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Abstract

The Path to a New Era for Nuclear Energy is a new report by the International
Energy Agency that looks at the opportunities for nuclear energy to address
energy security and climate concerns — and at critical elements needed to pursue
these opportunities, including policies, innovation and financing. Nuclear energy
is a well-established technology that has provided electricity and heat to
consumers for well over 50 years but has faced a number of challenges in recent
years. However, nuclear energy is making a strong comeback, with rising
investment, new technology advances and supportive policies in over 40
countries. Electricity demand is projected to grow strongly over the next decades,
including from data centres, further underpinning the importance of having
sufficient new sources of stable low-emissions electricity.

Despite the rising momentum behind nuclear energy, various challenges need to
be overcome for nuclear to play an important role in the future energy landscape.
This report reviews the status of nuclear energy around the world and explores
risks related to policies, construction and financing. It provides the long-term
outlook for nuclear power in light of policies and ambitions, quantifying nuclear
power capacity and the related investment over the period to 2050. The report
shows that with continued innovation, sufficient government support and new
business models, small modular reactors can play a pivotal role in enabling a new
era for nuclear energy. It highlights potential mechanisms to unlock financing while
also emphasising the critical importance of adequate planning for the required
workforce and supply chains.
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Foreword

Some four years ago, the International Energy Agency (IEA) announced that
nuclear energy was well positioned to make a comeback after a difficult period
following the 2011 Great East Japan Earthquake and the accident at the
Fukushima Daiichi plant. Today, this comeback is clearly underway and nuclear
now stands on the cusp of a new era, owing to a combination of government
policies, technological innovation and private sector interest. At the same time,
several major challenges still need to be overcome on the path to this new era.

This new IEA special report provides a comprehensive assessment of the
situation, examining how these challenges can be overcome in countries that see
it as part of their future energy mix. It is important to note, however, that some
countries, including some IEA Members, do not see a role for nuclear energy in
their future, and the IEA Secretariat fully respects their position. This report should
not be seen as representative of their views.

Globally, nuclear energy is a leading source of clean and secure electricity
generation — second only to hydropower among low-emissions sources. In 2025,
nuclear is set to produce more electricity than ever before, a clear sign of the
comeback that the IEA signalled in 2021. Another sign of momentum is that
interest in nuclear energy today is at its highest levels since the oil crises of the
1970s, with support for expanding the use of nuclear power now in place in more
than 40 countries. At the same time, innovation is changing the nuclear technology
landscape through the development of small modular reactors (SMR), the first of
which are expected to start commercial operations around 2030.

These positive developments for nuclear are well timed, as the world is moving
towards the Age of Electricity, with global electricity demand for electricity set to
grow six times as fast as overall energy demand in the coming decade, driven by
the need to power everything from industrial machinery and air conditioning to
electric vehicles and data centres. Alongside renewable technologies such as
solar and wind, whose electricity output is expanding rapidly, nuclear can play an
important role in meeting growing power demand securely and sustainably.

The global map of nuclear is changing. In the 1990s, for example, Europe was a
frontrunner in nuclear power, but its nuclear industry has shrunk. Today, half of
nuclear power projects under construction are in China, which is set to overtake
both the European Union and the United States in nuclear capacity by 2030. The
picture may change again, though, as new technologies such as SMRs come to
market. For this report, IEA experts spoke with many leading SMR companies to
get a detailed understanding of where things stand. Momentum is clearly building
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for the technology, but SMRs’ success will hinge on whether government support,
innovation and new business models enable them to bring down their costs quickly
enough. If that happens, SMRs could account for 10% of all nuclear capacity
globally by 2040. As an innovation leader, the United States alone would account
for 20% of the growth in SMRs.

In terms of challenges, financing is a major issue for nuclear. A new era for nuclear
energy will require a lot of investment, which won’t happen without major efforts
from government and industry. Nuclear projects have traditionally been hard to
finance due to their scale, capital intensity, long construction lead times and
technical complexity. This has meant heavy involvement of governments. But
public funding alone will not be sufficient to build a new era for nuclear: private
financing will be needed to scale up investments.

The positive news for the nuclear industry is that for the first time in a long time,
more and more parts of the private sector now see nuclear as investible thanks to
the promise of SMRs. Major technology companies building data centres can also
take advantage of their strong credit ratings to facilitate financing for SMR projects.

Reducing the risk of cost overruns and delays is a prerequisite for expanding
finance, both public and private, and protecting the interests of consumers. SMRs
have the potential to be a game-changer when it comes to financing. They can
dramatically reduce the overall investment costs of individual projects.

This report shows that governments have a unique capacity to provide the
strategic vision, the policies, the incentives, de-risking mechanisms and the public
finance that can move the nuclear sector forward. In doing so, they must pay close
attention to ensuring robust and diverse supply chains for nuclear energy. Highly
concentrated markets for nuclear technologies, as well as for uranium production
and enrichment, represent a risk factor for the future.

While taking these risks into account, the market, technology and policy
foundations are in place today for a new era of growth in nuclear energy over the
coming decades. Governments and industry now need to build on these
foundations if they want to make it a reality.

Finally, | would like to thank my colleagues Brent Wanner and Eren Cam and the
team they led that worked extremely hard over almost a year to produce this data-
rich report, which | believe will help governments around the world ensure a more
secure and sustainable energy future.

Dr Fatih Birol
Executive Director

International Energy Agency
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Executive Summary

Multiple signs point towards a new era for nuclear power

The market, technology and policy foundations are in place for a new era of
growth in nuclear energy over the coming decades. Demand for electricity is
rising fast, not only for conventional uses such as light industry or air conditioning,
but also in new areas such as electric vehicles, data centres and artificial
intelligence. Electricity use has increased at twice the rate of total energy demand
over the past decade and is set to extend this lead as the world enters a new Age
of Electricity. Nuclear is a clean and dispatchable source of electricity and heat
that can be deployed at scale with round-the-clock availability. It brings proven
energy security benefits to electricity markets as well as reductions in emissions,
complementing renewable energy. Interest in nuclear energy is at its highest level
since the oil crises in the 1970s: support for expanding the use of nuclear power
is now in place in more than 40 countries. Moreover, innovation is changing the
nuclear technology landscape, including many small modular reactor (SMR)
designs under development; the first commercial SMR projects are set to start
operation around 2030.

Nuclear generation is set to hit an all-time high in 2025

Generation from the world’s fleet of nearly 420 reactors is on track to reach
new heights in 2025. Even as a few countries phase out nuclear power or retire
plants early, global generation from nuclear plants is rising as Japan restarts
production, maintenance works are completed in France, and new reactors begin
commercial operations in various markets, including China, India, Korea and
Europe. Nuclear power produces just under 10% of global generation and is the
second-largest source of low-emissions electricity today after hydropower.

Some 63 nuclear reactors are currently under construction, representing
more than 70 gigawatts (GW) of capacity, one of the highest levels seen
since 1990. In addition, over the last five years, decisions have been taken to
extend the operating lifetimes of over 60 reactors worldwide, covering almost 15%
of the total nuclear fleet. A new multi-country initiative was launched that aims to
triple global nuclear capacity by 2050, recognising the role of nuclear energy in
reaching energy security and climate goals, complementing the leading role
played by renewables. Annual investment in nuclear — encompassing both new
plants and lifetime extensions of existing ones — has increased by almost 50% in
the three years since 2020, exceeding USD 60 billion.
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However, the momentum behind nuclear is unbalanced

For the moment, the renewed momentum behind nuclear power is heavily
reliant on Chinese and Russian technologies. Of the 52 reactors that have
started construction worldwide since 2017, 25 of them are of Chinese design and
23 of them of Russian design. Highly concentrated markets for nuclear
technologies, as well as for uranium production and enrichment, represent a risk
factor for the future and underscore the need for greater diversity in supply chains.

A shift in market leadership is underway: half of the projects that are under
construction today are in China, which is on course to overtake both the
United States and European Union in installed nuclear power capacity by
2030. Advanced economies are still home to most of the world’s nuclear fleet, but
these reactors are relatively old; their average age is more than 36 years, twice
the average elsewhere. Rejuvenating this fleet has not been easy: the nuclear
industry in long-time market leaders, such as the United States and France, has
struggled in recent years with project delays and cost overruns for all new large-
scale reactors.

A brighter outlook for nuclear power can be unlocked, as regional outcomes
vary widely in a scenario based on today’s policy settings and market
dynamics. In advanced economies, the rise in SMRs and new construction of
large-scale reactors only just offset the effects of an ageing fleet, meaning that
capacity is slightly higher in 2050 than today. In the European Union, the share of
nuclear power in the electricity mix peaked at 34% in the 1990s but has already
fallen to 23% today and continues to fall steadily in this scenario. By contrast, in
China, installed capacity more than triples to mid-century, and it also doubles in
other emerging and developing economies.

Small modular reactors can be the catalyst for change

Cost-competitive SMRs, boosted by government support and new business
models, can help clear the path to a new era for nuclear energy. Demand for
firm, dispatchable and clean power from the private sector is a major driver of
interest in these emerging technologies, and there are plans of varying maturity
for up to 25 GW of SMR capacity, in large part to meet growing electricity demand
for data centres. Under today’s policy settings, total SMR capacity reaches 40 GW
by 2050, but the potential is far greater. In a scenario in which tailored policy
support for nuclear and streamlined regulations for SMRs align with robust
industry delivery on new projects and designs, SMR capacity is three times higher
by mid-century, reaching 120 GW, with more than one thousand SMRs in
operation by then. This rapid growth scenario would raise required investment in
SMRs from less than USD 5 billion today to USD 25 billion by the end of this
decade, with cumulative investment of USD 670 billion by 2050.
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If construction costs for SMRs are brought down over the next 15 years to
parity with large-scale reactors built on budget, this could see the cost-
effective uptake of SMRs increase by a further 60%, with deployment
reaching 190 GW by 2050. This trajectory for cost reductions —to USD 2 500/kW
of capacity in China and USD 4 500/kW in the United States and Europe by 2040
— is faster than we have in our main scenarios but less ambitious than the cost
levels being targeted by today’s SMR project developers. Cumulative global
investment in SMRs in this case totals USD 900 billion to 2050.

Diversifying technology leadership and supply chains

The rise of SMRs, alongside a new wave of large-scale reactors built on time
and on budget, can open the possibility for Europe, the United States and
Japan to reclaim technology leadership. In a rapid growth scenario, nuclear
capacity in advanced economies grows by over 40% to 2050, helping to meet
energy security and emissions goals. The share of large-scale nuclear
construction starts using designs from advanced economies rises from less than
10% in recent years to 40% by 2030 and over 50% thereafter, spurred by new
projects in Europe, the United States, Japan and Korea. The widespread
deployment of SMRs reinforces this trend, with over half of new construction starts
to 2050 using designs from the United States or Europe. A more competitive and
diverse market brings broad benefits for countries seeking to step up deployment
of nuclear technologies.

Greater diversity of uranium supply and enrichment services is essential for
a secure and affordable expansion of the nuclear sector. Uranium production
is highly concentrated in four countries, which jointly account for more than three-
quarters of global uranium production from mines. Enrichment capacity is also
highly concentrated, with more than 99% of the enrichment capacity in four
suppliers, with Russia accounting for 40% of global enrichment capacity. This area
needs to be given much greater attention, particularly for countries that import
enriched uranium.

Mobilising new sources of finance

A rapid growth scenario requires a major expansion in annual investment,
which doubles to USD 120 billion already by 2030. Nuclear projects have
traditionally been hard to finance due to their scale, capital intensity, long
construction lead times, technical complexity and risk liability in some countries.
This has meant heavy involvement of governments, and typically a major role for
state-owned enterprises (SOEs) as owners and operators of nuclear plants. SOEs
can often obtain large amounts of financing at relatively competitive rates, close
to those of sovereign entities.
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Public funding alone will not be sufficient to build a new era for nuclear:
private financing will be needed to scale up investments. However, the long
timelines for permitting and construction make nuclear a tough proposition for
commercial lenders, as they can push the breakeven point for a new large reactor
to 20-30 years after the project start. These factors also limit the use of project
finance structures, which are often used to support other large infrastructure
projects.

Ensuring better visibility on timelines and cash flows

Reducing the risk of cost overruns and delays is a prerequisite for
expanding finance, both public and private, and protecting the interests of
consumers. This requires a multifaceted approach. Adopting well-established
reactor designs and then building them in series can greatly help to build up
capacity, supply chains, and a strong and skilled workforce. Standardisation
allows for a streamlined construction process, reducing the time and cost
associated with building each reactor, and lowering costs over time through
learning.

The predictability of future cash flows is key to bring down financing costs
and attract private capital to the nuclear sector. Financial institutions lend
based on reliable future cash flow expectations, so a supportive regulatory
framework that increases visibility, including limiting liabilities, in this area is crucial
for debt financing. In markets with volatile prices, de-risking instruments such as
long-term power purchase agreements, contracts for difference and regulated
asset base models are indispensable. Long-term power purchase agreements can
also be underwritten by large consumers, who can lock in future supplies of
electricity at average cost. These arrangements can also open the door to proven
commercial financing instruments, such as green bonds, supported by
accommodating regulations and taxonomies.

SMRs bring new business models into play

SMRs can dramatically cut the overall investment costs of individual
projects to levels similar to those of large renewable energy projects such
as offshore wind and large hydro. This makes SMRs less risky for commercial
lenders, once first-of-a-kind projects are established and technologies are proven.
The more modular design of SMRs significantly cuts construction times, with
projects expected to reach cash flow break-even up to 10 years earlier than for
large reactors. The strong credit rating of the technology players behind data
centres can also facilitate financing for SMR projects targeting this sector.
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A leading role for governments in a new era for nuclear

Governments have a unique capacity to provide the strategic vision, and the
policies, incentives and public finance that can move the nuclear sector
forward. Not all countries see a role for nuclear technologies, and nuclear power
is only one of multiple fuels and technologies that are required globally for a safer
and more sustainable energy future. But nuclear can provide services and scale
that are difficult to replicate with other low-emissions technologies. Taking
advantage of this opportunity requires a broad approach from governments,
encompassing robust and diverse supply chains, a skilled workforce, support for
innovation, de-risking mechanisms for investment as well as direct financial
support, and effective and transparent nuclear safety regulations, alongside
provisions for decommissioning and waste management. There are multiple signs
pointing towards a new era for nuclear; the task now is to build it.
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Introduction

Nuclear energy is a well-established technology that has provided electricity and
heat to consumers for well over 50 years and is envisioned to play an important
role in secure and affordable energy supply in over 40 countries in the world.
Innovation in nuclear is also gaining momentum, particularly for small modular
reactors (SMRs). However, the nuclear industry has faced a number of challenges
in recent years. For those countries pursuing nuclear energy, these factors invite
a close look at what nuclear energy can deliver and what is needed to achieve it.

This report provides an update of recent developments and the long-term outlook
for nuclear energy based on the latest policy, technology and cost information,
and then takes a deep-dive into the financing of nuclear energy. The work builds
on our previous |IEA analysis on the role of nuclear energy in energy systems,
including a special focus in the World Energy Outlook 2014, and dedicated reports
in 2019, Nuclear Power in a Clean Energy System, and most recently in 2022,
Nuclear Power and Secure Energy Transitions.

The first chapter provides an overview of the current status of nuclear energy
worldwide, recent market trends and the drivers of renewed interest in nuclear
energy. It provides a country-by-country review of government policy support and
takes stock of recent technology developments, with a focus on SMRs. It highlights
the rising interest in nuclear energy from the private sector, in particular to meet
the growing energy needs of artificial intelligence (Al) and data centres. The
chapter also outlines the main challenges to overcome for nuclear to play its
envisioned role.

The second chapter provides the global outlook for nuclear energy, with scenario
projections for installed capacity and investment under different policy settings.
Regional trends, potential shifts in technological leadership and nuclear energy
competitiveness are discussed. The chapter also looks at the potential role for
SMRs, depending on future cost reductions, the need for efficient nuclear supply
chains, including building a sustainable workforce, and reviews developments in
safety, decommissioning reactors and managing radioactive waste.

The third chapter focuses on financing nuclear energy, highlighting the key
challenges and needs to deliver timely investment. It identifies the special nature
of financing nuclear, including the types of risks associated with building reactors.
The type of key players in nuclear energy investments and the important role of
governments are discussed. The chapter outlines how projects are financed and
who is providing this capital in different markets and regions. It then reviews ways
in which the large amounts of capital that will be needed could be mobilised,
notably from private investors, through new approaches and instruments.
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1. Status of nuclear energy

Highlights

o Nuclear bolsters energy security and contributes to addressing climate
concerns. In 2023, more than 410 reactors were in operation in over
30 countries, with nuclear energy providing 9% of global electricity supply. Nuclear
was the second-largest source of low-emissions electricity after hydropower,
producing 20% more than wind and 70% more than solar PV, and also providing
heat for industry, district heating and desalination in several countries. Since 1971,
nuclear energy has avoided 72 Gt of CO; emissions by reducing the need to build
power plants that run on coal, natural gas or oil, and has strengthened energy
security in many countries by reducing their need to import fossil fuels.

o Nuclear energy plays a bigger role in the advanced economies, which are
home to more than 70% of the reactors in operation worldwide today, but
this fleet is relatively old. Their average age is over 36 years, compared with
18 years in the emerging economies. The share of nuclear in electricity generation
is highest in France, at 65%, and the Slovak Republic, at over 60%. The European
Union (EU) share has declined from a peak of 34% in 1997 to 23% today. In the
United States, which has the largest fleet of nuclear reactors in the world, it is less
than 20%.

e Emerging economies are moving towards market leadership in nuclear
energy. Of the 52 reactors that have started construction worldwide since 2017,
48 are of either Chinese or Russian design. As of the end of 2024, there were
63 nuclear reactors (71 GW) under construction, of which three-quarters are in
the emerging economies and half in China alone. China now has the third-largest
nuclear fleet in operation in the world.

e The last few years have seen renewed interest in building new nuclear
plants and extending the lifetimes of existing ones, and 2025 is set to see
generation from nuclear plants reaching an all-time high. This is being driven
by energy security concerns, a strengthening of policy support, technological
advances and growing needs for dispatchable low-emissions power. Global
ambitions to expand nuclear energy now encompass an initiative to triple nuclear
energy capacity by 2050 and supportive policies in over 40 countries. Investment
in nuclear has risen to about USD 65 billion in 2023, nearly double the level a
decade ago. Small modular reactors (SMR) are attracting particular interest, with
investors planning up to 25 GW of SMR capacity, mainly to power data centres.

e The nuclear industry will need to overcome several hurdles for it to achieve
a true comeback and contribute fully to clean energy transitions. In
particular, the construction of large-scale reactors in advanced economies has
seen in recent years substantial delays and large cost overruns. The highly
concentrated market for nuclear technology providers could hinder development.
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Current role of nuclear energy

Nuclear power has been a major component of energy systems in many countries
for more than half a century, though its contribution to meeting energy needs has
evolved considerably over time in response to developments in power generation
technologies and to changes in energy demand and energy policies. Over the past
decade, global electricity demand has grown twice as fast as overall energy
demand as we enter the Age of Electricity, driven by the emergence of new uses
of power including electric vehicles (EVs) and data centres, as well as rapid growth
in demand from conventional ones such as appliances and air conditioning. At the
same time, the deployment of solar photovoltaic (PV) and wind power has soared.
These developments are reshaping electricity systems around the world and the
market and policy context for nuclear energy.

Global investment in nuclear energy was in decline around the turn of the century,
notably in the advanced economies, due to high costs, long construction times, an
unfavourable electricity market and policy environment, and ongoing concerns
about the safe operation of nuclear power plants and secure disposal of high-level
nuclear waste. As a result, the contribution of nuclear energy to meeting rising
electricity needs has dwindled. But there has been a resurgence in interest in
nuclear energy in recent years, driven by energy security concerns, the growing
need for dispatchable low-emissions power capacity and advances in nuclear
technology.

Nuclear energy is the second-largest low-emissions
source of electricity worldwide

Nuclear energy made up just over 9% of global electricity generation in 2023, with
more than 410 reactors in operation in over 30 countries. That share has declined
from its peak of around 18% in the late 1990s. Although nuclear power generation
has crept upwards in absolute terms over the last decade, electricity demand has
increased faster, reducing the share of nuclear in total electricity supply. Nuclear
energy was still the second-largest source of low-emissions electricity in 2023 after
hydropower, producing about 20% more electricity than wind power, 70% more
than solar PV and four times as much as bioenergy (Figure 1.1). Since 1971,
nuclear energy has avoided 72 gigatonnes (Gt) of carbon dioxide (CO;) emissions
by reducing the need to build power plants that run on coal, natural gas or oil. It
has also strengthened energy security in many countries by reducing their need
to import fossil fuels. The fleet of reactors in operation today avoids emissions of
around 1.5 Gt CO2 each year.
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Figure 1.1 Global low-emissions electricity generation by source, 2023
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Notes: TWh = terawatt-hour. Other low-emissions sources not shown generate smaller amounts of electricity. They include
concentrating solar power, marine power, and plants equipped with carbon capture, utilisation and storage.

Nuclear energy plays a bigger role in advanced economies, accounting for 17%
of total electricity supply in 2023. Reactors are currently in operation in
19 advanced economies. Nuclear energy is the largest single source of low-
emissions electricity in those countries as a group, well ahead of hydro, wind or
solar PV. Eight of the ten countries with the highest nuclear share of total
generation worldwide are advanced economies, including the top two: France,
with 65%, and the Slovak Republic, with over 60% (Figure 1.2). While the
United States has the most nuclear reactors in operation of any country worldwide,
with 94, nuclear represents less than one-fifth of electricity supply.

In emerging market and developing economies (EMDE), nuclear energy
accounted for just 5% of total electricity generation in 2023, with reactors operating
in 13 countries. Among those countries, Ukraine had the highest nuclear share, at
about 50%, and Belarus the second-highest, at over 35%. Only four others —
Armenia, the United Arab Emirates, the Russian Federation (hereafter, “Russia”)
and Pakistan — had a share of more than 10%.
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Figure 1.2 Share of nuclear energy in total electricity generation by country, 2023
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Nuclear has long been an important source of heat in
several countries too

Nuclear combined heat and power (CHP) harnesses the dual benefits of electricity
generation and thermal energy utilisation from nuclear reactors. Nuclear CHP
enhances the efficiency of primary energy use by avoiding waste, while the direct
use of fission heat decreases conversion losses when heat is the desired output.
Today around 70 nuclear reactors are used for nuclear co-generation.

Opportunities for nuclear CHP are constrained by the required temperature of the
heat output and the types of nuclear reactors in use. Most nuclear power plants
operating today are light water reactors (LWRs) or heavy water reactors, which
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can supply process heat at under 150 °C. As a result, nuclear CHP is used mainly
for district heating, seawater desalination and certain industrial processes such as
pulp and paper production.

Nuclear district heating has been a proven technology since the 1960s, when
Swedish Agesta and the United Kingdom’s Calder Hall nuclear power plants
started generating electricity and co-generating heat for local district heating
networks. Nuclear district heating is now well-established in several other
countries, including Bulgaria, the Czech Republic, Hungary, Romania, Russia,
Switzerland and Ukraine. The first nuclear district heating project in the People’s
Republic of China (hereafter, “China”), connected to the Haiyang power plant,
began operation in 2020. When fully completed, with a 23-kilometre pipeline from
the Haiyang plant, it will provide heating for up to one million residents. The cost-
effectiveness of this project was demonstrated in 2021, when surging fossil fuel
prices drove up heating costs in many cities across northern China, while costs in
Haiyang fell. The new Dukovany Il power plant in the Czech Republic is designed
to supply district heat to the city of Brno, meeting half of its total heating needs
and reducing heating costs for consumers by up to 15%. Construction of the
heating infrastructure is scheduled to begin in 2027, with first heat deliveries to
begin by 2031. The project is expected to cost around USD 800 million.

Nuclear co-generation has the potential to power seawater desalination, the need
for which is expected to rise rapidly in the coming years as global demand for fresh
water continues to grow and shortages of natural fresh water worsen. In 2023,
approximately 2 000 petajoules of energy was consumed globally for seawater
desalination, with demand projected to nearly double by 2030. Several countries,
including China, India, Egypt, Japan, Jordan, Kazakhstan, Pakistan and Russia,
have already implemented nuclear-based seawater desalination systems. India
currently operates the world’s largest nuclear desalination plant, but it is due to
come to end of its 25-year lifespan by 2028. Two new nuclear-based desalination
plants are planned to replace it. China’s Tianwan nuclear power plant has also
been used for desalination.’ Pakistan’'s KANUPP-1 reactor, which had been
retrofitted to provide heat for seawater desalination in 2010, shut down in 2021.

In addition to district heating and seawater desalination, some nuclear power
plants have been providing heat to low-temperature industrial processes. For
example, Switzerland’s Gésgen plant supplies steam at 220 °C to a nearby
cardboard manufacturing facility. Nuclear co-generation can be competitive with
competing fossil-based technologies. In addition, several advanced reactor
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designs are currently under development and can supply heat at a temperature of
over 800 °C, offering a wide range of possible applications (see Box 1.1).

Nuclear fleets are oldest in the advanced economies

The average age of a nuclear reactor in operation at the end of 2023 was over
36 years in advanced economies, compared with less than 18 years in EMDE.
Over one-third of the fleet in the advanced economies has been in operation for
over 40 years, more than half for between 20 and 40 years, and under 10% for
less than two decades. The average age of the fleet in the United States (US) —
the leading nuclear power producer worldwide — is 41 years, while that in France
is 37 years and that in Japan 32 years (Figure 1.3). Most of these reactors in the
advanced economies operate under 40-year licences, therefore, many will either
shut down or need to undergo lifetime extension projects within the next decade
to allow them to operate for another 10 to 20 years.

Figure 1.3 Installed nuclear power capacity by country and age, end-2023

Advanced economies Emerging market and developing economies
100 100
=
)
80 80
60 60
40 40
20 20 H
e N M e e A0S e
S @ N @ & Q Ny @ - @ @ & Qo 2
N ¢ SEPC S N N £ T S S
> R @ Q QO & > S 2 <
PUAEE S-S T &
OLess than 20 years 020-40 years mOver 40 years
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Source: IEA analysis based on IAEA PRIS database (Accessed 10 January 2025).

Rapid growth in China means it now has the third-largest nuclear fleet in operation
in the world, with an average age of just nine years. The fleets are also relatively
young in India, the United Arab Emirates and Pakistan. By contrast, about one-
third of the nuclear fleet in Russia is over 40 years old, while that in Ukraine is well
over 30 years old.
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Recent market developments

The landscape of the nuclear industry has changed markedly in recent years, as
the construction of new large-scale reactors has shifted away from the advanced
economies and the diversity of nuclear designs for large-scale reactors has
declined. This reflects in large part the growing leadership of Chinese and Russian
developers and the difficulties the industry has faced in the advanced economies
in bringing new projects online in a timely manner.

Technological leadership has shifted towards China and
Russia

Nuclear market leadership has continued to shift away from advanced economies
and towards China and Russia. Although advanced economies hold two-thirds of
global nuclear capacity, the vast majority of new construction is in EMDE, based
on Chinese or Russian technology (Figure 1.4). Between the beginning of 2017
and end of 2024, 52 nuclear reactors began construction, of which all but four
were either Chinese designs (25) or Russian designs (23). The construction of just
four reactors were started in the advanced economies —two in the United Kingdom
based on European designs, and two in Korea using national technology. Such a
high concentration among nuclear technology providers could hinder future
development.

Figure 1.4 Nuclear power plant construction starts by national origin of technology,
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Source: IEA analysis based on IAEA PRIS database (Accessed 10 January 2025).
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As of the end of 2024, there were 63 nuclear reactors under construction globally,
with a combined power capacity of 71 GW. China has the most under construction
by far — 29 reactors with a total capacity of 33 GW — accounting for almost half the
global total (Figure 1.5). The majority of these reactors are of Chinese design, with
four of Russian design. India, Russia, Turkiye and Egypt all have around 5 GW of
nuclear capacity currently under construction, the majority of which is of Russian
design. Reactors under construction in Bangladesh and Ukraine also use Russian
designs, making Russia the leading exporter of nuclear technology, with a total of
23 GW of reactors under construction in six countries (another 4 reactors with
capacity of 4 GW are being built domestically). Reactors under construction in
Japan, France and Brazil, as well as Korea and the United Kingdom, are based
on domestic designs or those from other advanced economies.

Figure 1.5 Nuclear power capacity under construction by region and national
origin of technology, as of December 2024
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In advanced economies, the lack of new nuclear construction, combined with the
ageing fleet and decisions to shut down reactors, has resulted in a decline in the
contribution of nuclear energy to total electricity generation from a high of 24% in
2001 to around 17% in 2023. In the European Union, the share peaked at 34% in
1997 but has since declined by 11 percentage points. In the United States the
share has remained at about 20% for many years, though the absolute level of
nuclear power generation is just 3% higher today than 20 years ago. In Japan, the
nuclear energy share declined from 25% in 2010 to zero following the accident at
the Fukushima Daiichi nuclear power station, recovering to 10% in 2023 as several
reactors were gradually brought back online.
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Nuclear power plants are taking longer to build in the
advanced economies

Construction times for nuclear power plants have a direct impact on total costs.
Delays in bringing a new plant online typically lead to cost overruns. Nuclear plants
often take much longer to build than power stations that burn fossil fuels or
renewables-based power plants due to their much larger scale, the complexity of
the technology and more stringent regulations. Globally, since 2000, building a
nuclear reactor has taken an average of seven years, but has exceeded a decade
in some cases, notably in some advanced economies. Most other low-emissions
power technologies can be built much quicker; for example, utility-scale wind and
solar PV capacity can usually be built in less than four years and sometimes less
than two years (including planning), although extra-high voltage transmission lines

have development times that can extend beyond a decade (Figure 1.6).

Figure 1.6 Typical development time for selected power plants and electricity grids
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Nuclear power plant construction times vary widely across countries and regions.
Europe and the United States have recently been characterised by long
construction times. Even in Korea, where the vast majority of their nuclear reactors
took four to six years, the last three reactors took ten years each to complete. By
contrast, China has been able to bring its large nuclear reactors into operation
more quickly, averaging just seven years per project between 2017 and 2023
including several first-of-a-kind designs, with several being completed in just five

years.
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The last decade has seen a significant increase in the time it takes to build a
nuclear reactor in the advanced economies. Most recent projects have been
plagued by substantial delays and cost overruns (Figure 1.7). In the United States,
the Vogtle Units 3 and 4 — the first new nuclear project in the United States in over
three decades — have experienced extensive delays and cost overruns. The initial
capital cost estimate of about USD (2023) 5 600 per kilowatt (kW) (gross capacity)
rose to USD (2023) 14 700/kW with the timeline extending significantly beyond
initial projections to around ten years. Delays have been attributed to a variety of
factors, including workforce management and a change in the engineering,
procurement and construction contractors after construction had started.

European projects have provided additional examples of large delays. The
Olkiluoto 3 project in Finland was initially planned to be operational by 2009, but
was connected to the grid in 2022. The original budget was about USD (2023,
MER?) 3 300/kW, but costs escalated to USD (2023, MER) 7 200/kW due to
design modifications, regulatory hurdles and supply chain disruptions.

In the United Kingdom, the Hinkley Point C project has struggled with escalating
costs and timelines. Initially estimated at about USD (2023, MER) 8 700/kW, the
budget has risen to almost USD (2023, MER) 16 000/kW3, with the completion
date being pushed back several times from 2025 initially to 2029-2031, with
around 1.5 years of the delay attributed to the Covid pandemic by Electricité de

France (EDF).

The Flamanville 3 project in France experienced a significant cost escalation, with
initial estimates of USD (2023, MER) 3 200/kW rising to USD (2023,
MER) 11 000/kW by the time it became operational in 2024, following a delay of
12 years.* In all three projects, the use of a new generation of reactors, the
European Pressurised Reactor (EPR), which was not built in series, played a part
in the cost overruns. Another important aspect is that although these three
countries were not newcomers to nuclear energy, no new reactors had been built
over the last 10 to 20 years, which meant that the nuclear industrial base and skills
had to be rebuilt.

Some recent nuclear projects have been completed with relatively moderate
delays and limited cost overruns. For example, Korea's Saeul 1 and 2 reactors®
became operational after delays of two and five years, respectively, with

m
S

m
S
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construction costs rising by about 30% compared with initial estimates, with cost
per capacity reaching USD (2023, MER) 2 700/kW. Similarly, Barakah nuclear
power plant in the United Arab Emirates was completed with comparable schedule
delays to those experienced by Saeul 1 and 2, while incurring limited cost overrun.

Figure 1.7 Initial and latest capital cost estimates and construction time for selected
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Source: IEA analysis based on publicly available sources. The latest cost estimates for Hinkley Point C considered in this
analysis are based on EDF (2024), Hinkley Point C Update.

Nuclear investment has been rising in recent years

Investment in nuclear energy surged in the 1980s, as several advanced
economies sought to reduce their dependence on fossil fuel imports following the
oil shocks of the 1970s. This wave of new investment was almost halted following
the Chernobyl accident in 1986 as several countries decided to abandon their
nuclear programmes. Interest in developing new plants in other countries also fell
because of higher costs related to more stringent safety regulations. Capital
spending gradually ramped up again during the next decade and reached about
USD 15 billion in 2000 (in 2023 dollars), but levelled off again after that as nuclear
programmes reached maturity and few new units were added, falling to less than
USD 10 billion in 2006. Investment then rebounded towards the end of the 2000s
with the start of a new wave of construction of nuclear plants as well and the need
for refurbishment of older plants that had come to the end of their operating
lifetimes. Investment in new capacity levelled off again after the Fukushima Daiichi
accident in 2011, with overall investment experiencing sluggish growth of less than
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3% per year on average over the decade, mostly supported by lifetime extensions
in advanced economies and new capacity additions in EMDE, notably China.
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Notes: MER = market exchange rate. Cost overruns account for a marginal portion of the investment increase, with the
majority driven by new capacity additions. Values are presented in constant 2023 US dollars.

The increasingly pressing need to decarbonise energy systems and renewed
concerns about energy security have rekindled interest in nuclear generation in
recent years. Total investment in nuclear energy reached about USD 65 billion in
2023 (Figure 1.8), nearly double the level a decade before, as investment in new
nuclear facilities surged to USD 35 billion in 2021 and to USD 42 billion in 2023.
The overall increase in investment was also underpinned by spending of about
USD 25 billion annually in refurbishing ageing infrastructure and upgrading
facilities.

Drivers of renewed interest in nuclear energy

The last few years have seen increased interest in building new nuclear plants
and extending the lifetimes of existing ones, pointing to a possible comeback of
the industry (see Chapter 2). This is being driven by a strengthening of policy
support, technological advances and growing needs for around-the-clock power,
including for data centres.
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Policy support for nuclear energy is strengthening in
many countries

The changing policy landscape is setting the conditions for nuclear energy to
continue making an important contribution to power systems around the world.
Governments are increasingly recognising the benefits of nuclear energy as a low-
emissions source of dispatchable electricity and heat that can make a valuable
contribution to clean energy transitions and to energy security, by bolstering the

stability and reliability of power systems.

Growing policy support is reflected in recent policy decisions in several countries
to authorise extensions to the operating lifetimes of existing nuclear reactors
(Table 1.1). Decisions taken during the past five years cover lifetime extensions
at 64 reactors in 13 countries, with a total capacity of about 65 GW — around 15%

of that of the current global nuclear fleet.

« In the United States, the Inflation Reduction Act extended clean energy tax
incentives to nuclear energy, drastically improving the economics of all operating
reactors. In the last 5 years, a total of 22 operational reactors have applied for
lifetime extensions. As of 2024, all US reactors that have been in operation for at
least 30 years have applied for an additional 20-year operating licence and over

one-fifth of them for a second 20-year extension.

« InJapan, the Electricity Business Act was revised in 2023 as a part of the country’s
Green Transformation (GX) initiative, allowing reactors to remain in operation
beyond 60 years by excluding periods when reactors were offline due to reasons
unforeseeable by operators as defined by the act. The country also introduced a
new investment promotion scheme, Long-Term Decarbonised Capacity Auction in
2023, to promote investments for decarbonised power sources including nuclear
energy. The auction scheme guarantees fixed income for 20 years, covering the
fixed cost of operation and enhancing the predictability of the revenue to increase

the investment of new decarbonised power sources in the country.

« In France, plans have been confirmed to carry out the Grand Carenage project,
including a decision in 2021 to extend operations at all 1 300 MW reactors (20 in

total).

« Several other European countries have also recently announced decisions to
extend operations at existing reactors, including in Belgium (involving a total
capacity of 2.2 GW), Hungary (2.0 GW), the Czech Republic (2.0 GW), Finland
(1.1 GW), Spain (1.1 GW), Romania (0.7 GW) and the Netherlands (0.5 GW).

« New decisions have been announced in Mexico and South Africa to extend the
operations of nuclear reactors, in both cases representing half of the country’s

total nuclear capacity.
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Table 1.1 Recent decisions on lifetime extensions of existing reactors by country,
2019-2024

Total Recently
operating extended

Decision . .
capacity capacity

(GW) (GW)

A plan to extend lifetime of Armenian Unit 2
by 2036
. Lifetime extensions of the Doel 4 and
Belgium Tihange 3 reactors for 10 years (to 2035) 41 2.2 Phase-out
The four reactors at Dukovany are expected
to obtain 20-year operating lifetime 4.2 2.0 Expansion
extensions to 2045-2047
Approval to extend the lifetime of the two-
unit Loviisa power plant to the end of 2050
The Grand Carenage programme to extend
France the lifetime of all nuclear reactors beyond 40 64.0 27.4 Expansion
years
Parliamentary approval of plans to further
Hungary extend the lifetime of the four units of the 2.0 2.0 Expansion
Paks nuclear plant by 20 years
The revised Electricity Business Act allows
over 60 years of operation in some cases by
excluding periods when reactors were
suspended for safety reasons
Plans to extend the lifetime of the
775 megawatt (MW) Unit 2 of the Laguna
Verde nuclear power plant by 30 years to
April 2055
Netherlands Possible extension of the lifetime of the 05 05 Evsereten
Borssele nuclear power plant
Romania Planned refurbishment of Cernavoda unit 1 14 07 Expansion
to extend its operating lifetime to 60 years

Granting of licence for Koeberg unit 1 to
continue operating for another 20 years to

Armenia 0.4 0.4 Expansion

Czech
Republic

Finland 4.6 1.1 Expansion

Japan 13.3 3.5 Restart

Mexico 1.6 0.8 Expansion

SOUIIAMTICA S (5014 (Koeberg|unit:2 isstill under 19 10 Expansion
assessment)
Extension of the operating licence of the
Spain Trillo nuclear power plant for 10 years to 7.4 1.1 Phase-out
2034
United States The Inflation Reduction Act provides a 102.4 297 Evsereten

production tax credit to the existing fleet

Policy support is playing a critical role in driving the expansion of nuclear energy.
At present, more than 40 countries plan to build new reactors or are considering
doing so, including around 10 that do not as yet have any nuclear capacity
(Table 1.2). In December 2023, more than 20 countries pledged to triple global
nuclear capacity collectively by 2050. At COP29 in 2024, an additional 6 countries
have joined the pledge. Support for SMRs, in particular, has grown in recent years.
While the level of interests varies, over 30 countries have been developing SMRs
or are considering deploying them. Notable policy developments to support SMRs
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include the Enabling Small Modular Reactors Program in Canada, which provides
up to CAD 5 million (Canadian dollars) (or USD 3.7 million) of funding for SMR
research and development (R&D) projects, the France 2030 Investment Plan to
invest EUR 1 billion in innovative reactors including SMRs in France, and the
Advanced Reactor Demonstration Program in the United States with over
USD 3 billion of funding to support the deployment of advanced reactors, including
SMRs.

Table 1.2 Recent policy decisions and nuclear energy developments in selected
countries

SMR
included

Country Recent policy decisions and nuclear energy developments

Countries with operational reactors
Argentina CAREM (SMR) is currently under construction with a capacity of 25 MW

The construction of a new nuclear power plant by 2036 is under consideration

Armenia
Belarusian Unit 2 started operation in 2023 and the country is considering
Belarus additional reactors depending on future electricity demand growth N/A
S After a public consultation about the Angra 3 nuclear power plant, construction
razi

can restart after several stops in recent years

A plan to construct two AP1000 reactors with a total capacity of 2.3 GW, due to
start operation from mid-2030s
Bulgaria A memorandum of understanding (MoU) to explore the construction of an SMR
in Bulgaria signed by NuScale Power (a US developer) and Kozloduy Nuclear
Power Plant New Build (KNPP-NB)
Announced up to CAD 50 million investment for Ontario’s new large-scale
nuclear plant
The Enabling Small Modular Reactors Program, which provides up to
CAD 5 million of funding for R&D projects for SMRs
The 14™ Five-Year Plan (2021-2025), which targets nuclear capacity of 70 GW
China The development of the ACP100 SMR by China National Nuclear Corporation °
(CNNC), with completion by 2026
Updated National Energy and Climate Plan, which includes a plan to continue
Czech the construction of a new nuclear plant in Dukovany by 2036 and consider other
Republic possible sites
The Czech SMR Roadmap, which explores potential SMR deployment
A total of 10 to 20 SMRs are currently under consideration in the country to
produce both electricity and heat, with total thermal output of 1 GW to 3 GW

Canada

Finland

A plan to build six EPR2 reactors and consider the need for an additional eight
EPR2 reactors
France France 2030 investment plan, which provides funding of EUR 1 billion to °
develop innovative reactors including SMRs, with the aim of building a first SMR
in France by 2035
The Paks Il nuclear power plant, comprising two reactors (1 200 MW each), is
Hungary due to start construction in mid-2020s and come online in the early 2030s

N/A

National Electricity Plan 2023, which expects a total of about 13 GW of new

nuclear capacity by 2032, with several reactors currently under construction

The government has announced plans to develop SMRs in co-operation with the

private sector

The Atomic Energy Organization of Iran (AEOI) has announced the start of

Iran construction of a nuclear plant with a total of 5 GW N/A

India
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https://natural-resources.canada.ca/our-natural-resources/energy-sources-distribution/nuclear-energy-uranium/enabling-small-modular-reactors-program/24959
https://www.economie.gouv.fr/france-2030
https://www.energy.gov/ne/advanced-reactor-demonstration-program
https://www.argentina.gob.ar/argentinian-nuclear-power-plant
https://world-nuclear.org/information-library/country-profiles/countries-a-f/belarus
https://world-nuclear.org/information-library/country-profiles/countries-a-f/belarus
https://www.eletronuclear.gov.br/Acesso-a-Informacao/Paginas/Audiencias-e-consultas-publicas.aspx
https://www.world-nuclear-news.org/articles/engineering-contract-for-bulgarian-units-signed-with-hyundai-and-westinghouse
https://www.nuscalepower.com/en/news/press-releases/2021/nuscale-and-kozloduy-sign-mou-to-explore-smr-development-in-bulgaria
https://www.canada.ca/en/natural-resources-canada/news/2024/02/government-of-canada-announces-50-million-for-ontarios-expansion-of-clean-reliable-and-affordable-nuclear-energy.html
https://natural-resources.canada.ca/our-natural-resources/energy-sources-distribution/nuclear-energy-uranium/enabling-small-modular-reactors-program/24959
https://www.mpo.gov.cz/assets/en/guidepost/for-the-media/press-releases/2023/11/Czech-SMR-Roadmap_EN.pdf
https://commission.europa.eu/document/download/069886e9-7a50-4df1-b523-9eb7bf7308c3_en?filename=FI_FINAL%20UPDATED%20NECP%202021-2030%20%28English%29.pdf
https://onu-vienne.delegfrance.org/Nuclear-power-and-SMR-are-central-to-the-France-2030-investment-plan
https://world-nuclear.org/information-library/country-profiles/countries-g-n/hungary
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2023/09/202309011256071349.pdf
https://www.world-nuclear-news.org/articles/smrs-feature-in-indian-budget
https://www.enerdata.net/publications/daily-energy-news/iran-begins-construction-5-gw-nuclear-power-plant-hormozgan.html

Country

Japan

Korea

Netherlands

Pakistan

Romania

Russia

Slovakia

Slovenia

South Africa

Sweden

Switzerland

Ukraine

United Arab
Emirates

United
Kingdom

United States

Bangladesh

Estonia

Recent policy decisions and nuclear energy developments

The country is progressively restarting reactors; TAKAHAMA-1 and TAKAHAMA-
2 (with a combined capacity of about 1.7 GW) restarted commercial operation in
2023; ONAGAWA-2 and SHIMANE-2 (with a combined capacity of about 1.6
GW) restarted in 2024

Shin Hanul Unit 2 started its operation in 2024 with a capacity of 1.4 GW

10% Basic Plan for Long-term Electricity Supply and Demand, which aims to
increase the share of nuclear in total electricity generation to over 30% by 2036
A total of EUR 14.5 billion allocated by the government to the Climate Fund,
including EUR 65 million to support the Dutch SMR programme

Country is finalising to start construction of new plant, expecting to start
operation by 2030

Integrated National Energy and Climate Plan Change, which confirms plans for
two new Candu units with a combined capacity of 1.4 GW at Cernavoda by 2032
The Romanian and US governments signed an agreement on the front-end
engineering and design study for a SMR using NuScale technology

The development of several SMR designs, including the country’s first land-
based SMR, which is due to be commissioned by 2028

Draft plan for electric power facilities, in which the share of nuclear in total
electricity generation is targeted to rise from 18.9% in 2023 to 24% by 2042
Government approval of a plan to build a new nuclear reactor with a capacity of
up to 1.2 GW at the Jaslovske Bohunice site

Draft update of the Integrated National Energy and Climate Plan, in which
nuclear energy, potentially including SMRs, is expected to dominate its
electricity sector by 2050

Draft update of the Integrated National Energy and Climate Plan, which supports
the continued expansion of nuclear energy and the consideration of SMRs

The development of two SMR designs (HTMR-100 and A-HTR-100)

A roadmap for new nuclear energy in Sweden, which aims to add new capacity
of 2.5 GW by 2035 and foresees further expansion thereafter

Energy Strategy 2050 aims to phase out nuclear energy by 2050, though the
government has announced its intention to lift a ban on the construction of new
nuclear plants

Draft National Energy and Climate Plan of Ukraine 2025-2030, which discusses
potential development of SMRs

Updated Energy Strategy 2050, which aims to promote nuclear energy and
encourages investments in the country’s renewable and clean energy sector

British Energy Security Strategy (2022), which targets eight new large reactors
as well as SMRs to achieve nuclear power capacity of 24 GW by 2050

Great British Nuclear (GBN), launched in 2023 to support the 2050 target

A federal government plan to add new capacity of 35 GW by 2035 (including
plants under construction), with deployment of 200 GW capacity by 2050 to at
least triple the country’s nuclear capacity

The Advanced Reactor Demonstration Program, which provides over

USD 3 billion in funding for SMRs and other advanced reactor designs

Countries with reactors under construction or considering introducing nuclear energy

Integration Energy and Power Master Plan (IEPMP) 2023, which discusses the
potential of nuclear energy including SMRs, targeting future capacity of between
4.8 GW and 7.2 GW by 2050

Draft update of the National Energy and Climate Plan, which consider the
potential of SMRs and highlights their advantages given limited generation
capacity that can be integrated in the Estonian electricity system
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included

N/A

N/A

N/A


https://www.2050cnc.go.kr/base/board/read?boardManagementNo=43&boardNo=1242&menuLevel=2&menuNo=73
https://www.iaea.org/sites/default/files/24/09/pakistan-gc68.pdf
https://ro.usembassy.gov/pr-07242024/
https://www.world-nuclear-news.org/Articles/Preparatory-work-stepped-up-for-Russia-s-first-lan
https://www.world-nuclear-news.org/Articles/Preparatory-work-stepped-up-for-Russia-s-first-lan
https://www.so-ups.ru/fileadmin/files/company/future_plan/genshema/public_discussion/2024/genschem_2042_public_disc_fin_an_02.pdf
https://www.enerdata.net/publications/daily-energy-news/slovakia-plans-build-new-12-gw-unit-jaslovske-bohunice-nuclear-plant.html#:%7E:text=The%20Slovakian%20government%20has%20approved,Jaslovske%20Bohunice%20nuclear%20power%20plant.
https://commission.europa.eu/document/download/4f373d12-ce73-403a-a2d5-0107bf3e0c24_en?filename=SLOVAKIA%20-%20DRAFT%20UPDATED%20NECP%202021-2030_EN.pdf
https://commission.europa.eu/document/download/88f140fc-424f-4740-8b6f-6d4d89b2a701_en?filename=EN_SLOVENIA%20DRAFT%20UPDATED%20NECP.pdf
https://www.regeringen.se/pressmeddelanden/2023/11/regeringen-lanserar-en-fardplan-for-ny-karnkraft-i-sverige/
https://www.bfe.admin.ch/bfe/en/home/policy/energy-strategy-2050.html/
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-security-strategy
https://www.gov.uk/government/organisations/great-british-nuclear
https://www.whitehouse.gov/ostp/news-updates/2024/11/12/biden-%E2%81%A0harris-administration-establishes-bold-u-s-government-targets-for-safely-and-responsibly-expanding-u-s-nuclear-energy-and-announces-framework-for-action-to-achieve-these-targets/
https://www.energy.gov/ne/advanced-reactor-demonstration-program
https://powerdivision.portal.gov.bd/sites/default/files/files/powerdivision.portal.gov.bd/page/4f81bf4d_1180_4c53_b27c_8fa0eb11e2c1/IEPMP%202023.pdf
https://commission.europa.eu/document/download/81c1c07b-0763-499e-ab8f-068b8e70e018_en?filename=Estonia_Draft_Updated_NECP_2021-2030_en_1.pdf

Country

Ghana

Jamaica

Jordan

Morocco

Poland

Singapore

Tarkiye

Uzbekistan

Italy

Kazakhstan

Lithuania

Spain

SMR

Recent policy decisions and nuclear energy developments included

Long-term National Development Plan of Ghana (2018-2057), which envisions
its first nuclear power reactor to come online by 2030

MoU signed with Canadian organisations in 2024 to explore the potential of
nuclear energy to diversify the country’s energy mix

Jordan Atomic Energy Commission is exploring the potential for deploying

SMRs, including for desalination, by shortlisting the most viable SMR designs

from internationally recognised vendors

Morocco has been reviewing opportunities to introduce nuclear in its energy mix

by 2030 N/A

State-owned Polskie Elektrownie Jadrowe (PEJ) signed an agreement in 2023
with Westinghouse for the latter to build three AP1000 reactors, with the first unit
to be online by 2033

Several MoUs signed by leading companies to start SMR projects in the country
Deputy Prime Minister announced that the country will pave the way to deploy
nuclear technologies and plans to launch a roadmap in late 2024

Long-term National Energy Plan, which aims to add 7.2 GW nuclear capacity by
the end of 2035 and 20 GW by 2050 including potentially SMRs

Concept note for ensuring electricity supply in Uzbekistan in 2020-2030, which
envisions the introduction of 2.4 GW of nuclear capacity by 2030

The government adopted a decision on the construction of SMRs, aiming to start
operation around 2030.

Countries that previously phased out nuclear or currently have phase-out plans

The National Energy and Climate Plan, released in 2023, discusses the possible
contribution of SMR and fusion technology in dedicated nuclear scenarios,
reaching 8 GW to 16 GW by 2050

The National Strategy for Achieving Carbon Neutrality, which aims to affect a
transition to a low-carbon economy by 2060, discussing potential for nuclear
power to contribute to the generation mix

A renewed National Energy Independence Strategy, which aims to analyse the
option of using advanced SMR technologies

In 2023, the government announced plans to phase out four of the country’s

seven reactors by 2030 and the other three by 2035 N/A

e SMR planned

SMR potential under discussion SMR not mentioned

Nuclear technology development is accelerating and
could reshape nuclear market leadership

Innovation in nuclear fission technologies, notably SMRs, has the potential to
reshape the nuclear market industry. SMR R&D has been stepped up in recent
years, with upwards of 80 designs under development around the world. By
reducing scale, SMR technologies hold the promise of reduced upfront costs,
shorter development times and less construction risk, in turn opening up new
applications for nuclear energy. Many of the leading companies in developing
SMRs are based in advanced economies, potentially rebalancing the global
leadership of the nuclear industry. In addition, efforts to develop advanced large-
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https://world-nuclear-news.org/articles/jamaica-signs-mou-to-advance-nuclear-adoption
https://www.mem.gov.ma/en/Pages/secteur.aspx?e=5&prj=5
https://world-nuclear.org/information-library/country-profiles/countries-o-s/poland
https://world-nuclear.org/information-library/country-profiles/countries-o-s/poland
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/102124-singapore-takes-new-steps-to-build-nuclear-capabilities-upgrade-power-grids
https://commission.europa.eu/document/download/75b8162c-3d62-4627-8706-c62997b324da_en?filename=ITALY%20-%20DRAFT%20UPDATED%20NECP%202021%202030%20%281%29.pdf
https://unfccc.int/sites/default/files/resource/Carbon_Neutrlaity_Strategy_Kazakhstan_Eng_Oct2024.pdf

scale reactors, including both Generation Ill+ and Generation |V reactors, aimed
at improving their safety, economics and sustainability, are being strengthened.

SMR development is moving fast

SMRs are a central focus of innovation in the nuclear industry, with several leading
companies having made important technological advances in recent years
(Table 1.3). The first SMR projects that will come online are expected to take a
variety of forms, with a wide range of maximum power capacities — with most
designs ranging from 10 MW up to 350 MW. Smaller micro reactor concepts are
also under development, and they may have significant potential for niche
applications such as supplying power to remote communities and industries,
including desalinisation, drilling and mining.

SMR designs with capacities at the upper end of the range are under development
in the United States and United Kingdom in particular. Medium-sized reactors are
the focus of R&D in China, Japan and Korea. Several countries are working on
smaller SMRs, for example in Canada to provide power to remote areas and in
India to power steel mills. Various EU countries are interested in deploying SMRs
with a wide range of sizes under consideration depending on policy, agreements
with SMR developers and energy security needs. Romania and Bulgaria are
looking to deploy small to medium-sized reactors, whereas bigger reactors are
being considered in the Czech Republic and Poland. Some African countries,
including Kenya and Ghana, are also looking into building SMRs. In August 2024,
Nuclear Power Ghana signed a commercial agreement with the Regnum
Technology Group, a US developer, to develop SMRs of less than 100 MW scale
using technology developed by NuScale Power, a US developer. Kenya is
targeting the start of construction of its first SMR with a capacity of 300 MW in
2027 and commissioning in 2034.

SMRs can also serve as a source of heat for low-temperature applications such
as district heating and desalination. For instance, NuScale’s light water reactor is
designed to generate sufficient heat for these applications. In Finland, there are
plans to build an SMR dedicated to district heating, developed by Steady Energy,
a local company. The LDR-50 (low-temperature district heating) reactor, designed
specifically for urban district heating, aims to reduce reliance on fossil fuels and
support Finland's energy transition. In 2024, Sweden’s Karnfull entered into a
partnership with Steady Energy to deploy the technology in Sweden. Another
example is the NHR-200 in China, a 200 MW reactor under feasibility study for
district heating and desalination.

There are upwards of 80 SMR designs currently under development, with some
companies working on several of them. While some companies have advanced
their technologies to the near-commercial stage, many others are still at the early
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https://www.nrc.gov/docs/ML1910/ML19105B219.pdf
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conceptual or design phases. Companies that are on the leading edge of SMR
development, having completed their primary SMR design, development plans
and agreements, include the following:

« NuScale Power, a US-based company, has been actively pursuing SMR projects
in several countries. In Romania, a 462 MW six-module VOYGR-6 SMR is
planned, with a target completion date of 2029. NuScale has also signed MoU and
co-operation agreements with Bulgaria, Canada, the Czech Republic, Ghana,
Indonesia, Korea, Poland, Ukraine and the United States.

« Westinghouse Electric Company, another US firm, is ready to deploy its AP300
(330 MW SMR) technology in the United Kingdom. In September 2024, its SMR
project was shortlisted for the final phase of Great British Nuclear's (GBN)
competitive SMR technology selection process, with the first unit expected to be
built by the early 2030s. Westinghouse is active in several other countries and has
signed MoUs in Canada, the Czech Republic, Romania and Ukraine.

o TerraPower, a US company, plans to build a 345 MW demonstration plant in
Kemmerer, Wyoming. The Natrium project is scheduled to begin operation five
years after the start of construction, which is expected to begin in 2025.

« GE Hitachi Nuclear signed a contract with Ontario Power Generation (OPG) in
January 2023 to build the first BWRX-300 SMR at OPG’s Darlington site in
Canada. It will have a capacity of 300 MW. Three other 300 MW units are also
planned. Early site preparation work has been completed with construction
expected to start in 2025 and commercial operation by the end of 2029. Additional
units are planned in Saskatchewan. GE Hitachi Nuclear has also progressed to
the next stage of GBN's SMR competition and has signed MoUs in the
Czech Republic, Estonia, Poland and Sweden.

« Rolls-Royce SMR, a UK company, is developing a 470 MW SMR design, the first
UK reactor design submitted for consideration by the Nuclear Industry Association
to the government. It has signed an MoU in Netherlands and it has been selected
as preferred supplier in Sweden, Poland and in the Czech Republic, where early
construction works are expected to start as soon as 2025. The company aims to
complete its first unit in the United Kingdom in the early 2030s.

« NUWARD, a French company owned by (EDF), is developing a 200 MW to
400 MW multipurpose SMR project based on proven pressurised water reactor
(PWR) technology, with the first construction to begin in France by around 2030.
NUWARD and EDF have also signed an MoU or co-operation agreement to build
SMRs with utilities in Finland, India, Italy, Poland, Slovakia and Slovenia.

« X-energy, a US company, expects that the first project using its 320 MW Xe-100
reactor technology will be completed in Texas by end of the 2020s. Three other
such reactors are planned as part of a 960 MW project in Washington, as part of
its goal of reaching almost 5 GW of installed SMR capacity in the United States
by 2039. X-energy has recently completed the pre-licensing process to develop
projects in Canada.
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https://www.nuscalepower.com/en/news/press-releases/2023/nuscale-and-ropower-announce-signing-of-the-contract-for-phase-1-engineering-and-design-work
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https://www.nuward.com/en
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https://www.utilitydive.com/news/amazon-small-modular-reactor-deals-nuclear-dominion-x-energy-energy-northwest/730022/
https://x-energy.com/seadrift
https://x-energy.com/media/news-releases/energy-northwest-x-energy-joint-development-agreement-xe-100
https://x-energy.com/media/news-releases/amazon-invests-in-x-energy-to-support-advanced-small-modular-nuclear-reactors-and-expand-carbon-free-power
https://www.powermag.com/smr-developer-x-energy-completes-canadian-pre-licensing-milestone-other-projects-look-promising/

Oklo, a US start-up, is targeting the construction of its first SMR by 2027 at the
Idaho National Laboratory using recycled fuel from the US Department of Energy
(DOE). Other projects in Ohio and Alaska are on the drawing board.

Moltex Energy, a Canadian company, has signed an MoU to build its first reactor
at the Point Lepreau site in New Brunswick, with a target operation date in the
early 2030s.

The CNNC is developing SMRs primarily for domestic use in China. lts ACP100
SMR, known as Linglong One, has a capacity of 125 MW. Construction of the first
ACP100 began in 2021 on the island province of Hainan, with operation expected
to startin 2026. This reactor could be the world's first commercial land-based small
modular PWR.

Kairos Power is the first US company to receive a construction permit for a
Generation IV SMR in December 2023. The works started in July 2024 with a
target to be operational by 2027. This test reactor will be used for thermal use only
but a second unit will then follow for electricity generation. Recently, Google
signed a contract with Kairos Power to ensure a SMR online by 2030 and up to
500 MW by 2035.

Newcleo, an ltalian start-up based in France, is working on lead-cooled fast
reactor (LFR) technology and aims to commission the first 30 MW LFR in France
by 2031, followed by a 200 MW commercial unit in the United Kingdom by 2033.

Korea Hydro & Nuclear Power (KHNP) is developing a 170 MW i-SMR (innovative
SMR) under a government-funded project. It has reached the basic design phase

and is currently undergoing the standard design phase, aiming for a Standard
Design Approval (SDA) by 2028.

Table 1.3

Company

NuScale

Westinghouse

TerraPower

GE Hitachi
Nuclear

Leading SMR companies plan and technology
SMR development plan Technology

Romania: 6-module plant (462 MW)

planned operation by 2029
MoU/agreement in Bulgaria, Canada,
Czechia, Ghana, Indonesia, Korea,
Poland, Ukraine and US

UK: advanced approval stage for the
AP300 (15t reactor online in early 2030s)
MoU/agreement in Canada, Czechia,
Romania and Ukraine

US: Natrium reactor planned for
Wyoming, US, with operation target 2030

Canada: contract for building the first
SMR with OPG by 2029
MoU/agreement in Czechia, Estonia,
Poland, Sweden and UK
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VOYGR SMR: 77 MW per module, 4, 6 or
12 modules per plant. Integral PWR
design with passive safety features

AP300 SMR: 330 MW single-loop PWR.
Based on AP1000 technology. Ultra-
compact footprint, modular construction

Natrium: 345 MW sodium-cooled fast
reactor with molten salt energy storage

BWRX-300: 300 MW water-cooled,
natural circulation SMR based on Boiling
Water Reactor (BWR) design
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https://westinghousenuclear.com/energy-systems/ap300-smr/#overview
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Company

Rolls-Royce

NUWARD

X-energy

Oklo

Moltex Energy

CNNC

Kairos Power

Newcleo

KHNP

SMR development plan

UK: government funding for SMR
development, deployment in early 2030s
MoU/agreement in Czechia, Netherlands,
Poland and Sweden

France: 200-400 MW SMR, with the
construction start planned around 2030
MoU/agreement in Finland, India, Italy,
Poland, Slovakia and Slovenia

US: selected for Advanced Reactor
Demonstration Program with 320 MW
SMRs online by 2030. MoU in Canada

US: Aurora SMR first lab-plant to be ready
by 2027

Canada: agreement with New Brunswick
Power for first reactor by early 2030s

China: ACP100 SMR under construction
in Hainan, operation expected by 2026

US: first Generation IV SMR online by
2027

UK: developing LFR design. First 200 MW
commercial unit expected in the UK by
2033

Korea: simulator reactor completed by the
second half of 2027 and SDA by 2028

Technology

UK SMR: 470 MW PWR design, 60-year
service life

NUWARD: 200-400 MW multipurpose
SMR, based on proven PWR technology

Xe-100: 80 MW high-temperature gas-
cooled reactor, modular design for
320 MW plants

Aurora: 15 MW fast neutron reactor,
potential for larger versions

SSR-W: 300 MW molten salt reactor
design, reusing spent nuclear fuel

ACP100 (Linglong One): 125 MW integral
PWR design

Hermes Low-Power Demonstration
Reactor: 35 MW molten salt reactors

LFR-AS-200: 200 MW LFR design

i-SMR: 170 MW integrated PWR SMR

Brownfield investments as an option to reduce costs

Repurposing or replacing former coal or gas power plants with SMRs may offer a
promising solution for transitioning to low-carbon energy systems by making use
of existing infrastructure. SMRs, with capacities around 300 MW, are well-suited
to replace retired coal facilities due to their comparable power output and the
availability of existing infrastructure, such as grid connections and water
resources. Such brownfield projects would not only lower land acquisition costs
but also facilitate permitting processes. A US DOE study shows that converting
former coal power plants to nuclear ones could save up to 35% of the cost of
building the nuclear plant and that more than 300 existing or retired coal plants
are suitable for conversion. TerraPower’s planned Natrium reactor is due to be
built near a coal plant in Wyoming in order to benefit from existing infrastructure.
In Romania, a coal plant site in Doicesti has been identified as an attractive
location for the country’s first SMR.
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Development of advanced large reactors

The field of nuclear science and technology is showing increasing vitality. In recent
years, many innovative nuclear reactors, advanced nuclear fuel cycles and
various solutions for nuclear energy utilisation have been developed, which has
enabled continuous progress in nuclear innovation. The Generation IV nuclear
reactors — the latest generation of reactors, which are envisaged to replace current
Generation Il designs — are at the forefront of these trends. Nevertheless, when
unproven features are introduced in reactor designs, the construction risks
increase accordingly, since there is less or no operating experience. Many designs
aim to reduce this risk as much as possible.

The main objectives of these advanced systems are to improve sustainability (for
example, through more efficient utilisation of nuclear fuel and minimising nuclear
waste), economics (e.g. by lowering construction and operating costs) and safety
(e.g. by eliminating the need for off-plant emergency response) and reducing the
risk of proliferation. There are several dozen varieties of design under
development worldwide, including water-cooled, gas-cooled, liquid metal-cooled
and molten salt-cooled reactors, as well as different fuel cycles.

In the United States, the federal government is supporting a few major initiatives.
In particular, the Infrastructure Investment and Jobs Act of 2021 includes
numerous nuclear-related provisions, such as funding for the US DOE’s Advanced
Reactor Demonstration Program, designed to accelerate the demonstration of
advanced reactors through cost-sharing partnerships with US companies. In 2023,
the European Commission included advanced nuclear reactors in the list of
strategic technologies eligible for financial support in the Net Zero Industry Act,
which came into force in 2024. China has built the China Experimental Fast
Reactor (CEFR) and the high-temperature gas-cooled reactor pebble-bed module
(HTR-PM) demonstration project (along with a supporting nuclear fuel supply
system), endorsed the demonstration of the sodium-cooled fast reactor (SFR)
project, and initiated R&D of the Integral Closed Cycle Advanced Fast Reactor
Nuclear Energy System to create an advanced closed fuel-cycle system.

All these advanced designs still need to address major technological and
economic barriers. The extent to which costs can be lowered will determine the
degree to which these are able to produce low-emissions electricity, heat or
hydrogen in the long term (Box 1.1). Outside of China and Russia, no design has
yet reached the construction stage. And even in those two countries, they have
not achieved series production with corresponding integrated supply chains.
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Box 1.1 Opportunities for nuclear power plants to provide high-temperature
heat for hard-to-abate sectors

Generation IV reactors, which are able to supply heat at above 800 °C, offer a much
broader range of possible applications for use as nuclear CHP. The higher
temperatures of Generation |V reactors mean they could be used for supplying heat
in the most energy-intensive industrial sectors, such as chemicals, oil refining,
aluminium smelting and steam methane reforming (Figure 1.9). SMRs can supply
heat and electricity to end users located in close proximity, minimising heat
transmission losses.

Figure 1.9 Nuclear CHP applications by temperature ranges and reactor types

District Chemicals, Aluminium smelting, Steel, glass,
heating, ammonia, steam methane ceramic,
desalination Paper Sodaash refineries reforming cement

Gas fast reactors
High-temperature reactors
Molten salt reactors
Liquid metal fast reactors

SMRs (LWR)

Existing fleets

0 200 400 600 800 1 000 1200 1400 1600
Output temperature (°C)

Sources: IEA analysis based on NEA (2021), Small Modular Reactors and IAEA (2017), Opportunities for
Cogeneration With Nuclear Energy.

Several advanced designs that could produce high-temperature heat are under
development. The world’s first modular high-temperature gas-cooled reactor
pebble-bed module (HTR-PM) entered operation in China in 2023, while the
BREST-OD-300, a lead-cooled fast-neutron reactor, is under construction in
Russia. Other notable SMR projects under development with technology suited for
high-temperature applications include the X-energy (Xe-100) and Kairos (a molten-
salt reactor) in the United States, and Terrestrial (a molten-salt reactor) in Canada.

High-temperature steam electrolysis, particularly when paired with high-
temperature reactors, may prove to be a more economically viable option than
hydrogen produced through low-temperature electrolysis. This technology is at a
relatively early stage of development stage, though various studies that have been
carried out, such as those at Idaho National Laboratory, demonstrate that it is
theoretically feasible.
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Data centres are emerging as a new dedicated market for
nuclear power

Technology firms are increasingly turning to nuclear energy and specifically SMRs
as the source of the electricity needed for their data centres. Electricity demand
from data centres is expected to increase rapidly, driven by digitalisation and the
boom in Al. To date, plans to build up to 25 GW of SMR capacity associated with
supplying the data centre sector have been announced worldwide, almost all of
them in the United States, though projects are at varying stages of maturity and
certainty.

Globally, electricity consumption of data centres currently accounts for only
around 1% of electricity demand. While this share is expected to increase, data
centres’ share of the growth of global electricity consumption will remain limited
compared with that in other end-use sectors, especially EVs and air conditioners.
Nevertheless, the local impact of data centres is becoming increasingly
noticeable. Data centres already make up a sizeable portion of electricity demand
in some countries and regions, causing local grid and supply bottlenecks. In
Ireland, for example, data centres accounted for 20% of national electricity
consumption in 2023. In the US state of Virginia, the share exceeds one-quarter.

A study published in December 2024, which was commissioned by the US DOE,
estimates that electricity consumption of data centres in the United States
increased from 58 TWh in 2014 to 176 TWh in 2023, accounting for 4.4% of total
electricity consumption. Their projections show that the electricity use of the sector
could rise by about an additional 150 TWh to 400 TWh out to 2028, reaching
325 TWh to 580 TWh to make up 6.7-12% of the total electricity demand.

The first half of 2024 saw a marked surge in announced new data centres in the
United States, with their associated power capacity needs totalling close to 24 GW
— more than triple that for same period in 2023. A growing number of US data
centre projects are looking to secure their electricity supplies from a dedicated
source of nuclear energy, notably SMRs. The number of announcements of
nuclear-powered data centre projects grew substantially in 2024 compared with
the previous year (Figure 1.10). The most recent projects are mainly based on
SMRs, while others involve the procurement of nuclear energy from existing plants
in operation or that would need to be reopened. Since SMRs are expected to
become commercially available only towards the end of the current decade,
restarting shut-down reactors is seen as a way of meeting more immediate power
needs. Nuclear-powered data centres are also planned in India, Japan and
Sweden. A significant change that has occurred over the last two years is that data
centres are now more actively supporting the development and commissioning of
new nuclear projects rather than merely purchasing nuclear energy.
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Figure 1.10 Recent announcements and agreements related to the procurement of
nuclear energy for data centres
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Notes: PPA = power purchase agreement; RFP = request for proposals; NPP = nuclear power plant.

Source: IEA analysis based on publicly available sources such as company press releases, journalistic coverage and
government statements.

The increasing interest of data centres in nuclear energy reflects both their
growing electricity demand and their need for clean, firm power to meet their
decarbonisation targets. Data centres generally have very high uptime rates — the
percentage of time a system is up and running. They generally aim for a rate of
99.999% (known as the “5 Nines”), i.e. downtime is limited to less than five
minutes per year. As a result, they typically have a relatively flat baseload profile,
which matches well the load profile of nuclear power plants (Figure 1.11). Both
technologies are highly capital-intensive, so they need to run at close to full
capacity most of the time throughout the year to recuperate their investment costs.
Similarly, the data centre sector is also interested in geothermal power, including
next-generation geothermal technologies.
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Figure 1.11 Representative daily load curves of data centres and selected clean power
sources in winter and summer in France
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generation profiles shown are derived from the total generation of the selected technologies on these days.

Sources: |IEA analysis based ENTSO-E transparency and E3 Whitepaper (2024).

This need for firm, stable clean power means that data centre operators may be
willing to pay a premium for nuclear power supplies. One notable example is the
Microsoft-Constellation Energy deal. External estimates indicate Microsoft would
pay about USD 100 per megawatt-hour (MWh) to USD 110/MWh under a deal
announced in September 2024 — indicating about USD 40/MWh of a premium
compared with wind and solar energy — for power from Constellation's 835 MW
Three Mile Island unit 1, which was shut down in 2019.

In some cases, data centres are securing nuclear-powered energy under PPAs.
Of the up to almost 27 GW of projects announced in 2023-2024 involving both
SMRs and large nuclear reactors, about 15 GW have been associated with PPAs,
though not all of them have been finalised yet. For instance, Microsoft and
Constellation Energy have opted for a 20-year PPA for the restart of the Three
Mile Island plant, while AWS and Talen Energy are aiming to agree to a 10-year
PPA for 300 MW to 960 MW of nuclear energy. In addition, data centre operators,
power generators and utilities are designing new tariff formats. Google and NV
Energy signed an agreement that includes a novel market rate structure called
Clean Transition Tariff (CTT) aimed at supporting investment in nuclear energy,
among other clean energy technologies, via enabling large customers to pay
higher rates for advanced clean energy technologies without passing costs on to
ratepayers. The CTT allows customers to pay a fixed price per MWh for clean
energy delivered hourly, with a variable rate for additional grid energy. Google,
Microsoft and the North American steelmaker Nucor announced in March 2024
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that they are working on a demand aggregation model to facilitate first-of-a-kind
projects for advanced clean electricity technologies, including advanced nuclear.

Opportunities for restarting nuclear plants

The heightened focus on energy security and the rising need for clean, firm power
in the face of rising electricity demand have led to growing interest in restarting
reactors that have been shut down for economic reasons in some regions, notably
the United States. As discussed above, expectations of soaring data centre
electricity demand have led to plans to restart several decommissioned US
reactors. There have also been discussions on the possibility of restarting recently
shut-down reactors in Germany.

Reopening nuclear reactors is a technically complex process that requires
thorough safety and environmental assessments. First, the technical condition of
the reactor, cooling system and other critical infrastructure must be evaluated.
Following this, necessary maintenance and repairs are carried out. In many cases,
components such as wiring or turbines, which are prone to corrosion after the
power plant has been shut down, need to be replaced. Regulatory approval then
needs to be sought, requiring the plant to meet current licensing and permitting

requirements.

Training and preparing qualified personnel to ensure safe operations is a critical
factor. In countries with limited remaining nuclear production, staffing might be a
barrier to recommissioning nuclear power plants. Engaging with the local
community and other stakeholders is also necessary to gather feedback and foster
transparency and social acceptability about the reopening process. Before the
reactor can be fully recommissioned, extensive system testing must be performed
once approval has been obtained. Finally, a phased commissioning process
needs to be undertaken, gradually increasing the plant's capacity to ensure a safe
return to full operational status.

Experience in restarting nuclear reactors is limited worldwide. Japan has the most
experience, as all the country’s reactors were shut down following the Fukushima
Daiichi accident in 2011. But while the recommissioned units in Japan were
maintained to allow them to be restarted in the future, this is not always the case
elsewhere. Where reactors were shut down due to political or market-related
reasons and were not well-maintained, restarting them can involve considerable
technical difficulties and costs, especially if dismantling has already started. The
cost of reopening a reactor can reach several billion US dollars, irrespective of the
reactor's size or age.

Japan has been recommissioning its nuclear reactors in a gradual manner aimed
at maximising safety, ensuring energy security and meeting its environmental
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pledges. Of the 54 commercial reactors shut down in 2011, 14 nuclear reactors
have since resumed operations while 11 are awaiting reopening as of 2024
(Table 1.4). The New Regulatory Requirements, adopted in 2013, introduced
stringent safety protocols and oversight, including upgrades to withstand tsunamis
and earthquakes, improved backup cooling systems, anti-terrorism measures, and
enhanced flood prevention measures for reopened reactors. Public acceptance
for reopening the plants, particularly among local communities, is an important
factor in Japan, which can lead to longer development times, coupled with stricter
regulations.

Table 1.4 Status of Japan’s nuclear reactors

Gross capacity

Unit name Reactor type (MW) Status
Genkai-3 PWR 1180 Operational
Genkai-4 PWR 1180 Operational
Hamaoka-3 BWR 1100 NRA permission pending
Hamaoka-4 BWR 1137 NRA permission pending
Hamaoka-5 BWR 1380 NRA not applied
Higashi Dori-1 (Tohoku) BWR 1100 NRA permission pending
Ikata-3 PWR 890 Operational
Kashiwazaki Kariwa-1 BWR 1100 NRA not applied
Kashiwazaki Kariwa 2 BWR 1100 NRA not applied
Kashiwazaki Kariwa -3 BWR 1100 NRA not applied
Kashiwazaki Kariwa -4 BWR 1100 NRA not applied
Kashiwazaki Kariwa -5 BWR 1100 NRA not applied
Kashiwazaki Kariwa -6 BWR 1356 Passed NRA review
Kashiwazaki Kariwa -7 BWR 1356 Passed NRA review
Mihama-3 PWR 826 Operational
Ohi-3 PWR 1180 Operational
Ohi-4 PWR 1180 Operational
owk v Mmeme pen
Onagawa-2 BWR 825 Operational
Onagawa-3 BWR 825 NRA not applied
Sendai-1 PWR 890 Operational
Sendai-2 PWR 890 Operational
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Unit name

Shika-1
Shika-2
Shimane-2
Shimane-3
Takahama-1
Takahama-2
Takahama-3
Takahama-4
Tokai-2
Tomari-1
Tomari-2
Tomari-3

Tsuruga-2

Reactor type

BWR
BWR

BWR
BWR

PWR
PWR
PWR
PWR
BWR
PWR
PWR
PWR

PWR

Gross capacity

(Mw)

540

1206

820

1373

826

826

870

870

1100

579

579

912

1160

Status

NRA not applied
NRA permission pending

Operational

NRA permission pending
(under construction)

Operational
Operational
Operational
Operational
Passed NRA review
NRA permission pending
NRA permission pending
NRA permission pending

NRA permission pending

Notes: BWR = boiling water reactor; PWR = pressurised water reactor; NRA = Nuclear Regulation Authority.
Source: IEA analysis based on data from METI (accessed 2024).

In the United States, there are plans to restart three plants. In addition to the Three
Mile Island plant (see above), there are plans to reopen the 850 MW Palisades
Nuclear Plant, which was shut down in 2022, in late 2025, underpinned by a
USD 1.5 billion loan commitment from the US DOE. NextEra Energy is also
considering restarting the Duane Arnold nuclear power plant to meet growing data
centre electricity demand. In Germany, opposition parties in November 2024
called for an expert assessment to check whether it is technically and
economically feasible to restart the country’s recently closed reactors, though the
former nuclear power plant operator, E.ON, stated that it would not be economical

to do so.
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2. Outlook for nuclear investment

Highlights

¢ Global investment in nuclear energy increases in all three scenarios set out
in this report. From around USD 65 billion per year today, investment rises to
USD 70 billion per year by 2030 in a scenario reflecting today’s policy settings (the
STEPS), putting global nuclear capacity on track to rise by more than 50% to nearly
650 GW by 2050. Nuclear investments could rise more rapidly with stronger
government policy interventions. In the Announced Pledges Scenario (APS), in
which all energy and climate policies are met in full and on time, investment hits
USD 120 billion in 2030 and nuclear capacity more than doubles by mid-century.
In the Net Zero Emissions by 2050 Scenario, investment exceeds USD 150 billion
by 2030 and installed capacity rises above 1 000 GW by 2050.

o While large reactors are set to capture the majority of nuclear investment,
SMRs are poised for rapid growth. In the STEPS, SMR capacity reaches 40 GW
in 2050. Stronger government support in the APS sees more than 1 000 SMRs
deployed by 2050, with a total capacity of 120 GW. This involves a rise in
investment in SMRs from USD 5 billion today to over USD 25 billion in 2030, with
cumulative investment of USD 670 billion by 2050.

e The outlook for nuclear energy and investment differs markedly across
regions and countries. In advanced economies, nuclear capacity rises thanks to
new plants and lifetime extensions at existing ones; in the APS, capacity jumps by
40% to 2050. China accounts for half of all capacity expansion to 2050, and the
size of China’s nuclear fleet overtakes that of the United States by 2030 to become
the largest in the world. In other markets, nuclear grows more rapidly after 2035,
reaching 25% of global nuclear capacity by 2050 in the APS.

e Advanced economies have the opportunity to take a larger part of the nuclear
market. The share of new large-scale nuclear projects using their designs rises
from less than 10% in recent years to 40% by 2030 and over half thereafter in the
APS, thanks to new construction starts in Europe, the United States and Japan.
Widespread deployment of SMRs could accelerate the shift in market leadership,
with over 60% of new construction starts to 2050 in the APS using designs from
the United States or Europe.

e Expanding and diversifying nuclear supply chains, including investment in
a larger qualified workforce, will be key to making nuclear energy secure and
affordable. Uranium production is highly concentrated in four countries, with
Kazakhstan accounting for 43%. Enrichment capacities are also concentrated in
only four suppliers. Several countries have introduced policy measures to promote
greater diversity of nuclear fuels supply, and various projects are in development.
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Global outlook

Government policy will play a