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Extreme heat conditions, heavy precipitation, droughts, coastal

and river floods, and tropical cyclones will make the design and the
implementation of climate resilience plans for the global energy system
even more complex, but all the more necessary.




Nuclear energy can facilitate the integration
of high shares of renewables and support long

term energy security. The climate resilience of the
global nuclear fleet makes it an excellent complement to
other low carbon energy sources as climate risks increase.

Reductions in nuclear output due to cooling
water availability and other climate events are
small — in 2022 these energy losses accounted
for 0.3% of global nuclear generation. Historical
data show that extreme events such as heat waves, storms
and droughts have a minimal impact on the operations

of nuclear plants, making nuclear energy a key partner

with renewables in decarbonized energy systems.

Despite extreme heat and aridity,

French nuclear production losses attributed

to environmental reasons in 2022 totalled

501 gigawatt-hours (GWh), less than 0.2% of annual
production from the affected power stations. The

spring of 2022 was characterized by record low river flow rates and
was followed by the second hottest summer on record in France.

o The increase in global surface temperature in 2011-2020
- above 1850-1900 levels [2].



Two forces — both growing exponentially — will require a complete rethink
of how to ensure continuous operations of the world’s energy system.
Increasingly frequent extreme weather conditions and rapidly growing shares
of renewable energy generation introduce an unprecedented level of volatility
and uncertainty in power markets.

Concurrent climate change induced threats escalating at pace and in
intensity have growing implications for the supply, demand and infrastructure
of the world’s energy system. Climate change will impact every aspect of
the energy sector: the output of each energy generating technology, the
volume of energy demanded and the combined physical and nonphysical
infrastructure that ensures safe and reliable operations during extreme
weather events.

Together these two forces place a growing premium on the concept of
climate resilient energy, or the ability of an energy technology to consistently
meet demand amid a fluctuating energy supply. Extreme heat conditions,
heavy precipitation, droughts, coastal and river floods, and tropical cyclones
will make the design and the implementation of climate resilience plans for
the global energy system even more complex, but all the more necessary.
Ensuring climate resilience of energy systems will require both actions to
mitigate the impact of climate change — deploying climate resilient energy
technologies to act as a stabilizing mechanism — and adaptation measures

like technological improvements to support operations in a climate volatile
future. Nuclear power has the potential to support decarbonized, climate
resilient energy systems.

will impact every
aspect of the
energy sector.

As energy systems become more dependent on renewable energy sources
to meet large shares of demand, it will be increasingly important to value
and maintain firm energy sources to ensure security of energy supply.



UNDERPINNING CLIMATE RESILIENT ENERGY
SYSTEMS WITH NUCLEAR

Nuclear electricity and heat can play an important
role in helping achieve and maintain climate resilient
energy systems. A diverse and resilient energy
foundation, with nuclear energy as a key component,
can unlock the successful integration of renewable
energy technologies in global energy systems,
minimize the cost of economy-wide decarbonization,
create meaningful and long lasting jobs and
strengthen energy security. Given this critical role, this
booklet will explore and quantify the ways in which
nuclear energy can contribute to climate resilient
energy systems.

Nuclear energy can play a critical role in a technology
diversified, climate resilient energy system. Nuclear
power plants can operate continuously, providing

a stable source of electricity that is not affected by
weather conditions. Nuclear power plants are also
capable of performing load following functions,
adapting output for daily shifts in renewable
generation.
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In the context of climate change, nuclear energy

can help to reduce greenhouse gas emissions in the
electricity sector as well as potentially providing low
carbon heat for other applications such as hydrogen
production, desalination of water and district heating.
By displacing fossil fuel fired power plants for these
applications, nuclear power can help to reduce
emissions of carbon dioxide and other greenhouse
gases, and thereby help to mitigate climate change.

° Data show that nuclear power plants experience extremely

° conditions.

minimal operational interruptions due to extreme weather



EXAMINING NUCLEAR AS A SOURCE
OF CLIMATE RESILIENT ENERGY

Despite extreme weather conditions becoming
increasingly frequent, weather related energy losses
amounted to less than a third of one percent of
reactor output — 0.3% — on average in 2022 (Fig.
1). Climate related weather events like floods, storms,
droughts and heat waves may affect the amount of
electricity generated by nuclear power stations. An
extreme weather event can cause nuclear reactors

to decrease their production or even shut down
altogether to maintain safe operations.

The IAEA is working to collect data, case studies

and best practices from Member States surrounding
the adaptation of nuclear plant designs to mitigate
the risk of production loss. While the temperature
and availability of cooling water is one of the climate
variables most relevant to sustaining high levels of
nuclear production, nuclear technology is proven to
be resilient to other climate variables, including heavy

precipitation, high winds, extreme cold and storms

that more readily impact other energy generating

What
is an
energy
loss?

Energy loss measures the difference
between a power plant’s potential output
and what it actually produces. In nuclear
power plants, energy losses can occur

for refuelling (which requires the plants to
partially or fully turn off), but this booklet
focuses on reductions in electrical output
which can be attributed to climate change.
Here we classify weather related losses
attributed to storms (hurricanes, floods,
tornados), extreme hot or cold temperatures
(blizzards, heat waves) and the ways in
which these events directly impact the
nuclear plant — necessitating reduced
output to either maintain safe operations or
accommodate the temperature or availability
of cooling water.

technologies or energy infrastructure. Nuclear plant
operators already employ a variety of quantifiable
engineering and plant management solutions,
including the timing of refuelling outages to avoid
periods of elevated energy demand due to climate
related events.

Losses in generation are attributed to a variety of
causes, allowing for in-depth analysis of how different
kinds of outages have evolved over time. As adverse
but also extreme weather conditions become more
frequent due to climate change, the ability of nuclear
generation to perform under degraded conditions
must be quantified and measured. This quantification
allows for an unbiased comparison of energy
technologies and can safeguard that energy systems
meet demand at all hours, rather than compelling
energy consumers to heavily adapt consumption
patterns to the operations of the energy system.

Extreme weather events that do not directly
impact the power plant but do disrupt the
wider power grid and may require a nuclear
power plant to reduce output at the request
of the grid operator are not considered in
this context.

The size of an energy loss is measured in
both scale (in units of power like megawatts
or gigawatts) and volume (duration of the
energy loss in hours). To reflect the changing
size of the global nuclear fleet over time, we
show energy losses as a share of reactor
production — to compare the scale of
unavailable energy to reactor output during
a specified time period.

Nuclear technology is proven to be resilient to other
climate variables, including heavy precipitation, high

winds, extreme cold and storms.



Annual energy losses due to adverse weather events
comprise about 1% of the nuclear fleet’s total losses
and a much smaller portion of total nuclear electricity
output. Figure 1 compares total nuclear energy
generated and lost to adverse weather events by
nuclear power plants across the world. To put these
numbers in context, the world’s nuclear power fleet
in 2021 could have supplied two times the entire
yearly electricity consumption of India — whereas the
total amount of nuclear energy lost due to weather
events was approximately 88 minutes of electricity
consumption in the Emirate of Dubai [3, 4].

Data show that nuclear power plants experience
extremely minimal operational interruptions due to
extreme weather conditions. While nuclear energy
can be paired with other low carbon technologies
such as wind, solar, hydropower and geothermal for
the mitigation of climate change, nuclear can also
be a source of climate-resilient energy. The following
section will examine the climate resilience of nuclear

Total nuclear energy produced

2700

power operations over time, focusing on the small
portion of energy losses attributed to extreme weather
to best understand how nuclear power plants have
performed during harsh weather events in the past,
as an indicator for climate change adaptation in the
nuclear industry.

Historical evidence
shows that nuclear
power has proven

amid increasingly
frequent and severe
weather events.

Energy losses due to adverse
weather events such as
droughts, floods, and heat

waves and storms
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Fig. 1. Annual nuclear energy production and weather-related losses between 2000 and 2022 [5].

Note: Data represented in Ref. [5] are subject to availability and reporting by IAEA Member States. The publication does not
include Ukrainian reactor units as operational data were not submitted for the year 2022 by the time of publication.
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ONE THIRD OF ONE PERCENT

Historical evidence shows that nuclear power has
proven its resilience amid increasingly frequent and
severe weather events. As the effects of climate
change become more disruptive to global energy
systems and many world leaders call for the
retirement of the world’s fossil-powered fleet, nuclear
may be increasingly utilized as a firm energy source
to counterbalance renewable energy sources. While
nuclear energy losses due to weather events are
small, they are not zero. This section will examine the
conditions under which these energy losses occur to
fully assess the ability of nuclear to perform an integral
role in climate resilient energy systems.

Of the 460 gigawatts of nuclear capacity online at
any time between 2000 and 2022, 48% of capacity
was located by the sea, 36% by a river, and 16% by
a lake. Climate related weather events reported to the
IAEA by nuclear plant operators show that over the
past 22 years, weather events caused the highest
GWh losses at nuclear power plants located on
rivers, whereas nuclear plants near lakes and on the
sea coast historically reported relatively lower energy
losses caused by weather events (Fig. 2).
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The next generation of nuclear reactors is likely to
be even more concentrated by the sea coast so less
affected by cooling water issues. Under construction
and planned reactors officially reported to the IAEA
by Member States total more than 100 gigawatts of
capacity; of this, more than 60% are planned near
the sea coast [5]. Some reactors do not yet have a
specified plant location.

Most nuclear power plants are in the Northern
Hemisphere, allowing for seasonal comparisons.
Nuclear power plants located inland near rivers
or lakes record more weather related nuclear
energy losses between May and October, while
plants located on the sea coast tend to experience
weather related energy losses spread throughout
the year (Fig. 3). Some plants experience energy
losses spanning multiple months, illustrated in
Fig. 3 by wide peaks and plateaus — oftentimes,
these longer running energy losses are attributed
to higher temperature or reduced availability of
cooling water.

Each dot represents a nuclear reactor’s
total annual production loss attributed to
climate-related weather events, as a share
of its total output for that year

49% Sea coast
26% Inland near a river
25% Inland near a lake

Sea coast
River
Lake

2020

Fig. 2. Annual weather-related nuclear energy losses as a share of reactor generation (left)
and share of weather-related nuclear energy losses by reactor location (right) between 2000 and 2022 [5].

Note: Data represented in Ref. [5] are subject to availability and reporting by IAEA Member States. The publication does not
include Ukrainian reactor units as operational data were not submitted for the year 2022 by the time of publication.
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The source of cooling water for the nuclear power
plant impacts the scale and volume of energy losses
due to extreme weather events. The production from
power plants located by rivers and lakes is highly
reliant on the availability of cooling water, access to
which is rigorously regulated to ensure minimal impact
to the surrounding ecosystem. Because of this, plants
located by rivers and lakes are more susceptible to
extreme weather conditions like high heat, aridity,
flooding or storms relative to plants located by

the sea. For example, a record breaking heatwave
occurred in Europe in the summer of 2003, causing
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Fig. 3. Annual nuclear energy
production and weather-
related losses between 2000
and 2022 [5].

Note: Data represented in Ref.
[5] was subject to availability
and reporting by IAEA Member
States. The publication

does not include Ukrainian
reactor units as operational
data were not submitted for
the year 2022 by the time of
publication. Outliers exceeding
three standard deviations from
the mean (>0.1% of values)
were excluded from the charts.

historic decreases in nuclear production (Fig. 4). The
event was a learning opportunity for the European

nuclear fleet — in 2016, temperatures again reached
high levels but resulted in fewer terawatt-hours of
energy losses due to weather. Over time, sustained
periods of extreme warm weather significantly impact
the heat content and availability (due to regulatory
limits on discharge) of sea water used for cooling

— this subset of the world’s nuclear fleet has also
experienced a slight upward trend in weather related

energy losses.
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Fig. 4. Global land and ocean temperature anomalies compared to the 1910-2000 average (left axis) and annual weather-related

nuclear energy losses (right axis), 2000-2022 [5, 6].

Note: Data represented in Ref. [5] is subject to availability and reporting by IAEA Member States. The publication does not include

Ukrainian reactor units as operational data was not submitted for the year 2022 by the time of publication.

Weather related energy losses do not include seismic events.



CONTRIBUTION BY THE UNITED NATIONS
ECONOMIC COMMISSION FOR EUROPE

A number of crises, including COVID-19, climate
change and geopolitical situations have exposed the
vulnerability of energy systems worldwide. To respond
to these challenges the international community has
decided to take action and help countries design and
build resilient and carbon neutral energy systems.

A resilient energy system is based on:

1 = Energy security that ensures
energy needed at any time through
diversity of supply;

2- Affordability of sustainable
energy that reduces the costs
of electricity, heating, cooling,
and transport while increasing
systemic energy efficiency;

3- Environmental sustainability that
lowers the carbon footprint and
enhances efficiency across the
energy supply chain in line with the
Paris Agreement and the Agenda
2030 for Sustainable Development.

Policy makers across the globe need tools that will
enable them to make informed decisions to design
and build resilient energy systems and prepare for
the uncertainties that the future brings. The IAEA
is joining forces with the United Nations Economic
Commission for Europe, the World Meteorological
Office, the International Energy Agency, the
Organization for Security and Co-operation in Europe
and the European Investment Bank, among others,

to launch a Platform on Resilient Energy Systems that

is tailored to effective policy making. This platform
will provide two main services: i) an Al powered
tool to support tailored and targeted policy and

decision making and ii) a unique forum for information

exchange and inclusive multistakeholder dialogue.




“Energy is critical to supporting peace, cooperation, economic and social
development, and quality of life in our region and beyond. Experts have found
clear pathways for policymakers to attain a resilient and carbon neutral energy
system. Energy efficiency improvements, renewable energy deployment,
high-efficiency fossil fuel technologies with carbon capture, use, and storage,
nuclear power (including advanced nuclear power), hydrogen, and integrated
and sustainable management of natural resources are all part of the solution
to attain carbon neutrality. Only bold, immediate, and sustained action can
develop resilient energy systems that ensure affordable access to energy and
decarbonize our energy systems in time to avoid a climate disaster.” [7]

Tatiana Molcean
EXECUTIVE SECRETARY OF THE UNITED NATIONS
ECONOMIC COMMISSION FOR EUROPE

The IAEA collects data, case studies and best practices from Member States surrounding
the adaptation of nuclear plant designs to mitigate the risk of production loss.




CONTRIBUTION BY

THE INTERNATIONAL ENERGY AGENCY

The growing impacts of climate change threaten

the affordability and security of the energy system.
An increasing amount of energy infrastructure that
was built for a cooler, calmer climate is no longer
reliable or resilient enough as temperatures rise, and
weather events become more extreme. A complete
transformation of energy systems is needed to stave
off even more severe climate change and to cope
with existing climate change impacts. The IEA’s
World Energy Outlook 2023 [8] identifies four key
areas requiring urgent attention for the transformation
of global energy systems. Nuclear energy can be
employed to address these areas in order to ensure
a rapid, secure, affordable and inclusive transition
(see Figs 5 and 6).

Ensure a balanced mix of investment

The IEA’s 2023 Net Zero Emissions by 2050
Scenario calls for more than a doubling in
nuclear energy installed capacity; renewables
and nuclear power displace most fossil

fuel use in the Net Zero Emissions by 2050
Scenario [9].

Large scale reactors remain the dominant

form of nuclear power in all scenarios, but the
development of and growing interest in small
modular reactors increases the potential for
nuclear power in the long run. Together, lifetime
extensions of existing nuclear power plants and
projected new construction in countries open
to nuclear power lead to increases in nuclear
capacity in all IEA modelling scenarios.

Scale up clean energy investment
in emerging market and developing
economies

The progress of electrification will depend on
reducing the cost and improving the availability
of capital. Increases in financing costs have
the biggest impact on large scale projects
involving capital intensive technologies such
as offshore wind, grids or new nuclear power
plants. Innovative, large scale financing
mechanisms are required to support clean
energy investments, particularly in emerging
and developing economies.
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Fig. 5. Global electricity demand, 2010-2050. Adapted
from Ref. [8] with permission. Note: STEPS — stated policy

scenario, APS — announced pledges scenario, NZE — net
zero emissions.



Make transitions resilient, inclusive Find ways for governments to work

and affordable together

The share of wind and solar photovoltaic in The continued role of nuclear power in the

total electricity generation is set to rise from electricity sector relies on decisions to extend

12% to about 30% by 2030, putting power the lifetime of existing reactors and the

system flexibility at the heart of electricity success of programmes to build new ones.

security. Governments need to take the lead in ensuring
secure energy transitions by tackling market

Low emissions technologies such as nuclear, distortions — notably fossil fuel subsidies — as

hydropower, fossil fuels with carbon capture, well as correcting for market failures.

utilization and storage, bioenergy, hydrogen

and ammonia can serve as important However, energy transitions are unlikely to be

providers of seasonal flexibility to safeguard an efficient if they are managed on a top-down

energy secure transition. basis alone. Scaling finance for clean energy

will require a shift from direct financing of
projects towards more project de-risking with
the aim of leveraging much higher multiples of
private finance.

} Electricity generation
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Fig. 6. Electricity generation mix by scenario, 2022 and 2050. Adapted from Ref. [8] with permission.
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CONTRIBUTION BY ELECTRICITE DE FRANCE

The summer of 2022 was the second hottest on
record in France after 2003, with particularly high
temperatures in the southern and western regions
of the country and three successive heat waves.
Related to the heat, France also experienced
particularly low river flow rates beginning in early
spring, with record setting minimum flow rates on
the Rhone and Garonne rivers. Electricité de France,
the owner and operator of the French nuclear fleet,
studied the functioning of the country’s nuclear fleet
in the summer of 2022 in comparison to previous
years.

In 2022, total production losses (see Fig. 7) attributed
to environmental reasons totalled 501 GWh, less
than 0.2% of annual production from the affected
power stations. Energy losses were incurred at
French nuclear power stations in order to meet
regulatory limits to preserve water temperatures and
ecosystems.

Originally, environmental monitoring and corresponding
regulatory limits on the thermal output of nuclear
power plants had two layers in France: one for normal
climatic conditions and one for exceptional climatic
conditions. Following the heat waves which occurred
in 2003, 2005 and 20086, the French regulatory
framework was adapted to allow for an adjustment

of these regulatory limits in case of exceptional
circumstances such as electrical network security.

The current energy crisis driven by the war in Ukraine
was also considered an exceptional circumstance

in 2022, due to the necessity to produce more
electricity from nuclear to save gas for the winter
period. The application of temporary changes to the
thermal requirements in exceptional circumstances
preserved 452 GWh from nuclear power stations,
corresponding to approximately 80 million cubic
metres of natural gas or 12 hours of full capacity from
the Nord Stream pipeline.

\ | / Summer 2022 was an exceptional one for France’s nuclear fleet, which makes up about 15% of
~ global nuclear capacity. The summer of 2022 can be characterized as an operational anomaly in
@ France due to several factors: historically high air temperatures, low water levels and a global energy
/ crisis which caused high natural gas prices and required France’s nuclear power plants to postpone
! maintenance in favour of providing low cost electricity to the European grid.



Energy losses related to compliance with thermal
limits were relatively low in 2022, but portions of
temperature sensitive sites were shut down due

to preventative maintenance. Since 2003, annual
environmental energy losses at nuclear sites have
averaged 0.3% of production. Regulatory limits were
changed for 24 days at the Golfech, Blayais, Saint-
Alban and Bugey nuclear power plants in the summer
of 2022 under exceptional circumstances in order

to maintain the stability of electricity supply. Certain
units or sites that could have been constrained by
temperature or river flow rate requirements include:
Chooz units 1 and 2; Civaux units 1 and 2; portions
of capacity from Cattenom units 1, 3 and 4; Bugey
units 3 and 4; Saint-Alban unit 2; Tricastin unit 3; and
Golfech unit 1 all of which were at a standstill due

to maintenance work due to stress corrosion and
therefore were not the subject of power reductions for
environmental reasons.

Electricité de France has been collecting data on
environmental conditions over the past 40 years

in cooperation with a public research institute to
understand and measure any potential thermal
impacts from the operation of nuclear power plants.
In 2022, no major changes were observed in the
biotope (impact on fish, wildlife, etc.) and the biotope
was comparable to previous observations during
normal climatic conditions. The main observed
changes in the biotope over the past 40 years are due
to global changes, whereas the thermal impacts of
nuclear power plants are small and localized to a few
kilometres downstream from the plant.

Production losses in 2022
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Fig. 7. Production losses due to thermal regulatory limits for the environment between 2000 and 2022.

Courtesy of Electricité de France.




PLANNING AT A SYSTEM LEVEL TO MITIGATE

CLIMATE IMPACTS

While individual climate risks have historically been
mitigated where possible, the growing hazard of
simultaneous concurrent weather events must be
captured in infrastructure and energy supply planning.
As energy systems become more dependent on
renewable energy sources to meet large shares of
demand, it will be increasingly important to value and
maintain firm energy sources to ensure security of

energy supply.

With this consideration in mind, the IAEA has initiated
a technical project drawing on the most recent
experience of Member States in the application of
climate predictive methods for assessment of site
hazard and safety for existing and new nuclear sites.
The project aims at integrating a prediction model

for climate change effects into the development of
natural hazards, providing state-of-the-art methods
for uncertainty minimization by means of sustainable
techniques. The project will integrate statistical and
numerical modelling competences with meteorological
and hydrological competences in order to develop

a sustainable framework for the development of time-
dependant hazards. Measures will aim at increasing
the robustness and resilience of nuclear power plants
against climate change impacts. The project will

also identify new generation site monitoring systems
oriented to the site hazard continuous assessment for
timely management of plant reaction.

The IAEA collects data from Member States on
safety events which impacted nuclear power plant
electrical components; serviced water systems, the
primary system and structure; triggered unplanned
shutdowns or led to plant modifications to prevent
further losses in its Incident Reporting System.

A recent review of the entire IRS database to identify
reports having a relation to external events identified
that about 130 of them were related to external
events, most of which were attributed to weather
related scenarios, which could be affected by climate
change. Looking at these events and the potential
effect of climate change on nuclear installations
underlines the need for clear definitions of the overall

Data science
informed policies are
critical to encourage

in the
domain of energy
system climate
resilience.



objectives and performance levels for the plant, site
and power distribution networks. For these important
components, two critical objectives may be defined:
the safety of the physical infrastructure and the
reliability of the provided energy services. These

two objectives are highly correlated; safety of the
nuclear installation must be ensured with minimum
interruptions in power availability. For a more detailed
look at safety related events captured in the Incident
Reporting System and the multidimensional hazard
assessment framework for the nuclear sector, see
the IAEA’s publication Climate Change and Nuclear
Power 2022.

In addition, the IAEA is convening an expert group

to develop a publication detailing performance
related technical solutions recently selected or under
consideration by countries to reduce production
losses caused by environmental changes and climate
variability before safety and protection measures

are triggered. The publication will provide illustrative
examples of modifications to physical assets and

operating procedures that maximize plant economics

under conditions such as warmer hot seasons, longer
dry seasons and more frequent storms and episodes

of aquatic organism ingress into cooling water intake

structures.

Many uncertainties remain surrounding the future
state of the climate and the associated costs of

risk mitigation measures. Estimation methods to
measure the benefits of adaptation measures against
investments need to be expanded and standardized
to improve and evaluate the ramifications of
cascading and compounding impacts of extreme
weather events on populations, infrastructure, supply
chains and services. Data science informed policies
are critical to encourage innovation in the domain of
energy system climate resilience. Sufficient financial
support is also essential to develop systemic risk
management strategies and implement solutions
down to the local level.

“With further warming, climate change risks will become
increasingly complex and more difficult to manage. Multiple
climatic and non-climatic risk drivers will interact, resulting in
compounding overall risk and risks cascading across sectors

and regions.” [10]
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Intergovernmental Panel on Climate Change,

Climate Change 2023: Synthesis Report
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Editorial note

This publication has been edited by the editorial staff of the
IAEA to the extent considered necessary for the reader’s
assistance. It does not address questions of responsibility, legal
or otherwise, for acts or omissions on the part of any person.

Guidance and recommendations provided here in relation to
identified good practices represent experts’ opinions but are
not made on the basis of a consensus of all Member States.

Although great care has been taken to maintain the accuracy of
information contained in this publication, neither the IAEA nor
its Member States assume any responsibility for consequences
which may arise from its use.

The use of particular designations of countries or territories
does not imply any judgement by the publisher, the IAEA,
as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their
boundaries.

The mention of names of specific companies or products
(whether or not indicated as registered) does not imply

any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part
of the IAEA.

The IAEA has no responsibility for the persistence or accuracy
of URLs for external or third party Internet web sites referred to
in this publication and does not guarantee that any content on
such web sites is, or will remain, accurate or appropriate.



The following States are Members of the International Atomic Energy Agency:

AFGHANISTAN

ALBANIA

ALGERIA

ANGOLA

ANTIGUA AND BARBUDA

ARGENTINA

ARMENIA

AUSTRALIA

AUSTRIA

AZERBAIJAN

BAHAMAS

BAHRAIN

BANGLADESH

BARBADOS

BELARUS

BELGIUM

BELIZE

BENIN

BOLIVIA, PLURINATIONAL
STATE OF

BOSNIA AND HERZEGOVINA

BOTSWANA

BRAZIL

BRUNEI DARUSSALAM

BULGARIA

BURKINA FASO

BURUNDI

CABO VERDE

CAMBODIA

CAMEROON

CANADA

CENTRAL AFRICAN
REPUBLIC

CHAD

CHILE

CHINA

COLOMBIA

COMOROS

CONGO

COSTA RICA

COTE D’IVOIRE

CROATIA

CUBA

CYPRUS

CZECH REPUBLIC

DEMOCRATIC REPUBLIC
OF THE CONGO

DENMARK

DJIBOUTI

DOMINICA

DOMINICAN REPUBLIC

ECUADOR

EGYPT

EL SALVADOR

ERITREA

ESTONIA

ESWATINI

ETHIOPIA

F1JI

FINLAND

FRANCE

GABON

GAMBIA
GEORGIA
GERMANY
GHANA
GREECE
GRENADA
GUATEMALA
GUINEA
GUYANA
HAITI
HOLY SEE
HONDURAS
HUNGARY
ICELAND
INDIA
INDONESIA
IRAN, ISLAMIC REPUBLIC OF
IRAQ
IRELAND
ISRAEL
ITALY
JAMAICA
JAPAN
JORDAN
KAZAKHSTAN
KENYA
KOREA, REPUBLIC OF
KUWAIT
KYRGYZSTAN
LAO PEOPLE’S DEMOCRATIC
REPUBLIC
LATVIA
LEBANON
LESOTHO
LIBERIA
LIBYA
LIECHTENSTEIN
LITHUANIA
LUXEMBOURG
MADAGASCAR
MALAWI
MALAYSIA
MALI
MALTA
MARSHALL ISLANDS
MAURITANIA
MAURITIUS
MEXICO
MONACO
MONGOLIA
MONTENEGRO
MOROCCO
MOZAMBIQUE
MYANMAR
NAMIBIA
NEPAL
NETHERLANDS
NEW ZEALAND
NICARAGUA
NIGER
NIGERIA
NORTH MACEDONIA

NORWAY

OMAN

PAKISTAN

PALAU

PANAMA

PAPUA NEW GUINEA

PARAGUAY

PERU

PHILIPPINES

POLAND

PORTUGAL

QATAR

REPUBLIC OF MOLDOVA

ROMANIA

RUSSIAN FEDERATION

RWANDA

SAINT KITTS AND NEVIS

SAINT LUCIA

SAINT VINCENT AND
THE GRENADINES

SAMOA

SAN MARINO

SAUDI ARABIA

SENEGAL

SERBIA

SEYCHELLES

SIERRA LEONE

SINGAPORE

SLOVAKIA

SLOVENIA

SOUTH AFRICA

SPAIN

SRI LANKA

SUDAN

SWEDEN

SWITZERLAND

SYRIAN ARAB REPUBLIC

TAJIKISTAN

THAILAND

TOGO

TONGA

TRINIDAD AND TOBAGO

TUNISIA

TURKIYE

TURKMENISTAN

UGANDA

UKRAINE

UNITED ARAB EMIRATES

UNITED KINGDOM OF
GREAT BRITAIN AND
NORTHERN IRELAND

UNITED REPUBLIC OF TANZANIA

UNITED STATES OF AMERICA

URUGUAY

UZBEKISTAN

VANUATU

VENEZUELA, BOLIVARIAN
REPUBLIC OF

VIET NAM

YEMEN

ZAMBIA

ZIMBABWE

The Agency’s Statute was approved on 23 October 1956 by the Conference on the Statute of the
IAEA held at United Nations Headquarters, New York; it entered into force on 29 July 1957.
The Headquarters of the Agency are situated in Vienna. Its principal objective is “to accelerate and enlarge
the contribution of atomic energy to peace, health and prosperity throughout the world”.




COPYRIGHT NOTICE

All IAEA scientific and technical publications are protected by the terms of the Universal Copyright Convention
as adopted in 1952 (Berne) and as revised in 1972 (Paris). The copyright has since been extended by the
World Intellectual Property Organization (Geneva) to include electronic and virtual intellectual property.
Permission to use whole or parts of texts contained in IAEA publications in printed or electronic form must

be obtained and is usually subject to royalty agreements. Proposals for non-commercial reproductions and
translations are welcomed and considered on a case-by-case basis.

Enquiries should be addressed to the IAEA Publishing Section at:
Marketing and Sales Unit,

Publishing Section

International Atomic Energy Agency

Vienna International Centre

PO Box 100 1400 Vienna, Austria

tel.: +43 1 2600 22417

email: sales.publications@iaea.org

www.iaea.org/publications

© IAEA, 2023

Printed by the IAEA in Austria, November 2023

IAEA/PAT/003

IAEA Library Cataloguing in Publication Data

Names: International Atomic Energy Agency.

Title: Nuclear energy in climate resilient power systems / International Atomic Energy Agency.
Description: Vienna : International Atomic Energy Agency, 2023. | Includes bibliographical references.
Identifiers: IAEAL 23-01626

Subjects: LCSH: Nuclear energy — Climatic factors. | Renewable energy sources.
| Climate change mitigation.

Classification: UDC 620.91 | IAEA/PAT/003






j
ﬂm!‘u.-.—
ﬂ -

/

g
g

W

&y
L

VISIT US

Vienna, 2023
ﬁ iaea.org




