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Climate change challenge is staggering
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Nuclear important part of future clean energy mix
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UNECE nuclear power brief
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Carbon Capture, Use and
Storage
Hydrogen
ﬁ-ﬁ;%z&s?#&ﬁ:ﬁgzrgy Nuclear power is an important source of low-carbon electricity and heat that contributes to
attaining carbon neutrality.
Technology Interplay H
Eﬂdﬂr Ctar on Neutrality Nuclear power use has avoided about 74Gt of CO; over the past 50 years, nearly two year's U N ECE N u Clea r Powe r b ri ef
oncep! F : z A
worth of total global energy-related emissions. In the UNECE region, it currently provides 20% of // / H
CES Meetings total generated electricity and 43% of low-carbon generation. In addition, it has the potential to https = Unece.o rg SUSta Ina ble
P mqease its integration with other low-carbon energy sources in a future decarbonised energy energv/cleaner_electnc'tv_systems/nuclea r-
mix.
Contact us In the UNECE region, nuclear power is an active part of the energy system, providing over 30% of Oower

electric generation in eleven countries (Belgium, Bulgaria, Czech Republic, Finland, France,
Hungary, Slovakia, Slovenia, Sweden, Switzerland, Ukraine). Twenty countries currently operate
nuclear power plants, and fifteen countries have new reactors under construction or under
development. Seven UNECE member States are in the process of developing nuclear power
programmes for the first time. However, some countries have chosen not to pursue nuclear
power because they consider the risks of nuclear incidents and accidents to be unacceptable or
because of issues linked to long-term disposal of radioactive wastes.

In many parts of the world, existing large scale nuclear power plants are a cost-competitive
option for generating electricity. New innovations such as small modular reactors (SMRs) and



Nuclear energy plays an essential role In
the UNECE Region
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Electricity generation by source in the UNECE Nuclear electricity generation (%)
region for 2019
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Currently there are

292 nuclear reactor
units in operation in
ECE countries.

17 reactor units
(nearly 20 GWe) are
currently under
construction in 9 ECE
countries.

A further 118 reactor
units are planned or
proposed, by 19 ECE
countries.

Current and proposed nuclear power
development in UNECE countries
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Nuclear power applications
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Nuclear power is an important source of low-carbon electricity and heat that contributes to attaining carbon neutrality

Microreactor
lomegawattselectric Heat flow

(around 20 megawatts thermal) 5
Compact design suitable for microgrids, distributed grids and off-grid applications (/“

such as powering remote communities and industrial sites. ¢ II%‘QG

%}w’ N

Small Modular Reactor

Up to 300 megawatts electric
(up to 900 megawatts thermal)

Electricity flow

‘ Large-scale Nuclear Reactor

‘ 300 - 1700 megawatts electric

(around 900 to 5000 megawatts thermal) Scalable, versatile and suitable for electric .

‘ grids of varying sizes and diverse heat
H2

applications. Many designs are under
development. Wide deployment are
expected in the 2030s.

large-scale electricity generation. Arange
of mature and proven designs available.

‘ Currently primarily used for reliable

Raising Awareness

Nuclear power can be used to produce low-carbon hydrogen via Recognise that nuclear power is a source

Nuclear power plants can produce reliable 24/7 [ of low-carbon energy and heat that can

electricity or operate flexibly as required.

Dispatchable electricity sources are essential for 2 - Low-temperature electrolysis - using nuclear electricity IElpele ek IR e
keeping the costs of the overall system low. - Steam electrolysis - using nuclear heat and electricity
%ﬂ - Thermochemical process - using nuclear heat at above 600 C Promoting Acceptance

Develop policies that instil confidence and
facilitate the wider application of nuclear

power to decarbonise electricity and
PROCESS HEAT FOR INDUSTRY DISTRIC HEATING energy intensive industries

Incentivising Finance

High-temperature heat from nuclear plants can ‘ m(‘ Nuclear plants are a proven source of heat for urban Develop financing eworks that instil

be transformative in decarbonising P 3 N mﬂ district heating th_at have operated successfully in a confidelznce gnd incentlvfse affordable public
number of countries. and private investment in support of new

hard-to-abate sectors.

\ﬂ“’ L nuclear power projects
W




Nuclear innovation — Small modular reactors
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Nuscale, USA HTR-PM, China FIoag NPP,-Ru55|a

77 MWe PWR 2x110 MWe HTGR 2x35 MWe PWR
Design Licensed ~ Under Commissioning In Operation

Py

Nuward , France SMART, South Korea Rolls Royce, UK
300-400 MWe PWR 100 MWe PWR 220-440 MWe PWR
Under Development Design Licensed Under Development
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Nuclear energy Is cost competitive
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Nuclear energy sustainability:
life cycle assessment
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All forms of energy LBA UF ELEBTRICITY GENERATIUN TECHNULUGIES

production pose risks and
cause environmental and
health impacts.

Lifecycle GHG emissions, in g CO2 eq. per kWh, regional variation, 2020
Nuclear power presents 1200 1095 4004 g ° 4P °
specific risks such as 1000 oAz
radiological accidents and 890 o 4 650 513 @ CHA
. , 600 753 470 427 ®EUR
radioactive waste N 364
400 221 IND
management. 200 403 -i- _i_ .i. M 1: s 8 1282 83 51 a4 55 35 16 23 21 o
0 2131491909285-.--.--.-'2""""-0--0--0--0--0--0--0- LA
200 — T 61,49 14 27 23 23 7 9 77 95 78 13 12
Neeq fo assess and. e w9 oo n Qlolz z/ely 5/ T T T Y gl L & g ©® MEA
consider as on a scientific 8 8 38/8|8 88|82 =8z 3£t g gt 2| eneu
. . = =2 | = | c c = s e c
whole life cycle basis. 2 % Bl £ £/£|8 8|+ 22222 288 5 ou
=3 3139 g dd S8 58 5 8 53| erer
Nuclear ’s lifecycl £ 3 &8 © 2 S % 8 s 8 g 5 @
power’s lifecycle 3 9 2 L35 49 5 o| essA
GHG emissions are “ 2385 %28 2| eusa
estimated at 6.3 g CO2 o S| _ Average
eCI/kWh, the lowest of all Hard coalNatural gasHard coalNatural gaslydro Nuclear CSP PV Wind

energy sources.

*Preliminary Results



Nuclear energy sustainability:
- life cycle assessment
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Lifecycle impacts on human health, per MWh, in points
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Nuclear technologies to support sustainable
development
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Nuclear energy is an U —
(" . ) Application of the United Nations Framework Classification
N d IS pe nsa b I e tOOI for gslr:;ources and the United Nations Resource Management
achieving the sustainable
Use of Nuclear Fuel Resources for
development goals (SDGs). It Sustainable Development — Entry
has a crucial role in providing Pathways

affordable energy and climate
change mitigation, as well as
eliminating poverty, achieving
zero hunger, providing clean
water, economic growth, and
industry innovation.
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Nuclear technologies to support sustainable
development

Food and Agriculture

Nuclear technologies help fight against pests, avoiding the need to
resort to harmful pesticides.

Using nuclear techniques to develop new plant breeds means that
farmers can grow crops that need less water and that are more resistant
to the impacts of climate change.

Fresh food can last longer if irradiated, and this process also kills E. coli,
listeria and salmonella.

Medical

40 million nuclear medicine procedures are performed each year.

Nuclear medicine is a critical component in diagnosing health problems
related to the function of organs, tissues, or bones.

Radiotherapy helps treat and cure many kinds of cancer.
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CLEAN WATER
AND SANITATION
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1 SUSTAINABLE CITIES
AND COMMUNITIES

N

Nuclear technologies to support sustainable
development

Clean water

Desalination of seawater using heat generated by nuclear reactors
produces pure, clean water, without the greenhouse gases emitted by
the fossil fuel plants that power desalination units.

Isotope hydrology techniques help tracing and measurement of the
extent of underground water resources to improve the management
and conservation of existing supplies of water, and in the identification
of new sources.

Sustainable Cities

Nuclear power plants prevented more than 1.8 million air pollution-
related deaths between 1971 and 2009.

Nuclear energy assists in the electrification of public rail transport and
electric vehicles.

Nuclear power plants can also be used for district heating, avoiding
pollution from fossil fuels.
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SDG 8 - Decent Work and Economic Growth

The nuclear industry provides well-paid, high-skill
jobs and investment that supports local communities

Nuclear projects provide high spill-over investment
into the local and regional economy.

IMF found nuclear energy investment spending has a
large economic output multiplier effect, producing
more growth.

500%
411%
400%

300%

200%

119%
100% 65%

Energy investment impact multiplier

Nuclear Renewables Fossil

Data source: IMF Working Papers 2021 Building Back Better: How Big Are Green Spending
Multipliers?

For example the UK Hinkley Point C nuclear
power plant project:

Jobs - 22,000 people in Britain currently
working on the project, with a total 71,000
projected jobs to be supported by the project.

Skills — 800 apprentices trained on the project
to date

Local and regional economic development —
£3.2 Billion spent with local companies in the
South West region.

Industrial development and supply chain 64%
of the value of Hinkley Point C contracts has
been awarded to UK-based companies to date.
The total projected economic value to the UK of
£18 Billion.

Hinkley Point C Socio-economic Impacts Report 2021



Key Takeaways
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Nuclear energy is an important source of low-carbon electricity and heat that contributes to
attaining carbon neutrality. It has played a major role in avoiding carbon dioxide
(CO2) emissions to date.

All available low-carbon technologies are required to transition to a low carbon economy.
Nuclear is an important part of future clean energy mix.

Nuclear innovations, small modular reactor (SMRs), will complement established large-
scale reactors and open new applications for nuclear energy, including district heating,
high temperature process heat and hydrogen production. SMRs could provide electricity
for small grids or remote locations and will improve the integration of variable renewable
energy sources.

Nuclear power has much lower human health and environmental impacts than fossil fuel
power generation and is comparable with renewable energy technologies.

Nuclear energy is an ‘indispensable tool’ for achieving the sustainable development goals
(SDGs). It has a crucial role in providing affordable energy and climate change mitigation,
as well as eliminating poverty, achieving zero hunger, providing clean water, economic
growth, and industry innovation.
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