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o We are the voice of the global nuclear industry

'@\ We work with, support and represent the industry

Co s |
HARMONY We are a thought leader for nuclear energy in the
e global energy debate

wnn

world nuclear news We inform and communicate on nuclear energy

—— Celebrating 15 years —

WORLD .
%UCLEAR We train the nuclear leaders of tomorrow

UNIVERSITY ,
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Nuclear Performance

/ WORLD NUCLEAR
| ASSOcATION
/

World Nuclear
Performance Report
2021

https://world-
nuclear.org/our-
association/publications/glo
bal-trends-reports/world-
nuclear-performance-
report.aspx

We provide authoritative

Design Maturity and
Regulatory Expectations
for Small Modular Reactors

Coogewor » Hesowx Dwsgr Babaston ad
Lisenrsng Worting Group - SR Tank Foros
nd Licareng and Pesmitng Tack Foroe

https://world-
nuclear.org/shop/products/t
he-nuclear-fuel-report-
global-scenarios-2021.aspx

Nuclear Fuel

Information about nuclear

The Waorld Nuglear
Supply Chain

Culhosk 230

Harmonization
SMR Licensing

https://world-
nuclear.org/getmedia/23c
ealaa-8b63-4284-947a-
a0273327fce0/smr-
design-maturity-report-
FINAL-June.pdf.aspx

The Nuclear Fuel Report

Supply Chain
https://world-
nuclear.org/shop/produc
ts/the-world-nuclear-
supply-chain-outlook-
2040.aspx

Nuclear jobs

https://www.world-
nuclear.org/our-
association/publications/tec
hnical-
positions/employment-in-
the-nuclear-and-wind-
electricity-gen.aspx
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The enormity and the urgency of the climate change
challenge are staggering
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The share of fossil electricity generation
has not significantly reduced since 2000
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CO, emissions must decline over next 30 years.

BP Energy Outlook 2020/1PCC
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wmowaess 1 NETE IS @ rapidly narrowing window of opportunity to
enable climate resilient development

(a) Societal choices about adaptation, (b) lllustrative development pathways A\ (0) Actions and outcomes
mitigation and sustainable development .- ¥ | characterizing development pathways
made in arenas of engagement s®

Dimensions that enable actions $DGs o >
towards higher S

climate resilient development
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Arenas of engagement: - ,
Community Past conditions
Socio-cultural (emissions,

Present

C & Political climate change,  situation
R g / Ecological development)
Knowledge + technology

CLIMATE RESILIENT DEVELOPMENT

Economic + financial

LOWER

warming levels

High risk
R .j Il/ »
Dimensions that result in actions 21008
2022 2030 beyond
towards lower IPec Sustaliiabl
climate resilient development nae
y P AR6 Development Goals
& Narrowing window of
m Illustrative climatic or non-climatic shock, e.g. COVID-19, drought or floods, that disrupts the development pathway opportunity for higher CRD

Source: https://report.ipcc.ch/ar6wg2/pdf/IPCC_AR6_WGII_SummaryForPolicymakers.pdf © WNA 2022



/;‘égst?ﬁ."&;““ Energy has taken a front row seat in global geopolitics

Natural Gas Crisis
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As the only low-carbon source that can produce electricity and heat,

nuclear energy could
play an important role
decarbonizing other
difficult-to- abate

sectors

/Q\
Desalination Grid
Electricity

Remote or Small
Grids

Industrial Process
Heat

N

Hydrogen &
Synthetic Fuels

Residential
District Heating

Nuclear



/wonmucm Nuclear energy needs to grow significantly for
ASSOCIATION 7 . .
electricity decarbonization

18,000 - . .
World nuclear installed capacity (net)
TWh 25% of
16,000 - .
generation in
2050 GW
g 000 | 11000 L
s s PCC Developing 9000 1200
g economies
§ 10000 | 1000
] = |PCC Advanced 7000
& economies
g 10.5% of 800
3 5000 o
—i—IEA Current generation in
6,000 - Policies Scenario 2021 600
3000
> B isoow o
2,000 1000 200
Retirements Additions
2005 2010 2020 2030 2040 2050 Now 2050
Data Source: IPCC Special report on the impacts of global warming of 1.5 Source: WNA Harmony Program 2021

°C, 2018, IEA World Energy Outlook 2019, IAEA Electricity and Nuclear
Power Estimates for the Period up to 2050, 2020
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Nuclear power is an important source of low-carbon electricity and heat that contributes to attaining carbon neutrality

Microreactor
10 megawattselectic B Heat flow

(around 20 megawatts thermal) S \.
Compact design suitable for microgrids, distributed grids and off-grid applications , W ~ N Electricity flow

such as powering remote communities and industrial sites.

Small Modular Reactor

Up to 300 megawatts electric

Large-scale Nuclear Reactor
(up to 900 megawatts thermal

300 - 1700 megawatts electric

(around 900 to 5000 megawatts thermal) Scalable, versatile and suitable for electric A
grids of varying sizes and diverse heat
applications. Many designs are under
development. Wide deployment are

expected in the 2030s.

Currently primarily used for reliable
large-scale electricity generation. A range
of mature and proven designs available.

[SA7]
PATAS
v

ELECTRICITY GENERATION HYDROGEN
Raising Awareness

Recognise that nuclear power is a source
of low-carbon energy and heat that can
help decarbonise energy systems

Nuclear power can be used to produce low-carbon hydrogen via
several process:
- Low-temperature electrolysis - using nuclear electricity
- Steam electrolysis - using nuclear heat and electricity
- 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

Nuclear power plants can produce reliable 24/7
electricity or operate flexibly as required.
Dispatchable electricity sources are essential for
keeping the costs of the overall system low.

[ ‘ High-temperature heat from nuclear plants can %r‘ Nuclear plants are a proven source of heat for urban Develop financing frameworks that instil
v be transformative in decarbonising \‘hﬂ district heating that have operated successfully in a confidence and incentivise affordable public
& ﬁ, hard-to-abate sectors. R 4 number of countries. and private investment in support of new
Noo? ? nuclear power projects
N7 & d 9

Source: UNECE, 2021 https://unece.org/sites/default/files/2021-08/Nuclear%20power%20brief EN_O.pdfnx 2022



WORLD wucLEAR Countries are looking at nuclear for climate and
energy security goals

Eo

page 35

Réinventer
le nucléaire

Financial
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nuclear power generation
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Nuclear makes a comeback in the Netherlands
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The Netherlands’ new coalition government has placed nuclear power at the heart of its climate
and energy policy. Some EUR500 million (USD564 million) has been earmarked to support new
nuclear build in the period to 2025.

South Bohemia Nuclear Park founded Poland narrows down nuclear sites
22 December 2021
01 June 2022
o share o« share
A development of small modular reactors (SMRs) at the Czech Republic’s Temelin nuclear power plant The seaside towns of Lubiatowo and Kopalino in Poland's Choczewo municipality have been named as the
would be known as the South Bohemia Nuclear Park, according to a memorandum to set up the park preferred location for the country's first large nuclear power plant.

signed by the utility €EZ, the South Bohemian government, and the UJV Rez research organisation.

First contract signed for Cemavoda completion

A year-long, CAD8.4 million {(USD8&.6 million) contract will see Canada's Candu Energy
prepare the licensing basis for two new Candu pressurised heavy water reactors at
Romania's Cernavoda nuclear power plant. The signing was celebrated by the governments

B Maximum area of the of Romania and Canada, as well as the USA.
Lubiatowo-Kopalino option

Pomerania province
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/A"s'gsz?;:."&m Lots of excitement about new nuclear projects,
large and small

/

A
- b ]
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g |

Barakah 1 & 2 - UAE Fuqing 5 - China Nuward, France Natrium, US
APR-1400 Hualong One APR-1400 300-400 MWe PWR 345 MWe SFR
In operation In operation In operation Under Development MS storage

Under Development

O3

NuScale, US HTR-PM, China Terrestrial, Canada, US, UK~ BWRX300, US Aurora/Oklo, US
77 MWe PWR 2x110 MWe HTGR 190 MWe IMSR 300 MWe BWR 1.5 MWe Heatpipe FNR
Design Licensed Under Commissioning Under Development Under Review Under Review
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Societal Acceptance
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International Cooperation




MR Engaging with governments for better
policymaking

e e =
,,,,,, s = 4 = T -
Use of Nuclear Fuel Resources for \ﬂ{ —=s “1
Sustainable Development - Entry Eagl \%
Pathways
o . Nuclear Innovation: Clean Energy Future of e L (&) unece
- i 0—?5- ¢ i TECHNOLOGY BRIEF
An Initiative of the Clean Energy Ministerial ';; _— ‘ e e
~ @, NUCLEAR POWER

ASEAN Centre for Energy @) unece

&/ One Community for Sustainable Energy

UNITED NATIONS ECONOMIC COMMISSION FOR ELROPE

Carbon Neutrality in the UNECE Region:
Integrated Life-cycle Assessment
o ci

World Energy
Scenarios | 2019

WORLD

WP/21/87

E N E R GY ...f.‘.‘c.;;s;‘kﬁi IMF Working Paper
COUNCIL S (&)
l \fri C.a n Y s i i ‘ I (%) unece
l l n I n . Sk St 30 o
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Nuclear Energy Carbon Emissions Lowest
Among Electricity Sources, UN Reports
UN organization: Climate goals

cannot be achieved without
nuclear power.

Europe must support nuclear energy

Global climate objectives fall short
without nuclear power in the mix: UNECE

S&P Global Ratings calls for ‘nuclear renaissance’

Nuclear power needs to be part of

Media & policymakers are paying attention

<+ United PO\{\/ER
1 “ Nations U.N News , Engineering
Home Topecs n deptn Secrotary Ganerst Media i e s ot
AUDIO HUB §  SUBSCRISE I8

Global climate objectives fall short without nuclear power in the mix: UNECE

:N\E[?[% HGS 9 Q o declares gas and nuclear 'sustainable’
Nuclear Energy Carbon Emissions Lowest
- [URMAMMRRA G| wroevem vocEs  poscasTi  WineTa v e M Among Electricity Sources, UN Reports

UNECE report says climate objectives
will not be met if nuclear power is
excluded

“ —

[+ — [eist . -

F B

EARTH-ORG -

Debate sparked as EU Commission

o
UN organization: Climate goals cannot be achieved without
nuclear power

™

# NEWS FUTURENETZERO EVENTS VIDEOS & PODCASTS ENERGY EXPERTCORN [
4] e

OPINION

What role can nuclear energy play in || UN hails nuclear as the lowest

international climate objectives: UN report

UN Report ‘Nuclear Energy Is An Indispensable
Tool For Meeting Sustainable Development Goals’

Nuclear energy gets a seat at COP26 table;
to be part of solution to climate change

Africa’s climate transition? carbon electricity source

Nuclear power generates less carbon dioxide emissions ove

9 te:
its lifecycle than any other electricity source, according to a
new report

000

Accurately sim
switching at >1

e B e s environmentanalyst | global

R T e e e e

¢
S&P Global Ratings calls for ‘nuclear renaissance”

(%) UNECE

In

UN crowns nuclear as lowest carbon
electricity source

-

‘(.:"*% ‘ ‘R :

CITYAM.

S&F_’ Globa Nuclear power needs to be part of international climate
.. Ratings

THE
FEDERAL

S00eo Nuclear energy gets a seat at COP26 table; to

be part of solution to climate change

&v
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s Essential for ESG and climate financing to recognize
nuclear energy as a sustainable energy source

Lifecycle greenhouse gas emission ranges for the assessed technologies E S G
Lifecycle GHG emissions, in g CO: eq. per kWh, regional variation, 2020 :

57 ENVIRONMENTAL SOCIAL
364
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403 _\_ _|_ 221 147 122 Biodiversity, Freedom of association, Compliance,
200 1 64 87 82 8 55 35 97 34 4 23 21 Water efficiency, Health and safety, Board independence,
213 149.190 -+ L e - - Energy efficiency, Human rights, Executive compensation,
0 92 85 Carbon intensity, Customer & Shareholder democracy
200 . - 615114 27T 23 23 8 10 74 92 78 13 12 Enviromental products resposibility,
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Streamlining international licensing and regulation

Industry Lead

Support development of international regulstory Framewarks through development of

proposals on bow to widen the framewaork to all countries

Support and encourage international standards agencies to adopt recommended practices

from joint regulatory reviews

Adopt recommended design and licensing approaches

resulting from the multi-national reviews

Support newcomer
countries
Designstandardization

£
-
B
=
E
=
€
2
g
5
=
=
E
£

Regulatory Llead

= Produce definitive reports demonstrating cutcomes and providing clear guidance

*  Support newcomer regulatory bodies to understand the framework and incorporate any

= lmsueinternational design certification

lessons or best practices

Codesand standards harmonized to extent possile —mitigation plans
in place for gaps

and inter

Supportd

regulatary

f ks through develap

nt of propasal

Ewaluate the gaps not yet being considered within the multi-
national framewarks and propose mitigation plans

Identify and mitigate potential challenges to sharing of

design information between regulstory bodies [IP etc.)
Adopt recommended design and licensing approaches

resulting from the multi-national reviews

Align significant
safety
requirements

Demonstrate
alignment /
equivalence

Jaimt design reviews completed — multinat ienal
o

«  Collaboratively work with other national regulatorsand industry to

. . agree scope of joint reviews

* Produce definitive reports demanstrating outcomes and providing

dear guidance

- Define how results from joint reviews can be used
incomporated inta national regulatary framework
= Define extent to which an international design
certification would be possible

A

Lessons learnt from industry and regulators — new
Props:

appraach

od

Identify challenge s with C&S and
current regulatory approach
Engage with stakeholders to
Identify need for

harmonization

Develop proposals for
alternstive approaches

Define lessons to be

Learnt From curre

approasch

I

Definition of harman zation
Current status & challenges

Ingustny reports

|DIRR, other CORDEL reparts et}

Develop / propose
mitigation

Define extent of
harmonization

Define need and
gaps

agree on joint
safety reviews via new intemational framewark

«  Engage with industry to identify
challenges

= Engage with other national
~egulators to share best practices
= Identify areas were

Depth & breadth of -
regulatory harmaonization
could occur and share

harmanization

reviews with ather
national regulators

Intl Org. reports

Applicability of safety standards to SMRs etc.

Regulatory repors

MDEF, joint CNSC / NRCetc.

e —

Defence-in-
depth

Postulated
Initiating events

Internal and
external hazards

Common Cause

failure

General licensing

Design limits

Engineering Protection

design rules

Safety
Classification

Control systems
systems

16
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BN EAR Governments, regulators and industry
working together

Phase 1: Technical Fc?operatlon Phase 3: Max reciprocity
and recognition

Agree roles and Scope for joint reviews agroedA -
esponsibilities 1" Expansion to include enlergini
countries
s G e Successful cdmpletion of first joint
2 industry and regulators A safety reviews|(or partial) A £ | Successful validation of A
Milestones developed and shared | SV 51, design (or partial)
Agree common terms panroactaeiced fo‘
8! “localization” approach A . all areas
developed Successful full validation of
Differences in regulatory frameworks Successful completion of first full | reactor design FramE\'Nork f%
understood A joint safety reviews ‘ . operational

S ——
" tobe validated
I Undertake design Implement
- validation agreed approach
activities on challenging
I Develop forward

I Identify areas where relatively simple design D.e'velop FUREER @ r]ow ®
N q frorm A utilize framework for different
solutions may resolve licensing issues )
technologies

Support SDO’s in implementation of new technologies




There is a small window of opportunity for nuclear
energy to deliver on promises
with the urgency and at the scale needed

/ WORLD NUCLEAR

The global nuclear sector must work together...
 to accelerate the cost-effective deployment of nuclear projects
 to transform nuclear regulatory frameworks

» to sustain and enhance global nuclear capabilities for nuclear
supply chain, R&D, operation and regulation

 to bring disruptive technologies to deployment on a global basis

© WNA 2022



WORLD NUCLEAR

/Assoc.mou Government support needed to instil confidence and
Incentivise long term planning and investment

* Unlocking low-cost finance for nuclear
Investment costs could represent 78% of
nuclear production costs

projects

Fuel
9%

o&

« Streamlining the nuclear licensing and
13

regulatory frameworks

0CC A

11% « Level playing field (policies & markets)
Source: NEA, 2.()20 https://www‘oecd-nea.org/jcms/'pl_30653 . . With Oth er | OW—CarbO n teC h n 0 I Og ieS
Note: Calculations based on OCC of USD 4 500 per kilowatt of electrical capacity

(/kW,), a load factor of 85%, 60-year lifetime and 7-year construction time at a real
discount rate of 9%.

19
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The Harmony programme is a global
initiative of the nuclear industry coordinated
by World Nuclear Association.

988 . GEEEE
8855 BEEEClET oo

Nuclear energy offers a golden opportunity
to build a cleaner, more equitable world,

in which everyone has access to clean abundant
affordable energy and a high quality of life.

Sama.BilbaoyLeon@world-nuclear.org
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/

Note: preliminary data from UNECE Carhon Neutraliy project

S AR Nuclear energy offers a great opportunity to
decarbonize the entire economy

UNECE Total Primary Energy Supply [EJ]

Reference, Carbon Neutrality, Carbon Neutrality Innovation

Reference Case Carbon Neutrality Case
Biomass
mEEm . e

. B l Solar
I/\—Geothermal
Hydro .
=

Nuclear

ail

Coal

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

Carbon Neutrality Innovation Case

I Biomass

— Wind

I - Solar
Geothermal

T~ Hydro

— Nuclear

- Gas
——ail

- Coal

2070 2020 2030 2040 2050

Q‘?};}UHECE 4 4 3 & 5B 5 J § | N D N I
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