased adoption of 5G networks and cloud-based services, as 
well as competitive state tax incentives. 

China's State Grid Energy Research Institute expects electricity demand in the 
country’s data centre sector to double to 400 TWh by 2030, compared to 2020. 
We forecast electricity consumption from data centres in China to reach around 
300 TWh by 2026. Regulations are being updated to promote sustainable 
practices in current and future data centres to align them with decarbonisation 
strategies. A major source of data centre growth is expected to come from the 
rapid expansion of 5G networks and the Internet of Things (IoT). 

In the European Union, data centre electricity consumption is estimated at slightly 
below 100 TWh in 2022, almost 4% of total EU electricity demand. Around 1 240 
data centres were operating within Europe in 2022, with the majority concentrated 
in the financial centres of Frankfurt, London, Amsterdam, Paris, and Dublin. With 
a significant number of additional data centres planned, as well as new 
deployments that can be expected to be realised over the coming years, we 
forecast that electricity consumption in the data centre sector in the European 
Union will reach almost 150 TWh by 2026. 

Almost one-third of electricity demand in Ireland is 
expected to come from data centres by 2026 

In Europe, the data centre market in Ireland is developing rapidly as their electricity 
consumption grows along with new policies and initiatives. Electricity demand from 
data centres in Ireland was 5.3 TWh in 2022, representing 17% of the country's 
total electricity consumed. That is equivalent to the amount of electricity consumed 
by urban residential buildings. At this pace, Ireland’s data centres may double their 
electricity consumption by 2026, and with AI applications penetrating the market 
at a fast rate, we forecast the sector to reach a share of 32% of the country’s total 
electricity demand in 2026. Ireland’s stock of data centres, currently at 82, is 
expected to grow by 65% in the coming years, with 14 data centres under 
construction and 40 approved to start the building phase. Ireland has one of the 
lowest corporate tax rates in the European Union (12.5%), which is an advantage 
for the sector’s expansion in the country. By contrast, European OECD countries’ 
average corporate tax rate is 21.5%.  

https://www.datacenterknowledge.com/business/state-data-center-tax-incentives-and-legislation-2023#close-modal
https://english.www.gov.cn/statecouncil/ministries/202112/09/content_WS61b13edac6d09c94e48a1f81.html#:%7E:text=According%20to%20a%20report%20from%20China%27s%20State%20Grid,for%202.7%20percent%20of%20the%20country%27s%20electricity%20consumption.
https://pdf.euro.savills.co.uk/european/european-commercial-markets/spotlight-eu-data-centre---november-2022-.pdf
https://pdf.euro.savills.co.uk/european/european-commercial-markets/spotlight-eu-data-centre---november-2022-.pdf
https://pdf.euro.savills.co.uk/european/european-commercial-markets/spotlight-eu-data-centre---november-2022-.pdf
https://www.cso.ie/en/releasesandpublications/ep/p-dcmec/datacentresmeteredelectricityconsumption2022/keyfindings/
https://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid_SONI_Ireland_Capacity_Outlook_2022-2031.pdf
https://www.irishtimes.com/business/2023/06/17/up-to-82-data-centres-operating-in-republic/
https://taxfoundation.org/data/all/eu/corporate-tax-rates-europe-2023/#:%7E:text=On%20average%2C%20European%20OECD%20countries,was%2023.4%20percent%20in%202022.
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The rapid expansion of the data centre sector and the elevated electricity demand 
can pose challenges for the electricity system. To safeguard the system’s stability 
and reliability, Ireland’s Commission for Regulation of Utilities published in late 
2021 its decision on the new requirements applicable to new and ongoing data 
centre grid connection applications with three assessment criteria to determine if 
the connection offer can be made. First, the location of the data centre with respect 
to whether they are within a constrained region of the electricity system. Second, 
the ability of the data centre to bring onsite dispatchable generation and/or storage 
equivalent, at least, to their demand. Third, the ability of the data centre to provide 
flexibility in their demand by reducing it when requested by a system operator. For 
the third clause, data centre operators that offer their servers for hire will have to 
update their contracts to reflect the new regulations. These requirements 
showcase the local government’s inclination to grant connections to those 
operators that can make efficient use of the grid and incorporate renewable energy 
sources with a view of decarbonisation targets. 

Estimated data centre electricity consumption and its share in total electricity demand 
in selected regions in 2022 and 2026 

 
IEA. CC BY 4.0. 

Note: Includes traditional data centres and dedicated AI data centres, excludes consumption from cryptocurrencies and 
data transmission networks. 
Sources: IEA, Data Centres and Data Transmission Networks; Lawrence Berkeley National Laboratory, United Stated Data 
Center Energy Usage Report; Ireland Central Statistics Office, Data Centres Metered Electricity Consumption 2022; Danish 
Energy Agency, Denmark’s Energy and Climate Outlook 2018; China’s State Council, Green data centres in focus; 
European Commission, Energy-efficient Cloud Computing Technologies and Policies for an Eco-friendly Cloud Market; 
Joule (2023), Alex de Vries, The growing energy footprint of artificial intelligence; and Crypto Carbon Ratings Institute, 
Indices.  
 

Denmark currently hosts 34 data centres, half of them located in Copenhagen. As 
in Ireland, Denmark’s total electricity demand is forecast to grow mainly due to the 
data centre sector’s expansion, which is expected to consume 6 TWh by 2026, 
reaching just under 20% of the country’s electricity demand. Denmark is the hub 
for a new pan-European initiative, Net Zero Innovation Hub for Data Centers. The 
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https://www.cru.ie/publications/27081/
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://eta-publications.lbl.gov/sites/default/files/lbnl-1005775_v2.pdf
https://eta-publications.lbl.gov/sites/default/files/lbnl-1005775_v2.pdf
https://www.cso.ie/en/releasesandpublications/ep/p-dcmec/datacentresmeteredelectricityconsumption2022/keyfindings/
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/deco18.pdf
https://english.www.gov.cn/statecouncil/ministries/202112/09/content_WS61b13edac6d09c94e48a1f81.html#:%7E:text=According%20to%20a%20report%20from%20China%27s%20State%20Grid,for%202.7%20percent%20of%20the%20country%27s%20electricity%20consumption.
https://digital-strategy.ec.europa.eu/en/library/energy-efficient-cloud-computing-technologies-and-policies-eco-friendly-cloud-market
https://www.sciencedirect.com/science/article/pii/S2542435123003653?dgcid=author
https://indices.carbon-ratings.com/?
https://www.datacentermap.com/denmark/
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/deco18.pdf
https://www.netzerodatacenters.com/_files/ugd/51e844_5141b3cdffdb4d9e8a1ca4ed57c638f1.pdf


Electricity 2024 Global trends 
Analysis and forecast to 2026  

PAGE | 34  I E
A.

 C
C

 B
Y 

4.
0.

 

hub offers a space for collaboration between suppliers, operators and 
governments to enable progress towards the sector’s innovation and 
decarbonisation while meeting increasing regulatory demands. 

Data centres in Nordic countries – such as Sweden, Norway, and Finland – 
benefit from lower electricity costs. This is attributed to lower cooling demand due 
to their colder weather, and to lower electricity prices in comparison to other major 
data centre hubs, such as Germany, France and the Netherlands. The largest 
actor amongst Nordic countries is Sweden, with 60 data centres, and half of them 
in Stockholm. In August 2023, plans for a nuclear-powered data centre were 
announced utilising small modular reactors (SMR) technology on the east coast 
of Sweden, with a commissioning date envisaged for 2030. Given decarbonisation 
targets, Sweden and Norway may further increase their participation in the data 
centre market since almost all of their electricity is generated from low-carbon 
sources. 

In the United States, the largest data centre hubs are located in California, Texas 
and Virginia. In the case of Virginia, their economy was dominated in 2021 by the 
data centre sector expansion, attracting 62% of all of the state’s new investments 
and providing more than 5 000 new jobs. Northern Virginia is the largest data 
centre market in the country, collecting USD 1 billion in local tax revenues per 
year, with growth trending higher as companies, such as Amazon’s planned 
USD 35 billion expansion by 2040, continue to increase their investment in the 
state. New legislation is aimed at tightening regulations on data centre 
developments, including zoning rules, mandatory environment and resource 
impact assessments, as well as guidelines on water usage. In US northeastern 
states, the regional transmission organisation PJM expects data centres to 
increasingly drive electricity demand, forecasting a rise in summer peak load from 
151 GW in 2024 to 178 GW by 2034. 

Artificial intelligence and cryptocurrencies are additional 
sources of electricity demand growth 

Market trends, including the fast incorporation of AI into software programming 
across a variety of sectors, increase the overall electricity demand of data centres. 
Search tools like Google could see a tenfold increase of their electricity demand 
in the case of fully implementing AI in it. When comparing the average electricity 
demand of a typical Google search (0.3 Wh of electricity) to OpenAI’s ChatGPT 
(2.9 Wh per request), and considering 9 billion searches daily, this would require 
almost 10 TWh of additional electricity in a year.  

AI electricity demand can be forecast more comprehensively based on the amount 
of AI servers that are estimated to be sold in the future and their rated power. The 
AI server market is currently dominated by tech firm NVIDIA, with an estimated 

https://ec.europa.eu/eurostat/statistics-explained/images/3/3e/Electricity_prices_for_non-household_consumers%2C_first_half_2023_%28euro_per_kWh%29_23-10-2023.png
https://www.datacentermap.com/sweden/
https://www.datacenterdynamics.com/en/news/nuclear-powered-campus-in-sweden-will-power-data-centers/
https://www.datacentermap.com/usa/
https://www.nvtc.org/topics/data-center-and-cloud/report/
https://www.reuters.com/markets/deals/amazons-aws-invest-35-bln-virginia-2023-01-20/
https://www.datacenterknowledge.com/manage/data-center-legislation-how-new-laws-affect-industry-growth
https://insidelines.pjm.com/pjm-publishes-2024-long-term-load-forecast/
https://www.sciencedirect.com/science/article/pii/S2542435123003653?dgcid=author
https://www.sciencedirect.com/science/article/pii/S2542435123003653?dgcid=author
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95% market share. In 2023, NVIDIA shipped 100 000 units that consume an 
average of 7.3 TWh of electricity annually. By 2026, the AI industry is expected to 
have grown exponentially to consume at least ten times its demand in 2023. 

Estimated electricity demand from traditional data centres, dedicated AI data centres 
and cryptocurrencies, 2022 and 2026, base case 

 
IEA. CC BY 4.0. 

Note: Data centre electricity demand excludes consumption from data network centres.  
Sources: IEA forecast based on data and projections from Data Centres and Data Transmission Networks; Joule (2023), 
Alex de Vries, The growing energy footprint of artificial intelligence; Crypto Carbon Ratings Institute, Indices; Ireland 
Central Statistics Office, Data Centres Metered Electricity Consumption 2022; and Danish Energy Agency, Denmark’s 
Energy and Climate Outlook 2018.  
 

In 2022, cryptocurrencies consumed about 110 TWh of electricity, accounting for 
0.4% of the global annual electricity demand, as much as the Netherland’s total 
electricity consumption. In our base case, we anticipate that the electricity 
consumption of cryptocurrencies will increase by more than 40%, to around 
160 TWh by 2026. Nevertheless, uncertainties remain for the pace of acceleration 
in cryptocurrency adoption and technology efficiency improvements. Ethereum, 
the second largest cryptocurrency by market cap, reduced its electricity demand 
by an amazing 99% in 2022 by changing its mining mechanism. By contrast, 
Bitcoin is estimated to have consumed 120 TWh by 2023, contributing to a total 
cryptocurrency electricity demand of 130 TWh. Challenges in reducing electricity 
consumption remain, as energy savings can be offset by increases in other energy 
consuming operations, such as other cryptocurrencies, even as some become 
more efficient. 
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https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://www.sciencedirect.com/science/article/pii/S2542435123003653?dgcid=author
https://indices.carbon-ratings.com/?
https://www.cso.ie/en/releasesandpublications/ep/p-dcmec/datacentresmeteredelectricityconsumption2022/keyfindings/
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/deco18.pdf
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/deco18.pdf
https://ethereum.org/en/energy-consumption/
https://ccaf.io/cbnsi/cbeci
https://indices.carbon-ratings.com/?
https://www.sciencedirect.com/science/article/pii/S2666389922002653?via%3Dihub
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Efficiency improvements and regulations will be crucial 
in restraining data centre energy consumption 

The revised Energy Efficiency Directive from the European Commission includes 
regulations applicable to the European data centre sector, promoting more 
transparency and accountability to enhance electricity demand management. 
Starting from 2024, operators have mandatory reporting obligations for the energy 
use and emissions from their data centres, and large-scale data centres are 
required to have waste heat recovery applications, when technically and 
economically feasible, while meeting climate neutrality by 2030. An earlier EU 
regulation, applicable since 2020, sets efficiency standards for data centres 
enabling better control over their environmental impact. A self-regulatory 
European initiative created in 2021, called the Climate Neutral Data Centre Pact, 
sets targets to achieve climate neutrality in the sector by 2030. More than 60 data 
centre operators have signed on to the pact, including large operators like Equinix, 
Digital Realty and Cyrus One. 

In the United States, the Energy Act of 2020 requires the federal government to 
conduct studies on the energy and water use of data centres, to create applicable 
energy efficiency metrics and good practices that promote efficiency, along with 
public reporting of historical data centre energy and water usage. The Department 
of Energy (DOE) is supporting the local production of semiconductors and is 
funding the development of more efficient semiconductors over the next two 
decades. More efficient semiconductors reduce cooling requirements, thus 
supporting the decarbonisation of the sector. At a state level, regulators in Virginia 
and Oregon have already imposed requirements for better sustainability practices 
and carbon emissions reductions. 

Chinese regulators will require all data centres acquired by public organisations to 
improve their energy efficiency and be entirely powered by renewable energy by 
2032, starting with a 5% share mandate for renewables in 2023. 

New fields of research can help increase efficiency and 
reduce energy consumption in data centres 

The primary drivers of data centre electricity demand are the cooling systems and 
the servers themselves, with each typically accounting for 40% of the total 
consumption. The remaining 20% is consumed by the power supply system, 
storage devices and communication equipment. The adoption of high-efficiency 
cooling systems has the potential to reduce electricity demand in data centres by 
10%. Other cooling research shows that a 20% reduction in consumption can be 
achieved when operating with direct-to-chip water cooling and specific low viscous 
fluids to cool all other components. Machine learning can help reduce the  
 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ%3AJOL_2023_231_R_0001&qid=1695186598766#d1e32-90-1
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0424
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0424
https://www.climateneutraldatacentre.net/2023/07/06/the-climate-neutral-data-centre-pact-announces-its-first-certifications-of-adherence/
https://www.energy.senate.gov/services/files/32B4E9F4-F13A-44F6-A0CA-E10B3392D47A
https://www.energy.gov/eere/articles/department-energy-announces-pledges-21-organizations-increase-energy-efficiency
https://www.datacenterknowledge.com/manage/data-center-legislation-how-new-laws-affect-industry-growth
https://www.datacenterdynamics.com/en/news/new-oregon-proposes-clean-energy-standards-for-data-centers/
https://enviliance.com/regions/east-asia/cn/report_10060
https://www.baldor.com/mvc/DownloadCenter/Files/BR267
https://search.abb.com/library/Download.aspx?DocumentID=BR267&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=BR267&LanguageCode=en&DocumentPartId=&Action=Launch
https://www.sciencedirect.com/science/article/pii/S2214157X23002319
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electricity demand of servers by optimizing their adaptability to different operating 
scenarios. Google reported using its DeepMind AI to reduce the electricity demand 
of their data centre cooling systems by 40%.  

In the long term, replacing supercomputers with quantum computers could reduce 
electricity demand of the sector if the transition is supported by efficient cooling 
systems. Quantum computers deliver more and faster processing power than 
supercomputers while consuming less energy, but they need to be cooled to 
temperatures near absolute zero (-273°C) while supercomputers can operate at 
21°C. 

Data centres are evolving towards more sustainable and efficient operations, 
including transitioning to Hyperscale Data Centres, which can run large-scale 
operations without a significant increase in electricity consumption. This transition 
is also financially attractive, with the global market for Hyperscale Data Centres 
projected to double in size by 2026 compared to 2023, reaching a value of 
USD 212 billion.   

Another promising field of research for decarbonising data centre operations 
involves time and location shifting of electricity demand. Software developments 
can allow operators to temporarily shift power loads with carbon-aware models 
that relocate data centre workloads to regions with lower carbon intensity at 
selected times. Simultaneously, such methodology has shown the probability of 
increasing the operational affordability by reducing costs of consuming low-
emissions energy around the clock by up to 34%. Results of this methodology 
combined with other energy efficiency measures in place and on-site low-emission 
energy production have demonstrated that data centres can achieve a 64% share 
of carbon-free energy in their total electricity consumption, according to Google’s 
2023 Environmental Report. 

Rising self-consumption in distributed 
systems and data collection challenges 

As part of the energy transition, distributed generation has been increasing in 
many parts of the world. This is most notably reflected in rising rooftop solar PV 
installations and growing amounts of self-consumption from behind-the-meter 
solar PV. By 2022, self-consumption from distributed solar PV generation 
accounted for about 2% of total electricity demand in Italy. In countries such as 
Germany, Spain, Brazil and Japan this share is estimated to be around 1% of total 
electricity demand in 2022. However, an accelerating trend in Spain and Brazil 
can be observed. 

https://deepmind.google/discover/blog/deepmind-ai-reduces-google-data-centre-cooling-bill-by-40/#:%7E:text=Our%20machine%20learning%20system%20was,and%20other%20non%2Dcooling%20inefficiencies.
https://theconversation.com/could-energy-efficiency-be-quantum-computers-greatest-strength-yet-191989
https://www.osti.gov/servlets/purl/1880806
https://www.vertiv.com/en-asia/about/news-and-insights/articles/educational-articles/a-beginners-guide-to-data-center-cooling-systems/#:%7E:text=This%20is%20known%20as%20air,F%20(21%C2%B0C).
https://digital-strategy.ec.europa.eu/en/library/study-greening-cloud-computing-and-electronic-communications-services-and-networks-towards-climate
https://www.precedenceresearch.com/hyperscale-data-center-market#:%7E:text=The%20global%20hyperscale%20data%20center,forecast%20period%202023%20to%202032.
https://learn.greensoftware.foundation/carbon-awareness
https://zenodo.org/records/8185850
https://zenodo.org/records/8185850
https://www.gstatic.com/gumdrop/sustainability/google-2023-environmental-report.pdf
https://www.gstatic.com/gumdrop/sustainability/google-2023-environmental-report.pdf
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Estimated electricity self-consumption in distributed systems and its share in total 
electricity demand in selected countries, 2019-2022  

 
IEA. CC BY 4.0. 

Source: IEA estimates based on data and information from various sources; Federal Network Agency (Germany), 
Bundesnetzagentur; Federal Ministry of Economics and Climate Protection (Germany), BMWK; Strom-Report, Photovoltaic 
in Germany; APPA (Spain), Self-consumption yearly report; IEA, Photovoltaic Power Systems Programme; Terna, (Italy); 
EPE (Brazil), Brazilian distributed generation. 
 

Self-consumption is set to increase as more distributed resources are deployed in 
the context of the energy transition. Improved availability of distributed generation 
and self-consumption data will be increasingly important for accurate demand 
forecasts, peak load projections and grid planning. Depending on how self-
consumption is accompanied by deployment of domestic storage systems, 
increased reliance on self-consumption can also have a bearing on flexibility 
estimations for system balancing operations. Therefore, in addition to forecasts 
and planning, a complete data set on distributed generation and consumption can 
give valuable insights into the potential for local flexibility solutions to mitigate 
intermittency challenges in power systems increasingly based on renewable 
generation. 

Improved data exchange between distribution system operators (DSOs) and 
transmission system operators (TSOs) can contribute to a more comprehensive 
accounting of self-consumption. Regarding individual consumption data, collected 
data must be handled with a certain degree of confidentiality. Data privacy 
protection policies on the topic have been implemented and are continuously 
adapted to emerging changes. However, these policies need to be designed in 
such a way that they do not create an additional obstacle for data utilisation. New 
EU rules adopted in June 2023, for example, enhance this process. These 
amendments are aimed at improving interoperability between customers, utilities 
and eligible third parties that wish to access smart metering data while protecting 
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https://www.bundesnetzagentur.de/DE/Home/home_node.html
https://www.energiewechsel.de/KAENEF/Navigation/DE/Home/home.html
https://strom-report.com/photovoltaik/#:%7E:text=Mit%20gesamt%2057%2C6%20TWh,von%2067%20Gigawatt%20%5BGW%5D
https://strom-report.com/photovoltaik/#:%7E:text=Mit%20gesamt%2057%2C6%20TWh,von%2067%20Gigawatt%20%5BGW%5D
https://www.appa.es/wp-content/uploads/2023/02/Informe-Anual-Autoconsumo-Fotovoltaico-2022.pdf
https://iea-pvps.org/national-survey-reports/?year_p=&country=36&order=DESC&keyword=
https://www.terna.it/en
https://dashboard.epe.gov.br/apps/pdgd-eng/
https://energy.ec.europa.eu/news/commission-adopts-new-implementing-act-improve-access-metering-and-consumption-data-2023-06-06_en
https://energy.ec.europa.eu/news/commission-adopts-new-implementing-act-improve-access-metering-and-consumption-data-2023-06-06_en
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consumers. The new rules allow stakeholders to access historical smart meter 
data from 2019 onwards, including near-real-time data.  

Smart meter roll-out on the way for improved data 
collection 

Global smart meter investments doubled in 2022 compared to 2015, with the 
number of smart meters exceeding 1 billion worldwide. China accounts for more 
than half of the total figure, followed by the European Union with 16% and the 
United States with a share of 13%. Smart meter penetration varies significantly 
among countries and regions, with use in 80% of US households. An estimated 
70% EU consumers have a smart meter, and this share is expected to rise to 77% 
by 2024. In Latin America, approximately 10% of electricity consumers have smart 
meters, with 70% of this share in Brazil and Mexico. India aims to replace 
250 million conventional meters by 2026 and counts close to 8 million smart 
meters as of 2023. Lagged smart-meter roll out in several regions has been 
experienced due to budget constraints, complex procedures, and a general 
consumer concern on data privacy.  

Smart meters not only enable better and more detailed data collection, which can 
be used for an improved assessment of self-consumption, among other things, 
but can also enable considerable cost savings. For example, in 2018 alone, with 
an installation cost of EUR 180-200, smart meters in the European Union have 
reportedly allowed yearly savings of EUR 280 per metering point on average 
among the member states, which are based on direct and indirect benefits for 
consumers. Direct consumer benefits derive from an observed behavioural 
change in energy consumption triggered by the awareness of the granular data 
from smart meters. Additionally, timely information about dynamic tariffs motivates 
consumers to shift their energy consumption to times when is most economically 
convenient. Indirect benefits are enabled by an improvement on the utility’s 
operations, for example, by remote management of the metering system.

https://iea.blob.core.windows.net/assets/ea2ff609-8180-4312-8de9-494bcf21696d/ElectricityGridsandSecureEnergyTransitions.pdf
https://www.iea.org/commentaries/unleashing-the-benefits-of-data-for-energy-systems
https://www.smart-energy.com/industry-sectors/smart-meters/smart-electricity-meters-rollout-in-china-india-japan-and-south-korea/
https://op.europa.eu/en/publication-detail/-/publication/b397ef73-698f-11ea-b735-01aa75ed71a1/language-en
https://www.smart-energy.com/industry-sectors/smart-meters/128-million-smart-meters-in-us-in-2023/#:%7E:text=The%20Edison%20Institute%20for%20Electric,with%2073%25%20penetration%20in%202021.
https://energy.ec.europa.eu/topics/markets-and-consumers/smart-grids-and-meters_en
https://media.berginsight.com/2023/05/15185031/bi-smla1-ps.pdf
https://media.berginsight.com/2023/05/15185031/bi-smla1-ps.pdf
https://www.smart-energy.com/industry-sectors/smart-meters/india-5-million-smart-meter-milestone/amp/
https://www.nsgm.gov.in/en/state-wise-map
https://www.nsgm.gov.in/en/state-wise-map
https://www.bne-online.de/en/news/article/smart-meter-roll-out-the-german-case/
https://energy.ec.europa.eu/topics/markets-and-consumers/smart-grids-and-meters_en
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Supply: Clean electricity to meet 
all additional demand out to 2026 

Renewables overtake coal as the largest 
source of global electricity supply in 2025 

Our forecast period out to 2026 is characterised by three turning points with regard 
to low-carbon electricity sources. First, renewables are expected to generate more 
than one-third of world’s electricity in 2025, overtaking coal as the largest source 
of supply. Second, low-carbon sources – renewables and nuclear together – are 
expected to account for 46% of the world’s electricity generation by the end of 
2026, rapidly approaching the halfway mark, up from 39% in 2023. And finally, on 
a global scale, low-carbon generation is set to meet all the additional demand 
growth towards 2026. 

In 2023, growth in renewable power generation was relatively subdued, recording 
an increase of 5% compared to 8% in 2022, and was below the 2016-2022 
average of 6.5%. This was predominantly due to low hydropower output in various 
regions due to droughts, especially in China. Assuming the return to normal 
hydropower conditions, we expect stronger year-on-year gains in renewable 
generation, with a 14% surge in 2024 over the drought-stricken 2023, followed by 
an annual average of 9% in 2025-2026.  

Changes in global electricity generation, 2022-2026 

 
IEA. CC BY 4.0. 

Note: Other non-renewables includes oil, waste and other non-renewable energy sources. 
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Global nuclear generation is expected to reach a new historical high in 2025, 
exceeding the previous 2021 record. After rising by 2.7% in 2023, we forecast 
nuclear generation to grow on average by about 3% over the period 2024-2026. 
This is supported by the continued recovery in French nuclear output, restarts in 
Japan, and new plants coming online in many parts of the world, half of them in 
China and India alone. 

Year-on-year global change in electricity generation by source, 2019-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values.  
 

Over the forecast period, coal’s share in global electricity generation is set to drop 
to below one-third from 36% in 2023, marking another significant milestone. Coal-
fired generation is expected to have peaked in 2023, with 1.6% year-on-year 
growth, after which it is set to post a decline of 3% in 2024, assuming a recovery 
in hydropower generation from the drought-induced low levels of 2023. This is 
forecast to be followed by a slow structural decline of around 1% on average in 
2025-2026 under normal weather conditions. By contrast, following an increase of 
0.5% in 2023, global gas-fired generation is expected to continue to rise at an 
average annual growth rate of less than 1% out to 2026. This will be supported by 
coal-to-gas switching in various regions, with additional LNG supply becoming 
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Evolution of the shares of low-emissions sources vs. fossil fuels in global electricity 
generation (left), and the annual change of fossil fuel share (right), 1975-2026 

 
IEA. CC BY 4.0. 

 

Coal constrained by renewables in China, but 
not in other parts of Asia 

As highlighted in IEA’s Renewables 2023 report, China commissioned in 2023 as 
much solar PV capacity as the entire world did in 2022, while its wind power 
capacity additions also grew by 66% year-on-year. The strong expansion trend of 
renewables is expected to result in renewable generation growing by around 20% 
in 2024, assuming a recovery in hydropower, and 13% on average in 2025-2026, 
covering all the additional Chinese demand growth and suppressing coal-fired 
output. It should be noted that the weather impact, such as the reduced 
hydropower due to droughts as observed in recent years, can cause an uptick in 
Chinese coal-fired generation in individual years. However, the overall trend of 
coal-fired supply being restrained and replaced by strong growth in renewable 
energy sources (RES) is expected to remain largely stable.  

Given India’s rapid increase in demand for electricity, coal-fired power generation 
is expected to rise by an average 2.5% annually in 2024-2026. At the same time, 
renewable generation will accelerate, with an average annual growth rate of 13% 
over the period. 

Southeast Asia is another region with new coal-fired capacities coming online 
amid significant demand growth. Coal-fired generation is set to increase each year 
on average about 4% out to 2026. Renewables are expected to grow at a higher 
average 7% rate and gas-fired output at about 5% 
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In Japan, coal-fired generation is expected to decline annually on average by 3% 
and in Korea by 3% over our outlook period amid increased nuclear and 
renewable generation. In other parts of Asia, such as Bangladesh and Pakistan, 
new coal plants are coming online, with coal-fired generation forecast to record 
average annual growth rates of 18% and 6%, respectively, from 2024 to 2026. 

Year-on-year change in electricity generation by source in Asia, 2021-2026 

 
IEA. CC BY 4.0. 

Note: Other non-renewables includes oil, waste and other non-renewable energy sources.  
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Spotlight: Nuclear generation will reach a 
new record high by 2025 

Between 2024 and 2026, an additional 29 GW of new nuclear capacity is expected 
to come online globally, more than half of them in China and India. With new plants 
starting commercial operation in various regions, as well as French nuclear 
recovery and expected restarts in Japan, we forecast global nuclear generation 
will be almost 10% higher in 2026 compared to 2023. In 2025, global electricity 
generation from nuclear energy will have exceeded its previous record level in 
2021. 

In 2022 and 2023 many countries placed the phasing in or expansion of nuclear 
power at the centre of their strategies to reach climate policy objectives, sparking 
a significant revival of global interest in nuclear energy. The IEA’s updated Net 
Zero Roadmap shows nuclear energy more than doubling by 2050, 
complementing renewable deployment, and easing the pressure on critical 
mineral supply. With a minority of European countries currently planning to phase 
out nuclear energy, many emerging and a number of advanced economies are 
planning to phase in or expand nuclear energy generation. Based on the number 
of nuclear power plants that are currently under construction and new ones that 
are being planned, the growth in nuclear power is so far mainly in Asia. 

Evolution of nuclear power generation by region, 1972-2026 

 
IEA. CC BY 4.0 

Note: The 2026 forecast is based on projects currently under construction and expected to be operational by the end of the 
period. 
 

At COP28, over 20 countries signed a joint declaration to triple nuclear power 
capacity by 2050. Globally, that would mean an addition of 740 GW of nuclear 
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https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/nuclear-power-and-secure-energy-transitions
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capacity to the current stock of 370 GW. The World Nuclear Association estimates 
that, as of November 2023, 68 GW was under construction, with a further 109 GW 
currently planned and 353 GW proposed. In addition to the reactors currently 
under construction, even if all these planned and proposed projects are realised, 
reaching the goal of the declaration would require an additional 210 GW to reach 
the announced objective by 2050.  

Nuclear power capacity under construction, planned or proposed as of November 2023 

 
IEA. CC BY 4.0 

Notes: We use the definitions employed by the World Nuclear Association. Planned projects include ones that are 
approved, and funding is committed and available. The timing for commencement of operation is considered likely within 15 
years. Proposed projects include those where the site and scale are specified, but the timing and approval remains 
uncertain. 
Source: IEA analysis based on data from World Nuclear Association. 
 

Asia remains the epicentre of growth in nuclear power 
Asia’s share in global nuclear generation is expected to reach 30% in 2026. Based 
on reactors under construction with expected completion up until 2026, Asia is set 
to surpass North America as the region with the largest installed capacity. Nuclear 
power has seen particularly strong growth in China over the last decade, with 
capacity additions of about 37 GW. This has resulted in China’s share of global 
nuclear generation rising from 5% in 2014 to about 16% in 2023.  

China continues to lead in global nuclear capacity additions, with 27 GW currently 
under construction. In its 14th Five-Year Plan, China is aiming for total installed 
capacity of 70 GW by 2025. The country’s long-term commitment to nuclear power 
is further evidenced by its strategy to become increasingly self-reliant for its fuel 
cycle. Currently, China runs domestic mining operations with the capacity to cover 
around 15% of its yearly uranium demand. Having announced large domestic 
resources of 107 kt of uranium, China aims to source one-third of its uranium 
through domestic resources and equity stakes in mining operations in Africa.  
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https://world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-worldwide.aspx#:%7E:text=Nuclear%20reactors%20planned%20and%20proposed,and%20rapidly%2Drising%20electricity%20demand.
https://world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-worldwide.aspx#:%7E:text=Nuclear%20reactors%20planned%20and%20proposed,and%20rapidly%2Drising%20electricity%20demand.
https://www.forbes.com/sites/thebakersinstitute/2023/05/17/how-long-will-it-take-for-chinas-nuclear-power-to-replace-coal/
https://www.world-nuclear.org/information-library/country-profiles/countries-a-f/china-nuclear-fuel-cycle.aspx#FNR
https://www.world-nuclear.org/information-library/country-profiles/countries-a-f/china-nuclear-fuel-cycle.aspx#FNR
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Given these developments, technological leadership in nuclear power is shifting 
towards China and Russia. The technology providers for 70% of the reactors 
currently under construction were China and Russia. In addition, China started 
commercial operation of its first fourth-generation reactor at the Shidaowan plant 
in December 2023, a 200 MW unit with a high-temperature gas-cooled reactor 
using a modular design. There are ultimately ten similar units planned at the site. 

Technology providers of currently operational reactors (left) and of reactors that are 
currently under construction or in planning (right) 

 
IEA. CC BY 4.0 

Notes: Operational reactors in this figure also include the suspended reactors in Japan. Planned reactors include projects 
that are approved, and funding is committed and available. 
Source: IEA analysis based on in-house research and data from IAEA PRIS database (accessed January 2024). 
 

Contributing to large capacity additions in Asia, India announced in 2022 plans to 
triple its nuclear capacity by 2032, which corresponds to capacity additions of 
almost 13 GW, with 6 GW currently under construction. Bangladesh, with strong 
financial and technical support from Russia, currently has its first nuclear power 
plant under construction at the Rooppur site, where it recently received its first fuel 
shipment and is officially scheduled to begin commercial operations in 2024. 

Japan is set to continue its revival of nuclear energy as public opinion starts to 
favour the restart of nuclear reactors for the first time since the Fukushima 
incident. The current plans indicate a steady increase in operating capacity 
through 2024-2026, and the eventual goal for nuclear to account for 20% of the 
energy mix by 2030. Specifically, the Shimane Unit 2 reactor is planned to restart 
in August 2024, while the target to complete necessary safety adjustments at the 
Onagawa Unit 2 is also set for 2024. Further restarts, such as Tokai 2 and Shika 
2, scheduled for 2025 and 2026, have been delayed but remain on the agenda as 
a central pillar of Japan’s strategy to meet its emission reduction targets. 
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https://www.iea.org/reports/nuclear-power-and-secure-energy-transitions
https://www.reuters.com/world/china/china-starts-up-worlds-first-fourth-generation-nuclear-reactor-2023-12-06/
https://pris.iaea.org/pris/home.aspx
https://world-nuclear.org/information-library/country-profiles/countries-g-n/india.aspx#:%7E:text=In%20November%202022%2C%20India's%20Ministry,nuclear%20power%20capacity%20by%202032.
https://www.reuters.com/world/asia-pacific/bangladesh-gets-first-uranium-shipment-russia-nuclear-power-plant-2023-10-05/
https://www.reuters.com/world/asia-pacific/bangladesh-gets-first-uranium-shipment-russia-nuclear-power-plant-2023-10-05/
https://www.ft.com/content/721b66c6-fd73-432f-aef9-fe59befba2cf
https://www.japantimes.co.jp/news/2023/03/06/national/nuclear-power-revival/
https://world-nuclear.org/information-library/country-profiles/countries-g-n/japan-nuclear-power.aspx
https://www.reuters.com/article/japan-nuclearpower-chugoku-elec-pwr-idUKL1N3AN0L1
https://www.tohoku-epco.co.jp/news/normal/1237190_2558.html
https://world-nuclear.org/information-library/country-profiles/countries-g-n/japan-nuclear-power.aspx
https://www.reuters.com/world/asia-pacific/hokuriku-elec-hopes-restart-shika-no2-reactor-after-april-2026-2023-10-24/
https://www.reuters.com/world/asia-pacific/hokuriku-elec-hopes-restart-shika-no2-reactor-after-april-2026-2023-10-24/
https://www.japantimes.co.jp/news/2022/12/22/national/japan-nuclear-energy/
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Renewed interest in nuclear in Europe and Americas, but 
significant delays in ongoing projects raise concerns 

In Europe, the political landscape for the deployment of nuclear power is evolving. 
Germany has phased out its nuclear capacities, and Spain is still aiming for a 
phase out starting in 2027. Eleven member states in the European Union launched 
an alliance in February 2023 to co-operate on nuclear energy under the leadership 
of France, which grew to 14 members by its third meeting in May 2023. The goal 
of the alliance is to add 50 GW of nuclear capacity by 2050, which means a 50% 
increase in the installed nuclear power capacity in the European Union. The 
alliance also aims for nuclear to be treated equally to renewables in EU energy 
and climate policies. In line with that, in December 2023, the EU Council followed 
the European Parliament in voting to include nuclear energy as a strategic element 
to reach climate neutrality. 

In 2022, France announced plans to construct six new European Pressurised 
Reactors (EPR). Before the parliament debate on new energy strategy in January 
2024, the French Energy Minister reaffirmed plans to pursue an additional eight 
reactors with a combined capacity of 13 GW, planned for construction after 2026. 
In parallel, it is proceeding with a large-scale effort to extend the operations of its 
existing fleet, whose average lifetime is 37 years. The Netherlands, rescinding an 
earlier phase-out decision, declared nuclear energy as critical for its climate policy 
targets and announced in 2023 that it started negotiations for the construction of 
two new reactors by 2035. The new reactors are intended to meet 10% of Dutch 
electricity demand. Sweden also adopted a new regulation in 2023 to allow the 
construction of additional nuclear power plants. The Swedish government 
confirmed its commitment to nuclear power when it announced plans in November 
2023 for the construction of two new conventional reactors by 2035 and ten new 
reactors, including SMRs, by 2045. In addition, Sweden’s parliament passed 
additional legislation that allows, in principle, for more reactors than the ten 
reactors slated to be built by 2045. While not announcing any new capacity 
additions, Belgium has stated that a deal has been reached for the planned lifetime 
extension by ten years of its two newest reactors, Doel 4 and Tihange 3. With a 
combined capacity of 2 GW, they account for 35% of Belgium’s current nuclear 
capacity. 

In addition, Finland in 2023 announced a life-time extension of its Loviisa power 
plant, and started commercial operations of its largest reactor Olkiluoto 3. Slovenia 
announced an additional 20 years of operation for the existing reactor at the Krško 
Nuclear Station and reaffirmed its commitment to add a second block. Bulgaria is 
implementing its new nuclear strategy with plans to add four new reactors by 2053 
with the construction of 2.3 GW additional capacity at its Kozloduy site. Poland 
has made further steps in implementing its nuclear programme with an eventual 
capacity goal of 69 GW by 2040. The permit for the construction of its first nuclear 

https://www.euractiv.com/section/energy-environment/news/spains-election-frontrunners-plan-u-turn-in-nuclear-power-phase-out/
https://www.euractiv.com/section/energy-environment/news/eleven-eu-countries-launch-alliance-for-nuclear-power-in-europe/
https://www.world-nuclear-news.org/Articles/Alliance-calls-for-greater-European-support-for-nu
https://www.euractiv.com/section/energy-environment/news/nuclear-alliance-aims-for-150-gw-of-nuclear-power-in-eu-by-2050/
https://www.euractiv.com/section/energy-environment/news/french-led-nuclear-alliance-calls-for-equal-treatment-with-renewables/
https://www.euractiv.com/section/energy-environment/news/eu-countries-reinstate-nuclear-among-strategic-net-zero-technologies/
https://www.enerdata.net/publications/daily-energy-news/french-parliament-endorses-construction-6-nuclear-epr.html
https://www.enerdata.net/publications/daily-energy-news/french-parliament-endorses-construction-6-nuclear-epr.html
https://www.reuters.com/world/europe/nuclear-debate-nears-french-minister-sees-potential-14-new-reactors-2024-01-07/
https://world-nuclear.org/information-library/country-profiles/countries-g-n/netherlands.aspx
https://www.reuters.com/business/energy/netherlands-talking-three-suppliers-build-new-nuclear-power-plants-2023-06-29/
https://www.reuters.com/sustainability/climate-energy/swedish-parliament-passes-new-energy-target-easing-way-new-nuclear-power-2023-06-20/
https://www.reuters.com/business/energy/sweden-plans-new-nuclear-reactors-by-2035-can-take-costs-2023-11-16/
https://www.reuters.com/business/energy/belgium-engie-reach-deal-extension-nuclear-reactors-energy-minister-2023-12-04/
https://www.reuters.com/business/energy/belgium-engie-agree-nuclear-reactor-extensions-2023-06-29/
https://www.reuters.com/business/energy/belgium-engie-agree-nuclear-reactor-extensions-2023-06-29/
https://www.nucnet.org/news/regulator-gives-greenlight-to-loviisa-operation-until-2050-1-5-2023
https://www.nucnet.org/news/regulator-gives-greenlight-to-loviisa-operation-until-2050-1-5-2023
https://yle.fi/a/74-20027268
https://www.nucnet.org/news/ministry-gives-environmental-approval-for-operation-of-krsko-nuclear-station-for-60-years-1-2-2023
https://tockanai.hr/biznis/drugi-blok-ne-krsko-prve-megavate-mogao-bi-dati-nakon-2030-64033/
https://world-nuclear-news.org/Articles/Bulgaria-sets-out-plans-for-four-new-nuclear-react
https://www.reuters.com/world/europe/bulgaria-begin-work-two-reactors-kozloduy-nuclear-site-2023-10-25/
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plant in Pomerania was granted in July 2023, and construction is set to start in 
2026. The second reactor recently gained approval in November 2023, where two 
units are expected to supply 22 TWh annually from 2035 onwards. 

Ukraine continues its efforts to expand its nuclear capacity without reliance on 
Russia. In June 2022, Ukrainian energy provider Energoatom signed an 
agreement to extend the number of planned reactors provided by Westinghouse 
from five to nine. Further, in January 2023, the Cabinet approved plans for 
construction of two new reactors, Khmelnitsky 5 and 6, which are expected to be 
connected to the grid by 2030 and 2032, respectively. 

Policy agendas on nuclear energy of selected countries 

Phase in First considerations Phase out 

Bangladesh, Egypt, Poland, 
Türkiye, Uganda 

Albania, Algeria, Azerbaijan, Denmark, 
Estonia, Ethiopia, Ghana, Indonesia, 
Jordan, Kazakhstan, Kenya, Laos, Latvia, 
Lithuania, Morocco, Nigeria, Philippines, 
Rwanda, Saudi Arabia, Serbia, Sri Lanka, 
Sudan, Thailand, Uzbekistan 

Belgium (after lifetime 
extension of two reactors 
in the existing fleet), 
Germany, Spain 

 

Expansion Keeping steady 

Brazil, Bulgaria, Canada, China, Czechia, Hungary, India, 
the Netherlands, Pakistan, Romania, Russia, Slovakia, 
Slovenia, Korea, Sweden, UAE, Ukraine, United 
Kingdom, Argentina 

Belarus, Canada, Finland, France, Iran, Japan, 
Switzerland 

IEA. CC BY 4.0 

Sources: World Nuclear Association and news reports.  
 

In the United States, reactors with 37 GW of capacity initially had operating 
licences which will expire between 2030 and 2040. Under the subsequent licence 
renewal programme, the Nuclear Regulatory Commission is currently considering 
lifetime extensions for operating reactors from 60 to 80 years. Around 6 GW of 
capacity extensions have already been approved, with another 10 GW under 
review or expected to apply. Still, a further 21 GW of nuclear capacity, accounting 
for almost 23% of the capacity in operation, is, as of now, expected to suspend 
operations between 2030 and 2040. The replacement of this capacity will be a 
major challenge for the US nuclear sector. An estimated 17 GW of capacity is 
currently planned or proposed. However, only 2.5 GW at the Turkey Point site in 
Florida, including the new reactors Units 6 and 7, are estimated by the World 
Nuclear Association to start commercial operations before 2030, compared to 
scheduled retirements of 6.5 GW. Citing security of supply concerns during 
extreme weather events, California’s utilities regulator has granted a five-year 
extension to the Diablo Canyon Power plant with a capacity 2.3 GW in December 
2023, with the new licenses now running to 2029 and 2030 for the two reactors. 

https://world-nuclear-news.org/Articles/Polish-government-approves-first-nuclear-power-pla
https://www.world-nuclear-news.org/Articles/Second-large-Polish-nuclear-plant-gets-approval
https://info.westinghousenuclear.com/news/energoatom-and-westinghouse-begin-plant-license-process
https://world-nuclear.org/information-library/country-profiles/countries-t-z/ukraine.aspx
https://world-nuclear.org/information-library/country-profiles/countries-t-z/usa-nuclear-power.aspx
https://world-nuclear.org/information-library/country-profiles/countries-t-z/usa-nuclear-power.aspx
https://www.reuters.com/business/energy/californias-only-nuclear-plant-gets-state-approval-5-year-extension-2023-12-15/
https://www.reuters.com/business/energy/californias-only-nuclear-plant-gets-state-approval-5-year-extension-2023-12-15/
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In Canada, 1.2 GW of capacity is planned to come online by 2036 at the Darlington 
site. In addition, the province of Ontario has announced plans to start pre-
development for the addition of 4.8 GW of capacity. A major construction project 
in South America is ongoing in Brazil, where the extension of the ANGRA site is 
delayed by almost four years, now scheduled for 2027 after initial plans for 
commercial readiness by 2023. Argentina plans to add a reactor to its Atucha site 
in co-operation with China. 

Construction risk of nuclear projects remains the largest 
hurdle for financing 

Globally, nuclear construction projects that started between 2010 and 2020 had 
an average delay of around three years, which amounted to an additional 50% 
increase on top of the initially planned construction time. China had an average 
delay of just over two years, while the global average, excluding Chinese projects, 
is three and a half years, with some projects up to eight years behind schedule. 
While the issue of delays in construction is currently a major global concern, the 
delays in Europe and the United States exceed what is observed in other parts of 
the world, with China especially posting significantly fewer delays.  

The first reactor of the newest US nuclear power plant, Vogtle 3, went into 
commercial operation in 2023, with the second Vogtle 4 unit expected to follow in 
early 2024. The plant construction took twice as long as expected. After 
construction commenced in 2009, the two units were initially scheduled to start 
operations in 2016 and 2017. However, with Vogtle-3 only connected to the grid 
in late 2023 and Vogtle-4 now scheduled for early 2024, the construction took 
14 years to complete, double the initial time frame, resulting in a cost overshoot of 
USD 17 billion of an initial budget of USD 14 billion.  

France’s newest reactor in Flamanville, now scheduled to deliver its first electricity 
in 2024, was initially planned to be finished in 2016, and based on the most recent 
cost estimates it is now more than quadruple the initial budget. In Hinkley Point C, 
a joint project between the French EDF and Chinese CGN, the Chinese firm 
announced a freeze in payments in December 2023 after cost overruns reached 
a level that allowed the Chinese firm to refuse participation in the additional cost. 
EDF affirmed the project will be completed nonetheless, taking on the financial 
burden.  

Through cutting construction times and delays, and with the extensive experience 
of the construction of multiple plants in recent years, China is able to build nuclear 
power plants at significantly lower cost and with minimal delays compared to the 
United States and the European Union.  

https://www.power-technology.com/news/ontario-darlington-nuclear-expand/?cf-view
https://world-nuclear-news.org/Articles/Ontario-government-announces-support-for-nuclear-e#:%7E:text=The%20province's%20government%20has%20announced,in%20more%20than%2030%20years.
https://www.reuters.com/article/brazil-auction-angra-iii-idUSL2N1GY0V1
https://www.nsenergybusiness.com/projects/atucha-iii-nuclear-power-plant/
https://apnews.com/article/nuclear-power-georgia-vogtle-reactors-8fbf41a3e04c656002a6ee8203988fad
https://www.reuters.com/business/energy/edf-announces-new-delay-higher-costs-flamanville-3-reactor-2022-01-12/
https://www.bnnbloomberg.ca/china-s-cgn-halts-funding-for-uk-s-hinkley-point-nuclear-plant-1.2011216
https://www.bloomberg.com/news/newsletters/2023-08-28/china-s-fast-and-cheap-nuclear-gives-its-climate-ambitions-a-boost
https://www.bloomberg.com/news/newsletters/2023-08-28/china-s-fast-and-cheap-nuclear-gives-its-climate-ambitions-a-boost
https://www.iea.org/reports/projected-costs-of-generating-electricity-2020
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Average planned vs. realized construction time of nuclear power projects with 
construction starts after 2007 in selected regions 

 
IEA. CC BY 4.0. 

Notes: Realised counts the year when the plant went online. We include the most recent estimates of expected grid 
connection for ongoing projects that started before 2020. The projects still ongoing that have delays include Carem25, 
Rooppur-1, Rooppur-2, Angra-3, Fangchenggang-4, Zhangzhou-1, Zhangzhou-2, Flamanville-3, Hinkley Point C-1, Hinkley 
Point C-2, Kakrapar-4, Rajasthan-7, Rajasthan-8, Ohma, Akkuyu-1, Akkuyu-2. 
Source: IEA analysis of the individual nuclear power projects. 
 

The financing of nuclear projects involves high upfront capital costs, which 
amortise over long-time periods. This means that the profitability of a project is 
highly sensitive to construction risks and the cost of capital. With higher interest 
rates, construction delays can become even more costly through the increased 
value of time. The bulk of the risk is associated with the construction phase. Once 
a nuclear power plant is commissioned, the steady sale of electricity and the low 
share of fuel cost in total costs make it a low-risk asset, although some risks in 
relation to technical issues and maintenance, and a stable fuel supply remain. 
However, during the construction phase, technical issues, shortages of qualified 
staff, supply-chain disruptions or complex interactions with regulators can 
significantly lengthen construction times and escalate cost. Those instances could 
particularly raise the risk of interim interest payments due during the construction 
phase, which can jeopardize the financial viability of an ongoing project.  

Reducing construction risk can significantly bring down the cost of capital, which 
are a major cost factor for nuclear projects. While construction risk is inherent in 
all capital-intensive projects, there are best practices for project owners to 
minimise their exposure. Most importantly, complete and comprehensive design 
and planning should be completed before any construction begins. Further, high 
standards for documentation as well as integrated planning of interconnected 
dependencies are essential. Structural factors, such as supply-chain disruptions 
and skilled labour shortages need to be considered, and their potential impacts 
planned for. Pooling demand in a consortium to ensure future revenue streams 

0

 5

 10

 15

China India Europe North America Other Asia Rest of world

Ye
ar

s

Originally planned Realised

https://www.reuters.com/business/energy/edf-ordered-inspect-200-nuclear-pipe-weldings-after-more-cracks-discovered-2023-03-10/
https://www.economist.com/finance-and-economics/2023/09/21/why-uranium-prices-are-soaring
https://www.reuters.com/business/energy/finding-workforce-may-be-nuclears-largest-challenge-2022-10-03/
https://www.reuters.com/business/energy/finding-workforce-may-be-nuclears-largest-challenge-2022-10-03/
https://www.oecd-nea.org/upload/docs/application/pdf/2019-12/financing-plants.pdf
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through committed order books, as well as standardising projects, can further 
bring down risk, secure supply chain developments and facilitate learning curves. 

State involvement as a potential option to help reduce 
the cost of capital 

In addition to reducing construction risk, improving financing conditions will be 
important for the deployment of nuclear capacities. Whereas well-structured 
projects with creditworthy operators are a must, additional measures can be 
employed to manage the cost of capital. Especially in the case of incomplete 
financial markets, government interventions such as contracts for difference 
(CFDs), guarantees or market design measures can be economically justified. 
However, the risk of over-subsidising nuclear energy through these government-
backed instruments can also be a concern.  

In practice, financing issues have been addressed in various ways. One major 
approach is through the involvement of state actors. Projects can be directly 
funded through state financing, which is how a majority of nuclear projects are 
financed, for instance, in China. India only recently considered allowing private 
minority stakes in nuclear operations, with all operating plants financed through 
government funds. Governments can also step in as guarantors to bring down 
capital cost, which was the stated objective of the US government when providing 
guarantees for the financing of Vogtle 3 and 4. Similarly, Sweden, in light of its 
announcements to expand its nuclear capacity, has already offered loan 
guarantees for the construction of the newly planned nuclear sites.  

State actors interested in selling technology can also provide vendor financing, as 
done by Russia for the construction of Rooppur nuclear reactor in Bangladesh or 
the El-Dabaa plant in Egypt, where the country both sold its technology and 
provided financing instruments. Public support by ratepayers and the British 
government has recently been introduced in the United Kingdom, where the 
Regulated Asset Base model, originally intended for other parts of infrastructure, 
allows nuclear operators to reduce upfront capital requirements, which are divided 
among the different steps and revenue is already generated during the 
construction phase. This helps to cover parts of the capital requirement through 
applying surcharges to electricity consumers upfront to fund planning and 
construction phases in real time. An additional UK government support package 
(GSP) would be triggered if construction cost overruns exceed a certain level.   

By providing stable frameworks for the energy sector in general and electricity 
market design in particular, governments can remove parts of the operating risk 
exposure of nuclear power plants. While not removing the construction risk as the 
largest source of uncertainty, instruments stabilising revenue expectations, 
backed by state actors, can further help reduce cost of capital. Typical measures 

https://world-nuclear.org/information-library/economic-aspects/financing-nuclear-energy.aspx
https://www.reuters.com/world/india/india-considering-allowing-foreign-investment-nuclear-power-sources-2023-05-05/
https://apnews.com/article/nuclear-power-georgia-vogtle-reactors-8fbf41a3e04c656002a6ee8203988fad
https://www.reuters.com/business/energy/sweden-plans-new-nuclear-reactors-by-2035-can-take-costs-2023-11-16/#:%7E:text=Sweden%27s%20government%20has%20already%20offered,shoulder%20more%20of%20the%20burden.
https://www.reuters.com/business/energy/sweden-plans-new-nuclear-reactors-by-2035-can-take-costs-2023-11-16/#:%7E:text=Sweden%27s%20government%20has%20already%20offered,shoulder%20more%20of%20the%20burden.
https://www.reuters.com/world/asia-pacific/bangladesh-gets-first-uranium-shipment-russia-nuclear-power-plant-2023-10-05/
https://www.reuters.com/article/us-egypt-russia-nuclear-idUSKCN0YA1G5
https://www.gov.uk/government/news/future-funding-for-nuclear-plants
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include PPA, as implemented for the Akkuyu nuclear plant in Türkiye or CFDs 
agreements with a set strike price for sold electricity, as agreed on for the new 
Hinkley Point C reactor in the United Kingdom. Geopolitical energy strategies and 
limited options to diversify risks on financial markets can justify government 
interventions.  

Dedicated institutions with focused expertise and pooled capital can also be 
beneficial. Within this context, the International Bank for Nuclear Infrastructure 
(IBNI) intends to provide a wide range of financial and advisory services for the 
development of nuclear projects in its member states. According to its 
representatives, they expect 20-30 countries to sign the joint declaration for the 
establishment of the institution between December 2023 and the Nuclear Energy 
Summit in Brussels in March 2024.  

Green taxonomies can play a role in financing of nuclear energy but remain a 
political discussion. In July 2023, following the United Kingdom, China and Korea, 
the European parliament voted to include nuclear energy transitionally as a green 
power source into its new sustainability taxonomy. However, more than half of the 
world’s major private banks have excluded nuclear energy from their green 
financing frameworks. In response, the declaration to triple nuclear energy by 
2050, launched at the COP28, includes a statement urging financial institutions to 
include nuclear energy into their energy lending policies. 

SMR deployment is still at a small scale and is not 
without challenges, but R&D is picking up 

A new generation of SMR is intended to address some of the financing challenges 
of nuclear capacity by employing modular reactors, which might offer serial factory 
production, so that the final product can be shipped to the site. The smaller project 
size helps to facilitate the financing of projects as the capital requirements for any 
single project are decreased. Serial production would reduce construction risk on 
the side of the operator. Whilst the average capital cost per MW is likely to be 
similar, the cost uncertainty of SMR is estimated to be significantly lower than that 
of large reactors, where especially tail risks are strongly reduced. 

There are a range of technologies with different use-cases being developed and 
operated, ranging from microreactors with capacities below 10 MW and large 
reactors of up to 400 MW. Currently, according to the International Atomic Energy 
Agency (IAEA), there are only two countries operating SMRs, China and Russia. 
Whilst Russia is running an installation with 70 MW capacity, China recently 
started commercial operations of the first unit at the Shidaowan site with a capacity 
of 200 MW. The two countries combined currently have an additional 425 MW 
under construction. In addition, Argentina is planning to connect its test reactor 
Carem25 in 2027. The OECD Nuclear Energy Agency (NEA) estimates global 

https://world-nuclear.org/information-library/economic-aspects/financing-nuclear-energy.aspx
https://world-nuclear.org/information-library/economic-aspects/financing-nuclear-energy.aspx
https://nuclearbank-io-sag.org/
https://img1.wsimg.com/blobby/go/8593b45a-4452-46ac-9e76-81839d4d582a/downloads/230621%20Draft%20IBNI%20Joint%20Declaration.pdf?ver=1703853562830
https://world-nuclear-news.org/Articles/UK-to-class-nuclear-as-environmentally-sustainable
https://www.energypolicy.columbia.edu/publications/climate-finance-taxonomies-and-nuclear-energy-roundtable-report/
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_4349
https://www.reuters.com/sustainability/major-banks-yet-match-eu-with-nuclear-green-label-study-2023-07-06/
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://liftoff.energy.gov/wp-content/uploads/2023/05/20230320-Liftoff-Advanced-Nuclear-vPUB-0329-Update.pdf
https://aris.iaea.org/Publications/SMR_Book_2020.pdf
https://aris.iaea.org/Publications/SMR_Book_2020.pdf
https://world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-worldwide.aspx
https://www.oecd-nea.org/upload/docs/application/pdf/2021-10/small_modular_reactors_cop26_flyer.pdf


Electricity 2024 Global trends 
Analysis and forecast to 2026  

PAGE | 53  I E
A.

 C
C

 B
Y 

4.
0.

 

SMR capacity to reach 21 GW by 2035. Beyond 2040 there could be a large 
expansion of this technology if the goals of efficient production and low-risk 
installations can be realised. The OECD Nuclear Energy Agency’s SMR 
Dashboard provides a comprehensive overview of current developments in SMRs. 

The discontinuation of the NuScale SMR project set to deploy the first VOYGR 
SMR in Idaho (US) was notable in 2023. After failing to meet target subscription 
levels for future power output, and citing escalating cost, operator Utah Associated 
Municipal Power Systems (UAMPS) and NuScale agreed to terminate the project, 
scheduled to start operations in 2029. The project plan included six 77 MW 
modules. Initially, the costs were estimated at USD 58/MWh in 2020, however by 
2023 these projections had ballooned to USD 119/MWh due to increased material 
and equipment cost. In December 2023, a lawsuit was filed against NuScale by 
investors, accusing the company of actively withholding information about the 
financial issues of the now cancelled project from its investors. The outcome and 
influence on the financial viability of NuScale remains unclear at the time of writing 
this report. This event underlined the difficulties and vulnerabilities of pilot SMR 
projects, raising concerns about the future of them. However, NuScale has 
affirmed its continual commitment to its design and stated that other projects in 
the United States, as well as in Romania and Korea, are still being developed. As 
of November 2023, NuScale holds the US-model SMR design approved by the 
NRC.  

Despite the uncertainty surrounding the pace of mass deployment, there is a wide 
interest amongst numerous countries for the development of SMR as a 
technology. In December 2023, Holtec International announced plans to add two 
of its SMR-300 units to the existing Palisades site in Michigan, with commissioning 
expected in the mid-2030s. Canada has also affirmed its plans to rely on SMR 
technology as a central part of its energy strategy. Specifically, the province of 
Ontario plans to deploy four units of the 300 MW Hitachi BWRX from GE Hitachi 
Nuclear Energy at its Darlington site. Further, additional units have been proposed 
by New Brunswick Power at Point Lepreau and public funding is provided to 
prepare the deployment of Hitachi BWRX units in Saskatchewan. In addition, in 
December 2023, Poland announced its intent to deploy 24 300 MW Hitachi BWRX 
units at six locations. 

In addition, there are currently over 85 designs and concepts being developed by 
firms and operators in over 20 countries, including all major nuclear powers, such 
as China, the United States and Russia. In addition, France has recently 
announced the investment of USD 1 billion for the development of commercially 
viable SMRs until 2030 as a central part of its re-enhanced nuclear strategy, and 
in July 2023 confirmed co-operation with India to advance SMR technology. At the 
summit of G7 leaders in May 2023, a consortium from Japan, Korea and the 
United States announced the funding of an SMR for deployment in Romania. 

https://www.oecd-nea.org/upload/docs/application/pdf/2021-10/small_modular_reactors_cop26_flyer.pdf
https://www.oecd-nea.org/jcms/pl_78743/the-nea-small-modular-reactor-dashboard?details=true
https://www.oecd-nea.org/jcms/pl_78743/the-nea-small-modular-reactor-dashboard?details=true
https://www.world-nuclear-news.org/Articles/Idaho-SMR-project-terminated
https://www.opb.org/article/2023/11/22/nuscale-nuclear-power-lawsuit/
https://www.reuters.com/business/energy/nuscale-ceo-defends-modular-nuclear-plants-after-project-cancellation-2023-11-14/
https://www.reuters.com/business/energy/nuscale-ceo-defends-modular-nuclear-plants-after-project-cancellation-2023-11-14/
https://holtecinternational.com/2023/12/04/first-two-smr-300-units-slated-to-be-built-at-michigans-palisades-site-for-commissioning-by-mid-2030/
https://smractionplan.ca/
https://smractionplan.ca/
https://www.ge.com/news/press-releases/province-of-ontario-to-deploy-additional-ge-hitachi-bwrx-300-small-modular-reactors
https://www.cnsc-ccsn.gc.ca/eng/resources/status-of-new-nuclear-projects/nbpower/
https://www.canada.ca/en/natural-resources-canada/news/2023/08/government-of-canada-announces-federal-support-for-small-modular-reactor-smr-development-in-saskatchewan.html
https://www.world-nuclear-news.org/Articles/Six-SMR-power-plants-approved-in-Poland
https://www.elysee.fr/emmanuel-macron/2021/10/12/presentation-du-plan-france-2030
https://world-nuclear-news.org/Articles/France,-India-expand-cooperation-to-include-SMRs
https://world-nuclear-news.org/Articles/NuScale-s-Romanian-SMR-plan-gets-USD275-million-bo
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Further, in November 2023, the European Commission announced an Industrial 
Alliance to facilitate the development and deployment of SMRs in early 2024. At 
COP28, the United States announced a range of financial instruments through its 
Export-Import Bank to support the export of SMR technology. 

Number of ongoing SMR projects by country and status 

 
IEA. CC BY 4.0. 

Notes: The IAEA counts Japan’s HTTR test-reactor in Ōarai as an additional SMR in operation. Based on newer definitions 
on modularity, we exclude it from the statistic. 
Source: IEA analysis based on own research and data from IAEA. 
 

The largest players in developing new technologies are the United States, China 
and Russia, accounting for more than half of projects in the design phase. In 
Europe, there are currently 13 ongoing projects at varying stages of the design 
process, including in the United Kingdom, France, Denmark, the Czech Republic, 
Netherlands, Sweden and Italy.  

For SMRs, cogeneration or high temperature steam for industrial use are also 
being explored. All units currently operating or under construction have a capacity 
between 30-300 MW. China is operating a gas-cooled SMR, and also has 
water-cooled models under construction. Russia already runs a water-cooled unit 
and in addition is currently building a Fast-Neutron Spectrum reactor of the type 
Brest-OD-300 at the Seversk site. A considerable number of projects being 
developed are micro-reactors. Those are easily transportable and flexible units, 
and thus suited for use in remote areas, for the electrification of industrial 
complexes, research stations or military sites. The United States and Russia run 
more than half of the ongoing research projects for micro-reactors, with Japan’s 
Mitsubishi Heavy Industries also announcing plans to have a micro-reactor with a 
capacity of 0.5 MW commercialised by 2030. 

Accommodating the need for flexibility in energy systems, new SMR models are 
designed to provide more flexibility than current Generation III+ reactors. This 
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https://www.world-nuclear-news.org/Articles/European-Commission-to-create-SMR-Industrial-Allia
https://www.world-nuclear-news.org/Articles/European-Commission-to-create-SMR-Industrial-Allia
https://www.exim.gov/policies/small-modular-reactor-financing
https://aris.iaea.org/Publications/SMR_booklet_2022.pdf
https://world-nuclear-news.org/Articles/Construction-licence-issued-for-Russias-BREST-reac
https://asia.nikkei.com/Business/Energy/Mitsubishi-Heavy-aims-to-build-reactor-on-a-truck-by-2030s
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feature is advertised by both manufacturers, energy providers and international 
agencies. Other concepts combine SMRs with storage, such as a co-operation of 
TerraPower and GE Hitachi Nuclear Energy that aims to provide flexibility by 
combining a nuclear reactor with a thermal storage technology, which enables 
boosting the system output by over 40% during peak hours.  

Hydropower generation was reduced in 2023 
in numerous regions due to weather impact 

A common trend across multiple regions in 2023 was the significant reduction in 
hydropower generation due to weather impact, particularly droughts, below 
average rainfall and early snowmelt. As a result, global hydropower generation 
decreased by more than 2% in 2023 compared to year earlier. The global average 
hydropower capacity factor is estimated to have fallen to below 40%. This is the 
lowest value recorded since at least three decades and is well below the 2015-
2022 average of 42% and the average for 2004-2014 of 44%. 

Canada, China, Colombia, Costa Rica, India, Mexico, Türkiye, the United States, 
and Viet Nam, among other countries, all experienced varying degrees of 
reduction in hydropower generation. In some countries the reduced hydropower 
output resulted in energy shortages, increased reliance on alternative sources 
such as coal and thermal power, and concerns about electricity supply stability. 
The consequences varied, including power shortages, the need for additional 
thermal power procurement and higher CO2 emissions.  

Annual hydropower capacity factors in selected regions, 1991-2023 

 
Notes: The analysis includes reservoir and run-of-river type hydropower plants; excludes pumped hydro storage plants. 
 

In Asia, hydropower generation in China decreased by 5.6% due to severe 
droughts, contributing to a 6.2% increase in coal-fired generation. India faced 
challenges with a 15% drop in hydropower, which led to power shortages. To 
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https://www.edf.fr/groupe-edf/produire-une-energie-respectueuse-du-climat/lenergie-nucleaire/nous-preparons-le-nucleaire-de-demain/le-projet-smr-nuwardtm/le-projet
https://group.vattenfall.com/press-and-media/newsroom/2023/small-nuclear-reactors-the-next-big-thing
https://www.iaea.org/newscenter/news/what-are-small-modular-reactors-smrs
https://www.iaea.org/newscenter/news/what-are-small-modular-reactors-smrs
https://www.terrapower.com/our-work/natriumpower/
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ensure uninterrupted power supply, the government mandated blending 6% of 
imported coal with domestic coal until March 2024. Vietnam faced a power crisis 
due to a drought-induced hydropower shortage and the country had to significantly 
increase coal-fired generation and electricity imports. 

Hydropower output in the United States declined by 4.4% due to rapid spring 
snowmelt, impacting around 50% of the country’s hydropower capacity. Canada, 
where hydro accounts for over half of its electricity supply, similarly saw a 7% 
reduction in hydropower due to a mild winter affecting snowmelt. Multi-year 
droughts in Mexico led to a 40% decrease in hydropower generation in 2023, 
prompting operational alerts. El Niño Southern Oscillation impacts threatened 
Colombia's hydropower generation, which constitutes about 70% of the country’s 
annual electricity production. The El Niño phenomenon led to similarly lower 
hydropower output in Costa Rica in 2023, resulting in thermal generation 
contributing more than 5% to the electricity mix. 

The European Union recovered from the 20% drop in hydropower generation in 
2022, as output increased by 16%. However, Türkiye experienced a 4.5% decline 
in 2023 due to an extended drought, following a recovery in hydropower in 2022.  

The overall trend highlights the susceptibility of hydropower to weather patterns. 
Countries who are particularly hydropower-dependent can especially become 
adversely affected by weather-related disruptions to hydro availability. Diversifying 
energy sources, increasing interconnections and implementing strategies for 
improved security of supply in the face of changing weather patterns will be 
increasingly important. 

The supply chain of gas turbines is 
geographically concentrated in different ways 

The utilisation rates of gas-fired power plants in many regions are set to decline 
as they are utilised more flexibly with increasing wind and solar PV share in the 
generation mix. At the same time, as electricity demand continues to grow, new 
gas-fired power plants are being built to meet peak demand and provide 
dispatchable capacity.  

In the IEA’s World Energy Outlook 2023, the Stated Policies Scenario (STEPS) 
sees global installed capacity of gas-fired power plants in 2030 10% higher than 
in 2022, equivalent to about 200 GW of capacity additions. This compares to 
capacity additions of approximately 240 GW between 2015 and 2022 and shows 
there will be continued demand for gas turbines worldwide, eventually expected 
to be hydrogen-powered in the IEA’s NZE Scenario. For example, Germany, 
aiming to largely rely on renewable generation for its energy transition, is planning 

https://www.iea.org/reports/world-energy-outlook-2023
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to operate 23.8 GW of hydrogen power plants by 2035, with tenders expected to 
be auctioned by 2026.  

In expectation of these developments, major players are phasing in commercial 
hydrogen-ready turbines. In 2023, Siemens successfully operated a modified gas 
turbine with 100% hydrogen. Kawasaki Heavy Industries in 2023 commercialised 
a 1.8 MW hydrogen turbine. GE also has turbines with 100% hydrogen-firing 
capacity, and plans to provide utility-scale power plants fully based on hydrogen 
by 2030. It is also possible that turbines are powered by other renewable gases. 
Mitsubishi Heavy Industries is developing an ammonia-powered turbine, planned 
for commercialisation by 2025. 

Natural gas-fired turbines and hydrogen-ready gas turbines are technologically 
advanced systems that require a high level of expertise in the design and 
production phase. Consequently, only a handful of developers dominate the gas 
turbine market. In addition, the manufacture of gas turbines requires several 
critical minerals, the production of which are highly concentrated geographically. 
Geographic and market concentration in global supply chains of energy 
technologies can pose potential challenges that need to be considered by 
governments and relevant stakeholders, which recent IEA work on PV supply 
chains has analysed in-depth.  

Companies from North America and Europe dominate 
the production of gas turbines 

Turbine technology developers are highly concentrated, with the largest three 
companies operating globally holding over 85% of the market share by revenue in 
2021. GE Energy has a global market share of slightly over 45%, with Siemens 
Energy and Mitsubishi Power controlling 22% and 19%, respectively. Looking at 
the geographical distribution of the companies’ headquarters, gas turbine 
manufacturers are highly concentrated outside Asia. Firms with their corporate 
parent located in the United States hold over 50% of the global gas turbine market.  

These companies also have production facilities outside their home base. For 
example, in addition to its main US production facility in Greenville, North Carolina, 
GE operates a manufacturing centre in Birr, Switzerland. Siemens, whilst 
maintaining large manufacturing capabilities at its historic plant in Berlin, also 
operates facilities in Finspång, Sweden, as well as North Carolina in the United 
States. Notably, the company operates the largest manufacturing facility for gas 
turbines in the Middle East at its Siemens Dammam Energy Hub in Saudi Arabia, 
where the first “Made in KSA” gas turbine was assembled in 2016.  

https://www.reuters.com/sustainability/climate-energy/german-talks-with-eu-power-plant-subsidies-progressing-econ-ministry-2023-08-01/
https://hydrogeneurope.eu/siemens-and-others-test-first-100-h2-gas-turbine-in-france/
https://global.kawasaki.com/en/corp/newsroom/news/detail/?f=20230905_2781&wovn=fr
https://www.euractiv.com/section/energy/news/ge-eyes-100-hydrogen-fuelled-power-plants-by-2030/
https://power.mhi.com/news/20210301.html
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.turbomachinerymag.com/view/worldwide-gas-turbine-report
https://www.ge.com/gas-power/resources/case-studies/tm2500-birr-switzerland
https://www.siemens-energy.com/mea/en/company/megaprojects/siemens-energy-dammam-hub.html
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Exporters and importers of gas turbines in terms of trade volume by country, 
cumulative 2019-2021  

 
IEA. CC BY 4.0. 

Notes: The analysis is based on export and import data from the Centre d'études prospectives et d'informations 
internationales (CEPII), and considers the trade of gas turbines exceeding 5 MW, and aggregate by country. 
Source: CEPII, BACI bilateral trade flow dataset. 
 

The dominance of those three players, however, is not going unchallenged. 
Manufacturers in China, such as Harbin Turbine Company and Dongfang Electric 
Corp, and in Russia Power Machines, have recently connected their first heavy-
duty gas turbines. The Russian company has announced plans to build eight 
170 MW turbines annually by 2025, with the eventual goal of a production capacity 
of 12 turbines per year.  

The top six countries exporting gas turbines accounted for 70% of global exports 
between 2019-2021 in terms of trade volume (USD billion), with the United States 
the leader with a 30% share. The largest importer in terms of trade volume was 
also the United States, with a share of 10%, followed by China with 6%. The 
market concentration in importers is much lower, with the top six countries 
accounting for 30% of global imports. 

Mining of essential critical minerals for gas turbines is 
highly concentrated in a few emerging economies 

For gas turbines, the principal material requirements are low alloy steel as well as 
heat-resistant nickel-based super alloys for the turbine blades. The most relevant 
critical minerals used in the steel mixes are molybdenum, manganese, chromite, 
nickel, cobalt and rhenium. Putting the absolute mined amounts into perspective, 
the magnitude of these minerals is small compared to commodities such as iron 
ore. While in 2022, 2 600 Mt of iron ore, 22 Mt of copper and 20 Mt of manganese 
were mined globally, the amount of nickel mined was only 3.2 Mt, molybdenum 
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https://govt.chinadaily.com.cn/s/202303/06/WS640590e1498ea274927b1492/first-domestically-produced-ha-class-heavy-duty-gas-turbine-rolls-off-production-line.html
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https://www.chinadaily.com.cn/a/202301/02/WS63b2c6c1a31057c47eba7438.html
https://www.power-technology.com/news/russia-power-machines-turbine/
https://www.usgs.gov/centers/national-minerals-information-center/iron-ore-statistics-and-information
https://www.usgs.gov/centers/national-minerals-information-center/copper-statistics-and-information
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and cobalt were mined in the magnitude of 255 kt and 200 kt, respectively, and 
rhenium mining amounted to only 58 t globally. 

A study from the Fraunhofer Institute for Solar Energy Systems (ISE), estimates 
the material requirements by 2050 for a 385 MW Siemens Gas Turbine include 
precious metals of 247 kg/MW of high-alloy steel and 137 kg/MW of low-alloy 
steel. Further, the turbine requires almost 900 g/MW of copper. This translates, 
among others, into just under 45 kg/MW of chromite, 25 kg/MW of cobalt, around 
2.5 kg/MW of nickel, 2.8 kg/MW of manganese, and about 1.7 kg/MW of 
molybdenum. 

Recently, the global concentration of mining and processing of critical minerals 
has taken a prominent place in global discussions about the energy transition. The 
quantity of materials required for turbines is unlikely to be a significant user of the 
global demand for these materials, though they are used in multiple other 
engineering, chemical and medical applications. Nevertheless, it is important to 
understand the industry's dependence on the mineral supply chains to identify 
potential dependencies on concentrated or single suppliers. Supply disruptions 
affecting any of the major suppliers due to natural disasters or geopolitical tensions 
may lead to disruptions in the gas turbine industry supply chain. 

Share of global mining by region for selected critical minerals essential to gas turbine 
production, 2022 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from United States Geological Survey, National Minerals Information Center 
 

The mining of the required minerals is highly concentrated in some countries. An 
estimated 40% of global molybdenum mining takes place in China and similarly 
more than 40% of world’s chromite is mined in South Africa. The global landscape 
is even more concentrated for nickel, cobalt and rhenium. Indonesia is mining over 
50% of global nickel, and the Democratic Republic of the Congo (hereafter, 
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“Congo”) produces 70% of the global cobalt supplies. The vast majority of 
Congolese cobalt mines are owned and operated by Chinese firms. Chile alone 
mines half of global rhenium. Two other major miners of rhenium are Poland and 
the United States, each having a share of about 16% of total production.  

The global distribution of processing of those minerals is equally concentrated. 
Similar to mining, the largest players account for over 40% in each case, with the 
top three accounting for over 75% of global processing (except nickel with slightly 
over 65%). Notably, China holds an even stronger position in the processing step 
as compared to global mining. China dominates the global processing of two of 
the minerals required for the alloys in turbines, accounting for over 75% of both 
cobalt and molybdenum processing, and 67% of global manganese processing. 
Cobalt mined in Chinese-owned mines in Congo is largely processed in China. 
Further, China plays a significant role in the processing of chromite and nickel, 
thereby being an integral player in the supply chain of four out of five minerals 
critical for the gas turbine industry.  

Share of global processing by region for selected critical minerals essential to gas 
turbine production, 2022 

  
IEA. CC BY 4.0. 

Sources: IEA analysis based on data from European Commission, Raw Materials Information System (RMIS), IEA Critical 
Minerals Review 2023. 
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Emissions: CO2 from electricity 
sector entering a structural decline 

China accounts for half of the decline in 
global power generation emissions to 2026  

After a strong rebound of almost 8% in 2021, global emissions from electricity 
generation rose 1.4% in 2022. Similarly, emissions increased by 1% in 2023, 
which is an upward revision from our previous July forecast. Fossil-fired power 
generation decreased in many regions in 2023, particularly in the United States 
and the European Union. At the same time, on a global scale, fossil-fired output 
remained resilient amid reduced hydropower because of reasons such as 
droughts, below-normal rainfall, and low water availability due to early snowmelt. 
China, India, Viet nam, United States, Canada, Türkiye and Mexico, among 
others, were impacted by reduced hydropower generation. A strong increase in 
coal-fired output in China and India, driven by reduced hydropower and strong 
electricity demand growth, prevented a decline in global emissions in the electricity 
sector. Nevertheless, coal in China is expected to enter a slow but structural 
decline due to a significant increase in renewables deployment and the 
rebalancing of the economy. We expect global electricity sector emissions to fall 
2.4% in 2024, followed by 0.5% declines of 0.5% in 2025-2026. While extreme 
weather, economic shocks and government policies could cause upticks in 
individual years, the overall trend is expected to remain stable.  

CO2 emissions from electricity generation in selected regions, 2014-2026  

 
IEA. CC BY 4.0. 
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China, the United States and European Union 
lead declines in power sector emissions  

Global emissions from electricity generation are forecast to fall by more than 2% 
in 2024, followed by smaller declines of about 0.5% in both 2025 and 2026. The 
large contraction in emissions in 2024 assumes average weather conditions and 
that hydropower in China recovers from the drought-induced lows of the last three 
years, displacing coal and resulting in a 2.4% decline in China’s emissions from 
electricity generation. Followed by rapid renewables deployment and moderate 
demand growth, emissions in China are expected to decline by 1% per year on 
average in 2025-2026, falling back to 2022 levels. China is set to account for 
almost half of the total decline in global emissions from power generation from 
2024 to 2026. 

US power sector emissions are expected to decline on average by 4% over the 
2024-2026 period, led by the ongoing switch from coal to gas, and rapid growth of 
renewables. The country will account for one-quarter of the reductions in global 
power sector emissions, followed by the European Union at one-fifth of the total. 
EU annual reductions are forecast at an average 11% in 2024-2026. 

Over the outlook period, growth in electricity sector emissions is expected to come 
primarily from India, Southeast Asia, and other emerging economies. The 
continued growth in coal-fired generation in India and Southeast Asia, combined 
with rising gas-fired output in the Middle East, will put upward pressure on global 
emissions. Nevertheless, these increases in emissions are not enough to offset 
large decreases expected in China, the United States and the European Union. 

Forecasted changes in global CO2 emissions from electricity generation, 2026 vs. 2023 

  
IEA. CC BY 4.0. 

 

-162 -45

-167

-237
+114

+41

-8

12 250

12 500

12 750

13 000

13 250

13 500

13 750

M
t C

O
2

Changes 2026 vs. 2023 Annual total CO2 emissions

13 575

13 111



Electricity 2024 Global trends 
Analysis and forecast to 2026  

PAGE | 63  I E
A.

 C
C

 B
Y 

4.
0.

 

Emission intensity of the power sector to fall 
at an unprecedented rate 

As global emissions from power generation enter a structural decline, its CO2 
intensity is forecast to improve, by falling at an unprecedented average annual 4% 
over the 2024-2026 period, double the 2% rate of decline observed in 2015-2019. 
After a decline of 1% in 2023, global CO2 intensity is forecast to tumble by almost 
6% in 2024, which assumes a recovery in hydropower generation in China. This 
will be followed by an average annual decline of 3.5% in the 2025-2026 period, as 
the share of low-carbon sources (renewables and nuclear) in total supply continue 
to increase. Global CO2 intensity is expected to fall from 455 g CO2/kWh in 2023 
to 400 g CO2/kWh in 2026. 

The European Union is set to have the highest rate of relative decline out to 2026, 
at an average 13% per year, in emission intensity among the major energy 
consuming regions, followed by China (6%) and the United States (5%). By 2026, 
CO2 intensity of power generation in China is expected to fall to US levels from 
2014. Over the outlook period, India is also forecast to record a decline of 3% on 
average annually as the share of low-carbon sources increases. By contrast, 
emission intensity in Southeast Asia is expected to remain stable. 

CO2 intensity of electricity generation in selected regions, 2014-2026 

 
IEA. CC BY 4.0. 

Note: The CO2 intensity is calculated as total CO2 emissions divided by total generation. 
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CO2 intensity of electricity generation in the world, by selected countries and regions 
(g CO2/kWh), 2014-2026 

 
IEA. CC BY 4.0. 

Notes: The CO2 intensity is calculated as total CO2 emissions divided by total generation. The figures for 2024-2026 are 
forecast values. 
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Prices: Wholesale electricity prices 
fall from record highs 

Electricity prices in many regions still remain 
above pre-pandemic levels 

Wholesale electricity prices in many countries fell in 2023 from the record highs 
observed in 2022. The moderation in energy commodity prices, such as gas and 
coal, led wholesale electricity prices lower, particularly in Asia and Europe. The 
year-on-year reduced demand in Europe also added downward pressure on 
prices. Despite this, prices in these regions still remain significantly higher than 
pre-Covid levels. Futures prices also show varying trends among countries, 
reflecting different seasonal supply and demand fundamentals. 

Quarterly average wholesale prices for selected regions, 2019-2025 

 
 IEA. CC BY 4.0. 

Notes: Continuous lines show historical data and dashed lines refer to forward prices. Prices for Australia and the United 
States are calculated as the demand-weighted average of available prices in their regional markets. For the Nordics region, 
the Nord Pool system price is used for historical prices and EEX Nordics futures are used for forward prices.  
Sources: IEA analysis based on data from French transmission system operator RTE (France) accessed via the ENTSO-E 
Transparency Platform; German regulator Bundesnetzagentur, SMARD.de; AEMO, Aggregated price and demand data; 
EIA  Short-Term Energy Outlook January 2024; IEX, Area Prices; EEX, Power Futures; ASX, Electricity Futures © ASX 
Limited ABN 98 008 624 691 (ASX) 2020. All rights reserved. This material is reproduced with the permission of ASX. This 
material should not be reproduced, stored in a retrieval system or transmitted in any form whether in whole or in part 
without the prior written permission of ASX. Latest update: 19 January 2024. 
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Wholesale electricity prices declined in tandem with 
lower natural gas costs in many regions  

After peaking at an average USD 80/MWh in 2022, wholesale electricity prices in 
the United States fell 40% in 2023, to an average USD 46/MWh. The lower level 
reflected the 60% plunge in natural gas prices from their 2022 highs. The other 
factor was milder weather in both the winter and summer of 2023 versus the 
previous year. For 2024 the average US wholesale price outlook remains stable, 
slightly lower than a year ago, at around USD 40/MWh. This is about 15% higher 
than the 2019 average and remains the lowest wholesale electricity price among 
the markets considered in our analysis. 

In Australia, wholesale prices averaged AUD 82/MWh (USD 55/MWh) in 2023, 
down more than 50% from their 2022 highs and 10% below the 2019 average. In 
Q1 2023, wholesale electricity prices were zero or negative 12% of the time, 
largely due to record renewable generation contributing to the lowest Q1 
operational demand in the National Electricity Market (NEM) regions since 2005, 
according to the Australian Energy Market Operator (AEMO). At the same time, 
electricity from gas-fired generation, which typically is the most costly, reached its 
lowest Q1 level since 2005. In Q3 2023, record-setting renewable generation 
output pushed down average wholesale electricity prices by more than two-thirds, 
doubled the occurrence of zero or negative wholesale prices (19%) and reduced 
total emissions by 11% year-on-year, AEMO reported. Our analysis for South 
Australia – where VRE share reached 75% shows that hourly prices were negative 
about 25% of the time in 2023, up from 19% in 2022. This highlights the need for 
additional system flexibility in the form of more price-reactive demand and supply, 
as well as additional storage. Futures contracts for delivery in 2024 traded at an 
average AUD 90/MWh (USD 58/MWh), 10% higher than in 2023. 

https://aemo.com.au/newsroom/media-release/renewables-drive-lower-prices-record-low-emissions
https://aemo.com.au/newsroom/media-release/renewables-push-nem-electricity-prices-down-to-historical-levels
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Number of hours with negative wholesale electricity prices and share of variable 
renewable energy in total electricity generation in selected regions, 2019-2023 

 
IEA. CC BY 4.0. 

Note: Japan does not allow negative prices in the wholesale electricity market, the lowest possible price is limited to zero. 
The number of hours shown here for Japan therefore represents the hours when prices were zero. The California prices 
refer to wholesale prices from the electricity hub SP-15. 
Source: IEA analysis based on data from ERCOT, CAISO, AEMO NEM, and ENTSO-E Transparency Platform. 
 

In contrast to the United States and Australia, the 2023 average European price 
at around EUR 105/MWh (USD115/MWh) was still about double the 2019 level of 
EUR 54/MWh (USD 50/MWh). This was despite wholesale electricity prices in 
Europe falling on average by more than 50% in 2023 from the record 2022 highs. 
In the summer of 2023, the European electricity markets were characterised by 
negative wholesale prices amid strong solar output against low electricity demand. 
A similar episode of negative prices also occurred in late December when strong 
wind generation accompanied low electricity demand during the holiday season. 
In 2023, the number of hours with negative wholesale electricity prices more than 
quadrupled in countries such as Germany and the Netherlands compared to the 
previous year. In 2023, prices were below zero in Germany almost 3% of the time, 
and in the Netherlands almost 4%.  

Like many other European markets, the Nordics also saw record wholesale price 
levels in 2022, as the cheaper hydropower-driven power exports to neighbouring 
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with the moderation of European wholesale markets, prices in the Nordics fell by 
60% in 2023, with the Nord Pool spot price averaging EUR 57/MWh 
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makes it the only wholesale market in Europe to have comparable prices levels to  
 
 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

0

 500

1 000

1 500

2 000

2 500

20
19

20
20

20
21

20
22

20
23

20
19

20
20

20
21

20
22

20
23

20
19

20
20

20
21

20
22

20
23

20
19

20
20

20
21

20
22

20
23

20
19

20
20

20
21

20
22

20
23

Netherlands Germany California Japan South Australia

N
um

be
r o

f h
ou

rs
 w

ith
 n

eg
at

iv
e 

pr
ic

es

Number of hours with negative prices (left axis) Share of VRE in total generation (right axis)

https://www.ercot.com/mktinfo/dam
https://www.caiso.com/market/Pages/MarketProcesses.aspx
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem
https://transparency.entsoe.eu/


Electricity 2024 Global trends 
Analysis and forecast to 2026  

PAGE | 68  I E
A.

 C
C

 B
Y 

4.
0.

 

those in the United States and Australia. Nevertheless, regional differences within 
the Nordics market exist, with southern Scandinavia generally facing higher prices 
than the northern parts. 

Prices for natural gas (left) and coal (right) in selected markets, 2019-2026 

 
Note: 2024-2026 prices are based on available forward prices as of January 2024. Natural gas prices TTF; coal prices CIF 
ARA; Asia natural gas prices reflect estimated LNG import prices, including via oil-indexed LNG contracts and spot 
procurements; coal prices are Japan marker prices. 
Sources: EIA (2023), STEO, January 2024. 
 

Uncertainty around the French nuclear recovery and 
weather outlook to prop up winter prices in Europe 

French wholesale prices in 2023 declined year-on-year by more than 60%. The 
gradual recovery of the French nuclear fleet from the record-low availability levels 
in 2022, combined with falling prices of energy commodities, drove wholesale 
electricity prices down. At an average of EUR 97/MWh (USD 105/MWh), French 
wholesale prices in 2023 were about 18% lower than in Germany. In July 2023, 
French futures contracts for delivery in Q1 2024 cost almost double the German 
futures for the same period. This price premium gradually disappeared as the 
French nuclear power plant operator EDF confirmed that it expects the country’s 
nuclear power plant fleet to continue its steady recovery. Developments regarding 
the maintenance schedule of the French nuclear fleet will continue to have a 
strong impact on the futures prices.  

German wholesale electricity prices averaged EUR 118/MWh (USD 127/MWh) in 
2023 and were 55% lower compared to 2022. Nevertheless, prices were still 
above pre-Covid levels and are on average almost three times higher than the 
2019 level. The uncertainty surrounding the availability of French nuclear plants is 
also reflected in the German prices, as it influences the supply patterns via  
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electricity imports and exports. In addition to this, weather-induced price volatility 
can affect the near-term outlook, with the potential of colder than normal winter 
weather pushing up the prices of natural gas. 

Wholesale prices in Japan and India remain elevated 
above 2019 levels 

Wholesale electricity prices in Japan fell about 50% in 2023 compared to 2022, to 
an average of JPY 11 930/MWh (USD 85/MWh). In addition to lower prices for 
energy commodities, Japan’s power market in 2023 was characterised by overall 
lower electricity demand and a stable supply situation, despite higher 
temperatures that drove cooling consumption during its hottest summer in 
recorded history. Reportedly there is limited concern for a tight supply-demand 
outlook for the winter of 2023/24, which is reflected in the stable trend of futures 
prices.  

India remains the only market that did not post a substantial drop in wholesale 
electricity prices in 2023. Prices fell 4% in 2023 to INR 5 540/MWh 
(USD 68/MWh), but were still almost double those in 2019. The tight supply 
situation due to strong demand growth kept prices elevated. The price cap of INR 
10 000/MWh continued to be implemented to protect the interests of buyers. 
Further, a high price segment was introduced to cover costly power generation 
technologies (gas and imported coal), but has seen low and intermittent buyer 
presence.  

What does energy-intensive industry pay for 
electricity across the world? 

Following the rise in wholesale electricity prices through 2021-2022, many regions 
saw increases in electricity costs in the industry sector. European industry, in 
particular, faced high costs compared to other regions. While electricity prices for 
large energy-intensive consumers were generally higher in Europe before the 
energy crisis in 2019, for example, than in the United States, they were still at 
comparable levels. In addition, in 2022 European prices increased substantially. 
Countries strongly relying on gas or coal were particularly exposed to price hikes, 
with prices in Germany about three times as high as the US prices, and those in 
Italy about five times as high. Average final electricity prices for the large energy-
intensive industry in the European Union are expected to decline in 2023 based 
on Eurostat data, following the peak in 2022. Exact levels nevertheless depend on 
the electricity procurement strategies followed by industries (e.g. share of spot vs. 
long-term procurement) as well as country-specific measures. 

https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku_gas/pdf/065_03_00.pdf
https://www.asahi.com/ajw/articles/14992353
https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku_gas/pdf/066_03_00.pdf
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Estimated final electricity price for large industrial customers in energy-intensive 
industries, 2019-2023 

  
IEA. CC BY 4.0. 

Notes: The analysis considers electricity costs of industries with greater than 150 GWh of annual electricity consumption for 
the European countries, based on Eurostat data. Electricity price compensation included for countries that participate in 
EU-ETS. For the calculation of the maximum possible state aid for electricity price compensation in European countries, 
the analysis assumes that the specific product has an electricity consumption benchmark of 0.8 and that the company in 
question receives the maximum possible state aid once this benchmark is incorporated into the maximum aid calculation. 
The prices for the US and China are indicative of the average reported prices; individual industries depending on their 
energy consumption levels and where they are located can face different prices. 
Sources: IEA analysis based on IEA end-use prices database; data from Eurostat (2023); Official Journal of the European 
Union (2021), Southeastern U.S. Industrial Rate Survey; Brubaker & Associates (2023); Shanghai Metals Market (2023); 
Intercontinental Exchange (2023), EUA Futures (Accessed November 2023). 
 

In France, the amount of nuclear power sold by French state-owned utility EDF to 
alternative suppliers at the regulated price of EUR 42/MWh under the ARENH law 
decreased from 120 TWh in 2022 to 100 TWh in 2023, which added upward 
pressure on prices. Expiring at the end of 2025, the ARENH scheme will be 
succeeded by a new agreement between EDF and the French government. It 
stipulates that all of EDF’s nuclear generation is targeted towards an intended 
average price of EUR 70/MWh. The agreement aims to achieve this with a 
mechanism to redistribute excess profits of EDF back to consumers, where 50% 
of any additional revenue generated above EUR 78-80/MWh (with the exact price 
still to be determined at the time of writing of this report) would be redistributed, 
and 90% of all revenues exceeding a price of EUR 110/MWh. These thresholds 
are regularly renegotiated. The agreement remains subject to approval by the 
European Commission. 

In China, prices were relatively stable in 2023 compared to 2022, although some 
provinces within China rolled back or cancelled discounted electricity prices for 
the industry. A reform of the electricity pricing systems further end the preferential 
treatment of heavy industries, setting equal rates based on voltage levels for all 
commercial and industry users. However, price increases can be expected in 
2024, as the Chinese government announced steps to liberalise industry power 
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https://www.iea.org/data-and-statistics/data-tools/end-use-prices-data-explorer
https://ec.europa.eu/eurostat/databrowser/explore/all/envir?lang=en&subtheme=nrg.nrg_price.nrg_pc&display=list&sort=category&extractionId=NRG_PC_205_C
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021XC1230(01)
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021XC1230(01)
https://www.consultbai.com/
https://news.metal.com/newscontent/101940033/will-the-cancellation-of-preferential-power-tariff-in-inner-mongolia-impact-new-energy-market
https://www.ice.com/products/197/EUA-Futures/data?marketId=7455315
https://www.enerdata.net/publications/daily-energy-news/france-mandates-edf-sell-100-twh-power-under-arenh-scheme-2023.html
https://www.reuters.com/business/energy/france-edf-strike-compromise-deal-electricity-prices-2023-11-14/
https://www.reuters.com/business/energy/france-edf-strike-compromise-deal-electricity-prices-2023-11-14/
https://www.world-nuclear-news.org/Articles/Agreement-on-post-ARENH-nuclear-electricity-pricin
https://rethinkresearch.biz/articles/china-increases-electricity-prices-for-energy-intensive-industries/
https://asia.nikkei.com/Spotlight/Caixin/China-changes-pricing-model-for-world-s-largest-power-grid
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prices. This allowed power producers to charge market prices to industry 
consumers starting in October 2023, resulting in a price increase of up to 20% for 
some industry consumers. Continuing this development, starting in January 2024, 
coal power plants will receive guaranteed payments based on the installed 
capacity, financed by a surcharge to industrial and end-use consumers. Russia 
also announced price increases for its power exports to China in late 2023, putting 
further upward pressure on prices going forward. 

Final cost of electricity for energy-intensive industries in 
Europe also depends on indirect ETS compensation  

Large industrial consumers are often fully or partially exempt from taxes and 
levies. Furthermore, carbon costs arising from the EU-ETS can be compensated 
through state aid and this must be considered in the final electricity price to 
accurately assess the competitiveness of energy-intensive industry in Europe.  

There are several factors that go into calculating the maximum state aid that a 
plant may apply for each year, relating to the carbon price burden in electricity 
consumption. The European Commission specifies the calculation of the implicit 
carbon price burden through electricity use on a product-region level by multiplying 
defined product-specific electricity consumption efficiency benchmarks, regional 
carbon intensities of power production and the European Union Allowance (EUA) 
forward price from the previous year. The efficiency benchmark per product is the 
electricity consumption per tonne of output for a given product when using the 
most electricity-efficient method of production. Every plant can apply for payable 
aid based on its calculated implicit carbon price burden and realised production 
volume. Since 2019, an aid intensity of 0.75 is specified, meaning the payable 
support amounts to a maximum of 75% of the calculated price burden. All aid 
schemes related to the mitigation of the carbon price burden on electricity must be 
phased out by 2030, as specified on the most recent guidelines of the European 
Commission on State aid measures in the context of the EU-ETS. 

https://www.reuters.com/business/energy/what-does-chinas-power-policy-shift-mean-metal-makers-other-energy-hogs-2021-10-13/
https://www.reuters.com/world/china/china-guarantee-payments-its-coal-power-producers-based-capacity-2023-11-10/
https://www.reuters.com/business/energy/china-hold-talks-with-russia-2024-electricity-pricing-volumes-2023-10-23/
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccx/2015/Electricity-Costs-of-Energy-Intensive-Industries.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccx/2015/Electricity-Costs-of-Energy-Intensive-Industries.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020XC0925(01)&rid=1
https://competition-policy.ec.europa.eu/system/files/2021-11/kd0121322enn_ETS_efficiency_benchmarks.pdf
https://www.ewi.uni-koeln.de/cms/wp-content/uploads/2019/08/EWI-Studie_Auswirkungen-Kohleausstieg-bis-2038_20200515.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020XC0925(01)&rid=1
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Electricity price for large industrial customers in energy-intensive industries in 2019 
(left) and 2022 (right) in selected countries 

  
IEA. CC BY 4.0. 

Notes: The analysis considers electricity costs of industries with greater than 150 GWh of annual electricity consumption for 
the considered European countries, based on Eurostat data. Electricity price compensation included for countries that 
participate in EU ETS. For the calculation of the maximum possible state aid for electricity price compensation in European 
countries, the analysis assumes that the specific product has an electricity consumption benchmark of 0.8 and that the 
company in question receives the maximum possible state aid once this benchmark is incorporated into the maximum aid 
calculation. The final US electricity price is based off the final electricity for industry in Texas. The final electricity price for 
China is based off the final electricity for industry in Inner Mongolia. 
Sources: IEA analysis based on data from Electricity prices components for non-household consumers; Eurostat (2023), 
Communication from the Commission supplementing the Guidelines on certain State aid measures in the context of the 
system for greenhouse gas emission allowance trading post-2021; Official Journal of the European Union (2021), 
Southeastern U.S. Industrial Rate Survey; Brubaker & Associates (2023), Will the Cancellation of Preferential Power Tariff 
in Inner Mongolia Impact New Energy Market?; Shanghai Metals Market.(2023). EUA Futures; Intercontinental Exchange 
(2023). 
 

The future of electricity prices for European industries  
Policy changes may further influence the final electricity cost of energy-intensive 
industry. Germany temporarily introduced a price guarantee, where firms receive 
70% of their historical demand at a set price of EUR 130/MWh (plus taxes and 
levies), applicable to users with a demand exceeding 30 MW per year. More long-
term measures were approved in early November 2023, with the stated objective 
for energy-intensive businesses to remain competitive and to prevent industries in 
the country from relocating abroad. The new measures include a practical 
exemption from the power tax for all industry, reducing it from approximately 
EUR 15.3/MWh to EUR 0.5/MWh for the years 2024 and 2025. In addition, after 
subsidising grid levies with EUR 13 billion in 2023, the government declared in 
November 2023 that it will spend another EUR 5 billion to stabilise grid levies 
within that period.  

However, later in November 2023, the German Supreme Court ruled that the extra 
spending of the government in the energy crisis was inconsistent with the 
constitutional cap on public debt, forcing the government to renegotiate its budget 
for 2024, which includes the spending for the long-term support measures that 
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https://ec.europa.eu/eurostat/databrowser/explore/all/envir?lang=en&subtheme=nrg.nrg_price.nrg_pc&display=list&sort=category&extractionId=NRG_PC_205_C
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021XC1230(01)
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021XC1230(01)
https://www.consultbai.com/
https://news.metal.com/newscontent/101940033/will-the-cancellation-of-preferential-power-tariff-in-inner-mongolia-impact-new-energy-market
https://news.metal.com/newscontent/101940033/will-the-cancellation-of-preferential-power-tariff-in-inner-mongolia-impact-new-energy-market
https://www.ice.com/products/197/EUA-Futures/data?marketId=7455315
https://www.bundestag.de/dokumente/textarchiv/2022/kw50-de-energiepreisbremse-924550
https://www.zdf.de/nachrichten/politik/deutschland/industriestrompreis-einigung-bundesregierung-100.html
https://www.tagesschau.de/wirtschaft/energiepreise-kabinett-100.html
https://www.zeit.de/wirtschaft/2023-11/haushaltssperre-christian-lindner-ministerien-faq
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were agreed earlier in 2023. In response, the finance ministry has temporarily 
halted the approval of any new commitments for the use of the funds dedicated in 
part to the electricity price relief measures. As the payments for the price 
guarantees for parts of the power and gas consumption of the energy-intensive 
industry have been approved prior, they will continue to flow. However, they will 
be phased out four months earlier than initially planned, at the beginning of 2024.  

The renegotiated budget, agreed in December 2023, reaffirmed the continuation 
of the major parts of the initially agreed long-term energy price relief measures, 
such as the strong reduction of the power tax for energy intensive industry as well 
as the compensation for power cost increases due to the EU-ETS. Still, the new 
budget included the cancellation of the EUR 5 billion public investment to stabilise 
grid network charges, initially announced in 2023.  

Concerns about the financial burden associated with supporting energy-intensive 
industry are being raised in other countries as well. Norway, having implemented 
a floor price for compensation for companies for CO2 costs above USD 19.07/t, is 
looking to increase the floor price further in the next national budget. 

A reform of the electricity market with the goal to protect both businesses and 
consumers against soaring prices within the European Union has been agreed 
upon between the Council and the Parliament in December 2023. The proposal 
now needs to be formally adopted by both parties to enter into force. One central 
measure discussed is defining two-way contracts for difference as the central 
allowed support measure for new installations using technologies included in the 
green taxonomy. If the market price is above a pre-agreed strike price, the excess 
revenues are distributed to consumers, while if the market prices are below a pre-
agreed strike price, then the difference is reimbursed to the generator. The aim is 
to help increase the deployment of renewables by providing a guaranteed return 
on investment as well as more predictable pricing. The underlying spot market 
model is largely preserved, however capacity remuneration schemes are explicitly 
mentioned as playing an integral role in the future electricity market. More detailed 
information on additional content and negotiations process of the reform is 
provided in the Europe Section of the Regional Focus part of this report. 

Household electricity prices and affordability 
Since the onset of the global energy crisis, households across the world have seen 
an increase in the retail electricity prices affecting their affordability. Retail 
electricity prices in the United States have increased by a 5% yearly average from 
2019 to 2023. By contrast, prices in the United Kingdom, adjusted for purchasing 
power parity (PPP), have increased by 19% in the past year and doubled since 
2019. Norway saw record-high electricity prices in 2022. The hydropower-based 
country suffered a reduction in its reservoirs which, in combination with the 

https://www.zeit.de/wirtschaft/2023-11/haushalt-krisenfonds-wse-finanzministerium-lindner
https://www.bundestag.de/dokumente/textarchiv/2022/kw50-de-energiepreisbremse-924550
https://www.bundestag.de/dokumente/textarchiv/2022/kw50-de-energiepreisbremse-924550
https://www.spiegel.de/wirtschaft/soziales/energiepreisbremse-olaf-scholz-kuendigt-aus-zum-jahresende-an-a-522fa246-2394-4398-884c-312f71a04fc5
https://www.bundesregierung.de/breg-de/aktuelles/strompreispaket-energieintensive-unternehmen-2235760
https://taz.de/Einigung-im-Haushaltsstreit/!5976249/
https://www.reuters.com/article/norway-budget-carbon-idUSL8N317170
https://www.arctictoday.com/%F0%9F%87%B3%F0%9F%87%B4-disappointing-norwegian-national-budget-for-industry-and-power-development/#:%7E:text=In%20the%202024%20state%20budget,375%20per%20tonne%20for%202023.
https://www.consilium.europa.eu/en/press/press-releases/2023/12/14/reform-of-electricity-market-design-council-and-parliament-reach-deal/
https://www.consilium.europa.eu/en/press/press-releases/2023/12/14/reform-of-electricity-market-design-council-and-parliament-reach-deal/
https://www.iea.org/commentaries/did-affordability-measures-help-tame-energy-price-spikes-for-consumers-in-major-economies
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ongoing European energy crisis, created the surge. By 2023, prices were reduced 
by around NOK 1 000 compared to the previous year, nevertheless remaining 
70% higher compared to 2019 levels. 

Average household electricity prices in USD/MWh in purchasing power parity (PPP), 
2019-2023 

  
IEA. CC BY 4.0. 

Note: Residential electricity prices include taxes and have been converted from local currencies to USD/MWh (PPP) using 
PPP conversion rates provided by the IMF PPP database. 2023 value is the average of Q1-Q3 2023 for all the countries 
except Chile, which is based on Q1-Q2 2023 average. The countries shown here are chosen due to data availability for 
2023 as the time of publication of this report. 
Sources: IEA electricity prices database, IMF, PPP database. 
 

To protect households against soaring prices, governments used mostly 
temporary measures in the form of tax exemptions and price regulation 
mechanisms. In Chile, the government intervened and froze tariffs for consumers 
starting in 2019, thereby leaving the prices largely unchanged during the energy 
crisis. The United Kingdom put into effect a new two-year supportive measure 
from October 2022 applicable to all households, setting a price cap that saves 
average consumers around GBP 1 000 per year. Norway introduced measures to 
support household consumers in December 2021, including a support scheme 
where consumers are rebated half of the difference between their payable 
electricity price and a reference price of NOK 70/MWh (USD 81/MWh) for their 
electricity consumption. Nevertheless, prices in 2022 exceeded 2021 levels. 
Norway’s government is considering setting supplementary taxes on electricity 
exports to improve control over domestic prices. 

In the European Union, the emergency interventions helped to partially decouple 
the development of household prices and the price consumers had to pay. The 
combined support measures are estimated to have reduced average retail prices 
in the European Union in 2023 by almost 20%, based on data from VaasaETT.  
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https://www.imf.org/en/Publications/WEO/weo-database/2023/October/download-entire-database
https://www.bloomberg.com/news/articles/2023-11-30/enel-antitrust-suit-in-chile-opens-window-into-renewable-power-development-woes
https://www.gov.uk/government/news/government-announces-energy-price-guarantee-for-families-and-businesses-while-urgently-taking-action-to-reform-broken-energy-market
https://www.regjeringen.no/en/aktuelt/government-launches-electricity-support-package-worth-billions/id2891839/
https://www.reuters.com/business/energy/norway-may-tax-power-exports-keep-domestic-prices-down-2023-02-15/
https://energy.ec.europa.eu/news/commission-report-emergency-energy-measures-facilitated-market-improvement-2023-06-05_en#:%7E:text=In%20a%20report%20on%20the,revenue%20cap%2C%20and%20retail%20price
https://www.vaasaett.com/
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The recent EU market design reform aims to include multiple measures to tackle 
soaring consumer prices in the longer term, without relying on strong market 
interventions by governments except in exceptional circumstances. 

Country level measures played a large role in shaping the final consumer price. 
Measures throughout included exemptions from taxes and levies, direct support 
payments and subsidies, price brakes and reductions in VAT. The magnitude of 
support measures across EU countries in 2023 varied. In Poland, the government 
introduced a Solidarity Shield that fixed electricity prices. As a consequence, 
consumer costs were cut by about 60% in 2023. This was one of the most 
substantial relief measures observed in the European Union, along with 
Romania’s price caps by almost 50% in the same year. On the other hand, in 
Finland, Belgium and Germany, the relief in power prices in 2023 through public 
support measures only amounted to 4-5%. 

Representative household prices in the European Union including and excluding 
support measures, from June 2021 to December 2023 

  
IEA. CC BY 4.0. 

Note: The household price analysis focuses on general measures affecting typical consumers and selected capital cities 
which have applied such measures during the period analysed. Household prices consider new tariff offers, which are 
weighted by electricity demand. Average wholesale price is also demand-weighted for the same countries.  
Source: Based on data and analysis provided by VaasaETT (2023), © 2023 VaasaETT Ltd. 
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https://www.gov.pl/web/primeminister/we-protected-poles-from-the-energy-crisis#:%7E:text=We%20have%20halted%20the%20rise,as%20PLN%202%2C000%20a%20year.
https://www.vaasaett.com/
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Reliability: Monitoring electricity 
security remains essential  

As electrification gathers pace and both the demand and supply of electricity 
become increasingly weather-dependent, electricity security and reliability are 
becoming more important than ever. Many power systems around the world 
continue to face adequacy issues during heightened electricity demand in periods 
of extreme cold or heat, alongside increasing weather-induced outages and 
disruptions in power supply availabilities. Every year, extreme weather events 
cause largescale power outages in many regions. Insufficient power capacity as 
well as fuel supply issues due to elevated energy costs continue to plague a 
significant number of emerging economies. In such a world, it is of paramount 
importance to monitor the secure operation of electricity systems and keep track 
of the measures implemented in this context. Against this backdrop, commencing 
with this year’s Electricity 2024 report, we have included our monitoring and 
tracking of the global developments in electricity security and reliability as a 
dedicated chapter.  

Specific measures and markets for system 
inertia are becoming common 

As power systems decarbonise, there is a growing need to explicitly procure the 
services to ensure stable power system operation that conventional generation 
fleets have in the past provided by default alongside their electricity production. 
To meet this requirement, countries with high variable renewable generation are 
increasingly introducing mechanisms to maintain control over power system 
inertia to keep a steady frequency as the share of conventional generation sources 
declines.  

In this respect, some regions have started setting minimum requirements for 
system inertia, typically provided by conventional generators with spinning rotors 
that help the power system ride through disturbances such as faults. A number of 
countries are also introducing markets for services like fast frequency response 
(FFR) that help stabilise the power system rapidly after disturbances and may help 
reduce inertia requirements. Such services like the FFR typically function within a 
time frame of few seconds or less, making batteries an ideal technology choice 
due to their fast response times. 

https://reneweconomy.com.au/big-batteries-and-demand-response-dominate-new-very-fast-frequency-control-market/
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Share of non-VRE sources in total electricity generation in selected synchronous 
areas, 2017-2026 

 
IEA. CC BY 4.0. 

Note: 2026 figures are forecast values. 
 

In the Nordics, a fast frequency reserve was implemented in May 2020 to address 
low-inertia scenarios. The required volume of fast frequency reserves is 
contingent on the prevailing inertia within the power system and the scale of the 
reference incident. Procurement of this fast frequency reserve by the TSOs occurs 
in national markets, with market parameters varying among Nordic countries. 

The United Kingdom mandates that the power system must maintain a minimum 
inertia level, which has been reevaluated annually since 2021, and currently 
stands at 120 GVAs. Dynamic Frequency Containment (DC) gained increasing 
significance due to the imperative of counter rapid frequency fluctuations from low 
inertia. This fast-acting post-fault service is designed to maintain the frequency 
within the statutory range of +/-0.5 Hz in the event of sudden demand or loss of 
generation. 

Australia assesses the inertia requirements of each of its regions on a regular 
basis. In October 2023, the AEMO launched two new fast frequency response 
market ancillary services under the existing Frequency Control Ancillary Services 
(FCAS) arrangements. These are "very fast raise" and "very fast lower", each 
responding within a one-second time frame upon activation. In addition, the 
Australian Energy Market Commission (AEMC) proposed a rule change on 
2 March 2023 to introduce an ancillary service spot market for inertia within the 
National Electricity Market (NEM). 

Ireland also implemented a fast frequency response service in 2018, as part of 
the DS3 programme (Deliver a Secure Sustainable Electricity System). This 
service is characterised by the delivery of megawatts within a time frame ranging 
from 0.15 to 10 seconds. As fast frequency response services do not directly 
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https://www.fingrid.fi/en/electricity-market/reserves_and_balancing/fast-frequency-reserve/
https://www.nationalgrideso.com/document/276056/download
https://www.nationalgrideso.com/news/dynamic-containment-what-it-and-why-do-we-need-it
https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/operability/2022/2022-inertia-report.pdf?la=en
https://aemo.com.au/initiatives/major-programs/fast-frequency-response
https://www.aemc.gov.au/rule-changes/efficient-provision-inertia
https://www.eirgridgroup.com/how-the-grid-works/ds3-programme/
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substitute for inertia, Ireland has a dedicated service aimed at providing inertia 
response. Its SIR (Synchronous Inertia Response) service is defined as the kinetic 
energy of a centrally dispatched generating unit multiplied by the SIR factor. This 
service has varying requirements depending on whether it is a synchronous 
generator or a hybrid synchronous compensator-flywheel. The service provider 
receives payment for each MW of SIR available volume for the providing unit in 
each trading period when synchronised.  

In Germany, regulator BNetzA was consulted in 2023 on a market-supported 
procurement model for inertia services. The current proposal considers a fixed 
premium payment to be paid to providers of inertia. The fixed price would be set 
by the transmission system operators (TSOs) and may differ among different 
regions throughout the system. The 2021 coalition agreement stipulated the 
development of a roadmap for system stability under the lead of the Federal 
Ministry for Economic Affairs and Climate Action (BMWK). The roadmap was 
published in December 2023, with a discussion paper on grid frequency also made 
available, which focuses on potential measures for providing system inertia, 
complementary methods such as fast frequency control among other types of 
mechanisms, and the associated challenges. In parallel, a discussion paper on 
voltage and another one on resonance stability, angular stability and short-circuit 
current were also published.  

In the United States, since 2016 ERCOT’s control room has been monitoring 
inertia levels, and operators have been taking actions to increase critical inertia 
above 100 GWs when needed. In 2020, the North American Electric Reliability 
Corporation (NERC) underscored the critical importance of faster frequency 
response to address the decline in inertia, especially in smaller interconnections 
within North America, such as Texas and Quebec interconnections. In October 
2022, the ERCOT system underwent updates to implement changes associated 
with the Fast Frequency Response Advancement Project. 

Extreme weather events caused large-scale 
power outages in 2023 

Extreme weather events triggered major power outages across multiple regions in 
2023. Severe storms caused large-scale power supply interruptions in a number 
of countries, highlighting the need to increase resiliency against the growing 
weather impact on power systems. 

In the United States an ice storm resulted in a major power outage for 400 000 
consumers in late January. The Texan power public company, Austin Energy, 
replaced the exposed 101 distribution poles and 52 transformers which were 
under trees and ice. The gradual power restoration was delayed for ten days due 
to the challenging weather conditions. One month later, Michigan saw one of its 

https://www.eirgridgroup.com/site-files/library/EirGrid/Ire-DS3-System-Services-Regulated-Arrangements_final.pdf
https://www.bundesnetzagentur.de/DE/Beschlusskammern/1_GZ/BK6-GZ/2023/BK6-23-010/BK6-23-010_verfahrenser%C3%B6ffnung.html
https://www.bundesnetzagentur.de/DE/Beschlusskammern/1_GZ/BK6-GZ/2023/BK6-23-010/BK6-23-010_verfahrenser%C3%B6ffnung.html
https://www.bmwk.de/Redaktion/DE/Dossier/roadmap-systemstabilitaet.html
https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/themenpapier-ag1-roadmap-systemstabilitaet.html
https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/themenpapier-ag2-roadmap-systemstabilitaet.html
https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/themenpapier-ag3-roadmap-systemstabilitaet.html
https://www.ercot.com/files/docs/2022/03/16/ERCOT_Inertia_2013-2021_PDCWG_v1.3.pptx
https://www.ercot.com/files/docs/2022/03/16/ERCOT_Inertia_2013-2021_PDCWG_v1.3.pptx
https://www.nerc.com/comm/PC/InverterBased%20Resource%20Performance%20Task%20Force%20IRPT/Fast_Frequency_Response_Concepts_and_BPS_Reliability_Needs_White_Paper.pdf
https://www.ercot.com/services/comm/mkt_notices/detail?id=e3c82e8c-a4d8-4efa-a349-d37384ab03e5
https://www.texastribune.org/2023/02/07/austin-ice-storm-power-outages-2023/
https://austinenergy.com/-/media/project/websites/austinenergy/about/after-action-reports/february-2023-winter-storm-mara-after-action-report-08-2023.pdf?rev=313ea12d07a04c46a6c6245031857749&sc_lang=en&hash=E0A5F91E1D1290B22E7CC2F89DDBD5CD
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worst ice storms, leaving 800 000 customers without power after electricity lines 
were destroyed by fallen trees. More than half of the customers had their electricity 
restored after one day but others had to wait a week. During April, an ice storm 
left 1.3 million households without power in Quebec, Canada. Fallen trees took 
down many power lines while gradual recovery of power required the replacement 
of 50 km of power lines and 440 transformers over six days. 

To prepare for future events, utilities identified the damaged infrastructure due to 
fallen trees and heavy snow as the root cause of their recent outages and 
developed action plans to address them. Shielding the assets against harsh ice 
storms includes mainly burying power lines and tree trimming programmes. 
Detroit-based utility DTE Energy reportedly spent USD 200 million replacing 
electric equipment and line posts to recover from the ice storm and will invest 
USD 9 billion on its 5-year weather-resilience plan. The investment cost is to be 
reflected in consumers’ electricity bills linked to a rise of up to 3% of their current 
expenses. 

In June, US southern and Gulf Coast states faced severe thunderstorms, 
tornadoes and heavy rain. More than 600 000 households and businesses lost 
electricity service for at least two days in four states due to damaged infrastructure. 
Among the states, Texas managed to restore service for 300 000 users after two 
days. The utility serving most of the affected consumers, SWEPCO, repaired fallen 
transmission lines, approximately 60 transmission and distribution substations and 
replaced 114 transformers.  

Storms in the US northeastern region in December 2023 resulted in major power 
outages for 400 000 customers in Maine, over 260 000 in Massachusetts and 
many more in the other four surrounding states. Strong winds and severe floods 
broke electricity poles and damaged transformers. Most of the power was 
reestablished after the second day. 

Western France and the UK’s southern region were hit by windstorm “Ciarán” in 
November, leaving more than 1.2 million consumers without power for one day, 
while approximately 36 000 households had their electricity reestablished after 
one week. In France, distribution company Enedis is currently working on a 
modernisation plan to improve their network’s climate resilience and adaptation to 
low-carbon sources of electricity. The plan targets new underground networks, 
replacement of exposed lines with tougher or underground cables, and new 
substations by 2050. 

The state of Gujarat in India was hit by Cyclone Biparjoy in June. The tropical 
cyclone caused power outages and severe damages to the electricity network 
valued at INR 10 billion in power lines, transformers and other equipment along 
the transmission and distribution infrastructure. Power was gradually restored 
after a week. A second cyclone, Michaung, hit India in December in the southeast 

https://www.bloomberg.com/news/articles/2023-02-23/extreme-ice-storm-severely-hampers-michigan-power-system?leadSource=uverify%20wall
https://www.washtenaw.org/3789/February-2023-Ice-Storm-and-Power-Outage
https://montrealgazette.com/news/local-news/quebec-ice-storm-live-updates-one-third-of-1-1-million-without-power-should-be-restored-by-friday-fitzgibbon
https://news.hydroquebec.com/en/press-releases/1952/april-2023-ice-storm-hydro-quebec-takes-action-to-increase-system-resilience/#:%7E:text=Main%20points%20regarding%20the%20April%202023%20ice%20storm%3A&text=Service%20restored%20to%2044%25%20of,worked%20by%20our%20line%20workers
https://eu.detroitnews.com/story/opinion/editorials/2023/05/27/editorial-move-power-lines-underground/70248401007/
https://www.reuters.com/world/us/storms-leave-over-664000-without-power-along-us-gulf-coast-2023-06-16/
https://www.reuters.com/world/us/storms-leave-over-664000-without-power-along-us-gulf-coast-2023-06-16/
https://www.npr.org/2023/06/20/1183149235/power-outages-continue-across-the-southern-u-s-as-a-heat-wave-grips-texas
https://www.swepco.com/community/caring/view?id=8983
https://www.pressherald.com/2023/12/19/more-than-400000-mainers-wait-for-power-as-sun-rises-tuesday/
https://www.cbsnews.com/boston/news/wind-rain-storm-massachusetts-power-outages/
https://abcnews.go.com/US/millions-east-coast-flood-wind-threats-monday/story?id=105723432
https://www.thesun.co.uk/news/24605741/cornwall-power-cuts-storm-ciaran/
https://www.thesun.co.uk/news/24605741/cornwall-power-cuts-storm-ciaran/
https://www.voanews.com/a/storm-ciar%C3%A1n-whips-western-europe-leaving-millions-without-power-/7339944.html
https://www.ouest-france.fr/bretagne/tempete-ciaran-36-000-clients-toujours-prives-delectricite-en-bretagne-ce-mercredi-matin-3279edfe-7e1c-11ee-b253-15639905f92e
https://www.lemoniteur.fr/article/comment-la-france-rend-ses-infrastructures-electriques-resilientes.2315733
https://timesofindia.indiatimes.com/city/ahmedabad/power-supply-restored-in-cyclone-biparjoy-affected-villages-of-gujarat-districts/articleshow/101196587.cms
https://indianexpress.com/article/cities/chennai/cyclone-michaung-live-updates-chennai-rains-tamil-nadu-andhra-pardesh-damages-deaths-9056463/
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state of Andhra Pradesh. Several districts were flooded and power supply was 
interrupted for a week in another case of damaged infrastructure. India’s 
distribution system operator (DSO) BESCOM in the state of Karnataka scheduled 
daily outages for maintenance work during December. Power cuts at an average 
duration of six hours to carry out maintenance in an alternating routine affected 
eight districts with a total of population of 20 million people. 

Supply and grid issues led to major outages 
mostly in emerging and developing countries  

In 2023, adequacy problems, fuel supply challenges and grid-related technical 
issues continued to cause major power shortages in many regions. The majority 
of the large-scale power outages stemming from these causes were observed in 
emerging economies, which are particularly affected by a shortfall of electricity 
supply, infrastructure problems, and strained grids in the face of rising electricity 
demand. 

One of the major blackouts of 2023 occurred on 23 January in Pakistan, resulting 
from overloaded transmission lines, causing a voltage drop. Simultaneously, the 
northern region grappled with reduced power generation due to plant operating 
issues. These combined factors led to an uncontrollable power swing that resulted 
in a nationwide blackout affecting 220 million people for over 12 hours. Notably, 
this marked the second occurrence within a year, with a prior incident on 
13 October 2022 causing a complete blackout in the south and a partial blackout 
in the north, resulting in a loss of over 8 000 MW. 

After analysis of the early January incident was conducted, a set of 18 
recommendations were made by Pakistan’s National Electric Power Regulatory 
Authority (NEPRA). The list highlighted that modern equipment installation is 
required to detect oscillations instability and improvement of the HVDC and VAR 
compensation systems is needed to avoid operational failures and ensure the 
correct operation of the black start facilities to achieve timely power restoration. 
This new list adds to the ongoing implementations of the actions recommended 
from the late 2022 blackout, including the performance assessment of aged 
transmission lines before connecting to new power plants. 

On 25 August 2023, Kenya experienced a major power outage, impacting over 
50 million people, with power being restored nearly 24 hours later. The cause of 
this outage remains uncertain. This incident marked Kenya's fifth nationwide 
blackout in the past four years and is noted as one of the longest on record. 
Kenyans saw another nationwide outage early December. The event lasted less 
than a day but it was the third major blackout in four months. In response to the 
worsening situation, the national power company, Kenya Power, scheduled power 

https://bescom.karnataka.gov.in/new-page/Planned%20Outages%20-%20BESCOM%20Works/en
https://bescom.karnataka.gov.in/info-1/ABOUT+US/en
https://www.reuters.com/world/asia-pacific/pakistan-suffers-major-power-outage-after-grid-failure-2023-01-23/
https://tribune.com.pk/story/2417440/oct-2022-blackout-blamed-on-ntdc
https://nepra.org.pk/publications/Reports/Jan%2023%20Blackout%20Report.pdf
https://www.voanews.com/a/cause-of-kenya-s-longest-power-outage-in-memory-remains-unclear-/7242949.html
https://www.nytimes.com/2023/12/11/world/africa/kenya-blackout.html
https://kplc.co.ke/category/view/50/power-interruptions
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interruptions throughout December as a load shedding strategy while allowing for 
maintenance and modernisation of the infrastructure. 

Nigeria endured a nationwide blackout lasting approximately ten hours on 
14 September 2023. The grid collapsed due to a fire on a major transmission line. 
The country has grappled with recurrent power failures, totalling 46 grid collapses 
between 2017 and 2023. Nigeria’s grid continues to face issues due to aged 
infrastructure and vandalism. 

Power cuts occurred in Egypt during the summer and late 2023 due to a 
combination of gas shortages and increased energy consumption amid high 
temperature overloading the grid. A national daily load shedding strategy was in 
place since July 2023, with scheduled power outages lasting up to two hours. 
From November on, power outages have been reduced to one-hour duration. 

A major blackout struck Brazil on 15 August 2023, lasting six hours and affecting 
over 29 million people due to a voltage drop from a transmission line failure. The 
blackout's primary cause was equipment malfunction in the state of Ceara, which 
underperformed compared to predictions in mathematical models and simulations. 
Operador Nacional do Sistema Elétrico (ONS) pointed out that the issue was not 
related to the type of power source. 

In Quebec, Canada 490 000 buildings lost electricity service for several hours in 
April due to a maintenance incident deriving from a loss of production from a 
turbine at a 5 GW hydropower plant. In southern France, a two-hour power outage 
affected 260 000 households due to a system overload in October. RTE, the grid 
operator, reported this overload as an exceptional technical failure without major 
consequences. 

Outages and routine power cut offs since 2022 have been occurring in major cities 
and surrounding provinces of the interconnected countries of Kazakhstan, 
Kyrgyzstan and Uzbekistan due to grid imbalances, e.g. system overloads. 
During 2023, controlled frequent black outs with a duration of up to five hours have 
been in place in western Kazakhstan while regional authorities prepared a priority 
power supply strategy. The oil and gas exporting Kazakhstan has been recently 
seeking to modernise its ageing power grid infrastructure after gas exports have 
been interrupted by domestic energy crises. 

https://www.aljazeera.com/news/2023/9/14/nationwide-blackout-across-nigeria-after-power-grid-collapse
https://africa.businessinsider.com/local/markets/timeline-nigerias-electricity-grid-collapsed-46-times-from-2017-to-2023/8y4xn4y
https://www.bloomberg.com/news/features/2023-11-06/nigeria-s-solar-gamble-forces-millions-in-lagos-to-unplug-from-dirty-generators
https://www.thenationalnews.com/mena/egypt/2023/11/01/power-cuts-make-an-unwelcome-comeback-in-egypt-as-high-temperatures-linger/
https://scenenow.com/Buzz/Power-Cut-Duration-Reduced-to-One-Hour-Across-Egypt
https://www1.folha.uol.com.br/internacional/en/business/2023/08/light-returns-after-six-hours-of-blackout-in-brazil.shtml
https://megawhat.energy/noticias/geracao-planejamento-politica-energetica/151390/desempenho-dos-equipamentos-de-controle-de-tensao-e-causa-dos-desligamentos-conclui-ons-sobre-apagao
https://www.diariodepernambuco.com.br/noticia/brasil/2023/08/ons-apagao-ocorreu-devido-a-erro-nos-dados-usados-para-as-usinas.html
https://www.reuters.com/business/energy/about-half-million-without-power-quebec-after-hydropower-production-hit-2023-04-25/
https://montreal.citynews.ca/2023/04/25/hydro-quebec-outages-montreal-south-shore/
https://www.connexionfrance.com/article/French-news/250-000-homes-in-south-of-France-suffer-power-cut
https://www.20minutes.fr/societe/4057477-20231012-surcharges-origine-panne-electricite-geante-var-alpes-maritimes
https://www.bbc.com/news/world-asia-60123178
https://www.reuters.com/world/asia-pacific/power-blackout-hits-kazakhstan-kyrgyzstan-uzbekistan-2022-01-25/
https://astanatimes.com/2023/08/mangystau-region-limits-electricity-to-curtail-power-outage-during-emergency-shutdown/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/oil/070623-kazakhstan-focused-on-infrastructure-weakness-after-oil-power-outages
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Total number of days with load shedding and maximum evening peak demand per 
month in Bangladesh between January 2020 and November 2023 

 
IEA. CC BY 4.0 

Source: Monthly Management Report, Power Grid Company of Bangladesh. 
 

Sri Lanka had a national blackout in December 2023. Power disruptions persisted 
for six hours on account of a systemic failure due to a lightning strike on a critical 
transmission line in the country. 

Several other countries have struggled with power supply challenges in 2023 
without experiencing full-scale blackouts. Bangladesh faced increased power 
cuts due to rising demand exacerbated by unpredictable weather patterns and fuel 
shortages. India encountered power shortages driven by higher temperatures and 
decreased hydroelectric output. Peak power demand reached 223 GW in June 
amid soaring temperatures, with power outages observed in the northern states. 
In Madagascar, rolling power cuts were implemented due to low water reservoirs, 
reduced solar energy and fuel shortages during the winter months. Yemen had to 
shut down power stations due to fuel shortages in August. South Africa continued 
to have load shedding in 2023 due to supply challenges, with the total volume of 
load shedding up to the end of September already being higher than the total 
volume of load shedding in the previous eight years together. 

Understanding the human factor in power 
disruptions and outages 

The recent IEA report Electricity Grids and Secure Energy Transitions showed that 
grid-related technical/equipment failures alone cause at least USD 100 billion 
economic damages per year globally. This underlines the need to better identify 
the cause of failures and the components involved in them. The origin and the 
components causing a power outage can vary between countries, depending on 
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https://erp.pgcb.gov.bd/w/report/eyJpdiI6Ik53OTZRKzRRTVoxUUY4a3RMb250Y0E9PSIsInZhbHVlIjoiQmxnNjFqUUROVnk2RFh1OHJ0NGVkQT09IiwibWFjIjoiZDBlYmM3ZTUzMzBkNDM4NTNkZDQxYjc0YTc2NDQ3YTYzYmY1MjRjNDRjNTQ2MmQwOGM5MzY4MGRjNTIwYTFlYiIsInRhZyI6IiJ9/show_report
https://crisis24.garda.com/alerts/2023/12/sri-lanka-power-outages-reported-nationwide-dec-9
https://www.adaderana.lk/news/95527/ceb-reveals-cause-of-island-wide-power-outage
https://www.reuters.com/world/asia-pacific/bangladesh-power-cuts-may-last-two-more-weeks-fuel-shortages-2023-06-05/
https://www.reuters.com/world/asia-pacific/bangladesh-power-cuts-may-last-two-more-weeks-fuel-shortages-2023-06-05/
https://www.livemint.com/economy/power-outages-grip-states-amid-scorching-heat-11686681400760.html
https://crisis24.garda.com/alerts/2023/06/madagascar-further-rolling-power-cuts-and-sporadic-interruptions-likely-through-june-update-2
https://crisis24.garda.com/alerts/2023/08/yemen-power-outages-affect-several-parts-of-aden-as-of-aug-20
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
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the unique conditions and structure of their power grid. Power outages can be due 
to a generation and demand imbalance (e.g. fuel shortages, power plant outages 
or insufficient adequacy) or grid-related issues. Grid-related causes for power 
outages can be categorised into three main groups: natural causes, human error 
and technical/equipment-related issues. Human-related factors such as car 
crashes involving poles and transformers, poor workmanship, errors during new 
connections, vandalism and cyberattacks can lead to disruptions in the power 
supply. In many regions, these factors are significant causes of power outages 
and deserve more attention. 

Better standardisation, digitalisation and training can 
help minimise human errors 

Data transparency on the detailed reasons of power outages is generally limited. 
While several countries publish data on power outages, exact causes and the 
associated equipment of outages are generally not provided in detail. Chile is one 
of the few countries where a detailed dataset on the causes of (transmission-level) 
outages and the associated equipment are provided, which makes for an 
interesting case study. 

Our analysis of Chile’s transmission-level power outages in 2021 shows that 
one-third of the reported outages were due to human errors or human-related 
incidents. Poor workmanship is reported as a major cause. Among the outages 
that resulted from protection systems, causes include errors in parameter 
programming, connection-related issues, or hardware malfunctions. Most power 
outages associated with bus bars and points of connection are reportedly due to 
poor workmanship, with errors during maintenance or operational work, or faults 
caused by cut distribution conductors, control unit issues and overloads. 

On the technical side, outages can stem from a diverse set of component and 
equipment failures. In the example of Chile, our analysis of transmission-level 
outages shows that the main causes of incidents are related to power lines, which 
made up about half of the almost 400 reported outages in 2021. Outages arising 
from power lines are often due to short-circuits stemming from weather, animal 
and tree-related events. Short-circuits can arise due to branches touching power 
lines or storms taking down trees. Consequently, electrical current surges trigger 
the activation of protection mechanisms to de-energize the system. Other 
equipment causing outages are the protection systems, bus bars, substations, 
transformers, circuit breakers and point of connections. 

https://taraenergy.com/blog/power-outages-101-what-causes-them/
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Power outages at the transmission level in Chile in 2021 by cause (left) and associated 
electrical equipment (right) 

 
IEA. CC BY 4.0 

Note: The data is clustered by the IEA according to the reasons provided in the original source. 
Source: IEA analysis based on data from Unavailability indices, Coordinador Electrico Nacional. 
 

Human error in power outages is a universal phenomenon. Approximately 5% of 
outages are attributed to human error in the United States. In 2023, human error 
led to a 48-minute power outage on Hong Kong’s Long Island. Incidents like this 
underscore the need to review maintenance procedures and staff training. For 
example, HK Electric proposed to improve the management procedures of the 48-
minute power outage incident after conducting an investigation. The list of 
procedures identified to update were the energy management system circuit 
diagrams, quality control of transmission construction and maintenance works, on-
site equipment critical inspections, and technician training and qualification 
requirements. This highlights the need to consider human factors when 
determining maintenance policies. 

To minimise the share of human errors in power outages complimentary 
approaches are advantageous. Leveraging technology to digitalise and automate 
processes can effectively reduce evaluation time while improving the outcomes. 
Employing AI in repetitive and manual tasks such as power grid inspections 
enables the identification of discrepancies that could result in power outages and 
even reduce wildfire risks related to electric equipment. For example, the 
American Pacific Gas & Electric Company (PG&E) in California has been using 
drones to remotely conduct infrastructure inspections. The utility is saving costs 
and time while improving operator safety by commissioning drones with cameras 
that use AI-powered algorithms to scan the area. AI-based software can also be 
used for preventive maintenance purposes. It can, for example, identify 
vulnerabilities in power grids as well as measure economic benefits using vast 
amounts of historical data and climate models to make grid failure predictions. 

Other options to mitigate power outage incidences are increased staff training and 
standardisation. Staff certification is a method to ensure a standardised and safe 
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https://www.coordinador.cl/operacion/documentos/indices-de-indisponibilidad/
https://www.nerc.com/pa/RAPA/tads/Pages/default.aspx
https://www.thestandard.com.hk/section-news/section/11/251797/Human-error-triggered-blackout
https://www.hkelectric.com/media/press-releases/year-2023/20230515_hk_electric_investigation_report_on_power_outage
https://pcmp.springeropen.com/articles/10.1186/s41601-020-00176-6
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https://www.pgecurrents.com/articles/3831-inspectors-gadget-pg-e-california-utility-receive-faa-green-light-visual-line-sight-drone-operations
https://www.pgecurrents.com/articles/3831-inspectors-gadget-pg-e-california-utility-receive-faa-green-light-visual-line-sight-drone-operations
https://www.globenewswire.com/news-release/2023/10/24/2765763/0/en/Rhizome-Raises-2-5-Million-Launches-to-Ensure-a-Resilient-Grid.html
https://www.globenewswire.com/news-release/2023/10/24/2765763/0/en/Rhizome-Raises-2-5-Million-Launches-to-Ensure-a-Resilient-Grid.html
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approach to maintain and repair infrastructure. Local level and international 
certifications provide updated knowledge and skills to follow safe and proven 
protocols in electrical installation and maintenance. 

Greater data transparency on distribution-level outages 
can provide better insight into the causes 

Most outages occur due to distribution level issues, which can represent 80% of 
total customer service interruptions. Usually, these power outages impact smaller 
areas and fewer people compared to transmission-level incidents. Detailed data 
on distribution-level incidents is generally not publicly available, limiting systematic 
analysis. Türkiye is one of the few countries where detailed data on power outages 
with high temporal and locational granularity is made publicly available. The DSOs 
in Türkiye systematically collect outage data, which are centrally gathered and 
published on the EPİAŞ transparency platform.  

Our clustering and analysis of power outage data in Türkiye shows that of the 
unplanned outages reported for 2021 at the distribution level, about 80% were 
reported as technical/equipment-related, followed by natural causes and human 
factors. Among human-caused incidents, issues during new connections were the 
main cause in most of the reported outages. This is followed by third-person 
involvement, where accidental damaging of equipment during construction works 
but also vandalism are common. Mentioned at a smaller scale, poor workmanship 
was also cited as a cause. According to the Turkish statistics, equipment 
commonly associated with distribution-level outages includes power transformers, 
instrument transformers and cables.  

Unplanned power outages at the distribution level in Türkiye by cause, 2021 

 
IEA. CC BY 4.0 

Note: The data is clustered by the IEA according to the reasons provided in the original source. 
Source: IEA analysis based on data from Epiaş Seffaflık Platformu (2021), Outage Information. 
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https://www.nccer.org/craft-catalog/electrical/
https://www.nfpa.org/for-professionals/certification/cest
https://digital-library.theiet.org/content/journals/10.1049/stg2.12017
https://seffaflik.epias.com.tr/home
https://seffaflik.epias.com.tr/transparency/tuketim/kesinti-bilgisi/plansiz-kesinti-bilgisi.xhtml
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Vandalism and cyber threats to the electricity system are 
increasing 

The US power grid is currently facing a surge in physical attacks, which has 
reached a decade high. Nearly half of the 4 493 attacks recorded in 2020 to 2022 
were targeted at substations, according to a February 2023 briefing from NERC. 
This wave of attacks resulted in outages, prompting calls from both state and 
federal lawmakers for enhanced security measures. In response, state lawmakers 
in North Carolina have passed an amendment, effective July 2024, that will 
mandate public utilities to operate a 24-hour security system at substations while 
stricter penalties will be enforced upon electric utility infrastructure damage. 

While physical attacks have captured headlines, the cyber threat is also a growing 
concern. Between 2020 and 2022, the average number of cyberattacks against 
utilities worldwide more than doubled. As power systems evolve in line with 
digitalisation, protection against cyber threats will become increasingly more 
important. Governments are developing regulations to safeguard the integrity of 
information and communications technology (ICT) against any action that 
compromise them.  

Share of power outages caused by vandalism and cyberattacks in total reported 
transmission-level outages in the United States, 2013-2023 

 
IEA. CC BY 4.0 

Notes: Vandalism includes outages reported with the causes listed as physical attack, sabotage, and suspicious activity. 
Cyberattack includes outages reported with the causes listed as cyberattack and cyber event. 
Source: IEA analysis based on data from Electric Disturbance Events Annual Summaries, U.S. Department of Energy. 
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https://www.wsj.com/articles/power-grid-attacks-surge-and-are-likely-to-continue-study-finds-e7dfbc0b
https://www.politico.com/news/2023/09/10/power-grid-attacks-00114563
https://www.axios.com/2023/03/08/power-grid-physical-security-attacks-alarm
https://legiscan.com/NC/text/H21/2023
https://www.scstatehouse.gov/sess125_2023-2024/bills/330.htm#:%7E:text=AN%20ACT%20TO%20AMEND%20THE,SECTION%2C%20TO%20PROVIDE%20A%20TIERED
https://www.iea.org/commentaries/cybersecurity-is-the-power-system-lagging-behind
https://www.oe.netl.doe.gov/OE417_annual_summary.aspx
https://www.enisa.europa.eu/publications/enisa-threat-landscape-2023
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breaches (17%). These incidents have experienced a monthly growing trend of 
15% within the same two-year period, starting from 125 reported incidents in July 
2022 to 607 cases by July 2023. From the total number of cyberattacks, 190 were 
reportedly directed at the energy sector. In April, a malware targeting the power 
grid was discovered to be within the operative systems of different power providers 
in Europe, the Middle East and Asia. 

The EU’s Network and Information Directive (NIS), adopted in 2016, identifies 
critical entities – generators, retailers, TSOs and DSOs – and sets a series of 
measures to maintain the reliability and security of the involved ICT as well as 
setting co-operation platforms to further improve cybersecurity. In October 2023, 
the NIS was modernised. The directive, NIS2, extends its predecessor’s scope 
and is to be fully implemented by late 2024. In this update new entities are listed 
as critical, such as recharging point operators and various electricity market 
participants, as well as reinforcing cybersecurity requirements along their supply 
chain. Additionally, in September 2023, the European Commission unveiled new 
plans urging EU countries to enhance collaboration on cross-border threats and 
strengthen co-operation with NATO. 

Since 2013, the US Federal Energy Regulatory Commission (FERC) set 
mandatory cybersecurity controls to the Critical Infrastructure Protection reliability 
standards. In 2022 the DOE published their voluntary framework to mitigate 
cyberattacks in the energy sector. It prioritises cybersecurity considerations at all 
stages of energy systems, from their conceptualisation to their decommissioning.  

FERC approved, in March 2023, new cybersecurity standards to improve the 
reliability of the evolving power grid by expanding the security controls of less 
critical generation and transmission facilities. These standards require the 
operators to have the means to detect and disable vendor remote access in case 
of cyberattacks. This was followed in September 2023 by the DOE awarding 
funding totalling USD 39 million for research, development and demonstration 
projects to improve cybersecurity tools and technologies of distributed energy 
resources (DER). 

https://www.mandiant.com/resources/blog/cosmicenergy-ot-malware-russian-response
https://www.mandiant.com/resources/blog/cosmicenergy-ot-malware-russian-response
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016L1148
https://digital-strategy.ec.europa.eu/en/policies/nis2-directive#:%7E:text=The%20NIS2%20Directive%20is%20the%20EU-wide%20legislation%20on,NIS2%20Directive%20that%20came%20into%20force%20in%202023.
https://www.politico.eu/article/energy-power-europe-grid-is-under-a-cyberattack-deluge-industry-warns/
https://www.politico.eu/article/energy-power-europe-grid-is-under-a-cyberattack-deluge-industry-warns/
https://www.ferc.gov/sites/default/files/2020-05/E-8_12.pdf
https://www.energy.gov/sites/default/files/2022-06/FINAL%20DOE%20National%20CIE%20Strategy%20-%20June%202022_0.pdf
https://www.ferc.gov/news-events/news/ferc-approves-extending-risk-management-practices-low-impact-cyber-systems
https://www.energy.gov/ceser/articles/doe-announces-39-million-research-funding-enhance-cybersecurity-clean-distributed
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Regional focus 

Asia Pacific  

Renewables meet growing share of electricity 
supply but coal remains the major source  

Electricity demand in Asia Pacific rose by 4.8% in 2023, and provided most of the 
additional growth in global electricity use. Demand is forecast to rise by an average 
annual 4.6% from 2024 to 2026, with China expected to provide close to 70% of 
growth in the region by 2026. Asia Pacific, which accounts for just over 50% of 
global electricity consumption, will see renewables share of power generation rise 
from 27% to 35% in 2026 but coal-fired power remains the major source of supply. 
In 2023, coal accounted for 57% of the region’s electricity generation, with low-
carbon sources such as nuclear, hydro, solar and wind contributing for 32% of the 
mix. Due to its strong reliance on coal for power, Asia Pacific has the highest 
electricity generation CO2 intensity of our analysed regions, at 590 g CO2/kWh in 
2023, compared to a global average of 455 g CO2/kWh. The region’s emissions 
from electricity generation are expected to record slight increases of 0.2% in 2025-
2026, after a decline in 2024 due to an assumed recovery in hydropower. 

Year-on-year percent change in electricity demand, Asia Pacific, 2019-2026 

 
      IEA. CC BY 4.0. 
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China  

Production of solar PV modules and batteries, and processing 
of related materials are significant drivers of electricity demand 
In China, the post-pandemic economic recovery paved the way for a strong 
increase in electricity demand of 6.4% in 2023, with the services and industry 
sectors experiencing the most robust rebound. With the country’s economic 
growth expected to slow and shift away from heavy industry, we forecast the pace 
of electricity demand growth to ease to 5.1% in 2024, 4.9% in 2025 and 4.7% in 
2026, which is well below the average growth rate of 6.5% observed over the pre-
pandemic period of 2016-2019. Electricity consumption per capita in China 
surpassed that of the European Union at the end of 2022. This is, however, 
propped up by the industry sector, as electricity use per household is still below 
that in the European Union. The rising consumption of electricity by Chinese 
households will remain a driver of electricity demand. 

Continued electrification of China’s industrial sector and strong growth in road 
transport (EV charging) accounts for an increasing share of China’s electricity 
demand over the forecast period. The rapid adoption of EVs, which now account 
for over 8% of the vehicles in the country, is markedly eroding growth in gasoline 
consumption in favour of electricity. A downward trend in the cement and glass 
industries can be observed since 2021, which is relevant for the construction 
sector. By contrast, manufacturing of PV modules, EVs and processing of 
associated materials were significant drivers of growth in electricity demand in the 
industry sector in recent years and will remain on a solid upward trend.  

Indexed production output in selected industries in China, 2015-2023 

  
IEA. CC BY 4.0. 

Note: Non-ferrous metals include copper, aluminium, lead, zinc, nickel, tin, antimony, mercury, magnesium, and titanium.  
Source: IEA  analysis based on  dat a from N ational Bureau of Statistics of China.   
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https://www.boell.de/sites/default/files/2023-11/chinas-climate-transition-outlook-2023.pdf
https://energyandcleanair.org/wp/wp-content/uploads/2023/11/CREA_China-snapshot_EN_11.2023.pdf
https://data.stats.gov.cn/english/easyquery.htm?cn=A01
https://worldsteel.org/
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Renewables and nuclear are set to meet all of the growth in 
electricity demand in 2024-2026, curbing coal-fired generation 
Hydropower generation declined significantly in 2023, by 5.6% year-on-year, due 
to severe droughts, which led to a rise in coal-fired generation of 6.2%. As a result, 
60% of the increase in electricity demand in 2023 was met by coal-fired supply. 
Although wind and solar PV occupy a growing share in the generation mix (15%, 
up two percentage points compared to 2022), the increase in thermal generation 
led to a 6.2% increase of electricity sector emissions in 2023. 

Assuming normal weather conditions and a recovery in hydropower output, total 
renewable generation is expected to increase by 21% in 2024. Over the 
2025-2026 period, we expect an annual growth of 13% on average amid continued 
strong expansion of solar PV and wind generation. Renewable energy sources 
are expected to meet almost all the increase in electricity demand in our forecast 
period and start displacing coal-fired generation together with increasing nuclear 
generation. As a result, we forecast an average annual decline of around 1.5% in 
coal-fired generation over 2024-2026, with coal’s share in total generation 
contracting from 62% in 2023 to 51% in 2026. The weather and the extent of the 
slowdown in demand growth remain the main sources of uncertainty in the 
forecast period. 

Year-on-year change in electricity generation in China, 2019-2026  

 
 IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
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Coal’s role is changing from a source of bulk generation to a 
more flexible operation to support renewables and ensure 
energy security 
Our forecast shows a declining trend in coal-fired generation through 2026, 
despite a wave of new coal projects that have been commissioned or permitted 
since 2022. We expect 40 to 50 GW of new coal-fired power plant capacity to be 
added annually from 2024 through 2026. As the share of renewables rises, the 
role of coal-fired plants is changing from providing base-load supply to more 
flexible operation. The average capacity factor of coal-fired power plants in China 
has come down from 61% in 2010 to 53% in 2023, and this trend is set to continue. 
Government authorities announced a new capacity remuneration mechanism for 
coal power plants, starting in January 2024, which aims to help them recover part 
of their fixed costs as low-carbon generation meets an increasing share of the 
load.  

Energy security remains a significant issue. Following power outages in 2021 and 
2022, concerns emerged at the beginning of the summer of 2023 that the country 
would struggle to keep the lights on amid record heat waves. Summer peak load 
reached historic highs of 1 340 GW, up 50 GW compared to the previous year. 
Droughts and higher than normal temperatures from winter 2022 to spring 2023 
resulted in exceptionally low water reservoir levels. The government implemented 
policies to boost domestic coal production and imports.  

While the central government pledged to stop permitting coal plants solely for bulk 
generation, provinces continue to approve new projects for economic stimulus 
and, amid energy security concerns, to meet peak load and address a lack of 
flexible generation and demand. Building coal power facilities near large wind and 
solar bases in western China is also a strategy to ensure higher utilisation rates 
on ultra-high-voltage (UHV) lines exporting power to eastern regions. More than 
40 GW of thermal plants were commissioned during the first ten months of 2023, 
surpassing installation rates observed over the past 13 years.  

Gas-fired generation is forecast to grow at an average rate of around 4% over our 
forecast period. While the easing of the LNG market from 2025 onward due to 
more liquefaction capacity coming online is expected to put downward pressure 
on gas prices and boost gas-fired generation, the massive expansion of 
renewables will temper its growth. We expect nuclear generation in China to grow 
annually by 4% on average, as new reactors start commercial operations. 

Record renewables uptake brings new challenges to the power 
sector 
In 2023, newly deployed solar PV capacity broke records, with 130 GW of solar 
installed during the first three quarters – primarily in the form of distributed 

https://www.ndrc.gov.cn/xxgk/zcfb/tz/202311/t20231110_1361897.html
https://mp.weixin.qq.com/s/rHcNldQbqp3kTFjzpYOxEQ
https://energyandcleanair.org/wp/wp-content/uploads/2023/12/China-snapshot_EN_12-2023.pdf
https://www.cec.org.cn/detail/index.html?3-326139
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projects. The new capacity is equivalent to twice the combined solar additions of 
the European Union and the United States in 2022. This capacity surge resulted 
in a massive 29% increase in solar generation in 2023. Solar PV continues to 
dominate renewable capacity expansion but it will still lag behind wind-generated 
electricity to 2026. As of December 2023, grid-connected solar PV and wind 
capacity was close to reaching the symbolic milestone of 1 000 GW at the end of 
2023. This rapid installation pace will enable the country to meet the 14th Five-
Year Plan target of doubling annual wind and solar power generation from 2020 
by as early as 2024.  

However, grid integration challenges at the distribution level could limit the rate of 
renewables capacity growth in some regions, as observed in eastern provinces 
like Hebei, Shandong and Henan. Grid saturation has led some localities to limit 
the approval of new distributed renewable projects until grid upgrades are 
completed. Moreover, falling prices across the entire solar PV industry chain, 
driven by fierce competition and manufacturing overcapacity, could also hinder 
installation rates as some major solar companies are already reporting declining 
profits. Similarly, top Chinese wind manufacturers have incurred losses amid 
plummeting prices, despite the growth in newly installed capacity.   

Ensuring adequate electricity supply during summer and winter demand peaks 
remains a top priority for the government. The National Energy Administration 
(NEA) has forecast a tight power supply and demand balance for the 2023/2024 
winter period in some provinces, with an anticipated peak load 140 GW higher 
than last year. Policies and pilot projects related to peak load management and 
variable renewable energy (VRE) integration are being promoted, and a new 
measure now requires demand-side response to cover 3-5% of the peak load of 
each province by 2025. 

New policies to facilitate growth in renewables unveiled  
Major policies impacting the power sector were introduced in 2023. The Green 
Electricity Certificates (GECs) market is expected to soar after an announcement 
that the scheme is expanded to cover all types of renewables and that GECs 
become the sole certification for the production and consumption of green 
electricity and the only proof of environmental attributes. Some renewable projects 
will also be eligible to issue carbon offsets under the China Certified Emission 
Reductions (CCER) scheme, which is about to relaunch. There is currently a lack 
of clarity on how overlaps between the two schemes will be managed to avoid 
double-counting. Finally, although the share of electricity traded on spot markets 
remains limited, progress on provincial, regional and interprovincial pilot spot 
markets is ongoing. In September, the NEA released the final version of the spot 
market rules, marking the first national standards issued for spot market 
development.  

https://msolar.in-en.com/html/solar-2431080.shtml
https://mp.weixin.qq.com/s/FUh9HKNNMMXVqfHSqGNYKw
https://mp.weixin.qq.com/s/FUh9HKNNMMXVqfHSqGNYKw
https://companies.caixin.com/2023-10-31/102122408.html?mc_cid=edc95b9c82&mc_eid=62eb003aab
https://companies.caixin.com/2023-10-31/102122408.html?mc_cid=edc95b9c82&mc_eid=62eb003aab
https://mp.weixin.qq.com/s/kdn4mFSCR62FxXxMslV0GA?mc_cid=edc95b9c82&mc_eid=62eb003aab&poc_token=HKAoSWWjb1lCLl8Yust-suBTZiaBW7ZYvPZzkehm
https://mp.weixin.qq.com/s/rHcNldQbqp3kTFjzpYOxEQ
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202309/P020230927316131533276.pdf
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202309/P020230927316131533276.pdf
http://zfxxgk.nea.gov.cn/2023-07/25/c_1310735434.htm
http://zfxxgk.nea.gov.cn/2023-07/25/c_1310735434.htm
https://www.chinadaily.com.cn/a/202310/25/WS6538bf9ca31090682a5eaaa9.html
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202309/t20230915_1360625_ext.html
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202309/t20230915_1360625_ext.html
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India 

Coal-fired supply remains the mainstay, but the share of 
renewables in electricity generation is expected to reach the 
25% mark in 2026 
Non-fossil-fuelled capacity accounted for nearly 44% of total installed capacity in 
Q3 2023, with close to 21 GW of renewables added during the year. Renewable 
generation remained relatively stable with a 21% share of electricity generation in 
2023, with a rise in solar and wind largely offset by reduced hydropower output.  

India’s electricity demand in 2023 was heavily influenced by varying weather 
patterns. The country experienced the driest August in over 100 years and power 
demand soared, surpassing 240 GW on 1 September amid increased space 
cooling demand. The higher demand and low availability of hydropower resulted 
in the government directing all generation companies and independent power 
producers (IPPs) to extend the mandate of blending a minimum of 6% of imported 
coal with domestic coal until March 2024 to ensure uninterrupted power supply. 

Electricity demand rose 7% in 2023, with growth forecast at close to 6.5% on 
average in 2024-2026. To meet rising demand, about 80 GW of additional thermal 
capacity is needed in the next decade according to the government. Coal-fired 
generation will remain dominant but is expected to fall from 74% of total electricity 
generation in 2023 to 68% in 2026. Renewable energy generation is forecast to 
grow from around 21% of the mix to reach a 25% share in 2026. 

Year-on-year change in electricity generation in India, 2019-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

- 200

- 150

- 100

- 50

0

 50

 100

 150

 200

2019 2020 2021 2022 2023 2024 2025 2026

TW
h

Coal Gas Nuclear Other non-renewables Renewables Net change

https://powermin.gov.in/sites/default/files/webform/notices/Advisory_Direction_to_all_GENCOs_including_Independent_Power_Producers_IPPs_for_timely_Import_of_Coal_for_blending_purposes_and_maximizing_production_in_captive_coal_mines.pdf
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1975033
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1975033
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Hydropower, nuclear, storage and increased power system 
efficiency are high on the Indian government’s agenda 
India saw a massive 15% fall in hydropower generation in 2023 compared to a 
year earlier, which resulted in shortages and outages in several parts of the 
country. For example, the state of Karnataka had power shortages of 
approximately 1 500-2 000 MW linked to insufficient rain. In addition to promoting 
wind and solar generation in the country, there is renewed focus on developing 
large hydro and nuclear power plants for base load and balancing of the grid. To 
support hydropower development, over 12 stalled hydro projects (11.5 GW total 
capacity) that were awarded to private sector companies 15 years ago were 
transferred in August 2023 to central public sector entities under the Ministry of 
Power, to enable the projects to advance.  

In a milestone for India, its largest domestically built nuclear power plant, the 
700 MWe Kakrapar Unit 3 reactor, commenced operations in Gujarat in June 
2023, and reached full capacity in August. Based on the country’s project timeline, 
we expect nuclear power generation to increase rapidly during 2024-2026, with 
new plants totalling an estimated 4 GW of capacity entering commercial operation 
over the period. India currently has 23 operable nuclear reactors providing about 
2% of the country’s electricity.  

We expect India’s share of variable renewable energy (VRE) generation (wind and 
solar PV) to reach 15% by 2026. In order to ensure secure electricity supply and 
adequately utilise high shares of renewable energy, the government announced 
several policy measures to promote and develop energy storage technologies. 
The National Electricity Plan (NEP), released by the Central Electricity Authority 
(CEA) in May 2023, estimates an energy storage requirement of 16.1 GW (7.5 GW 
pumped storage hydropower and 8.7 GW of batteries) by 2026-2027. Related to 
this, the Ministry of Power announced the preparation of a national framework for 
the planning and establishment of energy storage systems. Following that, viability 
gap funding (VGF) for 4 000 MWh of battery energy storage system (BESS) 
projects was formalised. In a current tariff-based competitive bidding process, the 
discovered cost for BESS is INR 10.18/kWh (USD 0.12/kWh). The VGF scheme 
targets a reduction in the levelised cost of BESS ranging from INR 5.5/kWh to 
INR 6.6/kWh (USD 0.066/kWh to USD 0.079/kWh) by 2030-2031. To enable local 
development of long duration storage at a cheaper rate than BESS, the 
government released new guidelines for pumped storage hydropower projects in 
April this year, with interstate transmission charges being waived for pumped 
storage construction awarded by June 2025. 

Distributed renewable energy (DRE) is currently far behind set targets but is likely 
to increase with dedicated Renewable Purchase Obligations (RPO) introduced 
that require designated consumers to meet a minimum of 2.7% of their total 

https://indianexpress.com/article/cities/bangalore/karnataka-faces-daily-power-shortage-of-1500-2000-mw-rain-shortfall-and-wet-coal-blamed-8978326/
http://www.cspm.gov.in/ocmstemp/PROJ_SUMMARY?prcd=N02000010&stat=O
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1985538#:%7E:text=Cost%20of%20energy%20storage%20discovered,and%20New%20%26%20Renewable%20Energy%20Minister
https://powermin.gov.in/sites/default/files/Renewable_Purchase_Obligation_and_Energy_Storage_Obligation_Trajectory_till_2029_30.pdf
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consumption from DRE by 2026-2027. Efforts are also underway to achieve higher 
efficiencies and to reduce the carbon footprint of thermal power plants, with about 
94 units of total capacity of 65 GW operating with supercritical and ultra-
supercritical technologies. While several measures were introduced in the past 
that allowed replacing thermal power with renewables, in 2023 the government 
introduced minimum Renewable Generation Obligations (RGO) for coal/lignite-
fired power plants of 6% by 2026 and 10% by 2028. This means that a designated 
consumer which is a coal/lignite-based plant will be obligated to supplement its 
fossil-fired generation with a minimum supply of renewable electricity to fulfil its 
RGO. It can do that via either supplying the renewable electricity itself or procuring 
renewable power, e.g. through a power purchase agreement (PPA). 

Grids and electricity market designs are receiving attention to 
support decarbonisation 
In 2023, India announced new plans to strengthen the interstate transmission 
system to enable renewable integration. In October, the Cabinet approved the 
Green Energy Corridor (GEC) Phase-II interstate transmission system for 13 GW 
of renewable energy projects in Ladakh, with central financial assistance of 
INR 8.3 billion (around USD 100 million). In order to boost power trade with 
neighbouring countries, India also plans to buy 10 GW of power from Nepal in the 
next 10 years, which will mean expanding the capacity of cross-border power 
lines. The market for hydropower imports from Nepal may be further boosted with 
an additional clause introduced under the renewable purchase obligation 
guidelines announced in October allowing obligations to be met by projects 
located outside India. The G20 New Delhi Leaders’ Declaration recognised the 
role of grid interconnections and cross-border power systems integration. In 
addition to strengthening interconnections with neighbouring countries in South 
Asia, the government announced plans in the second half of 2023 to establish 
electricity interconnections with Saudi Arabia, UAE and Singapore as part of the 
One Sun One World One Grid (OSOWOG) initiative. 

In 2023, the new grid code came into force along with general access network 
regulations. These initiatives provide for renewable energy grid integration, 
reliability and adequacy of reserves, reactive power and inertia support, flexibility 
for buyers to optimise their procurement cost, and several aspects of scheduling, 
dispatch and performance monitoring.  

A roadmap on redesigning the electricity market in India was prepared in 2023 by 
a high-level group under the Ministry of Power, outlining short-, medium- and long-
term interventions to enable integration of renewable energy into the grid and 
optimisation of electricity generation resources. The Central Electricity Regulatory 
Commission (CERC) approved a plan for the Indian Energy Exchange Limited 
(IEX) to introduce trading in a high-price day-ahead market (HP-DAM). This 

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1968732
https://www.livemint.com/news/india-nepal-strike-deal-to-strengthen-cross-border-electricity-transmission-infrastructure-to-boost-power-trade-11695275463789.html
https://www.thehindubusinessline.com/economy/india-working-on-connecting-south-east-asian-power-grids-to-europe-via-middle-east/article67312322.ece
https://energy.economictimes.indiatimes.com/news/power/why-it-is-the-beginning-of-a-new-era-for-the-indian-power-system/104265516
https://powerline.net.in/2023/08/29/rising-volumes-recent-trends-in-indias-power-trading-sector/
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separate market segment will enable utilising available power capacity with cost 
of production higher than the price cap of INR 12/unit (introduced in 2022 to 
rationalise prices for buyers at the exchange), with a ceiling price of INR 20/unit. 
The HP-DAM could, for example, cater to gas-fired power plants, imported coal-
fired power plants, and battery energy storage systems. CERC also approved 
power exchange platforms to launch the tertiary reserve ancillary service (TRAS) 
market segment to help maintain grid frequency levels and accommodate higher 
shares of VRE.  

In June 2023, India announced its carbon credit trading scheme, which aims to 
reduce greenhouse gas emission for obligated entities by pricing emission through 
carbon credit certificates. The announcement includes a comprehensive overview 
of the institutional structure for the scheme with details on roles and 
responsibilities for each ministry and agency involved. In our forecast, we expect 
India’s emission intensity to improve, declining by 2.7% annually during 2024-
2026. The carbon credit trading scheme could support India’s long-term targets 
for reduction in emission intensity by 2030. 

Japan 

Coal use in power generation is set to contract as nuclear and 
renewables ramp up  
In 2023, Japan's electricity demand fell by 3.7% year-on-year due to rising 
electricity prices and concerted energy conservation efforts. The impact of 
weather on electricity demand was mixed. The winter months of 2023 were 
significantly milder, with -12% heating degree days (HDD) compared to 2022, 
reducing electricity demand. At the same time, summer was hotter at +10% 
cooling degree days (CDD), supporting demand for space cooling. The 
manufacturing sector contracted in 2023, according to purchasing managers index 
(PMI) trends, while at the same time services expanded year-on-year. 

The spike in prices for energy commodities following Russia's invasion of Ukraine 
prompted utilities to raise their rates. In June 2023, seven major utilities increased 
their regulated household rates by around 30% from previous levels. In response 
to the crisis, the Japanese government provided subsidies for electricity and gas 
bills in December 2022, and later extended this support until the spring of 2024. 

We forecast a modest electricity demand growth at an average annual rate of 
around 0.5% from 2024 through 2026, supported by an assumed gradual recovery 
in the manufacturing sector as well as EV uptake. In 2023 the Ministry of Economy, 
Trade and Industry (METI) published its preliminary guidelines for EV chargers,  
 
 

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1905479
https://beeindia.gov.in/sites/default/files/CCTS.pdf
https://www.spglobal.com/marketintelligence/en/mi/research-analysis/japan-flash-pmi-eases-to-50.0-to-signal-stalling-private-sector-activity-in-november-nov23.html
https://www.reuters.com/world/asia-pacific/japan-approves-energy-firms-household-power-price-hike-2023-05-16/
https://japan.kantei.go.jp/101_kishida/statement/202310/23shoshinhyomei.html
https://www.meti.go.jp/press/2023/10/20231018003/20231018003.html
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increasing the installation target, and also decided to expand support for 
semiconductor factories under the GX (Green Transformation) programme, 
formalised in February 2023.  

Gas and coal accounted for two-thirds of Japan's total power generation mix in 
2023. Nuclear generation increased by 54%, to reach 8% of the generation mix 
as a result of more reactors coming back online following periodical inspections in 
2022 while the Takahama Units 1 and 2 were restarted in August and October 
2023, respectively. Renewables also continued to grow, up by 6% with a share of 
24%. This combination of expanding low-carbon power generation and falling 
electricity demand led to a significant 10.3% year-on-year reduction in total 
emissions in 2023.  

Higher nuclear generation, expected once the Onagawa Unit 2 and Shimane 
Unit 2 reactors are restarted in 2024, and a steady increase in renewables of about 
5% annually to 2026, will reduce coal- and gas-fired generation by around 3% and 
2% per year respectively and see emissions intensity improve by 4% per year 
during the forecast period. Additional reactors may be brought back online in the 
coming years following a government announcement in August 2022 that the 
restart of nuclear power plants will be accelerated. In December 2023, the 
regulator lifted the operational ban on the TEPCO-owned Kashiwazaki-Kariwa 
nuclear power plant following safety improvements. Approval from the local 
governments is also required before a restart. 

In 2024, Japan’s capacity market is on track to become operational, and the 
balancing market is expected to introduce trading of new products as part of 
electricity system reforms. In addition, the first auction for long-term investment in 
power sources for decarbonisation is planned for January 2024. These initiatives 
aim to ease supply tightness in Japan's electricity system by ensuring sufficient 
power capacity and flexibility. 

https://www.meti.go.jp/press/2022/02/20230210002/20230210002.html
https://www.tohoku-epco.co.jp/news/normal/1237190_2558.html
https://www.reuters.com/article/japan-nuclearpower-chugoku-elec-pwr-idUKL1N3AN0L1
https://www.reuters.com/article/japan-nuclearpower-chugoku-elec-pwr-idUKL1N3AN0L1
https://english.kyodonews.net/news/2022/08/660896401eda-japan-considers-allowing-nuclear-reactors-to-operate-beyond-60-years.html
https://www.abc.net.au/news/2023-12-28/japan-lifts-operational-ban-on-world-biggest-nuclear-plant/103269776
https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku_gas/067.html
https://www.whitecase.com/insight-alert/japan-long-term-decarbonization-power-source-auction
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Year-on-year change in electricity generation in Japan, Korea, and Australia, 2021-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Korea 

Plans unveiled to expand and strengthen Korea’s power supply 
and transmission infrastructure to meet growing demand 
Korea posted a 0.8% decline in electricity demand in 2023, primarily due to a 
weaker industrial sector. However, we expect average annual demand growth of 
slightly below 1% for 2024 to 2026. The peak electricity demand for the entire 
power system surpassed 100 GW for the first time in history on 7 August, reaching 
100.8 GW.  

In 2023, the country’s total power capacity increased by 7 GW. This included 
nuclear (1.4 GW) as well as coal-fired (1.1 GW), gas-fired (2 GW), and renewable 
energy (3.8 GW) capacity. In 2024, further capacity additions are expected for 
nuclear (1.4 GW), coal-fired (1.1 GW), gas-fired (0.7 GW) and renewable energy 
(4.1 GW).  

Coal is the mainstay of Korea’s electricity system, accounting for about one-third 
of the total generation in 2023. However, coal power plant capacity is expected to 
gradually decrease to 2026, with plans to convert seven coal-fired power plants to 
gas-fired plants, with a total capacity of 3.6 GW. Nuclear capacity is forecast to 
increase from about 25 GW in 2022 to 29 GW in 2026, with no plans to retire any 
nuclear power plants in the latest plan. The share of renewable energy and nuclear 
power in the generation inches higher, while coal and LNG post marginal declines 
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over the forecast period. Coal’s share is expected to edge lower from 32% in 2023 
to 29% in 2026 while the share of gas falls from 29% to around 26%. By contrast, 
the share of renewable energy in power generation will remain comparatively 
modest, though growing, rising from 8% in 2023 to 11% in 2026. 

The year 2023 saw a wave of announcements on policies and plans for new 
generation installations, major transmission lines and substation facilities, among 
other initiations to improve and expand the electricity system as part of its 10th 
Basic Plan for Long-term Electricity Supply and Demand (BPLE), which was 
released in January 2023. The 10th power transmission and substation facility 
plan was unveiled in May. In addition, in October, the Special Act on Expansion of 
the National Power Grid was proposed in the National Assembly, which aims to 
reduce transmission lines construction time and support power grid expansion, 
including the establishment of a new long-distance transmission network, which 
are essential to ensure the competitiveness of high-tech industries. Reportedly, 
there is a critical need for expanding the power grid to meet growing electricity 
demand from semiconductor factories, as well as to integrate nuclear and 
renewable energy sources in the power mix. This draft law aims to include Variable 
Renewable Energies (VREs) in the process of deciding which power units to 
operate, known as the “unit commitment procedure”. These VREs will be 
dispatched based on their merit order, meaning they will be ranked and used 
based on their efficiency and cost, along with other traditional energy resources. 
The draft law also aims to create a real-time market, which would generate price 
signals for all types of technologies every 15 minutes. The Korea Power Exchange 
(KPX) intends to expand this new market design across the mainland by the end 
of 2025. 

Lastly, the Special Act on the Promotion of Distributed Energy was enacted in 
June 2023. The government aims to reduce the existing centralised power 
generation and raise the share of distributed power generation in the Korean 
energy market up to 30% by 2040, with a set of measures that, in particular, would 
promote the use of small renewable IPPs close to demand centres and enable 
them to sell electricity generation directly to consumers.  

To manage the energy crisis, the government implemented a System Marginal 
Price (SMP) upper limit system in the electricity market starting from December 
2022. Since the SMP needs to exceed the upper limit to be activated, the limit was 
triggered for only four months, spanning from December 2022 to February 2023 
as well as April 2023. The price cap concluded in November 2023. 

https://www.korea.kr/news/pressReleaseView.do?newsId=156523169
https://www.korea.kr/news/pressReleaseView.do?newsId=156523169
https://home.kepco.co.kr/kepco/PR/ntcob/ntcobView.do?pageIndex=1&boardCd=BRD_000117&boardSeq=21061873&menuCd=FN06030103
https://home.kepco.co.kr/kepco/PR/ntcob/ntcobView.do?pageIndex=1&boardCd=BRD_000117&boardSeq=21061873&menuCd=FN06030103
http://www.todayenergy.kr/news/articleView.html?idxno=265818
https://www.shinkim.com/eng/media/newsletter/2131
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Australia  

South Australia surpassed 75% wind and solar share in 
generation, marking a milestone  
Electricity demand in Australia fell by around 0.7% in 2023, with milder winter and 
summer temperatures compared to the previous year contributing to the decline. 
Demand is forecast to rise by just over 1% on average annually in 2024-2026, with 
growth coming primarily from the residential sector and higher EV deployment. 
Efficiency is expected to play an increasing role in limiting demand growth, with 
multiple initiatives implemented in 2023. Plans to improve efficiency include new 
investments for retrofitting commercial properties and government grants for small 
and medium-sized businesses. Consultations have also been initiated to improve 
the efficiency of electronic screens.  

Most capacity additions in the coming years are anticipated to come from 
renewable sources, with a small contribution from new gas-fired capacity. In 2023, 
almost 6 GW of renewables capacity was installed, including over 4 GW of solar 
PV and around 1.5 GW of wind. We expect a similar pace of installations to be 
maintained over the forecast period. Coal capacity continued to decline, with the 
Liddell coal power station closing its remaining three units (1 500 MW) in April 
2023. Multiple large-scale battery projects were connected to the National 
Electricity Market in 2023, bringing utility battery capacity close to 1.5 GW and 
exceeding the capacity of pumped storage hydropower. Residential battery 
systems have been estimated at almost 2 GW.  

In 2023, total renewables generation reached 35% of the electricity mix, consisting 
mainly of solar (15%), wind (12%) and hydropower (6%). The share of renewables 
is expected to reach 43% in 2026, surpassing coal for the first time and driving a 
steady decline in fossil fuel generation. Coal fell slightly from 49% of the mix in 
2022 to 48% in 2023 and is expected to decline to 41% in 2026. The share of gas 
fell to 16% in 2023 and is forecast to drop to around 15% by 2026. The regional 
South Australian electricity market saw the share of VRE generation reaching 75% 
in 2023, which rose from 71% the previous year, and up from about 50% in 2019. 

Due to the rising contribution of renewables and declining coal share, in 2023 
Australia continued to see reductions in both total emissions (-5%) and emissions 
intensity (-4%). We expect emissions intensity to continue declining by around 5% 
annually on average to 2026, while total power sector emissions fall 3% per year 
on average. 

In December 2023 Australia opened the first bids in its Capacity Investment 
Scheme, which was established at the end of 2022 to encourage investment in  
 

https://www.dcceew.gov.au/about/news/opening-soon-energy-efficiency-grants-support-small-medium-businesses
https://www.dcceew.gov.au/about/news/opening-soon-energy-efficiency-grants-support-small-medium-businesses
https://www.energy.gov.au/news-media/news/improving-energy-efficiency-electronic-displays
https://www.energy.gov.au/government-priorities/energy-supply/capacity-investment-scheme
https://www.energy.gov.au/government-priorities/energy-supply/capacity-investment-scheme
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dispatchable renewable energy. Emissions reduction ambitions for electricity are 
also now reflected in law, with the inclusion of an emissions reduction objective in 
the National Electricity Objective. 

Southeast Asia 

Strong economic growth drives the region’s electricity demand 
in the 2024-2026 outlook period 
In 2023, electricity demand grew by 4.6% in Southeast Asia, down from 7% in 
2022, and below the average 6% observed during the pre-pandemic period of 
2015-2019. Electricity demand growth is forecast to accelerate to an average 5.3% 
from 2024 to 2026, supported by strong economic growth in the region via 
expanding industries and rising electricity consumption per household. Growth in 
Indonesia, the largest electricity consumer in region with a share of just below 
30%, will underpin the gains, rising by an annual average of 6.3% in 2024-2026.  

Year-on-year change in electricity generation in Southeast Asia, 2019-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

About 35% of the additional demand out to 2026 is expected to be met by 
generation from coal, 40% from renewables and 25% from natural gas. Coal-fired 
generation grew in 2023 by 7.5% and is forecast to continue growing by 4%, but 
at a slower pace compared to its 2015-2019 average 11%. Gas-fired output rose 
4% in 2023 and is anticipated to increase on average by around 5% per year, well 
above the 1% growth observed in 2015-2019, driven by additional LNG availability 
from 2025 onward. Renewables are forecast to record an average growth rate of 
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7% through 2026, but their share in generation rises only slightly, from 26% in 
2023 to 28% in 2026.  

Emissions from electricity generation are set to increase by an annual average 
rate of 4% through 2026. With a high share of fossil-fired generation, which is 
expected to remain relatively constant, the region is expected to continue to 
register a steady CO2 intensity of around 600 g CO2/kWh through 2026.  

Indonesia 

Coal retains dominance but growth of renewable electricity 
generation on track to rise rapidly to 2026 
In 2023, the share of coal in total electricity generation in Indonesia rose to 66%, 
up from 65% in 2022 and 61% in 2021. Electricity demand posted a y-o-y increase 
of almost 7%, which was met mainly by coal power generation. Gas-fired power 
made up 13% of total generation, while renewable energy technologies accounted 
for 20% of the mix. This translated to an increase in total emissions of 6.8% y-o-y 
in 2023, with emissions intensity of generation reaching 790 g CO2/kWh. 
Hydropower, geothermal and biomass make up almost all renewable electricity, 
with solar and wind still covering less than 1% of the total generation.  

In the coming years, we expect that electricity demand will continue a steady rise 
of about 6% for the 2024-2026 period, in line with the strong economic growth 
forecast in the country. Growth in renewables is forecast at 8% per year in 2024-
2026. Coal and gas-fired generation increase by around 5% and 6%, respectively, 
over the same period, and maintain a steady share in the electricity generation 
mix. 

While current generation expansion programmes still show a continued 
deployment of gas and coal-fired technologies through 2030, the Comprehensive 
Investment and Policy Plan (CIPP), published at the end of November 2023 under 
the umbrella of the Just Energy Transition Partnership (JETP), shows a more 
ambitious trajectory for renewable technologies in the country. The plan, which is 
conditional on receiving financial support from the International Partners Group 
(IPG) and the Glasgow Financial Alliance for Net Zero (GFANZ), lays out a 
pathway for decarbonising the on-grid power sector by 2050. It includes a rapid 
expansion of solar and wind technologies, reaching 7.3 GW of deployment by 
2025 and 72 GW by 2030. Under the JETP scenario, the on-grid electricity 
demand increases by a robust 6.4% annually from 2022 to 2030 and 5.8% from 
2022 to 2050. 

https://jetp-id.org/cipp
https://jetp-id.org/cipp
https://www.mofa.go.jp/files/100421665.pdf
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Year-on-year change in electricity generation in Indonesia, Viet Nam, and Thailand, 
2021-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Viet Nam 

Strong electricity demand growth through 2026 is expected to 
go hand in hand with the accelerating economy 
Viet Nam posted electricity demand gains of more than 4% in 2023, but we expect 
stronger growth of an average 7% from 2024 out to 2026, led by an accelerating 
economy. Around 2.7 GW of renewable capacity was added in 2023, fairly evenly 
split between solar PV and wind. We expect this trend to continue in similar 
amounts over our forecast horizon, supported by Viet Nam's power development 
master plan, which was approved in May 2023. It includes a target for generation 
from non-hydro renewable sources of 20% of the country’s electricity by 2030, with 
efforts to equip half of the office buildings and homes with rooftop solar panels 
expected to play a large part. 

New renewable capacity additions will bring the share of non-hydro renewable 
electricity in total generation from 16% in 2023 to 19% in 2026, just shy of the 
target. The share of gas in total generation is expected to increase from 9% to 
11%, while coal averages around 43% in 2024-2026, down from 46% in 2023. To 
meet demand growth, total generation from gas, coal and renewables are all 
expected to rise until 2026.   
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https://en.evn.com.vn/d6/news/Ministry-reviews-draft-National-Power-Development-Plan-VIII-66-163-3047.aspx
https://en.evn.com.vn/d6/news/Ministry-reviews-draft-National-Power-Development-Plan-VIII-66-163-3047.aspx
https://www.reuters.com/article/vietnam-economy-idAFL1N37C29O
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Demand growth in 2023 was mainly met by coal generation. Renewable 
generation is estimated to have declined by around 5% y-o-y, falling to 44% of the 
electricity generation mix, largely due to a drought-induced hydro power shortage. 
This caused a power crisis in 2023, where peak load in July exacerbated by a 
heatwave could not be met due to reduced water levels in several hydropower 
reservoirs. Generation from gas is estimated to have decreased by 6%.  

Due to its high reliance on domestic hydropower and high gas prices, Vietnam had 
to significantly ramp up coal-fired generation in 2023, increasing its average CO2 
intensity of electricity generation by 11%. This level is expected to fall in 2024 by 
6% on an assumed rebound in hydro availability as well as higher PV and wind 
generation. Interconnection is seen as a key mechanism to smooth out these 
variations. 

During the power crisis, Northern Viet Nam suffered rolling blackouts and sudden 
power outages, with an estimated peak demand and supply deficit of 1.8 GW and 
cost of USD 1.4 billion. During this power crunch, Viet Nam received support from 
China, which resumed cross-border electricity exports to the country for the first 
time since 2016. Given the structure of the Vietnamese power grid, the exposure 
of the northern region is particularly acute. According to the Ministry of Industry 
and Trade, in 2024 Vietnam’s northern region is likely to face a power shortage of 
up to 1.8 GW. Against a backdrop of a strong rise in annual power demand, 
Northern Viet Nam may continue facing power shortages in the coming years. 

In 2022, the state utility recorded a loss of VND 20.7 trillion (USD 874.5 million) 
due to rising fuel production prices. In the first half of 2023, the losses rose to more 
than VND 35.4 trillion (USD 1.46 billion), according to a report by the Ministry of 
Planning and Investment. 

Thailand 

Energy security concerns sharpen the focus on boosting 
domestic natural gas production to support gas-fired power 
generation 
Electricity demand in Thailand rose by around 3% in 2023. Natural gas-fired 
generation increased by almost 13%, whereas coal-fired output decreased by 
14%. Renewable generation grew by 3%. As a result, CO2 intensity of the power 
sector declined from 470 g CO2/kWh in 2022 to 452 g CO2/kWh. 

Supported by economic growth, electricity demand in Thailand is forecast to rise 
at an average annual rate of 3% from 2024 out to 2026. Growth is expected to be 
met by increased supply from coal, gas and renewables. Currently, gas supplies 
around 65% of the electricity mix, coal 18% and renewables 17%. By 2026, the 

https://vietnamnews.vn/society/1549751/severe-drought-affects-electricity-production-of-northern-hydropower-plants.html
https://www.thedailystar.net/business/economy/news/power-crisis-costs-vietnam-14b-wb-3393466
https://news.cgtn.com/news/2023-07-27/Southeast-Asia-suffers-power-shortages-due-to-unprecedented-heat-waves-1lMithqJ26I/index.html
https://aseanenergy.us14.list-manage.com/track/click?u=027370a8ad722414abe442fd4&id=f68daecca6&e=ff0fe0c5c0
https://theinvestor.vn/retail-electricity-prices-not-keeping-pace-with-market-developments-parliament-d6689.html
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share of coal is expected to rise by two percentage points while gas decreases by 
two percentage points, and renewables grow slightly. This corresponds to growth 
in both emissions and intensity through the forecast period.  

Thailand gets more than 60% of its electricity from natural gas and has been 
increasing imports to meet demand. Recent increases in LNG prices have 
triggered concerns of another gas and power crisis. Despite this, the cabinet 
decided in September 2023 to reduce the electricity rate as a means to lower the 
cost of living. 

There is a call to expand reserves and production at domestic gas fields to boost 
the country’s energy security. State-controlled PTT Exploration & Production plans 
to double gas production at Erawan, its biggest field, to 800 million cubic feet per 
day in early 2024. Imported LNG accounted for about 29% of the gas used in 
power generation in 2022, more than double the share in 2018, according to data 
from the Energy Regulatory Commission. 

Additions to the 3.4 GW of solar PV and 1.5 GW of wind power were limited in 
2022 while solar capacity increased around 400 MW in 2023. The largest source 
of renewables in Thailand is bioenergy, with a more than 50% share of renewable 
electricity generation. Achieving the national target for carbon neutrality requires 
renewable electricity to reach 68% of power generation by 2040. Growth out to 
2026 is expected to come predominantly from solar PV, with some wind. 

Feed-in tariffs are offered for small power producers in specific parts of the 
country, as well as PPAs for commercial scale projects, in order to reach a quota 
for renewable electricity projects. However, the Thai Energy Regulatory 
Commission has said that there is potential for faster growth of rooftop solar if the 
government enacts policies to encourage private sector uptake.  

Thailand’s Power Development Plan (PDP) is typically updated or revised every 
few years, with the most recent revision published in 2020 (PDP 2018 Revision 1). 
The upcoming update remains under discussion to ensure the balance between 
accelerated deployment of distributed variable renewables and measures to 
ensure that grid integration capabilities are adequately captured.  

Malaysia 

Gas-fired power generation is expected to overtake coal in 
2026, while hydropower dominates growth in renewables 
In 2023, electricity demand in Malaysia is estimated to have grown around 3% 
year-on-year. While the economic growth slowed down from the 2022 highs of a 
GDP growth of above 8%, economy is estimated to have grown robustly by almost 
4%, which supported electricity demand. The completion of several new 

https://www.thaipbsworld.com/breaking-cabinet-further-reduces-electricity-charge/
https://www.bangkokpost.com/business/general/2629849
https://www.bangkokpost.com/business/general/2629849
https://thailand-construction.com/rooftop-solar-sales-start-to-surge-in-thailand/
https://www.egat.co.th/home/en/wp-content/uploads/2021/12/EGAT-Overview-2020.pdf
https://www.egat.co.th/home/en/wp-content/uploads/2021/12/EGAT-Overview-2020.pdf
https://www.spglobal.com/marketintelligence/en/mi/research-analysis/malaysian-economy-moderates-in-mid2023-aug23.html
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semiconductor plants and data centre investments in 2024 are expected to boost 
electricity demand in the following years. We forecast average annual electricity 
demand growth of 3.4% through 2026. 

Coal-fired power generation accounted for around 46% of Malaysia's generation 
mix in 2023. The government's National Energy Transition Roadmap (NETR) aims 
to reduce reliance on coal by increasing the use of gas and renewables. We 
expect the growth of coal-fired power generation to almost plateau by 2026, while 
gas-fired power grows steadily and overtakes coal generation in 2026. After 
having increased by 1% in 2023, emissions intensity is forecast to fall by around 
1.5% annually on average from 2024 to 2026, due to the declining coal share. 
Growing fossil-fired generation is expected to increase total power sector 
emissions by about 2% per year on average. 

The Malaysian government has set a new target of 70% renewable energy in the 
power generation mix by 2050. Efforts to accelerate renewable energy investment 
include increasing the green energy tariff, ten initiatives in the NETR and removing 
barriers to renewable energy growth. In addition, the ban on renewable energy 
exports was lifted in 2023 to encourage investment in local renewable resources. 

Malaysia is driving electrification of its transport sector and strengthening 
co-operation with neighbouring countries as part of the National Energy Transition 
Roadmap. Tenaga Nasional Berhad, the country’s largest utility, is working with 
various stakeholders on developing 500 MW Large-Scale Solar Parks (LSSP), 
2.5 GW Hybrid Hydro-Floating Solar (HHFS), and co-firing hydrogen and 
ammonia projects to diversify its energy portfolio and progress towards net zero 
carbon emissions by 2050. 

https://www.spglobal.com/marketintelligence/en/mi/research-analysis/malaysian-economy-moderates-in-mid2023-aug23.html
https://asia.nikkei.com/Business/Technology/Malaysia-courts-new-data-centers-in-bid-to-be-next-Southeast-Asia-hub
https://www.ekonomi.gov.my/sites/default/files/2023-09/National%20Energy%20Transition%20Roadmap_0.pdf
https://www.enerdata.net/publications/daily-energy-news/malaysia-sets-new-target-reach-70-renewables-power-mix-2050.html
https://www.malaymail.com/news/malaysia/2023/07/14/minister-new-green-electricity-tariff-set-at-218-senkwh-effective-august-1/79695
https://theedgemalaysia.com/node/676286
https://www.eco-business.com/news/malaysia-lifts-renewable-energy-export-ban-move-welcomed-in-singapore/
https://solarquarter.com/2023/10/03/tenaga-nasional-berhad-drives-malaysias-green-revolution-with-three-pioneering-renewable-energy-projects/
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Year-on-year change in electricity generation in Malaysia, Philippines, and Singapore, 
2021-2026 

 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Philippines 

Robust economic growth fuels higher coal-fired power 
generation to meet strong demand for electricity  
GDP growth in the Philippines is estimated at 5.3% in 2023, despite global 
macroeconomic challenges and high inflation. The gains largely reflect high 
household consumption and public spending on infrastructure and social services. 
As a result, electricity demand posted strong growth of about 4% in 2023, and is 
forecast at a higher annual average rate of 6% from 2024-2026, underpinned by 
continued robust economic activity.  

In 2023, coal-fired generation increased by an estimated 5%, and is forecast to 
continue to grow at an annual average rate of 3.4% from 2024-2026. The share of 
coal in the generation mix is set to decline gradually, from 61% in 2023 to 58% in 
2026. Despite some efforts to gradually phase out coal, including the moratorium 
on new coal plants in place since 2020 and signing the coal exit at COP26, the 
country ranks sixth in the world in 2022 for new coal capacity. Coal generation will 
continue to increase during the outlook period, with almost 3.5 GW of capacity in 
construction coming online. Nevertheless, coal capacity additions are expected to 
fall in the future as new projects will not be added to the pipeline. As coal 
generation increases, total emissions rise around 4% annually during 2024-2026. 
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https://www.imf.org/en/Countries/PHL
https://www.doe.gov.ph/press-releases/doe-sec-cusi-declares-moratorium-endorsements-greenfield-coal-power-plants
https://www.doe.gov.ph/press-releases/doe-sec-cusi-declares-moratorium-endorsements-greenfield-coal-power-plants
https://climateactiontracker.org/countries/philippines/policies-action/#:%7E:text=Coal%20exit%3A%20The%20Philippines%20signed,(COP26)%2C%202021).
https://www.doe.gov.ph/sites/default/files/pdf/electric_power/04_LVM%20Committed%20Summary%200228.pdf
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Emission intensity decreases by 1.5% per year as the share of coal declines with 
growing renewables and natural gas-fired generation. 

Gas-fired output is forecast to rise by almost 9% on average from 2024-2026, 
resulting in a slight increase in its share of the electricity mix from 14% in 2023, to 
15% in 2026. Various efforts are being made by the Philippines to promote the 
use of natural gas as a transition fuel, including the proposed Downstream Natural 
Gas Industry Development Act, which would offer tax incentives for gas 
development, as well as a draft circular clarifying the policy framework for 
development of generation facilities in the Luzon grid.   

The Philippines is targeting 35% renewables in its electricity mix by 2030. In 2023, 
the share sat at around 23%, and it is forecast to grow by close to 8% per year on 
average from 2024-2026, bringing its share in electricity to 25% in the same 
period. This increase is mostly driven by solar and wind, whose share in the 
electricity mix more than doubles from 3% in 2023 to 7% in 2026. Measures in 
place to support growth in renewables include the Green Energy Option Program, 
which enables consumers with sufficient load and metering to directly procure 
renewables, and allowing 100% foreign ownership of renewable assets, since 
December 2022.  

Singapore 

Significant progress in the approval of the planned regional 
interconnection projects was achieved 
Singapore’s electricity demand rose by less than 0.5% in 2023, down from 2% in 
2022. For 2024-2026, we expect demand to increase by an average 2%, in line 
with economic growth. EVs will account for an increasing share of new electricity 
demand, with the country planning to phase out the purchase of combustion 
vehicles by 2030.  

Natural gas made up around 93% of Singapore’s generation in 2023 and its share 
is expected to decline to 92% in the coming years as clean sources increase, 
despite average annual growth of gas-fired electricity around 1.5%. Renewable 
generation is forecast to reach 6% of the generation mix in 2025, mainly from solar 
PV and biomass. Solar PV generation sees nearly 15% annual average growth 
for 2024-2026 due to ongoing capacity additions. New gas-fired capacity is also 
coming online, with construction started in July 2023 on a 600 MW advanced 
combined-cycle gas turbine power plant in Jurong Island, and expected to be 
completed in the first half of 2026. The plant will initially run purely on natural gas 
but is designed to co-fire with up to 30% hydrogen and can be converted to run 
entirely on hydrogen.  

https://legacy.senate.gov.ph/lis/bill_res.aspx?congress=19&q=SBN-2247
https://www.doe.gov.ph/sites/default/files/pdf/announcements/draft-dc-natural-gas-power-generation.pdf
https://www.doe.gov.ph/sites/default/files/pdf/announcements/nrep_2020-2040.pdf
https://www.iemop.ph/geop/
https://www.aseanbriefing.com/news/philippines-opens-renewable-energy-to-full-foreign-ownership/#:%7E:text=The%20circular%20amended%202008's%20Renewable,ocean%20or%20tidal%20energy%20resources.
https://www.scmp.com/country-reports/country-reports/topics/singapore-national-day-2023/article/3230343/how-singapore-driving-city-towards-electric-vehicles-vowing-phase-out-sales-internal-combustion
https://www.kepcorp.com/en/media/media-releases-sgx-filings/keppel-together-with-mitsubishi-power-and-jurong-engineering-consortium-breaks-ground-for-singapores-first-hydrogen-ready-cogeneration-plant-/
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Singapore’s emission intensity fell by 2.2% in 2023, driven by increased 
renewables and a decline in oil-fired generation, which saw a spike in 2022 due to 
high gas prices. We expect a continued decrease in intensity over the forecast 
horizon at around 0.7% per year. 

During 2023, the Singapore Energy Market Authority (EMA) announced 
conditional approval for multiple interconnection projects under a Request For 
Proposal process, initiated in 2021, aiming to reach an import target of 4 GW of 
low-carbon electricity by 2035. These include projects amounting to 2 GW from 
Indonesia, targeted for completion in the next five years, 1 GW from Cambodia 
and another 1.2 GW from Viet Nam, which would total more than half of 
Singapore’s current peak demand. These significant regional integration projects 
are expected to build on the success of the existing 100 MW Lao PDR-Thailand-
Malaysia-Singapore Power Integration Project that allows Singapore to import 
hydropower from Laos via Thailand and Malaysia, operating since 2022. 

Due to the high dependency on natural gas, electricity prices in Singapore have 
experienced substantial volatility due to spikes in global fuel prices and gas supply 
disruptions. In addition to measures including a standby LNG facility and a 
temporary price cap, in October 2023 Singapore’s Minister for Trade and Industry 
announced that an entity will be established to undertake centralised procurement 
of gas for the power sector, which the EMA expects to set up in 2024. 

https://www.ema.gov.sg/partnerships/calls-for-proposals/proposals/second-request-for-proposal-to-appoint-licensed-electricity-importers
https://www.ema.gov.sg/partnerships/calls-for-proposals/proposals/second-request-for-proposal-to-appoint-licensed-electricity-importers
https://www.reuters.com/article/idUSL1N3AK0G8/
https://www.reuters.com/article/idUSL1N3AK0G8/
https://www.kepcorp.com/en/media/media-releases-sgx-filings/-keppel-first-to-receive-energy-market-authoritys-conditional-approval-for-large-scale-renewable-and-low-carbon-energy-import-to-singapore/
https://www.channelnewsasia.com/singapore/ema-import-electricity-vietnam-1-2gw-sembcorp-utilities-conditional-approval-3866001#:%7E:text=SINGAPORE%3A%20The%20Energy%20Market%20Authority,low%2Dcarbon%20electricity%20by%202035.
https://www.ema.gov.sg/consumer-information/electricity/buying-electricity/electricity-prices
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/lng/102323-singapore-to-set-up-centralized-gas-procurement-supply-entity-for-power-sector#:%7E:text=Singapore%20will%20set%20up%20a,Singapore%20International%20Energy%20Week%202023.
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Americas 

Strong growth in renewable power 
increasingly displaces fossil-fired generation 

Electricity demand is estimated to have declined by 0.4% in 2023, largely because 
of fall in US demand due to milder weather bringing down the average. By 
contrast, Brazil and Mexico posted robust demand growth. From 2024-2026, we 
forecast electricity demand to increase on average by 1.7% per year in the region. 

Renewable generation is forecast to grow annually by 7% on average over the 
outlook period. The increase in renewables is set to more than offset the additional 
electricity demand and displace coal-fired generation, which is expected to record 
a substantial 10% decline on average from 2024-2026. The United States 
dominates these developments, where around two-thirds of the electricity in the 
Americas is produced and consumed. 

Due to strong growth in renewables, the share of fossil fuels in electricity 
generation is expected to fall from 50% in 2022 to 44% in 2026. Emissions of 
electricity generation in the Americas are set to decline by 4% per year on average 
over the forecast period, and its emissions intensity will fall to 235 g CO2/kWh in 
2026, down from 280 g CO2/kWh in 2023. 

Year-on-year percent change in electricity demand, Americas, 2019-2026 

 
     IEA. CC BY 4.0. 
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United States 

Milder weather led to lower electricity demand in 2023, but 
growth resumes as electrification accelerates to 2026  
Despite the US economy growing at an annualised rate of above 3% in the first 
three quarters of 2023, including 4.9% in the third quarter, electricity demand 
declined by 1.6% for the year compared to growth of 2.6% in 2022. Electricity use 
was curbed due to milder weather across many parts of the country compared to 
2022 in both in the summer and winter months, reducing heating and cooling 
demand. In addition, manufacturing activity fell despite growth in the overall 
economy, amid a drawdown of inventories, strikes in the automotive industry and 
overall inflationary pressures. The number of heating degree days (HDDs) in the 
first quarter, typically the peak period of heating demand, was more than 10% 
lower in 2023 than in 2022, with the Northeast and Midwest regions particularly 
below average. In the third quarter, cooling degree days (CDDs) in these peak 
months for cooling demand were 1.5% below the level in 2022.   

From 2024 to 2026, we expect a return to growth in electricity demand of 1.5% on 
average, fuelled by increased manufacturing activity and electrification in the 
transportation and building sectors. Around one-third of the additional demand out 
to 2026 is expected to come from the rapidly growing data centre sector alone. 
Projects supported by the US government’s 2022 Inflation Reduction Act (IRA) 
and the Bipartisan Infrastructure Law (BIL) through special financial vehicles, 
grants, tax credits, loan guarantees, among other incentives, are assumed to 
accelerate over our forecast period. These initiatives enable households and 
commercial businesses to monetise IRA tax credits, loans and rebates for the 
installation of electric heat pumps, water heaters, and other energy saving electric 
appliances. In September 2023, governors from 25 states, under the umbrella of 
the U.S. Climate Alliance, and the Biden administration announced plans to 
quadruple the number of heat pumps in US homes by 2030, from 4.7 million to 
20 million.  

The IRA and BIL supported significant investments in the power sector, with 
USD 110 billion for clean energy manufacturing projects, of which more than 
USD 70 billion was for the electric vehicle (EV) supply chain as of August 2023. A 
further USD 125 billion has been awarded for clean energy generation projects. 
As of November 2023, the BIL awarded funding for 44 000 major infrastructure 
projects across the 50 states, including spending on electricity grid reliability and 
resilience. The IRA also launched the Energy Infrastructure Reinvestment (EIR) 
Program (section 1706) that guarantees loans for projects that aim to retool, 
repower, repurpose, or replace energy infrastructure or to improve the efficiency 
of existing energy infrastructure.  

https://www.bea.gov/sites/default/files/2023-10/gdp3q23_adv.pdf
https://www.whitehouse.gov/build/
https://apnews.com/article/climate-heat-pump-energy-air-conditioning-4f4b1f6a56445c68154e3f3f59274d46
https://www.whitehouse.gov/build/
https://www.whitehouse.gov/build/
https://www.energy.gov/lpo/inflation-reduction-act-2022
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Gas gained at the expense of coal, while renewable output was 
below average in 2023 
Gas-fired generation increased by 6.4% in 2023 compared to 7.3% in 2022, as 
prices tumbled. Gas prices declined steeply at the benchmark Henry Hub in 2023, 
from around USD 6/MBtu in 2022 (the highest level since 2008) to a low of USD 
2.15/MBtu in May 2023 due to strong growth in domestic production and mild 
weather. The rise in gas-fired generation came largely at the expense of coal-fired 
generation, which declined by 7.7% in 2022 and 19% in 2023 as the decrease in 
the cost of gas encouraged fuel switching. Capacity factors of coal plants declined 
from 52% to 42% in the period while gas combined-cycle plants increased from 
55% to 59%. In addition, around 30 GW of coal-fired capacity was retired since 
the start of 2022, owing to the ageing fleet (average age of 43 years) as well as 
more stringent state and federal environmental regulations. The share of gas in 
the electricity mix reached a record of 42% for 2023, while coal declined to 17%. 
This continues the long-term trends for both fuels, as gas and coal’s shares were 
24% and 40%, respectively, in 2011. 

Year-on-year change in electricity generation in the United States, 2019-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Growth in renewables generation was muted by unfavourable weather conditions, 
particularly for wind, despite significant new installations. Wind generation was 
almost the same in 2023 as in 2022 despite an increase of around 8 GW of 
capacity. In addition, output from hydro power plants was down 4.4% as rapid 
spring snowmelt caused by record high temperatures in the Northwest depressed 
output in the region, which accounts for around 50% of US hydropower capacity. 
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https://www.iea.org/commentaries/natural-gas-is-now-stronger-than-ever-in-the-united-states-power-sector
https://www.iea.org/commentaries/natural-gas-is-now-stronger-than-ever-in-the-united-states-power-sector
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Solar PV generation increased by 16%, driven by new installations at both grid-
scale (26 GW) and distributed generation (8 GW) levels.  

Power generation share in the United States in July and August, 2021-2023 

  
IEA. CC BY 4.0. 

Source: IEA analysis based on official data from country and national regulatory authorities.  
 

Nuclear output increased slightly as Plant Vogtle Unit 3 entered commercial 
operation in July 2023, ten years after the start of construction. Unit 4 is expected 
to follow in 2024. Developers Utah Municipal and NuScale Power agreed to cancel 
their small modular reactor (SMR) project that was planned for construction in 
Idaho after not meeting the target subscription level of 80% of the project’s output. 

Solar PV and wind generation are set to surpass coal-fired 
generation in 2024, marking a milestone 
Installations of wind and solar are expected to increase renewable generation by 
around 10% annually between 2024 to 2026, although financing and supply chain 
issues are causing delays and cancellations of some projects, particularly for 
offshore wind. Solar and wind generation are expected to surpass coal-fired 
generation in 2024. Coal output is expected to fall by almost 10% per year over 
the 2024-2026 period as retirements continue, although at a slower pace than 
seen in 2022-2023. Gas output will be mostly unchanged, as new capacity 
additions will replace retiring units and moderately low gas prices will keep the 
variable cost of gas-fired generation competitive with coal. As a result of the 
increase in renewables and decline of coal, total power sector emissions and 
emissions intensity are expected to decline at annual rates of 4% and 5%, 
respectively, between 2023 and 2026.  

Reliability concerns for winter 
A large portion of the United States is at elevated risk of insufficient electricity 
supply during peak winter conditions according to the North American Electric 
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https://www.nuscalepower.com/en/news/press-releases/2023/uamps-and-nuscale-power-agree-to-terminate-the-carbon-free-power-project
https://www.nuscalepower.com/en/news/press-releases/2023/uamps-and-nuscale-power-agree-to-terminate-the-carbon-free-power-project
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_WRA_2023.pdf
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Reliability Corporation (NERC), as reserve margins have declined in many areas. 
A replay of the prolonged cold snaps, like Winter Storm Uri in the South-Central 
states in February 2021 and Elliott in December 2022, which caused significant 
load shedding, threaten to reduce gas-fired generation while also compromising 
fuel delivery, particularly in regions where facilities are not designed for such 
conditions. Load forecasts also become highly uncertain and complex, and 
underestimating demand is cited as a reliability risk. Wide area events like Elliott 
would reduce transfers from neighbouring regions.  

Canada 

Electricity demand returns to growth in the 2024-2026 outlook, 
with higher gas-fired generation to offset the fall in nuclear  
In Canada, a milder winter offset a warm and dry summer, contributed to a decline 
in electricity demand of 1% in 2023. We expect demand will increase by around 
1% per annum over the next three years.  

Hydropower, which contributes more than half of electricity supply in the country, 
fell by almost 7% due to reduced supply from snowmelt as a result of the mild 
winter. This in turn caused Canada to reduce electricity exports to the US by 
around 15% from Quebec and 30% from British Columbia in the first half of the 
year.  

Nuclear generation is expected to increase by around 4% in 2024 before falling 
by around 10% in 2025 and 16% in 2026 as additional units will be taken offline 
for the ongoing refurbishment programmes at Bruce (6.2 GW) and Darlington 
(3.5 GW) nuclear stations. Each unit will be offline for around three years for the 
work, which will extend the units lifetimes by 30 years. The Pickering station 
(3.1 GW) is expected to close Units 1 and 4 when their operating licences expire 
at the end of 2024, although the Ontario provincial government had announced 
intentions to seek a licence extension through 2026 for Units 5-8, citing tight 
reserve margins. 

The decline in nuclear output is replaced by a combination of gas-fired generation 
and renewables. As a result, overall emissions from electricity generation are 
expected to rise by 6% in 2025-2026. In August, construction began on a 
1 250 MW converter station for the Champlain Hudson Power Express 
transmission line that will bring power from Quebec to New York City. It is 
expected to start operating in 2026.  

 

 

https://www150.statcan.gc.ca/n1/daily-quotidien/231010/dq231010c-eng.htm
https://www.brucepower.com/life-extension-program-mcr-project/
https://www.opg.com/projects-services/projects/nuclear/darlington-refurbishment/
https://www.opg.com/power-generation/our-power/nuclear/pickering-nuclear/
https://news.ontario.ca/en/release/1002338/ontario-supports-plan-to-safely-continue-operating-the-pickering-nuclear-generating-station
https://www.governor.ny.gov/news/governor-hochul-announces-start-construction-converter-station-339-mile-champlain-hudson-power
https://www.governor.ny.gov/news/governor-hochul-announces-start-construction-converter-station-339-mile-champlain-hudson-power
https://www.governor.ny.gov/news/governor-hochul-announces-start-construction-converter-station-339-mile-champlain-hudson-power
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In November, Prime Minister Trudeau’s government exempted home heating oil 
from the federal carbon tax programme (currently CAD 65/t CO2) for the next three 
years, owing in part to a recent doubling in the price of oil. This was twinned with 
additional incentives to switch from heating oil to electric heat pumps. 

Year-on-year change in electricity generation in Canada, Mexico, and Brazil, 2021-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Mexico 

Hydropower generation fell to record lows in 2023 due to 
drought, pushing up oil and gas-fired output 
In 2023, electricity demand in the country grew at rate of 3% y-o-y, closely 
following the economic growth rate of an average 3.2%. Strong growth in the 
industrial sector, services industry and agricultural all combined to boost power 
demand. We expect that electricity demand will maintain stable growth of 2.5% for 
the period 2024-2026. This is a lower overall annual growth rate than that seen in 
the past two years as the country was rebounding from the effects of the Covid-19 
pandemic, however, it will still closely follow economic activity in the country. 

Electricity demand and economic growth will be supported by a requirement for a 
higher percentage of regionally commercialised products to be manufactured 
within the region (regional value-content requirements) in the US-Mexico-Canada 
Trade Agreement (USMCA), and nearshoring. Nearshoring is a strategy in which 
companies move part of their production closer to the final consumer, thereby 
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https://www.reuters.com/sustainability/cop/canada-pause-carbon-tax-home-heating-oil-three-years-2023-10-26/
https://www.imf.org/en/News/Articles/2023/10/03/mexico-staff-concluding-statement-of-the-2023-article-iv-mission#:%7E:text=The%20Mexican%20economy%20is%20in,%2C%20construction%2C%20and%20auto%20production.


Electricity 2024 Regional focus 
Analysis and forecast to 2026  

PAGE | 116  I E
A.

 C
C

 B
Y 

4.
0.

 

reducing costs and logistical setbacks. The impact of nearshoring will likely unfold 
gradually in coming years, and steadily increase electricity demand in the forecast 
period. 

Hydropower makes up about 40% of Mexico’s renewable energy supply and is an 
important source of generation during the peak summer season, as well as 
providing flexibility and backup power when other sources of generation are 
disrupted. However, recent multi-year droughts have compromised its availability. 
During summer 2023, an operational alert was issued as a result of a period of 
low operating reserves (below 6%) but CENACE, the national ISO, later clarified 
that electricity supply was not at risk. The situation was due to a sudden increase 
in peak demand – 9% higher than that recorded in 2022 (52.9 GW) – and low 
hydro availability. 

Despite higher electricity demand, the cumulative annual hydropower generation 
in 2023 was more than 40% lower than that for 2022 and 2021, and 9% lower than 
that of 2019 – the year with the lowest hydropower generation in recent history. 
The available alternatives to cover the reduction in hydro generation require more 
expensive fuel sources, such as natural gas that is mainly imported, diesel or fuel 
oil, which could ultimately result in higher electricity production costs. 

Cumulative yearly hydropower production in Mexico, 2018-2023 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from Sistema de Información de Mercado. 
 

In 2023, the emissions intensity of the power sector rose by about 4% y-o-y, 
reaching 446 g CO2/kWh due to lower hydropower generation. An increase in 
natural gas, nuclear, solar and wind production combined to substitute for the loss 
of hydropower. The growth of solar and wind in Mexico are expected to be limited  
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https://www2.deloitte.com/us/en/insights/economy/issues-by-the-numbers/advantages-of-nearshoring-mexico.html
https://www2.deloitte.com/us/en/insights/economy/issues-by-the-numbers/advantages-of-nearshoring-mexico.html
https://www.gob.mx/cenace/prensa/el-sistema-electrico-nacional-garantiza-el-suministro-electrico-a-todo-mexico-339355
https://www.gob.mx/cenace/es/articulos/sistema-de-informacion-de-mercado-sim-195030?idiom=es
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to those projects previously committed in auctions, which were halted in 2019. 
These projects will push the share of solar and wind in total electricity generation 
from 10% in 2023 to 13% in 2026.  

Along with increased solar and wind power, gas-fired generation falls from 59% to 
57% while coal’s share declines from 7% to 6%, which combined lead to a 
reduction in power sector emissions intensity of almost 3% per year for 2024-2026. 

Brazil 

Solar and wind output rise by a combined 50% in 2026, and 
new transmission lines are set to transform the power sector  
Electricity demand in Brazil rose by about 4% in 2023, compared to 2.7% in 2022, 
largely reflecting robust economic activity and higher consumption in the buildings 
sector. The largest absolute growth in 2023 came from the northern subsystem, 
due to higher average temperatures and increased electricity access. Notably, on 
13 November 2023 the country’s interconnected system reached record-high 
instantaneous demand above 100 GW. On that day, a heatwave pushed up air 
cooling needs, particularly in the Southeast/Centre-West subsystem, which 
reached its own record high (61 GW).  

Capacity factors of hydropower in Brazil had fallen from an average 56% in 1990-
2021 to 42% in 2017-2020, and to a record low 38% in 2021 – its lowest level at 
least since 1990. Severe droughts in 2021 had caused water shortages and power 
cuts. In 2022, hydropower generation recovered, rising by 17% year-on-year, and 
recording an average capacity factor of 44%. In 2023, hydro capacity factor was 
again about 44%, with generation increasing by 1%. At the same time, gas-fired 
generation declined by 10%, whereas coal-fired output increased by 10%. 

Electricity demand in Brazil is forecast to increase at an average 2.5% per year in 
2024-2026 compared to 2.2% over the 2018-2023 period. Growth is supported by 
continued brisk economic activity and higher residential consumption. The rural 
electrification programme Luz Para Todos (Light for All), which has benefited over 
18 million people since its creation, celebrated its 20th anniversary in November 
2023. It will include up to 2 million more people by 2026, providing an additional 
boost to electricity demand growth.   

Out to 2026, we expect most of new electricity demand in Brazil to be met by wind 
and solar PV. In our forecast, combined wind and solar PV generation in 2026 will 
be almost 50% more than that of 2022, reaching over 200 TWh, and achieving a 
combined generation share of almost 30% (up from around 20% in 2023). With 
this, total renewable generation in Brazil will account for about 95% of the 
electricity mix in 2026. Considering the growing high share of renewables in the 

https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/boletim-trimestral-de-consumo-de-eletricidade
https://www.gov.br/mme/pt-br/assuntos/noticias/demanda-de-energia-eletrica-bate-recorde-e-ultrapassa-os-100-gw
https://www.gov.br/mme/pt-br/assuntos/noticias/demanda-de-energia-eletrica-bate-recorde-e-ultrapassa-os-100-gw
https://www.gov.br/mme/pt-br/assuntos/noticias/luz-para-todos-completa-20-anos-com-impacto-positivo-para-17-milhoes-de-pessoas
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system, which includes over 20 GW of distributed power capacity currently, 
Brazil’s Ministry of Mines and Energy opened a public consultation in November 
2023 to validate a mechanism to reduce thermal plant contractual inflexibility in 
times of excess supply. The measure would allow thermal power plants to make 
offers to the system to reduce their inflexible generation.   

Complementary to grid expansion, electricity storage has been considered an 
enabling solution for higher wind and solar PV integration. For instance, in March 
2023, the first large-scale battery system (30 MW/60 MWh) in Brazil was deployed 
in the State of Sao Paulo for grid reinforcement. In October 2023, the electricity 
regulator opened a consultation on regulatory solutions for the grid connection of 
storage systems, with topics under consideration such as the definition of the grid 
capacity to be contracted by storage systems and the network usage tariffs. 

Other announcements on grid development in 2023 are set to transform Brazil’s 
power sector in the coming years. In June, the first transmission auction of the 
year was awarded for a total BRL 15.7 billion (around USD 3 billion), in line and 
substation investments, with one project expected to be commissioned within 36 
months. A second auction – the largest ever by the regulator – awarded three lots 
worth a total BRL 21.7 billion (around USD 4 billion) for transmission lines in 
December 2023. The new lines will raise renewable generated power in the 
northeast, which has both abundant sunshine and wind, to increase supplies to 
the southern demand region of the country. China's State Grid was awarded the 
lion’s share of the contracts in largest-ever electricity transmission line auction, 
and already holds 24 transmission concessions, 19 as sole operator and five in 
joint ventures, and overall operates more than 16 000 km of power lines in Brazil.  

Other Americas 
Electricity demand in Chile in 2023 rose by less than 1% year-on-year, mirroring 
flat economic growth. A highlight in 2023 was the record share of more than 60% 
of renewables in the electricity mix. Thanks to strong rainfall, hydropower output 
was around 10% above the 2018-2022 average. Additionally, solar PV and wind 
provided around one-third of generation in 2023, reaching hourly shares of over 
70% in the national power system in more than 30 hours throughout 2023. For the 
2024-2026 period, we expect an average growth in demand of 2.4% per year. The 
corresponding rise in electricity demand will be more than met by increased solar 
PV and wind generation, which combined are expected to rise by around 15% per 
year on average, based on the current pipeline of projects. This would push both 
gas and coal-fired generation down rapidly, to around one-third of the 2023 level 
in 2026, bringing power generation emissions intensity below 100 g CO2/kWh. 
Chile has a coal-power phase-out plan by 2040 at the latest. 

https://www.gov.br/mme/pt-br/assuntos/noticias/mme-abre-consulta-publica-sobre-a-reducao-da-inflexibilidade-termeletrica-em-cenarios-de-excedentes-energeticos
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/primeiro-sistema-de-armazenamento-por-bateria-em-larga-escala-do-pais-e-inaugurado-em-registro-sp
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/consulta-publica-discutira-alternativas-para-insercao-dos-sistemas-de-armazenamento-no-setor-eletrico-brasileiro
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/consulta-publica-discutira-alternativas-para-insercao-dos-sistemas-de-armazenamento-no-setor-eletrico-brasileiro
https://www.poder360.com.br/energia/7-empresas-vencem-acirrado-leilao-de-transmissao-de-energia-da-aneel/
https://www.poder360.com.br/energia/7-empresas-vencem-acirrado-leilao-de-transmissao-de-energia-da-aneel/
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/aneel-aprova-edital-do-segundo-leilao-de-transmissao-de-2023
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/aneel-aprova-edital-do-segundo-leilao-de-transmissao-de-2023
https://agenciabrasil.ebc.com.br/economia/noticia/2023-12/leilao-de-transmissao-termina-com-tres-lotes-arrematados-diz-aneel
https://www.reuters.com/business/energy/chinas-state-grid-wins-largest-batch-brazils-power-transmission-lines-auction-2023-12-15/
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The public agenda of the Chilean power sector in 2023 was centred around 
electricity tariffs and reforms to advance infrastructure development. The tariffs for 
consumers were first frozen in 2019, to avoid price increases against a 
background of social unrest. In 2023, the government abolished the “winter tariff” 
for certain user segments. This means that a surcharge on the price will not be 
applied anymore during autumn and winter months, aiming to reduce household 
energy expenditure and to foster electrification of heat. On the other hand, in the 
context of the high levels of VRE curtailment, the government proposed measures 
to improve market conditions for renewable projects. These measures include 
redistribution of congestion income for renewable projects affected by congestion, 
a tender for additional battery storage capacity (more than 500 MW is under 
construction), and updated transmission planning. These actions are part of the 
“Initial Agenda for the Second Phase of the Energy Transition”, which is meant to 
be implemented by 2024. Further, the 2 x 1.5 GW high-voltage direct current 
(HVDC) transmission line project Kimal-Lo Aguirre, set to connect solar-rich areas 
with large load centres, started the environmental permitting process, and is 
expected to be operational before the end of this decade.   

In Colombia, electricity demand grew by around 3% year-on-year in 2023, below 
the post-covid rebound rate of 4.7% in 2022. The impacts of the El Niño Southern 
Oscillation, the cycle which began in May 2023, threaten to reduce hydropower 
generation until around May-June 2024. In November, Colombia, which relies 
heavily on hydropower at about 70% of its annual electricity generation, officially 
announced the start of El Niño in the country, with the potential for much higher 
temperatures and droughts, warning this can potentially lead to higher electricity 
prices and stronger electricity demand from increased cooling needs. This 
weather phenomenon typically reduces rainfall in Colombia, leading to drought 
conditions which can severely affect water supplies, impacting hydropower 
generation. For 2024-2026, we expect demand to grow by around 3% per year, 
and most of that additional supply to be met by renewables. Wind and solar PV 
still only account for under 2% of generation.  

There were several important developments to note in the Colombian electricity 
sector in 2023. Due to power outages in Ecuador in early October as a result of 
the dry period caused by El Niño, Colombia agreed to increase cross-border 
exports (coming from thermal units) to enhance Ecuador’s electricity security.  

In June, the government published Decree 0929, which, among other aspects, 
mandates the regulator to design market mechanisms for demand response, for 
the remuneration of small-scale generation energy excess and for the update of 
the wholesale price formation process. These measures aim to promote efficiency 
and competition in the provision of power. Although the decree does not directly 
modify the electricity tariff structure, it provides guidelines for the upcoming work 
of the regulator. Further, after tariffs were frozen during the Covid-19 pandemic, 

https://www.gob.cl/noticias/partir-de-la-primera-quincena-de-julio-se-dejara-de-cobrar-la-tarifa-de-invierno-en-las-cuentas-de-electricidad/
https://energia.gob.cl/noticias/nacional/gobierno-ingresa-proyecto-de-ley-de-transicion-energetica-que-busca-incentivar-la-inversion-en-el-sector
https://generadoras.cl/prensa/generadoras-vertimiento-de-energias-renovables-alcanza-9673-gwh-durante-2023
https://generadoras.cl/prensa/generadoras-vertimiento-de-energias-renovables-alcanza-9673-gwh-durante-2023
https://energia.gob.cl/sites/default/files/documentos/agenda_inicial_para_un_segundo_tiempo_de_la_transicion_energetica.pdf
https://elpais.com/america-colombia/2023-06-16/el-fenomeno-de-el-nino-amenaza-los-precios-de-la-electricidad.html
https://elpais.com/america-colombia/2023-06-16/el-fenomeno-de-el-nino-amenaza-los-precios-de-la-electricidad.html
https://www.minambiente.gov.co/gobierno-nacional-declara-oficialmente-el-fenomeno-de-el-nino-y-alerta-al-pais-a-continuar-preparandose/
https://www.minambiente.gov.co/gobierno-nacional-declara-oficialmente-el-fenomeno-de-el-nino-y-alerta-al-pais-a-continuar-preparandose/
https://frontierview.com/insights/el-nino-could-further-drive-up-colombias-inflation/
https://frontierview.com/insights/el-nino-could-further-drive-up-colombias-inflation/
https://apnews.com/world-news/general-news-c150ca920677565c84d4cf6df0996b41
https://apnews.com/world-news/general-news-c150ca920677565c84d4cf6df0996b41
https://www.minenergia.gov.co/documents/10237/DECRETO_0929_DEL_7_DE_JUNIO_DE_2023.pdf
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which has put financial pressure on several electricity suppliers, the government 
enabled a COP 1 billion credit line (around USD 230 million). This is aimed at 
guaranteeing that these companies can keep providing power to end users.  

Costa Rica’s electricity demand rose more than 2% in 2023, in line with economic 
growth. The impacts of El Niño led to lower hydropower output over the year, 
resulting in thermal generation to account for more than 5% of the 2023 electricity 
mix – moving Costa Rica’s power system away from its typical renewables share 
close to 100%.  

Concerns over demand-supply imbalances during the summers of 2024-2026 
related to uncertainty over hydropower output have emerged. Near term, in 
anticipation of the impact of curtailed hydropower output from El Niño in the 
summers of 2024-2026, the national electricity company ICE procured 140 MW of 
additional thermal power. This measure, aimed at ensuring sufficient electricity 
supply, had a total cost of CRC 82 million. 

In 2023 the government of Costa Rica also focused on market and regulation 
reforms. In October, a proposed law (project 23 414) seeks to increase 
competition in the electricity market, harmonise the regulatory framework and 
create an independent system operator, among other measures.   

https://elpais.com/america-colombia/2023-10-06/alerta-roja-en-una-treintena-de-companias-electricas-de-colombia.html
https://www.elespectador.com/economia/las-medidas-del-gobierno-para-aliviar-las-finanzas-del-sector-electrico-noticias-colombia/
https://observador.cr/porcentaje-de-energia-renovable-en-costa-rica-podria-llegar-al-93-debido-a-la-falta-de-lluvias-entre-el-2023-y-el-2025/
https://elmundo.cr/costa-rica/falta-de-planificacion-hara-que-costa-rica-produzca-un-7-de-electricidad-mediante-generacion-termica-lamenta-daniela-rojas/
https://www.crhoy.com/nacionales/ice-presupuesta-140-millones-para-contratar-equipos-de-generacion-termica/
https://www.nacion.com/el-pais/servicios/ice-cargara-82-millones-a-tarifas-de-luz-por/KY2IRIA5ZVFMBGOQV26OXKDPM4/story/
https://www.crhoy.com/nacionales/avanza-proyecto-que-reforma-mercado-electrico-nacional/
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Europe 

A slowdown in manufacturing and industrial 
activity reduced electricity demand in 2023 

Electricity demand in Europe declined by 2.4% y-o-y in 2023, following a 3.6% fall 
in 2022. In the majority of EU countries, electricity demand decreased amid the 
sluggish macroeconomic environment and weak manufacturing and industrial 
activity. However, different demand trends were observed across the region. In 
the southern part of the continent, Portugal, Croatia, Cyprus1 and Malta saw 
increases in their electricity consumption. Whereas the summer of 2023 was hotter 
in Portugal and Cyprus1 compared to 2022 supporting demand growth, it was 
cooler in Malta, indicating non-weather-related factors drove the demand there. 
Ireland, Denmark and Norway in the north also saw significant growth, which are 
seeing rapid expansion in the data centre sector. Nevertheless, while the winter 
was milder in Ireland (as well as in Europe overall), it was colder in the Nordic 
countries boosting space heating needs.  

Year-on-year percent change in electricity demand in Europe, 2023 vs 2022 

  
IEA. CC BY 4.0. 

 

 
 

1 Note by the Republic of Türkiye 
The information in this document with reference to “Cyprus” relates to the southern part of the Island. There is no 
single authority representing both Turkish and Greek Cypriot people on the Island. Türkiye recognises the Turkish 
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United 
Nations, Türkiye shall preserve its position concerning the “Cyprus issue”. 
Note by all the European Union Member States of the OECD and the European Union The Republic of Cyprus is 
recognised by all members of the United Nations with the exception of Türkiye. The information in this document 
relates to the area under the effective control of the Government of the Republic of Cyprus. 
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We expect electricity demand to grow by 2.4% per year on average over the 2024-
26 forecast period in Europe, supported by a gradual recovery in the industrial 
activity, further electrification of the heating and transport sectors and the 
expansion in the data centre sector. 

Weaker growth in European electricity demand in 2023 led to a decline in fossil-
fired power, with generation from gas (-16%) and coal (-19%) down substantially. 
At the same time, renewable generation grew by 9%. Hydropower generation in 
the European Union rose by 16% from 2022, which was affected by droughts. By 
contrast, Türkiye continued to see below-average hydropower generation due to 
droughts in both 2022 and 2023, and fell by a further 4.5% last year. We expect 
European renewable generation to grow by 14% in 2024, led higher by the 
assumed recovery in hydropower output in Türkiye, followed by an average growth 
rate of 6.6% over the 2025-26 period as wind and solar PV capacities continue 
expanding. Electricity generation from coal in Europe is forecast to continue 
declining by a further 10% per year on average and gas by 6%. Power sector 
emissions are expected to fall on average by 9% per year, with CO2 intensity of 
power generation similarly declining at an average rate of 11%, from about 
223 g CO2/kWh in 2023 to 157 g CO2/kWh in 2026. Europe will remain among the 
regions with the lowest CO2 intensity of power generation. 

Year-on-year percent change in electricity demand in Europe, 2019-2026 

 
IEA. CC BY 4.0. 
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European Union 

Clean electricity share in generation is set to surpass 75% in 
2026, rapidly reducing the CO2 intensity of electricity supply 
Following two consecutive years of electricity demand decline in the EU (-3.1% in 
2022 and -3.2% in 2023), we expect demand to rebound by 1.8% in 2024, followed 
by an average 2.5% growth during the 2024-2026 period. Demand is not expected 
to return to 2021 levels until 2026 at the earliest. An anticipated gradual recovery 
in the industrial sector accounts for 40% of incremental demand, while the growth 
in electric vehicles, heat pumps and data centres accounts for 50%.  

Over the outlook period, renewable generation is expected to grow at an average 
rate of around 9%, offsetting all of the additional electricity demand and displacing 
fossil-fired generation. Coal-fired power fell by around 26% in 2023 and is set to 
decline at an average 13% from 2024 to 2026. Gas-fired generation fell by 17% in 
2023, and is forecast to decline by a further 7% annually to 2026. Nuclear output 
rose 1.4% last year and is forecast to grow by 2.2% annually to 2026, as the 
maintenance schedule of the French nuclear fleet progresses, and the reactors 
Flamanville-3 (France) and Mochovce-4 (Slovakia) commence operations 
according to announced plans. The share of renewables in generation is set to 
rise from 45% in 2023 to 50% in 2024 and to about 55% in 2026. The share of 
low-emissions supply – renewables and nuclear – is expected to increase from 
67% in 2023 to 77% in 2026. 

Year-on-year change in electricity generation in the European Union, 2019-2026 

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
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Emergency interventions of 2022-2023 had varying 
implementation challenges and effects 
In response to surging energy prices following Russia’s invasion of Ukraine, the 
European Union adopted a number of emergency interventions to lower 
consumption and reduce household energy bills. The Council Regulation 
published in October 2022 included binding and non-binding demand reduction 
targets (for the period 1 December 2022 – 31 March 2023), a revenue cap of 
EUR 180/MWh for inframarginal producers (1 December 2022 – 30 June 2023), 
and allowed for below-cost regulated prices for households and small and 
medium-sized businesses (8 October 2022 – 31 December 2023).  

In June 2023, the Commission reported its review of the emergency interventions. 
Accordingly, the binding target of 5% electricity demand reduction in peak hours 
was adopted as proposed, however challenges emerged in many member states 
in the implementation of the indicative target of reducing total monthly gross 
electricity consumption by 10% (compared to the last five years). Reportedly, the 
implementation of the revenue cap was problematic due to the short time frame 
within which the measure had to be introduced and because of difficulties with 
data collection and processing. Concerns were raised by various stakeholders that 
the revenue cap may have impacted existing PPAs and other long-term contracts, 
as well as discouraged them from the initiation of new agreements. A detailed 
analysis of the introduced measures are provided in the 2023 Market Monitoring 
Report by the EU Agency for the Cooperation of Energy Regulators (ACER). 

A provisional agreement was reached on the European Union’s 
electricity market reform  
Negotiations on the EU electricity market reform took place in 2023, after the 
European Commission had adopted the proposal in March the same year. In 
October 2023, the European Council agreed on a General Approach reform of the 
electricity market. The agreed general guidelines provided a basis for the position 
of the member states in the subsequent negotiations with the European 
Parliament on the details of the legislation. 

In December 2023, the European Council and the Parliament reached a 
provisional agreement on the reform of European Energy Markets, aiming to 
protect the electricity market against shocks in light of the recent energy crisis, 
mitigate price volatility and prepare the energy system for increased renewable 
penetration. On the demand side, measures to shield consumers from price hikes 
include the promotion of PPAs by retail energy providers, establishing free choice 
of energy providers and granting the right to participate in energy sharing schemes 
for self-consumption for all consumers. Energy providers are further obliged to 
hedge their price risks for all volumes sold under fixed price contracts. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0473&qid=1699546369456
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52023DC0302
https://acer.europa.eu/Publications/2023_MMR_EmergencyMeasures.pdf
https://acer.europa.eu/Publications/2023_MMR_EmergencyMeasures.pdf
https://ec.europa.eu/commission/presscorner/detail/en/IP_23_1591
https://www.consilium.europa.eu/en/press/press-releases/2023/10/17/reform-of-electricity-market-design-council-reaches-agreement/#:%7E:text=The%20reform%20aims%20to%20make,energies%20and%20improve%20consumer%20protection.
https://data.consilium.europa.eu/doc/document/ST-14339-2023-INIT/en/pdf
https://www.consilium.europa.eu/en/press/press-releases/2023/12/14/reform-of-electricity-market-design-council-and-parliament-reach-deal/
https://www.consilium.europa.eu/en/press/press-releases/2023/12/14/reform-of-electricity-market-design-council-and-parliament-reach-deal/
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6602
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Energy-poor communities will be protected from disconnection and member states 
will have to establish suppliers of last resort ensuring electricity supply to all 
consumers in times of crisis. Further, the proposed reform extends the mandate 
of member countries to apply regulated prices to small and medium-sized 
enterprises (SMEs) in times of crisis. In addition to member states, the Council 
receives the right to declare an EU-wide energy crisis, allowing the above-
mentioned measures to be implemented by all member states.  

On the supply side, the reform enables member states to introduce remuneration 
schemes for providing back-up capacity and medium- to long-term secured supply 
services more easily, and agrees that capacity remuneration mechanisms should 
play an integral part in the future electricity market design. The requirement for net 
zero emissions for these capacity services can be derogated until 2028. Member 
countries are also granted the possibility to introduce support measures for 
demand response and storage. 

Further, according to the market design agreement, public funding and support 
schemes for renewable and nuclear projects should be increasingly built on two-
sided contracts for difference (CFDs). This has been a matter of dispute between 
some EU member states, including Germany and France, when these reforms 
were tabled. This dispute centred around the concern that with the new power 
market reforms, France would receive substantial profits from their existing 
nuclear power fleet. Some EU countries were concerned that France could then 
use these excess profits, estimated in the range of EUR 7-20 billion to subsidise 
its industry. This led Germany to request that CFDs not apply to existing nuclear 
power plants. The compromise reached by EU countries proposes that while 
CFDs are mandatory for support schemes for new investments in renewable and 
low-carbon power generation, CFDs are optional for existing infrastructure. This 
alleviated the concerns of some countries as the European Commission’s 
competition authorities would ensure fair competition throughout the process. 
Two-way CFDs distribute excess revenues to consumers if the market price is 
above a pre-agreed strike price, while if the market prices are below a pre-agreed 
strike price, then the difference is reimbursed to the generator. The aim is to help 
increase the deployment of renewables by providing a guaranteed return on 
investment as well as more predictable pricing. The proceeds of the CFD 
instruments are supposed to be directed back to consumers, either directly or via 
investments targeted to reduce energy prices. 

The new Renewable Energy Directive was formally adopted 
and Action Plan for Grids was launched 
The European Union has formally adopted the new Renewable Energy Directive 
(RED III), raising the 2030 target for the share of renewable energy in the EU’s 
final energy consumption from 32% to 42.5%, with an aspiration to reach 45%. A 

https://www.euractiv.com/section/electricity/news/deal-on-eu-electricity-market-reform-what-did-paris-and-berlin-obtain/
https://www.euractiv.com/section/electricity/news/breakthrough-as-eu-countries-agree-position-on-electricity-market-reform/
https://www.consilium.europa.eu/en/press/press-releases/2023/10/09/renewable-energy-council-adopts-new-rules/
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central element of the regulation are provisions to speed up the approval of new 
renewable energy projects. Specifically, renewable energy projects will be defined 
as of “overriding public interest”, reducing the legal options to object against them. 
In the transport sector, member states commit to either reduce the emission 
intensity by 14.5% or establish a binding share of 29% renewable energy by 2030. 
There are also minimal requirements for various sources of biofuels introduced. 
For industry, the goal is to increase the renewable energy share by 1.6% every 
year, with an additional specific target to source 42% of hydrogen from renewable 
sources by 2030 and 60% by 2035. In the building sector, a target of 49% 
renewable energy by 2030 was agreed, with a minimum annual increase of 0.8% 
until 2026, and subsequently 1.1% through 2030. 

In its EU Action Plan for Grids, published in November 2023, the European 
Commission reinforced its position concerning the central role of electricity grids 
to support a more decentralised, digitalised and flexible electricity system. The 
plan recognises the challenge of increased capacity needs and ageing 
infrastructure. Various measures are proposed to enable the necessary 
investments. These include the Implementation of Projects of Common Interest 
plan, improve the incentives for investment through regulatory clarity, faster 
permitting, and promoting funding programmes for smart grids and distribution 
networks. The long-term planning of grids is proposed to be improved through 
facilitating the communication and exchanges between TSOs, DSOs and 
generators. 

Germany 

After plummeting in 2023 amid weak industrial activity, 
electricity demand gradually recovers through 2026  
Electricity demand in Germany declined by a remarkable 4.8% in 2023 despite 
wholesale energy prices coming down from their previous record highs. Demand 
reduction is especially prominent in energy-intensive industry, which faced a 
decrease in production of 13% during the first six months of 2023. 

We anticipate a gradual but slow recovery in demand for electricity in the industrial 
sector in 2024, given subdued energy prices. EV and heat pump sales are then 
expected to result in electricity demand growth of 2.2% in 2024, followed by an 
average 2.6% annually until 2026. At the same time, we forecast fossil generation 
to continue its downward trajectory, with coal and gas plunging 20% and 8%, 
respectively, per year. In 2024, we expect renewable generation to reach more 
than 60% of total generation, and to have an average annual growth rate of 11.5% 
over the 2024-2026 period.  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52023DC0757
https://www.tagesschau.de/wirtschaft/energie-verbrauchsrueckgang-energiepreise-100.html#:%7E:text=Als%20Grund%20sehen%20Experten%20die,Arbeitsgemeinschaft%20Energiebilanzen%20(AGEB)%20nahe.
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Favourable weather conditions and accelerating deployment of solar PV pushed 
renewable generation up during 2023, with Solar PV accounting for more than half 
of the growth. For the first time, the share of renewable generation surpassed the 
50%-mark in total power generation. Germany was a net-importer of electricity in 
2023, with about 12 TWh of net imports. 

In the renewables segment, solar PV reached its expansion targets for 2023 
already in October and is forecast to continue growing rapidly to reach 23% of 
generation in 2026. In contrast to rapid solar development, wind deployments fell 
short of installation targets in 2023, as permitting challenges hampered faster 
deployment. Based on the current project pipeline, we expect growth of around 
12% in wind generation during the forecast period, bringing its share to 35% in 
generation in 2026. 

Year-on-year change in electricity generation in Germany, France, and Italy, 2021-2026 

 
 IEA. CC BY 4.0. 

Note: Other non-renewables includes oil, waste and other non-renewable energy sources.  
 

In April 2023, the last three nuclear reactors were taken offline, marking the end 
of Germany’s nuclear power generation. Against the backdrop of the completed 
nuclear and planned coal phase out, the government announced in 2023 its so-
called Kraftwerksstrategie, which seeks to tender gas-fired power plants, and to 
enable decarbonised generation from dispatchable units, which will complement 
increasing shares of renewables. The tendered volume for the next years 
aggregates to at least 10 GW of hydrogen-ready capacity by 2026, temporarily 
running on natural gas, and another 4.4 GW of so-called hydrogen-fired sprinter 
plants until 2028, running on hydrogen from commissioning, and 4.4 GW of hybrid 
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https://www.bmwk.de/Redaktion/DE/Pressemitteilungen/2023/08/20230801-rahmen-fuer-die-kraftwerksstrategie-steht.html
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power plants to be built in locations that would be connected to a hydrogen 
network at a later stage. 

The government prolonged the temporary participation of 1.9 GW of lignite-fired 
reserve capacity in the market to save gas over the 2023/2024 winter period in 
case of a tight European gas market. 

To address grid congestion between Germany's RES resource-rich north and the 
demand centres in the west and south, following ACER’s decision, the TSOs are 
currently examining four distinct configurations for German bidding zones from a 
total of twelve potential options. 

France 

A recovery in nuclear power generation reverses the 
2022-2023 declines, and is expected to resume its upward 
trajectory to 2026  
Following adverse supply-side dynamics starting in late 2021, the French 
electricity market saw a partial turnaround in 2023. Electricity demand continued 
its downward trend, falling by 3.4% versus 4.1% in 2022. At the same time, a 
rebound in nuclear power plant availability and a recovery in renewable power 
output boosted overall electricity generation and drove a return to net exports 
toward neighbouring markets.  

While the French government extended the electricity tariff shield put in place to 
protect customers from the worst of 2022 power price highs to the end of 2023, 
the regulated market price cap (which applies to households, small enterprises, 
and local administrations under a certain size) was increased on two occasions. 
The two price hikes – 15% in February and 10% in August – weighed on consumer 
bills and electricity consumption habits, contributing to the year-on-year fall in 
power demand, notably through the first three quarters of the year. 

Electricity generation followed an opposite trend in 2023, recovering from the 
record lows reached in 2022 linked to extensive planned nuclear maintenance and 
the discovery of critical corrosion problems at a number of reactors. Nuclear output 
recovered by almost 15% year-on-year in 2023 as reactors progressively came 
back online. Nevertheless, nuclear output remained approximately 13% below the 
2017-2021 average, returning to typical monthly generation levels in September 
and October before additional unplanned maintenance issues impacted output in 
Q4 2023. 

https://www.ecologie.gouv.fr/bouclier-tarifaire-lelectricite-et-amortisseur-electricite#:%7E:text=Le%20bouclier%20tarifaire%20est%20calcul%C3%A9,%C3%A0%2015%25%20TTC%20en%20moyenne
https://www.energie-info.fr/le-1er-aout-2023-les-tarifs-reglementes-de-vente-delectricite-ont-augmente-de-10/#:%7E:text=Les%20tarifs%20r%C3%A9glement%C3%A9s%20de%20vente%20d'%C3%A9lectricit%C3%A9%20et%20de%20gaz,de%20l'option%20tarifaire%20souscrites.&text=Le%20bouclier%20tarifaire%20se%20poursuit,la%20hausse%20moyenne%20de%2010%25
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French nuclear power generation by month, 2017-2023 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from RTE, éCO2mix. 
 

A recovery in renewable power generation also helped France to return to its 
traditional electricity exporter status in 2023. Thanks to a record 5 GW of solar PV 
and wind capacity additions in 2022 and more favourable weather conditions, 
combined wind and solar production increased by around 25% in 2023, making 
up for relatively modest growth in the previous year. Hydropower generation 
recovered from 2022 lows. Total renewable power generation grew by 16% in 
2023, helping reduce power sector gas burn by about 30% and drive the 9% 
growth in overall power generation. 

In March 2023, the French government passed its Renewable Acceleration Bill, 
aimed at facilitating the deployment of renewable technologies, notably through 
the acceleration of permitting procedures and garnering more civil society buy-in 
through increased participation of local actors. Nevertheless, the bill was met with 
a mixed reception from market and political actors and much of its impact is likely 
to be felt only later in the decade. 

Electricity demand is set to grow by an annual average of 2.6% over the outlook 
period, recovering to pre-crisis levels only by 2026. Average annual total 
generation growth of 4% should ensure a strengthening export margin for the 
French market over the coming years. 

French renewable power production is expected to increase at an average rate of 
approximately 10% through 2026, thanks to modest capacity additions and a 
recovery in hydropower output to typical levels. This growth should lead to a 76% 
reduction in gas- and coal-fired generation from 2022 levels. By 2026, 30% of 
power generation is set to come from renewables, up from about 24% in 2022.  

 15

 20

 25

 30

 35

 40

 45

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

TW
h

2017-21 range

2017-21 average

2022

2023

https://www.rte-france.com/eco2mix/telecharger-les-indicateurs
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Italy 

Gas-fired supply will continue to play an important role, but its 
share in total generation is expected to decline with expanding 
renewables 
Electricity demand in Italy decreased by 2.9% in 2023, following the 0.8% 
reduction in 2022. Despite wholesale energy prices falling, the decrease in 
demand persisted, amid a slowdown in the economy and successes in energy 
savings. In the building sector, the super bonus scheme has helped reduce 
electricity use. As of October 2023, Italian households had applied for more than 
400 000 energy efficiency projects for tax deductions under the super bonus 
programme, with approximately 78% of these applications submitted in 2022 and 
2023. Some of the slowdown in economic growth is due to factors such as weak 
domestic demand for goods and services and reduced industrial activity,  
 
 
particularly in sectors with higher production costs. Provided the manufacturing 
sector starts recovering in 2024, we expect demand to grow by 1.8% per year on 
average over the 2024-26 period. 

Renewable generation increased by 16% in 2023. Hydropower experienced a 
recovery, with higher reservoir levels than in 2022, transitioning from a year-on-
year decrease of 38% in 2022 to an increase of around 35% in 2023. The annual 
generation from variable renewables also increased in 2023, with wind power 
growing by 13% and PV generation by around 7%. This growth was largely driven 
by incentives for residential photovoltaic installations, which represented 47% of 
the PV power capacity added in the first half of 2023. In 2024, the share of 
renewables in total generation is set to surpass 50%. The positive trend in 
renewable power is expected to continue with the new National Integrated Plan 
for Energy and Climate proposed in 2023. 

Coal fell to 7% of the generation mix in 2023, a 3 percentage point reduction from 
the year before. The decline was influenced by restrictions of coal-fired power 
generation to a minimum, as the country scaled back emergency measures 
implemented in 2022 due to risks of gas shortage. It was also a result of the 
combined effects of lower demand and higher renewable generation and imports.  

Despite a 20% year-on-year decline in 2023, natural gas remains a major fuel 
source for power in Italy, with an estimated share of 43% in generation. However, 
renewables surpassed gas in 2023 with a share of 45%. Out to 2026, we expect 
gas-fired generation in Italy to decline by around 1.6% on average, its share falling 
to 39% in 2026. 

https://www.efficienzaenergetica.enea.it/detrazioni-fiscali/superbonus/risultati-superbonus.html?highlight=WyJkYXRpIiwic3VwZXJib251cyIsImRhdGkgc3VwZXJib251cyJd
https://economic-research.bnpparibas.com/html/en-US/Italy-Easing-growth-momentum-10/13/2023,48962
https://www.icis.com/explore/resources/news/2023/06/02/10892587/monthly-european-hydropower-update-above-average-rainfall-set-to-further-boost-italian-run-of-river-and-reduce-spanish-drought-risk/
https://www.icis.com/explore/resources/news/2023/06/02/10892587/monthly-european-hydropower-update-above-average-rainfall-set-to-further-boost-italian-run-of-river-and-reduce-spanish-drought-risk/
https://www.evwind.es/2023/07/23/italys-renewable-energy-sector-soars-with-2-5-gw-additions-in-six-months/92932
https://www.pv-magazine.com/2023/09/04/italys-solar-installations-hit-2-3-gw-in-h1/#:%7E:text=The%20country%20reached%20about%2027.4,over%201%20MW%20in%20size.
https://www.reuters.com/sustainability/climate-energy/italy-orders-reduce-minimum-coal-fired-power-plants-production-2023-07-05/
https://www.terna.it/en/media/press-releases/detail/electrical-consumption-september-2023#:%7E:text=Short%2Dterm%20electricity%20demand%20data,(adjusted%20figure%20%2D3%25)
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The Italy-Austria interconnector, construction of which began in November 2020, 
was commissioned in December 2023. The interconnector doubles the current 
import capacity of both countries to 300 MW. 

Spain 

Strong solar PV expansion is set to displace fossil-fired 
generation 
Following a 2.3% decline in 2022, electricity demand in Spain fell by a further 2.3% 
in 2023, to below the 2020’s Covid-19 low. The main driver has been the decline 
of industrial production. Despite gas and electricity prices falling significantly from 
last year’s levels, industrial demand continued to decline during the first three 
quarters and recovery has been slow.  

On the generation side, PV expansion continues, growing from 15.3 GW by the 
end of 2021 to 20 GW by the end of 2022 and 22.7 GW by the end of September 
2023. PV reached around 16% of the generation mix after having grown around 
more than one-third. Self-consumption from distributed PV generation has been 
increasing in Spain. Wind capacity rose only slightly, from 30.2 GW in 2022 to 
30.4 GW in 2023. The expansion of renewables has given rise to an increase in 
the utilisation of pumped hydro of almost 50% compared with 2022.  

The decline in total generation (around 4.5%) was higher than the drop in demand, 
as electricity exports decreased by roughly 30% following the surge that occurred 
in 2022 due to high gas prices and the Iberian Exception mechanism. Most of the 
drop was in combined-cycle generation, which is estimated to have decreased by 
one-third. Coal power generation in Spain will come to an end during the forecast 
period as the country’s last four coal plants operating (Aboño, Soto de Ribera, Los 
Barrios, As Pontes and es Murterar) have announced conversion to gas, 
alternative uses like hydrogen or closure. In the meantime, the Spanish Supreme 
Court has authorised Naturgy to temporarily close ten combined-cycles after a 
long judicial case. At the time of the writing of this report, the company had not yet 
announced its final decision for the plants, with implications for the security of 
supply and future regulation of capacity mechanisms. 

The Iberian Exception mechanism was extended until the end of 2023, despite an 
easing in the gas prices following the highs in 2022 that motivated its introduction. 
In the coming years, successful integration of growing renewable generation 
(particularly, solar PV), especially in months with weaker demand and strong 
sunlight – typically April and May – will be important. The schedule of nuclear 
closure is still foreseen to take place from 2027 to 2035. 

https://www.pv-magazine.com/2023/12/18/italy-austria-interconnector-starts-operating/
https://thenewsglory.com/naturgy-scores-another-victory-in-the-supreme-court-and-will-be-able-to-temporarily-close-up-to-10-combined-cycle-plants/
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Year-on-year change in electricity generation in Spain, United Kingdom, and Türkiye, 
2021-2026 

 
IEA. CC BY 4.0. 

Note: Other non-renewables includes oil, waste and other non-renewable energy sources.  
 

United Kingdom 

As coal-fired generation is phased out by 2024, gas-fired output 
is also set to decline as renewables continue to expand 
Electricity demand declined by 3.4% in 2023 as high energy prices and sluggish 
economic growth slowed electricity consumption. 2023 saw large year-on-year 
declines in coal (-36%), gas (-20%) and nuclear (-15%) power generation. 
Renewable generation declined by around 5% as gains in wind and solar 
respectively, were offset by a large decrease of more than 15% in biomass power 
generation due to maintenance outages. 

For the 2024-2026 period, we forecast electricity consumption to increase by 
slightly below 2% per year on average. Coal’s share in the electricity generation 
mix is set to decline to almost zero in 2024. Electricity generation from nuclear is 
expected to remain relatively constant until 2026, when a 15% cut in nuclear 
generation will occur as plants are decommissioned. Gas-fired generation is 
forecast to decline by an annual average rate of 8%. Renewables are forecast to 
increase by more than 14% per year on average, with most of the generation 
coming from wind. 

A portion of the UK’s existing supply of electricity has been secured by EDF 
extending the operating life of two nuclear power plants until March 2026, which 
provide 5% of Britain’s current power supply. Coal-fired generation was necessary 
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https://www.reuters.com/business/energy/edf-energy-extend-lifetime-two-uk-nuclear-plants-2023-03-09/
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to ensure electricity supply in 2023. National Grid ESO was forced to call upon 
reserve coal power plants due to tight supply as a cold snap in March increased 
demand for heating and a heatwave in June raised air conditioning demand. 
Following these events the plants were decommissioned, in line with the UK’s 
commitment to phase out coal-fired electricity generation by 2024. 

In 2022, the United Kingdom became a net electricity exporter for the first time as 
continental Europe bought cheaper UK electricity to compensate for nuclear plant 
outages and reduced hydro output. This was reversed in 2023 when the UK’s net 
imports amounted to about 25 TWh.  

A response on how to develop the UK-ETS consultation was published in 
June 2023. From 2024, the 2021-2030 cap on emissions will be lowered from 
1 365 Mt CO2 to 936 Mt CO2. Other measures have been to distribute allowances 
equivalent to 53.3 Mt CO2 from reserves between 2024 and 2027 as well as to 
increase industry’s free allocation of allowances to 40% of the annual cap from 
37%. Emission traders have suggested that the tightening of the cap on emissions 
is weakened by these measures and is contributing to the UK carbon allowance  
 
 
price trading at a lower price than the EU price. The CBAM is likely to lead to levies 
on exports such as steel and aluminium to the European Union as a result of the 
lower carbon pricing in the United Kingdom. 

The Department for Energy Security and Net Zero published their response to the 
consultation for the Review of Electricity Market Arrangements. A wide range of 
reforms were proposed to incentivise decarbonisation, increase security and 
ensure affordable prices. One such proposed reform is to split the market into 
renewable and non-renewable pools whereby cheaper, but more volatile prices, 
could be accessed from a renewable power pool. Another proposed reform is to 
switch to a zonal or nodal pricing system to use the network more efficiently and 
avoid grid congestion. While the vast majority of those who participated in the 
consultation agreed that power market reform is necessary, there is a lack of 
consensus on the degree and speed at which the reforms should be implemented. 

Ireland 

Booming data centre sector is driving up electricity demand, 
resulting in Ireland having the highest growth rate in Europe 
Electricity demand rose 2% in 2023, making Ireland one of the few countries in 
Europe that recorded an increase in electricity demand for the year. 2023 saw a 
year-on-year fall in coal-fired generation of 17% and a modest decline in gas-fired 
output of 1.2%. Renewable generation remained relatively stable as increases in 

https://www.reuters.com/world/uk/uks-national-grid-expects-tight-power-supply-tuesday-evening-2023-03-07/
https://www.theguardian.com/environment/2023/jun/12/uk-heatwave-prompts-order-to-fire-up-coal-plant-to-meet-aircon-demand
https://www.gov.uk/government/news/end-to-coal-power-brought-forward-to-october-2024
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1166812/uk-emissions-trading-scheme-consultation-government-response.pdf
https://www.reuters.com/sustainability/climate-energy/uk-tighten-emissions-trading-scheme-2024-2023-07-03/
https://www.czapp.com/analyst-insights/uk-carbon-prices-collapse-exports-to-eu-face-climate-surcharge/#:%7E:text=UK%20carbon%20allowance%20price%20falls,climate%20surcharge%20in%20the%20future
https://www.reuters.com/world/europe/uk-carbon-price-plunge-raises-risk-green-levies-exports-eu-2023-08-03/
https://www.reuters.com/world/europe/uk-carbon-price-plunge-raises-risk-green-levies-exports-eu-2023-08-03/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1140189/review_of_electricity_market_arrangements_summary_of_responses.pdf
https://post.parliament.uk/research-briefings/post-pn-0694/
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solar, hydro and biomass power generation were outweighed by a decline in wind. 
Ireland is in Phase 4 of the IEA’s phases of system integration, where variable 
renewables meet almost all demand in some periods. This is mainly due to wind 
power, which made up about 33% of total power generation in 2023. 

For the 2024-2026 period, we estimate electricity consumption to grow by an 
average of almost 7% per year, which is the highest demand growth rate in Europe 
in our forecast. This strong increase will be driven by a rapid expansion in the data 
centre sector. We forecast average year-on-year declines in gas-fired electricity 
of 0.5% out to 2026, with strong demand growth preventing more substantial 
declines despite strong growth in renewables. We expect renewables to grow 
faster over this period at an annual average rate of around 13%, largely driven by 
wind. 

In Ireland, data centres are estimated to have consumed about 5.3 TWh of 
electricity in 2022, up by 31% compared to 2021. This accounts for 17% of 
Ireland’s electricity demand, equivalent to the consumption of all urban dwellings. 
Considering current projections and announced plans, we estimate that this could 
reach around 12 TWh by 2026, when it will make up more than 30% of national 
electricity demand. The state-owned TSO EirGrid has imposed a de facto 
moratorium on data centres in Greater Dublin due to a rapid growth in data centre 
stock, hence grid congestion especially in that area. The moratorium prohibits the 
submission of data centre planning applications from late 2022 to 2028 but does 
not impede contracts that are already in the pipeline. Some data centres have 
instead connected to Dublin’s gas network to produce their own power as an 
alternative to connecting to Ireland’s electricity network but this work-around was 
also closed by the government. 

Ireland’s electricity system experienced an alert in June, warning of the possibility 
that supply may fall short of demand. This was attributed to a combination of both 
low wind and solar power, and outages at several generators. Concerns around 
power outages have prompted the Moneypoint coal-fired power station, originally 
planned to be decommissioned in 2025, to be converted from coal to oil and have 
its lifetime extended. Furthermore, gas-fired power stations are also being built to 
operate as emergency backup generators for peak demand. 

Ireland currently has a single interconnection to the UK market with a capacity of 
500 MW and will double this capacity in 2024 with its Greenlink interconnection to 
Wales. By 2027, it will have its first connection to continental Europe through a 
700 MW interconnection to France, the Celtic Interconnector. This project has 
been designated a Project of Common Interest by the European Commission as 
it is an infrastructure project that links the energy systems of EU countries. This 
allows the project to benefit from better regulatory conditions, an accelerated 
planning process and financial support. 

https://www.iea.org/topics/renewable-integration
https://www.cso.ie/en/releasesandpublications/ep/p-dcmec/datacentresmeteredelectricityconsumption2022/keyfindings/
https://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid_SONI_Ireland_Capacity_Outlook_2022-2031.pdf
https://www.datacenterdynamics.com/en/news/eirgrid-says-no-new-applications-for-data-centers-in-dublin-till-2028/
https://www.datacenterdynamics.com/en/news/eirgrid-says-no-new-applications-for-data-centers-in-dublin-till-2028/
https://www.datacenterdynamics.com/en/news/11-data-centers-in-dublin-set-to-rely-on-irelands-gas-network-for-power/
https://www.datacenterdynamics.com/en/news/irish-government-looks-to-close-loophole-on-data-centers-powered-only-by-natural-gas/
https://www.rte.ie/news/2023/0612/1388720-amber-alert-electricity/
https://www.irishtimes.com/environment/2022/11/27/plans-to-decommission-moneypoint-by-2025-delayed-by-government-over-fears-of-power-outages/
https://www.greenlink.ie/
https://www.eirgridgroup.com/the-grid/projects/celtic-interconnector/the-project/
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest/key-cross-border-infrastructure-projects_en
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Denmark 

Total share of wind and solar PV in electricity generation is set 
to reach the 70% milestone in 2024, up from 63% in 2023 
Electricity demand increased by approximately 1% in 2023, making Denmark 
among the few countries in the European Union to have recorded demand growth 
in 2023. Coal-fired generation declined by 35% and a decrease in gas-powered 
generation of 10% was observed. Renewable generation grew by 5% with solar 
power generation accounting for a significant portion of this growth, although wind 
continues to be the largest contributor to the renewable generation mix. 

For the 2024-2026 period, we estimate electricity consumption will grow by an 
average of 3.3% per year, largely supported by the expanding data centre sector 
as well as new electric vehicles and heat pumps. We forecast significant growth 
in renewables, increasing by around 7% per year on average, with large amounts 
of solar and wind powered generation expansion over this timeframe. In 2024, 
Denmark’s VRE share in total generation is expected to reach 70%. 

Denmark is the country with the highest share of variable renewable energy (solar 
PV and wind power) in the world at an estimated 63% of electricity generation in 
2023. Denmark is in Phase 5 of system integration of renewables and maintaining 
power system stability. This has been addressed so far through a combination of 
electricity trade through interconnections, increasing power plant flexibility, 
demand flexibility, as well as other measures. 

Denmark has expanded its interconnection capacity with the completion of the 
1 400 MW Viking Link Interconnector. The world’s longest land and subsea 
interconnector connects Denmark to the United Kingdom in addition to existing 
interconnections with Germany, Sweden, the Netherlands and Norway. This is key 
for Denmark as it can export electricity during periods of surplus wind power 
generation and import electricity under low wind conditions.  

Denmark passed a bill to allow direct electricity lines, opening up the possibility of 
Power-to-X projects which connect power producers to power consumers directly, 
bypassing the power grid. This set the foundation for a world first Power-to-X 
tender whereby state support would be provided for projects using abundant and 
cheap electricity from wind for the electricity-intensive process of producing green 
hydrogen. Denmark plans to utilise its offshore wind resources to develop energy 
islands in the North Sea that will generate up to 10 GW of electricity when fully 
expanded. A tender has thus far been delayed as consultation is currently ongoing 
to make the project economically viable. 

https://www.iea.org/topics/renewable-integration
https://www.viking-link.com/
https://www.nationalgrid.com/national-grid-ventures/laying-world-record-power-cable-between-uk-and-denmark-now-complete
https://kromannreumert.com/en/news/direct-electricity-supply-lines-to-be-allowed-in-denmark?utm_source=mondaq&utm_medium=syndication&utm_term=Energy-and-Natural-Resources&utm_content=articleoriginal&utm_campaign=article
https://www.offshorewind.biz/2023/04/19/denmark-launches-worlds-first-power-to-x-tender/
https://www.offshorewind.biz/2023/04/19/denmark-launches-worlds-first-power-to-x-tender/
https://ens.dk/en/our-responsibilities/offshore-wind-power/denmarks-energy-islands
https://ens.dk/en/our-responsibilities/offshore-wind-power/denmarks-energy-islands
https://www.offshorewind.biz/2023/06/28/danish-government-postpones-tender-for-north-sea-energy-island-current-concept-found-to-be-too-expensive/
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Türkiye 

Reduced hydropower amid droughts resulted in increased coal-
fired output to meet demand 
Electricity demand was largely unchanged year-on-year in 2023 amid moderate 
economic growth. Despite a surge in demand for air conditioning and agricultural 
irrigation in the summer, the milder winter temperatures of 2023 compared to the 
previous year put downward pressure on electricity demand growth. The economy 
grew moderately, with GDP growth for 2023 estimated at almost 4% by the IMF, 
down from 5.5% in 2022. We expect an average annual increase in electricity 
demand of more than 3% in demand from 2024 to 2026 alongside accelerating 
economic growth.  

Following the recovery in 2022, hydropower output declined by 4.5% in 2023 due 
to an extended drought. Wind generation remained at similar levels, while PV 
generation increased by 24%. This year's investments in solar power achieved a 
significant milestone, with the country reaching more than 10 GW of solar power 
capacity. Overall, the share of renewables in total power generation remained 
stable compared to 2022. 

While renewable generation fell slightly in 2023 compared to 2022 due to a decline 
in hydropower, we forecast an upswing this year driven by an assumed recovery 
in hydropower and advancements in solar and bioenergy. By 2026, these factors 
will contribute to renewables comprising 53% of the electricity mix, up from 42% 
in 2023.  

Türkiye's efforts to increase low-carbon energy by 2035 include the development 
of nuclear energy with commercial production of its first reactor expected to start 
in 2025. The country aims to achieve an installed nuclear power capacity 
exceeding 20 GW by the 2050s. Currently, the country is in discussions with 
Russia, China, South Korea, the United States and the United Kingdom regarding 
construction of its second and third nuclear power plants, as well as the 
implementation of small modular reactors (SMRs). 

Gas-fired power generation fell by 8% in 2023 amid continuing spikes in natural 
gas prices, while coal-fired output rose 3.7% compared to the previous year. In 
June 2023, Türkiye emerged as Europe’s largest coal-fired electricity producer. 
Nonetheless, we expect declines in both coal and gas-fired generation throughout 
the forecast horizon as renewable generation continues to grow. This sees coal's 
share declining from 36% of electricity generation in 2023 to 25% in 2026, and gas 
falling 4 percentage points to 17% over the same period. 

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/severe-drought-and-warm-winter-spells-affect-maghreb-and-turkiye-2023-03-10_en
https://solarquarter.com/2023/07/06/turkeys-solar-power-capacity-surpasses-10000-mw/
https://www.reuters.com/markets/commodities/turkey-emerges-europes-largest-coal-power-producer-june-2023-07-19/
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Ukraine 

Targeted attacks caused damages to energy infrastructure, 
limiting electricity supply 
Ukrainian power system stakeholders have used the summer months to restore 
infrastructure damaged by Russia’s over 1 200 drone and missile attacks in the 
winter of 2022/23 and to bolster defences for the winter season, including 
purchases of back-up equipment like generators, batteries and spare parts. These 
attacks caused damages estimated at USD 10 billion and have caused the system 
to operate in emergency mode with limited safety margins. December 2023 saw 
a particularly tight supply-demand situation, with nearly 500 settlements having 
faced blackouts. Adverse weather conditions and damages to the power plants 
due to shelling limited electricity supply at a time when electricity demand soared 
due to increased heating needs because of cold weather.   

Around half of the high-voltage transformers on the Ukraine grid have been 
damaged or destroyed, while power capacity has been reduced by nearly 50% of 
its pre-2022 levels, from 37 GW to 19 GW. As a result, electricity demand in 
Ukraine stayed roughly 20% below pre-2022 levels, despite increasing slightly in  
 
 
2023. Nuclear remains the largest source of electricity generation at around 60% 
of total output. Renewables supplied around 10%, mostly hydro (6%), followed by 
solar PV (2%).  

Forecasts for supply and demand are highly uncertain, but it is anticipated that 
demand will increase slightly over the next three years. The most likely source of 
supply increase would be from nuclear power, followed by renewables.  

Ukraine synchronised its grid with the EU electricity grid in March 2022 and has 
halted power exchanges with Russia and Belarus. Imports from Moldova have 
increased while overall trade has decreased, leaving a balanced external position.  

https://www.undp.org/ukraine/press-releases/undp-energy-damage-assessment-ukraine-reveals-continued-vulnerabilities#:%7E:text=According%20to%20the%20report%2C%20power,or%20occupied%20since%20February%202022.
https://www.reuters.com/world/europe/ukraine-says-500-settlements-without-power-energy-consumption-hits-record-2023-12-08/
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Eurasia 

Fossil fuels remain the dominant source of 
supply for the region’s electricity generation  

Countries in Eurasia post a recovery in consumption levels in 2023 despite the 
depressed economic climate. Following an annual average growth rate of 1.5% in 
2015-2019, Eurasia’s electricity consumption growth slowed to 1% in 2022. 
Preliminary data suggests that the region’s electricity demand growth rebounded 
to around 1.5% in 2023. Russia alone accounted for about half of incremental 
electricity demand in 2023. The region’s demand growth is expected to remain 
depressed compared to the pre-war period, at an annual rate of 1.2% over the 
2024-2026 period.  

Fossil-fired generation is set to continue to dominate Eurasia’s electricity mix at a 
share of around 66% over the forecast period. While the pace of renewables 
deployment remains slow, improving nuclear availability in Russia is expected to 
reduce the CO2 intensity of power generation from 388 g CO2/kWh in 2023 to 
382 g CO2/kWh in 2026. 

Year-on-year percent change in electricity demand (left) and year-on-year change in 
electricity generation (right), Eurasia, 2019-2026 

 
IEA. CC BY 4.0. 

Note: Other non-renewables includes oil, waste and other non-renewable energy sources.  
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Russia 

Electricity demand is estimated to have increased by around 
1% in 2023, but significant uncertainty remains  
Russian electricity demand is difficult to estimate, given its ongoing war against 
Ukraine. Russia’s electricity demand is estimated to have grown by around 1% in 
2023, similar to its 2022 growth rate, despite the depressed industrial, 
manufacturing and commercial activity compared to the pre-war period. Russia’s 
overall electricity generation increased by 0.8% y-o-y in the first eleven months of 
2023. Fossil-fired thermal generation rose by 2% and accounted for 63% of total 
power supply during this period. Higher fossil-fired generation was due to lower 
nuclear output, down by 3.5% y-o-y. Hydropower generation increased by 0.7% 
y-o-y. Solar and wind power generation continued to grow strongly, both up by 
around 10%. Russia’s electricity exports to China dropped by over 25% y-o-y in 
the first eleven months of 2023 amidst lower electricity generation in Russia’s Far 
East. The region suffered from extreme heatwaves and lower hydro availability 
which depressed its ability to export electricity to China. 

Electricity demand growth is forecast at a slower growth rate of 0.7% on average 
in 2024-2026. Nevertheless, there is significant uncertainty surrounding Russia’s 
economic development and its structure, which can impact electricity demand 
trends in the country. The share of fossil-based thermal generation in the country’s 
power mix is set to marginally decline, to just above 60% on average in the 
medium term. The build-up of wind and solar capacity remains slow. Unit 1 of the 
Kursk II nuclear plant is expected to be commissioned in 2025. 

Kazakhstan 

Power demand moves apace with economic growth, with gas-
fired generation rising to meet the additional consumption 
Electricity consumption in Kazakhstan returned to growth and increased by more 
than 2% y-o-y in the first ten months of 2023, following a decline of 1.4% in 2022 
amidst slower economic growth. Fossil-based thermal generation accounts for 
nearly 90% of the country’s generation mix, with coal providing 60% while gas-
fired power has a share of 27%. The share of coal is expected to decrease to 56% 
by 2026, while that of gas rises to 32%. 

Hydropower generation declined by 4.6% y-o-y, while fossil-based thermal 
generation fell by 1% compared to the same period of 2022. The gap between 
demand and domestic generation was bridged by higher electricity imports from  
 
 

https://edition.cnn.com/2023/06/08/asia/heat-wave-siberia-climate-intl/index.html
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Russia, which surged by 75% y-o-y in the first ten months of 2023. Domestic 
power generation was largely supported by stronger wind power output, which 
increased substantially by 35% y-o-y .   

Power disruptions and scheduled cut offs have been ongoing in major cities and 
adjacent regions of the interconnected nations of Kazakhstan, Kyrgyzstan, and 
Uzbekistan since 2022, primarily attributed to grid imbalances such as system 
overloads. In 2023, Western Kazakhstan experienced frequent controlled power 
outages lasting up to five hours while the regional authorities developed a strategy 
to prioritize electricity supply. Kazakhstan has recently been making efforts to 
modernize its outdated electricity grid infrastructure after gas exports were 
interrupted by energy crises in the country. 

Kazakhstan’s electricity demand is forecast to grow by around 2.2% per year 
between 2024-2026, largely to be met by expanding gas-fired power generation. 
There are also plans for Russia’s Inter RAO to construct three coal-fired power 
plants in Kazakhstan, which would be relevant outside our forecast period. 

Other Eurasia 
Following the strong rebound in 2021 of 4%, electricity demand growth slowed in 
other Eurasian markets to an average of 3% per year in 2022 and 2023.  

In Uzbekistan, preliminary data indicates that the country’s electricity output rose 
by 3% in the first eleven months of 2023 compared to the same period a year 
before. Uzbekistan continued to expand its power generation capacities in 2023. 
Gas-fired generation accounted for just over 80% of power generation. The Shirin 
thermal power plant (1.5 GW) started operations in October 2023 and is expected 
to ramp-up to full operations in Q1 2024. According to the Ministry of Energy, around 
1.5 GW of wind and solar capacity was targeted to be installed in 2023. The 
continued decline in natural gas production in Uzbekistan (down by 9.5% y-o-y in 
the first eleven months of 2023) continues to weigh on electricity supply security.  

In gas-rich Turkmenistan, electricity generation rose by an estimated 2.7% y-o-y 
in the first eleven months of 2023. Turkmenistan exports electricity to Afghanistan, 
Iran, Kyrgyzstan and Uzbekistan. Turkmenistan started electricity exports to 
Kyrgyzstan in August 2021 and deliveries reached 1.6 TWh in 2023. In October 
2022, Turkmenistan and Uzbekistan agreed to ramp up electricity supplies to 
4 TWh/yr, which could improve electricity supply security in Uzbekistan.  

In Azerbaijan, electricity demand growth is estimated to have eased to 1% in 2023 
from more than 4% in 2022, marking a further slowdown compared to the 7% 
rebound recorded in 2021. The country’s electricity system is almost exclusively 
gas-fired powered. Fossil-fired thermal generation remained stable in 2023, as 
renewables continued to increase. Hydropower output rose by 15%, while wind 

https://www.bbc.com/news/world-asia-60123178
https://www.reuters.com/world/asia-pacific/power-blackout-hits-kazakhstan-kyrgyzstan-uzbekistan-2022-01-25/
https://astanatimes.com/2023/08/mangystau-region-limits-electricity-to-curtail-power-outage-during-emergency-shutdown/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/oil/070623-kazakhstan-focused-on-infrastructure-weakness-after-oil-power-outages
https://interfax.com/newsroom/top-stories/96462/
https://kun.uz/en/news/2023/10/31/tpp-in-syrdarya-region-begins-to-produce-energy
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generation fell by 30%. Solar power generation rose by 30%. Overall, the share of 
renewables in Azerbaijan’s power remained broadly stable at around 6%.  

Electricity demand in Eurasia excluding Kazakhstan and Russia is expected to rise 
at an average growth rate of 3.5% per year in the 2024-2026 period. This will be 
largely supported by the region’s rising population and economic expansion, 
although the macroeconomic outlook has worsened since Russia’s invasion of 
Ukraine. 
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Middle East 

Natural gas-fired generation continues to 
grow, but renewables gather pace 

Middle East electricity demand growth is estimated to have increased by 2% in 
2023, down two-thirds from the 3.3% observed in 2022 amid weaker economic 
activity and despite higher temperatures boosting cooling. For the 2024-2026 
outlook period, we forecast stronger growth of an average 3%, led higher by 
economic growth. Fossil fuel’s share in electricity generation is expected to decline 
from 93% in 2023 to 90% by 2026.  

In parallel, the share of low-emissions sources rises from 7% to 10%. Nuclear 
power generation increased by 50% in 2023 versus 2022, and is forecast to rise 
by 29% in 2024 and 14% in 2025, before plateauing in 2026. At the same time, 
renewable generation rose by about 20% in 2023, and is set to increase by a 
similar 23% in 2024 before easing to 11% on average in 2025-2026.  

Year-on-year percent change in electricity demand, Middle East, 2019-2026 

 
     IEA. CC BY 4.0. 

 

Annual power generation emissions remained largely unchanged in 2023, as 
increased use of nuclear and renewables in power generation offset higher fossil 
fuel use. However, from 2024 to 2026, electricity generation emissions are set to 
increase by an average annual growth rate of 1%, as natural gas-fired generation 
grows by 2.4% per year. Oil-fired output is expected to decline on average by less 
than 1% per year. CO2 intensity of power generation in the Middle East declined 
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by 2.3% to 552 g CO2/kWh in 2023, amid the rising share of nuclear generation 
led by in the UAE. Over the 2024-2026 outlook period, CO2 intensity is forecast to 
fall further, by an average annual 1.7% to 497 g CO2/kWh, as the share of nuclear 
and renewables rise in the region’s electricity generation mix. 

Saudi Arabia 

Cooling and water desalination is expected to support 
electricity demand, as renewables make significant gains  
Saudi Arabia's electricity demand rose by a modest 1% in 2023, down from 2.5% 
in 2022 amid weaker economic growth. The commercial, government and 
industrial sectors dominated demand gains, with cooling and water desalination 
the primary sources of consumption. Cooling alone represents around 70% of 
Saudi Arabia's electricity demand. Water desalination will also drive demand 
growth in the forecast time-frame.2 The country is the largest producer of 
desalinated water globally, with 70% of Saudi Arabia's drinkable water produced 
by desalination. For 2024-2026, we expect a stronger 2.6% boost in electricity 
demand, supported by economic growth and increased electrification.  

Saudi Arabia's total generating capacity stood at 82 GW at the end of 2022. 
Natural gas-fired power provided more than 60% of generation, the remaining 
coming largely from oil-fired plants. Although the country currently does not have 
nuclear power capacity, it established the Nuclear Energy Holding Company to 
act as the national nuclear developer. On 28 September 2023, the country 
announced plans to initially build two 1.4 GW reactors, with a goal to increase 
capacity to 17 GW by 2040.  

Furthermore, the country is looking to develop electricity interconnections with its 
neighbours and beyond. The India-Middle East-Europe (IMEC) corridor involves 
infrastructure projects that would enable transport of electricity between Asia and 
Europe through Saudi Arabia. In addition, In September 2023 Saudi Arabia and 
the United States signed an MOU to develop a protocol for establishing green 
transit corridors through the Kingdom.   

Saudi Arabia aims to reach 50% of renewables in its generation mix by 2030. In 
2023, the country shortlisted contractors for 1.5 GW of solar PV projects to be 

 
 

2 While there is no clear desalination capacity target in the country, key actors such as the state-
owned Saline Water Conversion Corporation (SWCC), which is the country's largest operator by 
capacity, made recent announcements saying that 8 of its 13 thermal desalination plants (94% of its 
production from thermal desalination) are either being replaced with reverse osmosis or under 
construction. In addition, SWCC aims for 30% of its production to come from renewable sources, 
including solar PV, which signals an increase in power demand in the coming years. 
 

https://sdgs.un.org/partnerships/decarbonatization-desalination-sector-ksa
https://www.world-nuclear-news.org/Articles/Saudi-Arabia-reiterates-plans-for-nuclear-energy?feed=feed.
https://www.reuters.com/article/saudi-us-green-corridor-idUSS8N39F01J/
https://www.vision2030.gov.sa/en/progress/environment-nature
https://www.mees.com/2023/9/8/power-water/saudi-arabia-shortlists-bidders-for-15gw-of-solar-projects/efc39410-4e4f-11ee-b2c2-91f3c7179a69
https://www.swcc.gov.sa/uploads/SustainabilityReport2022-EN.pdf
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commissioned by 2026. In addition, through the Neom Green hydrogen project, 
the Kingdom expects to produce 600 t/d of low emission hydrogen and 1.2 Mt/y of 
green ammonia powered by 3.9 GW of renewable energy over the same time 
frame. The project reached a final investment decision (FID) in 2023. Renewable 
generation, though growing rapidly, is expected to account for only around 4% of 
Saudi Arabia's total generation in 2026, up from 1% in 2023. 

Year-on-year change in electricity generation in the Middle East, 2021-2026  

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

United Arab Emirates 

The share of renewables in electricity generation is set to reach 
12% in 2026, more than double the 2022 level 
In the UAE, electricity consumption rose by an estimated 3% in 2023, following an 
increase of 4% in 2022. We anticipate total electricity demand to expand at an 
annual average rate of around 2.6% over the 2024-2026 period. The country is 
aiming to achieve a target of 50% of electric vehicles on the road by 2050. While 
an official federal-level medium-term target for EV penetration has not been 
announced, there are ambitious plans mapped out to install 70 000 charging 
points throughout the country by 2030. At the same time, Dubai increased its 
annual government procurement target for EVs and hybrid vehicles to 20% in 2025 
and 30% in 2030. Another key sector is water desalination. Abu Dhabi is expecting 
to meet over 90% of total water demand through reverse osmosis desalination.  
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https://acwapower.com/en/projects/neom-green-hydrogen-project/
https://www.thenationalnews.com/uae/2023/07/13/uae-aims-for-50-electric-vehicles-on-roads-by-2050/
https://www.trade.gov/market-intelligence/united-arab-emirates-electric-vehicle-market
https://www.trade.gov/market-intelligence/united-arab-emirates-electric-vehicle-market
https://dubaievhub.ae/government-framework/strategies-and-targets/
https://dubaievhub.ae/government-framework/strategies-and-targets/
https://dubaievhub.ae/government-framework/strategies-and-targets/
http://www.ewec.ae/en/media/press-release/ewec-meets-over-80-cent-total-power-demand-using-renewable-and-clean-energy
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The total share of renewable energy in the generation mix increased significantly, 
from 5% in 2022 to 8% in 2023. The Emirates Water and Electricity Company 
(EWEC) intends to increase Abu Dhabi's total solar power capacity to 7 GW by 
2030. Current total power demand is estimated at 7.7 GW. Moreover, Abu Dhabi 
aims to produce 60% of power generation from nuclear and renewables combined 
by 2035. At the federal level, this target reaches 50% by 2050. After final testing 
in late 2023, the UAE is getting ready to bring online the fourth reactor of the 
Barakah nuclear plant in early 2024. With this newest addition, the plant is 
expected to meet over 25% of the country's power demand.  

While nuclear generation grew by about 70% in 2023, the biggest share in 
electricity generation remains gas, accounting for more than 70% of total supply. 
The share of natural gas in the country's power mix, however, is expected to 
decline to 64% by 2026 as nuclear generation rises and renewables deployment 
accelerates. Due to the large increases in both renewable and nuclear generation, 
power emissions fell by 11% in 2023. We expect a further sharp decrease of 9% 
in 2024 as the fourth unit of the Barakah nuclear power plant becomes operational, 
followed by a gradual increase as renewables only partially meets demand growth 
to 2026. The renewable share in electricity generation is set to rise to 12% in 2026, 
while the share of low-emissions sources (nuclear and renewables together) 
reaches 36%.  

On the demand side, the Abu Dhabi Distribution Company (ADDC) committed to 
investing AED 20 million (around USD 5.4 million) in air-conditioning optimisation, 
which would cover around 850 mosques in the Abu Dhabi, including the massive 
Dhafra region that covers nearly two-thirds of the emirate. The company estimates 
emissions savings to reach 26 GWh and 4 600 tonnes of CO2 annually. This 
measure feeds into the country’s Demand Side Management (DSM) and Energy 
Rationalisation Strategy, which aim to reduce overall electricity consumption by 
22% and water consumption by 32% by 2030.  

Other Middle East 
Kuwait’s installed power capacity is just over 20 GW, of which over 99% are oil- 
and gas-fired power plants, with only 70 MW of renewable capacity at the Shagaya 
solar complex. Kuwait's capacity installations have stagnated since 2020. At the 
same time, demand increased by 2% in 2023 due to strong population growth, 
rising demand for water desalination and high summer temperatures. This was 
slightly below the 2018-2023 CAGR of 2.6%. Kuwait's existing power generation 
fleet has been under a heavy strain since the start of 2023, with production setting 
monthly records even outside the peak summer months.  

Kuwait’s peak electricity load hit a new all-time high of 17.6 GW in August 2023, 
up almost 5% on the previous year’s high. The severity of the situation has led to 

https://www.ewec.ae/en/media/press-release/ewec-meets-over-80-cent-total-power-demand-using-renewable-and-clean-energy
https://www.ewec.ae/en/media/press-release/ewec-meets-over-80-cent-total-power-demand-using-renewable-and-clean-energy
https://www.doe.gov.ae/-/media/Project/DOE/Department-Of-Energy/Media-Center-Publications/Policy/2022-07-27_Clean-Energy-Strategic-Target-for-2035--EN-QMS-Final.pdf
http://www.moccae.gov.ae/assets/30e58e2e/national-climate-change-plan-for-the-united-arab-emirates-2017-2050.aspx
https://www.world-nuclear-news.org/Articles/Fourth-Barakah-unit-prepares-to-start-up
https://wam.ae/en/details/1395303120171
https://www.irena.org/-/media/Files/IRENA/Agency/Statistics/Statistical_Profiles/Middle%20East/Kuwait_Middle%20East_RE_SP.pdf
https://www.mew.gov.kw/media/ki4jhukt/final-monthly-august-8.pdf
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power shortages. With no new capacity set to come online before summer 2025, 
the Ministry of Electricity, Water and Renewable Energy launched in May 2023 a 
national awareness campaign to save electricity and water (Weffir campaign).  

In our outlook to 2026, we forecast total electricity demand to grow at an average 
pace of 2.5% per year. Electricity will continue to be generated mainly from oil 
(40%) and gas (60%). Over the longer term, Kuwait’s government has renewed 
its long-standing target for 15% of its generation coming from renewables by 2030, 
corresponding to some 14 GW. This objective is expected to be met by the 
expansion of the Shagaya solar project, which aims to reach 4.5 GW by 
2027-2028, for which the Request for Qualification was recently issued. At the 
same time, the Gulf Cooperation Council Interconnection Authority’s led Gulf 
Electricity Interconnection Expansion Project would enable Kuwait to increase the 
capacity of its electricity network by 2.5 GW. 

In 2023, electricity demand in Israel grew by an estimated 2%, a slowdown 
compared to 4% the previous year. Out to 2026, we anticipate average annual 
growth of 2.5%. Production from renewables rose significantly in 2023, up by 43% 
year-on-year, increasing its share to 14% of the electricity mix. Despite the rapid 
growth, capacity additions would need to accelerate to meet Israel’s goal to 
generate 40% of its electricity from renewables by 2030.  

According to the roadmap released in February 2022 by the Ministry of 
Environment, Israel would have to install between 18 GW and 23 GW of solar 
projects along with 5.5 GW storage (with 33 GWh energy capacity) to meet the 
target. The roadmap also recommends the creation of a regulatory framework for 
managing distributed renewable energy and storage systems and for virtual power 
plants (VPPs) to manage 100 MW of renewables and 50 MW of storage. 

Plans for renewables received a boost when the Ministry of Energy announced on 
10 September 2023 that ongoing grid modernisation plans would add 2 GW of 
renewables from wind and solar to the grid, although no timetable was provided. 
We see renewable generation rising to 23% of the mix by 2026, mostly coming 
from solar PV. Gas-fired generation also increases by around 6% per year, while 
coal declines sharply, leading to annual emission reductions of around 10% out to 
2026. 

Qatar’s electricity demand increased by an estimated 3% in 2023, and we expect 
a similar growth of 3.1% for the 2024-2026 period.  

Prior to the opening of Qatar's first major solar power plant, the 2 TWh/year 
Al Kharsaah, in October 2022, all power capacity was based on fossil fuels, mainly 
from gas. The Qatar National Vision 2030 aims to generate 20% of electricity from 
renewable energy sources by 2030, with a focus on solar PV to meet that goal. 
Two new solar plants in the Mesaieed and Ras Laffan industrial cities are expected 

https://www.gov.il/en/departments/news/moep_program_launch_use_renewable_energies
https://www.mees.com/2023/9/15/news-in-brief/israel-2gw-renewables-boost/ce5ad370-53d6-11ee-81d6-591e236d2e12
https://www.mees.com/2023/9/15/news-in-brief/israel-2gw-renewables-boost/ce5ad370-53d6-11ee-81d6-591e236d2e12
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to be operational by the end of 2024. This will double the country’s renewable 
energy output once completed and bring renewables to 5% of the power mix in 
2025-2026. 

In September 2023, QatarEnergy, the world's largest Liquefied Natural Gas (LNG) 
producer, announced that it was expanding its targets for installing photovoltaic 
power capacity from 4 GW to 5 GW by 2035, to liquefy natural gas using 
renewable electricity. The company has a major expansion project under 
construction that will lead to a 64% increase in Qatar’s LNG production from 2021 
to 2030. 

Oman’s electricity consumption increased by an estimated 2.5% in 2023, and we 
anticipate an annual growth rate of around 3% for the next three years.  

Oman has only one operating utility-scale solar facility, the 500 MW Ibri II solar PV 
plant, which came online in 2021, and one 50 MW wind farm. Two additional solar 
photovoltaic power plants, Manah I and II, with a combined capacity of 1 000 MW, 
are due to start operations in 2025, which would nearly triple the existing capacity 
from renewables. We expect renewables to reach nearly 8% of the generation mix 
in 2026, while gas-fired electricity falls from 93% currently to 88%.  

To support the development of new production capacities, Oman is connecting its 
north and south standalone grids with the Rabt project. A significant milestone was 
reached in August 2023 with the commissioning of the USD 49 million Suwayhat 
grid station by the Oman Electricity Transmission Company (OETC). In 
September 2023, a competitive tender was launched for a 132/33 kV grid station 
on Masirah Island, which would be connected to the mainland by a subsea cable, 
reducing the island’s dependency on diesel-fired power generation. 

The energy crisis prompted the government to increase electricity subsidies by 
15% in 2022 and 2023. However, Oman’s energy subsidy reforms are still 
ongoing, with the aim to gradually raise utility tariffs until the total elimination of 
subsidies by 2025.  

https://www.omanobserver.om/article/1146945/business/energy/oman-boosts-power-grid-with-ro-183m-project-launch
https://solarquarter.com/2023/08/31/oetc-inaugurates-suwayhat-grid-station-a-milestone-in-omans-infrastructure-enhancement/
https://solarquarter.com/2023/08/31/oetc-inaugurates-suwayhat-grid-station-a-milestone-in-omans-infrastructure-enhancement/
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Africa 

Insufficient power capacity and infrastructure 
issues continue to curb growth 

Electricity demand in Africa increased by 2% in 2023, marginally higher than the 
year before. The lacklustre growth primarily reflects a sharp contraction in demand 
in South Africa, the continent’s largest electricity consumer, due to chronic power 
capacity constraints. Egypt and Algeria, the region’s second and third largest 
consumers, are estimated to have seen growth of 1.5% and 5%, respectively. 
Combined, these three countries make up 60% of demand in Africa.  

Our forecast for Africa anticipates much faster growth for the 2024-2026 period, 
with average annual electricity demand rising by more than 4%. The higher growth 
rates also reflect a rebound in South African power demand following the restart 
of shut-in capacity. We expect per capita electricity consumption in Africa to 
recover to its 2010-2015 levels by the end of 2026 at the earliest. In our forecast, 
two-thirds of additional demand growth in Africa is expected to be met by 
expanding renewables, with natural gas supplying most of the rest. Emission 
intensity of electricity generation is expected to fall from 520 g CO2/kWh in 2023 
to 490 g CO2/kWh in 2026. 

Year-on-year percent change in electricity demand, Africa, 2019-2026 

 
     IEA. CC BY 4.0. 
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South Africa 

Demand supressed by ever-worsening power generation 
shortages in 2023, and the outlook remains precarious  
Electricity consumption in South Africa declined sharply in 2023, dropping more 
than 4% y-o-y due to increased load shedding. This extends the downward trend 
in demand observed since 2018, when the current power crisis started – with the 
exception of 2021 when demand rebounded from the Covid-19 shock.  

The power sector continues to be plagued by load shedding due to a shortage of 
power capacity as the availability of its ageing coal fleet has degraded further. At 
the same time, much-needed new power capacity has struggled to come online to 
replace this fleet. Most notably, three units of the newly commissioned 4 800 MW 
Kusile power station suffered critical damage when half of its units were taken out 
of service when a chimney collapsed towards the end of 2022. This has been 
further exacerbated by ongoing maintenance at the Koeberg nuclear plant, where 
one of the two units was restarted in November 2023 after almost a year out of 
service, before the other unit was taken out of operation for similar maintenance 
a month later.  

Meanwhile, the timely procurement of new power capacity through auctions since 
the Covid-19 pandemic has proven largely unsuccessful due to a number of 
issues. Escalating costs as a result of inflation have prevented successful projects 
from reaching financial close.  

Load shedding in South Africa, 2017-2023 

  
     IEA. CC BY 4.0. 

Source: Eskom (2023), Eskom Data Portal. 
 

As a result of these challenges, 2023 will be the worst year to date for load 
shedding, with the total volume of load shedding up until the end of September 
already exceeding the total in the previous eight years combined.  
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https://www.iea.org/reports/electricity-market-report-2023
https://www.greenbuildingafrica.co.za/risk-of-total-shutdown-of-eskoms-koeberg-nuclear-power-station-continues-to-increase/
https://www.eskom.co.za/dataportal/data-request-form/
https://www.eskom.co.za/dataportal/data-request-form/
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The latest renewable auction has fared no better. During evaluation of the bids it 
emerged that the grid hosting capacity in the Eastern and Western Cape (where 
all wind bids had been received) had been reduced to zero and so only 860 MW 
of solar capacity (out of 5 200 MW renewables tendered) was procured. This will 
further hamper the success of the latest plans for procurement. The government 
of South Africa announced several new auctions in December 2023 for a suite of 
technologies, including 5 000 MW of wind and solar PV capacity, 2 000 MW of 
gas-fired projects and 615 MW of battery storage capacity. The latter comes after 
the successful procurement of around 500 MW of battery storage capacity last 
year, the first auction of its kind in South Africa. In addition, the government 
announced plans to procure 2 500 MW of nuclear capacity. In an attempt to solve 
the ongoing power crisis, also approved an updated integrated resource plan, 
although this is yet to be released for public comment. 

Despite these critical issues around power capacity, demand is expected to grow 
by 5%. on average over the forecast period. This is a sharp reversal of the -2% 
average for the 2018-2023 timeframe. This is based on the return to service of 
nuclear generation and damaged units at the Kusile coal-power plant. Additionally, 
we expect renewable capacity to continue to come online from previous auctions 
through direct procurement via PPAs in the private sector. This will result in the 
emission intensity of the system decreasing by around 2% y-o-y on average over 
the forecast period, reaching just under 800 g CO2/kWh in 2026. 

Despite the lack of capacity delivered by the procurement programmes, strong 
policy is opening up new possibilities for the private sector to respond outside the 
traditional procurement channels. Following the easing of licensing requirements 
for private generators, there has been a significant increase in the number of 
applications for licenses as commercial and industrial consumers have started to 
invest in renewable generation for their own consumption. This trend is clear from 
publicly available data of private projects registered with the regulator. It is equally 
supported by analysis from Eskom, which estimates that around 4.4 GW (and an 
increase of 3.5 GW over the calendar year from June 2022 to July 2023) of 
distributed solar PV was connected to the system. 

https://www.dailymaverick.co.za/article/2023-08-11-overcoming-hurdles-on-the-path-to-renewable-energy-progress/
https://www.dailymaverick.co.za/article/2023-08-11-overcoming-hurdles-on-the-path-to-renewable-energy-progress/
https://www.news24.com/fin24/climate_future/energy/bid-window-7-launched-govt-to-procure-5-000mw-and-it-wants-it-fast-20231214
https://www.pv-magazine.com/2023/12/04/edf-scatec-africa-win-south-africas-battery-procurement-auction/
https://www.news24.com/fin24/economy/government-kicks-off-new-nuclear-power-procurement-20231212
https://www.news24.com/news24/tech-and-trends/news/eskom-releases-statistics-showing-sas-solar-surge-but-with-a-slightly-misleading-label-20230731
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Registered private generation facilities in South Africa, 2017-2023 

 
     IEA. CC BY 4.0. 

Source: National Energy Regulator of South Africa (2023), Registered Generation Facilities (06/11/2023) 
 

The increase in private generation projects may soon be equally aided by a new 
regulation that allows for the wheeling of power from private projects to multiple 
customers via power purchase agreements (PPAs). This will be further enabled 
through the development of a new digital platform by Eskom that can circumvent 
structural constraints around billing and allow for the wheeling of power from 
private generators to direct offtakers at the distribution level. The so-called Virtual 
Wheeling Platform has recently passed from concept to implementation as 
Vodacom, the largest telecommunications provider in South Africa, signed an 
agreement with Eskom whereby they will be able to purchase power from 
renewable energy projects directly to power their operations through the platform. 
Up until now, private projects for wheeling have been relatively slow to reach 
financial closure, and so the speed at which they can contribute to the generation 
mix may be quite limited.  
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https://www.nersa.org.za/electricity-overview/electricity-registration/
https://www.engineeringnews.co.za/article/vodacom-eskom-sign-historic-first-virtual-wheeling-agreement-2023-08-30
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Year-on-year change in electricity generation in South Africa, Egypt, Algeria, and 
Morocco, 2021 – 2026  

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Egypt 

Government support enables growth in renewable energy 
electricity generation 
Electricity demand in Egypt rose by an estimated 1.5% in 2023. Gas-fired 
generation is estimated to have increased by around 2%. A decline in the share 
of generation from oil products versus the previous year in favour of gas resulted 
in a 1.2% annual decrease in the emissions intensity of the energy mix.  

Since 2018, the Egyptian government has taken significant steps to support the 
electricity sector, attract foreign investments and expand the infrastructure for 
electricity transmission and distribution. As a result, the sector has become more 
competitive, with numerous international companies competing for market share 
and substantially raised investment in the country.  

We anticipate sustained growth in electricity demand of an average 2% per year 
until 2026, supported by higher demand for air conditioning. In addition, Egypt has 
committed to drastically reduce its energy subsidies as part of a financial support 
programme with the IMF. Electricity prices will remain unchanged for consumers 
until January 2024, however after this, rising prices could put downward pressure 
on demand growth. 
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Growth in renewable capacity will be supported by the Energy Pillar of Egypt’s 
Country Platform for the Nexus of Water, Food and Energy (NWFE) Program, 
launched by the government at COP27 in November 2022. NWFE aims to deploy 
an additional 10 GW of renewable energy capacity (solar and wind) between 2023 
and 2028. It also includes the decommissioning of 5 GW of inefficient fossil fuel 
capacity from 2023 onward. Continued growth of renewables will raise its share in 
the generation mix from around 11% today to 13% in 2026. 

We forecast power generation emissions to remain relatively stable for 2024-2026, 
as expanding renewables restrain the growth in natural gas-fired power. Egypt's 
Vision 2030 plan, which was launched in 2022, targets a 10% reduction in GHG 
emissions in the energy sector, including oil and gas, by 2030 compared with 2016 
levels. 

Launched in 2023, the Red Sea Wind Energy project, supported by the European 
Bank for Reconstruction and Development (EBRD), will contribute to Egypt’s 
green transition with the development of a 500 MW onshore wind farm in the Gulf 
of Suez region. 

Algeria 

The country’s bountiful natural gas reserves provide almost all 
of power generation but renewables making inroads  
Electricity demand in Algeria rose by about 5% in 2023, largely unchanged from 
the year before. Over the 2024-2026 forecast period, we anticipate total electricity 
demand to expand at an average annual rate of 5.2%, mainly driven by economic 
growth, along with additional consumption coming from water desalination and 
electric vehicles. Although the electrification of the transport sector remains 
limited, this will increase over time, with the government aiming to reach 1 000 
electric vehicles on the road and 1 000 charging stations by 2024.  

Algeria's installed power power capacity is currently around 25 GW. The power 
mix is heavily dominated by natural gas, representing 99% of generation in 2023. 
The government is taking steps to accelerate the deployment of renewable energy 
sources to meet its target of 22 GW of renewables by 2030. Following a tender 
launched in December 2021 for 1 GW solar PV that did not result in any contracts, 
in August 2023 the government issued a new tender aiming for a total solar PV 
capacity of 2 000 MW. Of over 100 bids, 73 from both international and local 
applicants were accepted as meeting the requirements. Two additional tenders 
took place in the following months, the first for 1 GW – reopening the original 
tender from 2021 – and a second for 3 GW. 

https://moic.gov.eg/page/nwfe
https://moic.gov.eg/page/nwfe
https://www.iea.org/policies/17266-red-sea-wind-energy-green-egypt
https://www.algerie-focus.com/lalgerie-mise-sur-lelectrification-1000-voitures-electriques-dici-2024/
https://www.algerie-focus.com/lalgerie-mise-sur-lelectrification-1000-voitures-electriques-dici-2024/


Electricity 2024 Regional focus 
Analysis and forecast to 2026  

PAGE | 154  I E
A.

 C
C

 B
Y 

4.
0.

 

However, by the end of 2023 no winners had been announced nor private 
contracts signed for any of the tenders. In the absence of a late-stage 
development project pipeline, the forecast is conservative regarding the amount 
of utility-scale projects that will be commissioned by 2026 and therefore we expect 
gas will continue to account for the majority of generation (99%). This would result 
in power sector emissions growth of around 4.5% CAGR during 2024-2026 amid 
increasing power demand.  

Algeria's interest in renewable energy is also linked to the country's water 
desalination programme. In March 2023, the government signed off on the 
creation of an independent national agency for water desalination with a view to 
ensuring water security and reaching 50% of drinking water from desalination by 
2030. Six months later, the Algerian Energy Company (AEC) announced that the 
new 80 000 m3 plant at Corso had hit full capacity. All seawater desalination plants 
combined are expected to have a capacity of 3.6 million m3/d by 2024. The 
additional electricity use could be in the range of 1-4% of Algeria’s current 
electricity demand, depending on the technologies employed.  

To develop grid infrastructure, the government has announced an interconnection 
project linking the southern grid to the national grid. The construction of this 
700 km double 400 kV high voltage transmission line would help boost the 
electricity supply to the country's southern provinces. 

Morocco 

Diversifying electricity generation making significant progress, 
with a focus on renewables and flexible technologies 
Electricity consumption in Morocco rose by around 2% in 2023 and is expected to 
grow at an average annual rate of 3.1% over the rest of the forecast period. 
Morocco has been striving to diversify its power supply and increase the share of 
renewable generation, with a target of reaching at least 52% by 2030. A series of 
successful tenders have resulted in a growing share of wind and solar (including 
PV and CSP) generation, as well as flexible technologies such as batteries and 
pumped storage hydro to support the integration of these new resources. Thermal 
generation accounted for almost 80% of generation in 2023, consisting of primarily 
coal-fired electricity (73%), which has steadily increased over the last five years at 
the expense of gas-fired generation. This comes after gas imports from Algeria 
ceased in November 2021 following the breakdown of diplomatic ties between the 
two countries.   

As a result, increasing demand in Morocco over the 2024-2026 forecast period is 
expected to be met by growth in wind and solar PV production, also reducing the 
share of thermal generation in the energy mix. In July 2023, a 300 MW wind plant 

https://www.aps.dz/economie/153639-creation-de-l-agence-nationale-de-dessalement-de-l-eau
https://www.afrik21.africa/en/algeria-energy-recoverys-pxs-to-reduce-the-energy-cost-of-desalination/
https://www.mees.com/2023/9/29/news-in-brief/algeria-desal-start-up/76c7a7c0-5ecf-11ee-ae49-6f565a57f5c1
https://www.mees.com/2023/9/29/news-in-brief/algeria-desal-start-up/76c7a7c0-5ecf-11ee-ae49-6f565a57f5c1
https://algeriainvest.com/fr/premium-news/sonelgaz-lancement-du-projet-dinterconnexion-du-reseau-electrique-du-sud-avec-le-reseau-national#!
https://algeriainvest.com/fr/premium-news/sonelgaz-lancement-du-projet-dinterconnexion-du-reseau-electrique-du-sud-avec-le-reseau-national#!
https://www.masen.ma/sites/default/files/documents_presse/Communiqu%C3%A9%20de%20presse%20_%20Noor%20Midelt%20III.pdf
https://www.france24.com/en/africa/20220428-algeria-threatens-to-scrap-gas-contract-with-spain-amid-tensions-with-morocco
https://www.france24.com/en/africa/20220428-algeria-threatens-to-scrap-gas-contract-with-spain-amid-tensions-with-morocco
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was commissioned, while the Moroccan Minister of Energy Transition and 
Sustainable Development (METSD), recently announced its Investment Plan for 
2023–2027, which envisages the deployment of 7 GW of new renewable capacity.  

Additionally, in August 2023, following the successful call for tender for the 
construction of a 400 MW solar PV plant with two hours of battery storage, a new 
call for tender was issued for an additional 400 MW solar PV plant with one hour 
of battery storage. This highlights not only the acceleration towards the power 
capacity target but also in flexibility to support the integration of these new 
resources. This is equally demonstrated by the recent MoU concluded between 
Morocco and China's telecommunications company Huawei, with the aim of 
harnessing innovative electricity storage technologies for the system integration 
of renewable generation. Morocco also adopted legislation in October 2023 that, 
when implemented into its regulatory framework, will both permit and encourage 
the broader deployment of decentralised generation. 

While the focus of growth on the supply-side has been in renewables, Morocco 
also signed an  LNG supply agreement with Shell for 0.5 bcm of LNG until 2035, 
which the METSD has stated would be in line with its decarbonisation goals. This 
would look to replace the loss of gas supply from Algeria.  

Nigeria  

Deterioration of power infrastructure increased dependency on 
backup generators for 40% of electricity consumption  
In 2022, 73% of Nigeria’s population had access to electricity, an increase of more 
than 70 million people during the past decade. Although the country has a total 
installed capacity of about 13 GW, average available capacity remained around 
4.5 GW in 2023 due to a combination of factors such as deteriorating units, poor 
maintenance and liquidity constraints. Unreliable power supply due to limited grid 
infrastructure, underinvestment and ineffective regulatory frameworks has 
resulted in an estimated 40% of all the electricity consumed in the country being 
produced from backup generators.  

To meet increasing demand, the performance of the Nigerian Electricity Supply 
Industry (NESI) is being reviewed and electricity supply remains a priority of the 
federal government. The 240 MW Afam Three Fast Power natural gas-fired plant 
as well as the gas-fired 50 MW Maiduguri Emergency Thermal Power Plant were 
commissioned in 2023. Similarly, the 700 MW Zungeru hydropower plant was 
commissioned in Q4 2023, boosting the renewable generation of the country. 

The country’s largest thermal power plant was announced, a 1 900 MW expansion 
of Egbin Power Plc (commercial operation by 2025). The 1 350 MW gas-fired 

https://www.youtube.com/watch?v=88P0CXP8qDU
https://www.youtube.com/watch?v=88P0CXP8qDU
https://www.masen.ma/sites/default/files/documents_presse/Communique%CC%81%20de%20Presse%20_NOOR%20Midelt%20II%20RfQ.pdf
https://www.masen.ma/sites/default/files/documents_presse/Communiqu%C3%A9%20de%20presse%20_%20Noor%20Midelt%20III.pdf
https://www.masen.ma/sites/default/files/documents_presse/Communiqu%C3%A9%20de%20presse%20_%20Noor%20Midelt%20III.pdf
https://www.moroccoworldnews.com/2023/07/356577/huawei-onee-partner-to-boost-renewable-energy-integration-in-morocco
https://www.moroccoworldnews.com/2023/07/356577/huawei-onee-partner-to-boost-renewable-energy-integration-in-morocco
https://northafricapost.com/69570-shell-morocco-sign-lng-supply-agreement.html
https://nerc.gov.ng/index.php/library/documents/NERC-Reports/NERC-Quarterly-Reports/NERC-Second-Quarter-2023-Report/
https://punchng.com/power-generation-drops-by-2324mw-fg/
https://www.sciencedirect.com/science/article/pii/S0301421520303207?via%3Dihub
https://iea.blob.core.windows.net/assets/5afce034-9bd7-451a-ac36-1b35c63aaf5e/FinancingCleanEnergyinAfrica.pdf
https://www.premiumtimesng.com/business/business-news/638359-nigeria-electricity-market-operators-begin-performance-review.html
https://www.premiumtimesng.com/business/business-news/638359-nigeria-electricity-market-operators-begin-performance-review.html
https://www.enerdata.net/publications/daily-energy-news/nigeria-starts-operating-two-power-plants-totalling-17-gw.html
https://www.esi-africa.com/industry-sectors/generation/new-gas-fired-power-plant-to-restore-electricity-in-nigerias-north-east/
https://www.enerdata.net/publications/daily-energy-news/nigeria-starts-operating-two-power-plants-totalling-17-gw.html
https://energydayng.com/2023/06/26/egbin-power-achieves-record-breaking-1000mw-power-generation-peak-generates-almost-one-third-total-national-load/
https://energydayng.com/2023/06/26/egbin-power-achieves-record-breaking-1000mw-power-generation-peak-generates-almost-one-third-total-national-load/
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Gwagwalada Independent Power Plant is currently under construction in three 
phases, the first of which is to be completed in 2024. Once operational, it is 
expected to provide around 11% of the country’s electricity.  

Gas-fired generation in the country is estimated to have increased by 6% in 2023 
with new plants becoming operational. We estimate that electricity demand rose 
by 9% in 2023 as available generation increased. From 2024-2026, electricity 
demand is forecast to rise by an annual average of around 7%, as new gas-fired 
capacities enter operation according to plan, supporting an average 6% growth 
rate in gas-fired generation in 2024-2026. Nevertheless, delays in commissioning 
of the plants and continued problems with infrastructure are sources of uncertainty 
in our forecast. 

Year-on-year change in electricity generation in Nigeria, Kenya and Senegal, 2021-2026  

 
IEA. CC BY 4.0. 

Notes: Other non-renewables includes oil, waste and other non-renewable energy sources. The figures for 2024-2026 are 
forecast values. 
 

Natural gas accounted for around 75% of electricity generated on the main grid in 
2023. Natural gas is expected to continue to play an important role in energy 
supply and grid stabilisation for Nigeria’s power sector until 2030, and decline by 
2050, according to the country’s Energy Transition Plan (ETP).   

Renewables are also forecast to increase over the 2024-2026 period, at a CAGR 
of around 8%, and a positive spillover in terms of GHG emission reduction (-1.8%). 
Hydropower accounts for most of the renewables generation during 2024-2026, 
largely due to the completion of the Zungeru project, with an estimated generation 
of 2.6 TWh per year. Hydropower is forecast to rise further in the future, thanks to 
the completion of the 1 650 MW Makurdi Hydropower Plant.  
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https://www.powermag.com/ge-vernova-building-new-1-35-gw-gas-fired-plant-in-nigeria/
https://www.energytransition.gov.ng/natural-gas/
https://globalenergyprize.org/en/2023/10/20/nigeria-puts-700-mw-hydropower-plant-into-operation/
https://www.hydropower-dams.com/news/advisory-services-sought-for-the-1650-mw-makurdi-hydropower-plant-in-nigeria/
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Solar PV is expected to grow rapidly, with an average rate of above 50% per year 
over the next three years, although remaining at around 1% of generation in 2025. 
The off-grid space (including mini-grids, solar home systems and solar lights) 
represents a significant portion of solar PV electricity supply in the country, which 
is estimated to have reached 93 MW of installed capacity in 2021, and could drive 
much of the growth in the coming years. In May 2023, President Bola Tinubu 
announced the end of Nigeria’s fossil fuel subsidies. This decision could jump-
start the use of solar-based solutions to replace expensive diesel generators.  

The Nigerian Rural Electrification Agency (REA) is responsible for promoting and 
co-ordinating rural electrification programmes and has implemented the 
Energizing Economies Initiative, which aims to support the rapid deployment of 
off-grid electricity solutions in economic clusters through private sector 
developers. Strong growth of off-grid solutions in Nigeria is the driver of a broader 
growth trend in West Africa. 

In June 2023, Nigeria adopted a new Electricity Act 2023, which aims to provide 
a comprehensive legal and institutional framework for a privatised contract and 
rule-based competitive electricity market, with a view to attracting private sector 
investments across the power sector. While the act strengthens the role of 
regulatory bodies, as it introduces consumer protection measures and provides 
for a transparent tariff-setting process, it also opens up the possibility of multiple 
licensing regimes by enabling regulation at state level. Although regulation at the 
federal level remains the rule where no state regulation is specified, careful 
co-ordination and streamlining of regulatory approaches across states would be 
required to minimise the uncertainty of different regimes.    

Other Africa 
In Kenya, over 700 000 new customers were connected to the national grid in 
2022 and 75% of the population had access to electricity (both national grid and 
off-grid solutions), a substantial growth compared to 47% in 2015. Electricity 
demand is estimated to have increased by around 4.5% in 2023, and we expect 
annual demand growth of 5.7% on average from 2024 to 2026. Kenya has a total 
installed capacity of about 3.3 GW and generated about 13 TWh, of which more 
than 90% was from renewable sources. The Kenyan government has an ambition 
of reaching a 100% share of renewables in electricity generation by 2030.  

We estimate that in 2023 more than 44% of generation in Kenya came from 
geothermal, with the remainder of renewables coming mainly from hydropower 
and wind. Kenya’s Lake Turkana Wind Farm is Africa’s largest, with 365 turbines 
at 850 kWh capacity each. We anticipate the country’s renewable generation to 
grow by around 7% per year in 2024-2026. The largest growth is anticipated in PV 
and wind, with 25% and 13% annual average growth, respectively. The 

https://www.irena.org/Publications/2022/Dec/Off-grid-renewable-energy-statistics-2022
https://www.ft.com/content/51318968-fc6c-476b-ae1a-9e87ffa037d3
https://www.ft.com/content/51318968-fc6c-476b-ae1a-9e87ffa037d3
https://cleantechnica.com/2023/11/08/nigeria-has-ended-fossil-fuel-subsidies-giving-solar-power-a-boost/
https://cleantechnica.com/2023/11/08/nigeria-has-ended-fossil-fuel-subsidies-giving-solar-power-a-boost/
https://rea.gov.ng/energizing-economies/#:%7E:text=The%20Energizing%20Economies%20Initiative%20(EEI,shopping%20complexes%20and%20agricultural%2Findustrial
https://placng.org/i/documents/electricity-act-2023/
https://globallawexperts.com/what-the-electricity-act-2023-means-for-the-electricity-market-and-stakeholders-in-nigeria/
https://furtherafrica.com/2023/06/19/powering-nigerias-future-the-2023-electricity-act/
https://www.dlapiperafrica.com/export/sites/africa/nigeria/Downloads/Executive-Summary_Review-of-Nigeria-Electricity-Act-2023.pdf_2063069299.pdf
https://www.dlapiperafrica.com/export/sites/africa/nigeria/Downloads/Executive-Summary_Review-of-Nigeria-Electricity-Act-2023.pdf_2063069299.pdf
https://www.businessdailyafrica.com/bd/economy/kenya-electricity-capacity-crosses-3-000mw-mark--4081926
https://ltwp.co.ke/overview/
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government is considering the introduction of grid-scale battery energy storage 
systems to support increased uptake of renewable energy and displace thermal 
generation at peak. Kenya also aims to diversify its generation sources to include 
nuclear power in the future and have its first nuclear power plant up and running 
by 2038. 

The Kenyan grid is interconnected with the Ethiopian grid through a 1 058 km line 
energised in 2023. The Kenya Power and Lighting Company (KPLC) started 
importing electricity at lower tariffs last year under a 27-year power-sharing 
agreement signed by the two governments. Further regional interconnections will 
be achieved through an interconnector with Tanzania, which is under construction, 
and a second line with Uganda, which is under implementation. These projects 
will eventually facilitate the creation of a regional power market. 

According to IEA analysis, Senegal is well on track to achieve Sustainable 
Development Goal 7 (SDG7) of universal access to electricity by 2030. With some 
additional efforts and by deploying off-grid solutions, it can also reach its 2025 
target. In 2022, 75% of the population had access to electricity, representing an 
increase of 17 percentage points over the past decade. Despite this rapid 
progress, disparities remain between urban and rural areas, where access rates 
are 97% and 55%, respectively. Adequacy and affordability of electricity supply to 
meet growing demand is a key concern for the country. 

Electricity demand rose by an estimated 8% in 2023 and is forecast to grow at a 
slightly stronger pace of 9.% in 2024-2026. Supply is mostly dominated by fossil 
fuels, particularly imported heavy fuel oil (HFO). In 2021, total installed power 
capacity amounted to 1.62 GW, with fossil fuels accounting for 72% (1.16 GW). In 
2022, renewables accounted for around 25% of total electricity generation and for 
30% of installed capacity, in line with government targets.  

Hoping to leverage domestic natural gas resources under development, Senegal 
is pursuing a gas-to-power strategy to switch from imported HFO to natural gas to 
reduce costs and emissions, as well as to increase security of supply. A 300 MW 
gas-fired combined-cycle power plant at Cap de Biches is expected to come online 
in 2024. 

A new electricity code (Law no. 2021-31) approved in 2021 is paving the way for 
the unbundling of the power sector. Under this new framework, the government of 
Senegal is developing an Integrated Low-Cost Plan (PIMC) to enhance planning 
in the sector. In 2023, Senegal entered a Just Energy Transition Partnership 
(JETP) with France, Germany, the European Union, the United Kingdom and 
Canada. Under the JETP, the international partners are undertaking to mobilise 
up to EUR 2.5 billion to support the country in accelerating clean energy 
deployment for sustainable development. Senegal increased its renewable energy 
targets to 40% of installed capacity by 2030.

https://nation.africa/kenya/business/kenya-aims-big-in-energy-storage-amid-expanded-output-4300260
https://nation.africa/kenya/business/kenya-aims-big-in-energy-storage-amid-expanded-output-4300260
https://www.kenyanews.go.ke/kenya-aims-to-have-its-first-nuclear-power-plant-by-2038/#:%7E:text=Kenya%20aims%20to%20have%20its%20first%20nuclear%20power%20plant%20up,commissioned%20by%20the%20year%202038.
https://energy.go.ke/sites/default/files/KAWI/Other%20Downloads/CLIMATE%20INVESTMENT%20FUNDS%20DRAFT%20PLAN%2010-11-2023_0310.pdf
https://energycapitalpower.com/empowering-senegals-energy-landscape-a-closer-look-at-key-power-projects/
https://energycapitalpower.com/empowering-senegals-energy-landscape-a-closer-look-at-key-power-projects/
https://www.droit-afrique.com/uploads/Senegal-Code-2021-electricite.pdf
https://energie.gouv.sn/secteur-de-lelectricite/
https://international-partnerships.ec.europa.eu/system/files/2023-06/political-declaration-for-a-jetp-with-senegal_en.pdf
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Annexes 

Summary tables 
Regional breakdown of electricity demand, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2024-
2026 

Africa 753 765 780 887 1.6% 1.9% 4.4% 

Americas 6 219 6 382 6 353 6 677 2.6% -0.4% 1.7% 

of which  
United States 4 170 4 277 4 208 4 404 2.6% -1.6% 1.5% 

Asia Pacific 13 193 13 733 14 394 16 459 4.1% 4.8% 4.6% 

of which China 8 307 8 615 9 164 10 573 3.7% 6.4% 4.9% 

Eurasia 1 302 1 316 1 335 1 386 1.1% 1.5% 1.3% 

Europe 3 813 3 674 3 586 3 845 -3.6% -2.4% 2.4% 

of which 
European Union 2 736 2 651 2 568 2 749 -3.1% -3.2% 2.3% 

Middle East 1 172 1 210 1 235 1 347 3.3% 2.1% 2.9% 

World 26 453 27 080 27 682 30 601 2.4% 2.2% 3.4% 

 
Notes: Data for 2023 are preliminary; 2024-2026 are forecasts. Differences in totals are due to rounding. CAAGR = 
Compounded average annual growth rate. For the CAAGR 2024-2026 reported, end of 2023 data is taken as base year for 
the calculation. For the entire period European Union data is for the 27 member states.  
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Breakdown of global electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 2 809 2 668 2 741 2 959 -5.0% 2.7% 2.6% 

Coal 10 284 10 442 10 613 10 088 1.5% 1.6% -1.7% 

Gas 6 556 6 609 6 639 6 785 0.8% 0.5% 0.7% 

Other non-
renewables 852 857 782 705 0.6% -8.8% -3.4% 

Total renewables 7 925 8 549 8 959 12 158 7.9% 4.8% 10.7% 

Total Generation 28 426 29 124 29 734 32 694 2.5% 2.1% 3.2% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 13 263 13 448 13 575 13 111 1.4% 0.9% -1.2% 

 

Breakdown of Asia Pacific electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 727 746 792 916 2.6% 6.1% 5.0% 

Coal 8 000 8 196 8 675 8 542 2.5% 5.8% -0.5% 

Gas 1 517 1 481 1 471 1 600 -2.4% -0.7% 2.8% 

Other non-
renewables 203 198 155 126 -2.2% -21.9% -6.7% 

Total renewables 3 554 3 946 4 155 6 136 11.0% 5.3% 13.9% 

Total Generation 14 001 14 568 15 248 17 321 4.0% 4.7% 4.3% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 8 420 8 589 9 011 8 929 2.0% 4.9% -0.3% 
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Breakdown of Americas electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 942 924 924 924 -1.8% 0.0% 0.0% 

Coal 1 110 1 025 844 618 -7.7% -17.7% -9.9% 

Gas 2 204 2 291 2 421 2 422 3.9% 5.7% 0.0% 

Other non-
renewables 206 205 200 179 -0.4% -2.8% -3.6% 

Total renewables 2 264 2 490 2 521 3 101 10.0% 1.2% 7.2% 

Total Generation 6 726 6 934 6 909 7 244 3.1% -0.4% 1.7% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 2 107 2 057 1 938 1 709 -2.4% -5.8% -4.1% 

 

Breakdown of Europe electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 889 750 769 827 -15.6% 2.5% 2.5% 

Coal 646 686 558 402 6.2% -18.6% -10.4% 

Gas 843 796 665 547 -5.6% -16.4% -6.3% 

Other non-
renewables 86 95 89 67 10.1% -6.3% -9.1% 

Total renewables 1 589 1 588 1 729 2 247 0.0% 8.9% 9.1% 

Total Generation 4 053 3 915 3 811 4 090 -3.4% -2.7% 2.4% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 1 000 1 033 856 649 3.3% -17.1% -8.8% 
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Breakdown of Eurasia electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 225 211 208 220 -6.3% -1.4% 1.9% 

Coal 261 279 289 285 6.8% 3.6% -0.4% 

Gas 666 678 687 712 1.8% 1.3% 1.2% 

Other non-
renewables 18 12 12 14 -33.6% -0.7% 5.3% 

Total renewables 284 289 293 308 1.8% 1.4% 1.6% 

Total Generation 1 454 1 469 1 489 1 539 1.0% 1.4% 1.1% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 548 565 578 589 3.3% 2.2% 0.6% 

 

Breakdown of Middle East electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 13 26 39 57 95.3% 51.6% 13.6% 

Coal 21 18 17 4 -14.6% -4.2% -38.3% 

Gas 956 985 1 004 1 078 3.0% 2.0% 2.4% 

Other non-
renewables 284 278 261 256 -1.8% -6.1% -0.7% 

Total renewables 43 49 59 98 14.4% 21.1% 18.2% 

Total Generation 1 316 1 355 1 381 1 493 3.0% 1.9% 2.6% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 716 725 721 741 1.2% -0.5% 0.9% 
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Breakdown of Africa electricity supply and emissions, 2021-2026 

TWh 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Nuclear 12 10 9 13 -20.7% -11.5% 15.2% 

Coal 246 238 229 238 -3.0% -4.0% 1.2% 

Gas 371 379 391 425 2.2% 3.3% 2.8% 

Other non-
renewables 56 69 66 63 22.7% -4.4% -1.2% 

Total renewables 191 187 201 268 -2.0% 7.6% 10.0% 

Total Generation 876 883 896 1 007 0.8% 1.5% 4.0% 

 

Mt CO2 2021 2022 2023 2026 
Growth 

rate 
2021-
2022 

Growth 
rate 

2022-
2023 

CAAGR 2023-
2026 

Total emissions 473 479 471 493 1.3% -1.6% 1.5% 
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Regional and country groupings 
Africa – Algeria, Angola, Benin, Botswana, Cameroon, Congo, Democratic 
Republic of the Congo, Côte d’Ivoire, Egypt, Equatorial Guinea, Eritrea, Ethiopia, 
Gabon, Ghana, Kenya, Libya, Mauritius, Morocco, Mozambique, Namibia, Niger, 
Nigeria, Senegal, South Africa, South Sudan, Sudan, United Republic of 
Tanzania, Togo, Tunisia, Zambia, Zimbabwe and other African countries and 
territories.1 

Asia – Bangladesh, Brunei Darussalam, Cambodia, Chinese Taipei, India, 
Indonesia, Japan, Korea, Democratic People’s Republic of Korea, Lao People’s 
Democratic Republic, Malaysia, Mongolia, Myanmar, Nepal, Pakistan, People’s 
Republic of China,2 Philippines, Singapore, Sri Lanka, Thailand, Viet Nam and 
other Asian countries, territories and economies.3 

Asia Pacific – Australia, Bangladesh, Brunei Darussalam, Cambodia, Chinese 
Taipei, India, Indonesia, Japan, Korea, Democratic People’s Republic of Korea, 
Lao People’s Democratic Republic, Malaysia, Mongolia, Myanmar, Nepal, New 
Zealand, Pakistan, People’s Republic of China,2 Philippines, Singapore, Sri 
Lanka, Thailand, Viet Nam and other Asian countries, territories and economies.4 

Central and South America – Argentina, Bolivia, Brazil, Chile, Colombia, Costa 
Rica, Cuba, Curaçao, Dominican Republic, Ecuador, El Salvador, Guatemala, 
Haiti, Honduras, Jamaica, Nicaragua, Panama, Paraguay, Peru, Suriname, 
Trinidad and Tobago, Uruguay, Venezuela and other Latin American countries 
and territories.5 

Eurasia – Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Russian 
Federation, Tajikistan, Turkmenistan and Uzbekistan. 

Europe – Albania, Austria, Belgium, Belarus, Bosnia and Herzegovina, Bulgaria, 
Croatia, Cyprus,6 Czechia, Denmark, Estonia, Finland, France, Germany, 
Gibraltar, Greece, Hungary, Iceland, Ireland, Italy, Kosovo7 Latvia, Lithuania, 
Luxembourg, Malta, Montenegro, Netherlands, North Macedonia, Norway, 
Poland, Portugal, Republic of Moldova, Romania, Serbia, Slovak Republic, 
Slovenia, Spain, Sweden, Switzerland, Republic of Türkiye, Ukraine and United 
Kingdom. 

European Union – Austria, Belgium, Bulgaria, Croatia, Cyprus,6 Czechia, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, 
Slovak Republic, Slovenia, Spain and Sweden. 
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Middle East – Bahrain, Islamic Republic of Iran, Iraq, Israel8, Jordan, Kuwait, 
Lebanon, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, United Arab 
Emirates and Yemen. 

Nordics – Denmark, Finland, Norway, Sweden. 

North Africa – Algeria, Egypt, Libya, Morocco and Tunisia. 

North America – Canada, Mexico and United States. 

Southeast Asia – Brunei Darussalam, Cambodia, Indonesia, Lao, People’s 
Democratic Republic, Malaysia, Myanmar, Philippines, Singapore, Thailand and 
Viet Nam. These countries are all members of the Association of Southeast Asian 
Nations (ASEAN). 

Advanced economies – OECD member nations, plus Bulgaria, Croatia, Cyprus, 
Malta and Romania. 

Emerging markets and developing economies – All other countries not 
included in the advanced economies regional grouping. 

 

1 Individual data are not available and are estimated in aggregate for: Burkina Faso, Burundi, Cape Verde, Central African 
Republic, Chad, Comoros, Djibouti, Gambia, Guinea, Guinea-Bissau, Lesotho, Liberia, Madagascar, Malawi, Mali, 
Mauritania, Reunion, Rwanda, Sao Tome and Principe, Seychelles, Sierra Leone, Somalia, Eswatini and Uganda.  
2 Including Hong Kong.  
3 Individual data are not available and are estimated in aggregate for: Afghanistan, Bhutan, Macau (China), Maldives and 
Timor-Leste. 
4 Individual data are not available and are estimated in aggregate for: Afghanistan, Bhutan, Cook Islands, Fiji, French 
Polynesia, Kiribati, Macau (China), Maldives, New Caledonia, Palau, Papua New Guinea, Samoa, Solomon Islands, Timor-
Leste, Tonga and Vanuatu. 
5 Individual data are not available and are estimated in aggregate for: Anguilla, Antigua and Barbuda, Aruba, Bahamas, 
Barbados, Belize, Bermuda, British Virgin Islands, Cayman Islands, Dominica, Falkland Islands (Malvinas), Grenada, 
Guyana, Montserrat, Saba, Saint Eustatius, Saint Kitts and Nevis, Saint Lucia, Saint Pierre and Miquelon, Saint Vincent and 
the Grenadines, Sint Maarten, and the Turks and Caicos Islands.  
6 Note by the Republic of Türkiye 

The information in this document with reference to “Cyprus” relates to the southern part of the Island. There is no 
single authority representing both Turkish and Greek Cypriot people on the Island. Türkiye recognises the Turkish 
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United 
Nations, Türkiye shall preserve its position concerning the “Cyprus issue”. 
Note by all the European Union Member States of the OECD and the European Union The Republic of Cyprus is 
recognised by all members of the United Nations with the exception of Türkiye. The information in this document 
relates to the area under the effective control of the Government of the Republic of Cyprus. 

7 The designation is without prejudice to positions on status and is in line with the United Nations Security Council Resolution 
1244/99 and the Advisory Opinion of the International Court of Justice on Kosovo’s declaration of Independence.  
8 The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use of such 
data by the OECD and/or the IEA is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli 
settlements in the West Bank under the terms of international law.  
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Abbreviations and acronyms 
ACER  European Union Agency for the Cooperation of Energy Regulators 
AEMO  Australian Energy Market Operator 
AI  artificial intelligence 
BESS  battery energy storage system 
BIL  Bipartisan Infrastructure Law 
BMWK  Federal Ministry for Economic Affairs and Climate Action 
BNetzA Bundesnetzagentur - German Federal Network Agency 
CAISO  California Energy Market Operator 
CBAM  Carbon Border Adjustment Mechanism 
CCRG  compound average growth rate 
CERC  Central Electricity Regulator Commission 
CFDs  contracts for difference 
CO2  carbon dioxide 
CSP  concentrated solar power 
DRE  distributed renewable energy 
DSOs  distribution system operators 
ERCOT Electric Reliability Council of Texas 
EU-ETS EU Emission Trading System 
FERC  Federal Energy Regulatory Commission 
FFR  fast frequency response 
GDP  gross domestic product 
GEC  Green Electricity Certificates 
HFO  heavy fuel oil 
HP-DAM High-Price Day-Ahead Market 
HVDC  high-voltage direct current 
IAEA  International Atomic Energy Agency 
ICT  Information and Communications Technology 
IMF  International Monetary Fund 
IPP  independent power producers 
IRA  Inflation Reduction Act 
JETP  Just Energy Transition Partners 
METDS Moroccan Minister of Energy Transition and Sustainable Development 
NERC  North American Electricity Reliability Corporation 
NETR  National Energy Transition Roadmap 
NIS  Network and Information Directive 
NPK  Nitrogen, Phosphorus and Potassium 
NZE  Net Zero Emissions by 2050 Scenario 
PDP  Power Development Plan 
PPA  power purchase agreement 
PPP  purchasing power parity 
SHS  Solar home systems 
SIR  Synchronous Inertia Response 
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SMP  System Marginal Price 
SMR  small modular reactors 
STEPS Stated Policies Scenario 
TSOs  transmission system operators 
VGF  Viability GAP Funding 
VRE  variable renewable energy 
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Units of measure 
 
bbl  barrel 
bbl/d  barrels per day 
bcm  billion cubic metres 
bcm/yr  billion cubic metres per year 
cm/s  centimetres per second 
g CO2  gramme of carbon dioxide 
g CO2/KWh  grammes of carbon dioxide per kilowatt hour 
GJ  gigajoule 
Gt/yr  gigatonnes per year 
GW  gigawatt 
kt  kilo tonnes 
MW  megawatt 
MWh  megawatt-hour 
Mt  million tonnes 
Mt CO2  million tonnes of carbon dioxide 
Mt CO2/yr million tonnes of carbon dioxide per year 
GW  gigawatt 
GWh  gigawatt hour 
TWh  terawatt-hour 
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