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WNISR2021

GLOBAL OVERVIEW — ROLE OF NUCLEAR POWER

Nuclear Electricity Production 1985-2020

in the World...
in TWh (net) and Share in Electricity Generation (gross)
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...and in China
and the Rest of the World

in TWh (net)

2020
For the first time since 2012,
world nuclear production decreased,
by around 3.9%.
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GLOBAL OVERVIEW — ROLE OF NUCLEAR POWER

Nuclear Electricity Production 1985-2020

in the World...
in TWh (net) and Share in Electricity Generation (gross)
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...and in China
and the Rest of the World

in TWh (net)
2020
For the first time since 2012,
world nuclear production decreased,
by around 3.9%.

World Outside of China, it dropped by 5.1%
I without-China to the lowest level since 1995.
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WNISR2021 GLOBAL OVERVIEW — ROLE OF NUCLEAR POWER
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. 800 600 400 200 0 0 10 20 30 40 50 60 70 80
Nuclear Production ush France e
o China Slovakia |-
In 2019-2020 France Ukraine
. . | Russia Hungary 2014
a n d H ISto r l C .| South Korea Bulgaria 2002
Q | Canada Belgium |, 1986
M aximum | Ukraine Slovenia y 2005
in TWh d nd | Germany Czech Republic | '
% of Electricity Production o Swizsiad s
Sweden Armenia 2009
] UK Finland
Japan Sweden 1996
| India South Korea |. 1987

| Belgium Spain
| Taiwan Russia |

Czech Republic Romania |,

Switzerland USA
| Finland Canada |,
o] Bulgaria UK
| Hungary Taiwan | 1988
Slovakia Germany d
o] Brazil Argentina
w2019 o| South Africa  Pakistan
-0, 2015 o Mexico  South Africa
Historic Maximum = ,
1998 Historic Maximum Year | Romania Japan
SO LR G 2020 4f Argentina China |, Sources: WNISR, with IAEA-PRIS, RTE and SFOE, 2021

MYCLE SCHNEIDER CONSULTING 5 PARIS, BARCELONA, 3 MAY 2022



WNISR2021 GLOBAL OVERVIEW — STARTUPS AND CLOSURES

Reactor Startups and Closures in the World
in Units, from 1954 to 31 December 2021

30 Reactor Startups
I China J§ Rest of the World
25 Reactor Closures
. B All Countries (No Chinese in Total)
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WNISR2021 GLOBAL OVERVIEW — STARTUPS AND CLOSURES

Reactor Startups and Closures in the World
in Units, from 1954 to 31 December 2021
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WNISR2021 GLOBAL OVERVIEW — WORLD FLEET

Nuclear Reactors and Net Operating Capacity in the World
in Units and GWe, from 1954 to 31 December 2021
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Reactors Under Construction in the World

in Units, from 1951 to 31 December 2021 2::4 Constriction Statils
as of 31 December 2021
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Nuclear Reactors “Under Construction” (as of 31 December 2021)
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTION TIMES 1

Average Annual Durations from Construction Start to Grid Connection Duration.in Years

by Grid Connection Date, from 1954 to 1 July 2021 °
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Duration from Construction Start to Grid Connection
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WNISR2021

GENERAL OVERVIEW — CONSTRUCTIONS

Expected vs. Real Duration from Construction Start to Grid Connection for Startups 2018-2020

in Years

Belarus
Belarusian-1

China
Fuqging-5
Haiyang-1
Haiyang-2
Sanmen-1
Sanmen-2
Taishan-1
Taishan-2
Tianwan-4
Tianwan-5
Yangjiang-5
Yangjiang-6

South Korea
Shin-Kori-4

Russia

Akademik Lomonosov-1
Akademik Lomonosov-2
Leningrad 2-1
Leningrad 2-2
Novovoronezh 2-2
Rostov-4

UAE
Barakah-1

o
(3]

[ Expected Construction Time

N
D
-

©® WNISR - MYCLE SCHNEIDER CONSULTING

35

—
o

15 20 25 30

Sources: WNISR, with IAEA-PRIS, 2021

MYCLE SCHNEIDER CONSULTING

13 PARIS, BARCELONA, 3 MAY 2022



WNISR2021

GENERAL OVERVIEW — CONSTRUCTIONS & DELAYS

Expected vs. Real Duration from Construction Start to Grid Connection for Startups 2018-2020

in Years
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WNISR2021 GLOBAL OVERVIEW — CONSTRUCTIONS

Construction Starts of Nuclear Reactors in the World
in Units, from 1951 to 31 December 2021
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WNISR2021 GLOBAL OVERVIEW — CONSTRUCTIONS

Construction Starts of Nuclear Reactors in the World
in Units, from 1951 to 31 December 2021
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WNISR2021 GENERAL OVERVIEW — AGE EVOLUTION OF TOP 5 REACTOR FLEETS

Evolution of Mean Age of Top 5 Reactor Fleets in the World Meag Age
in Years,
in Years, as of year-end 1954-2021 asof 51 fecember 2021
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WNISR2021 WORLD FLEET - OPERATING AGE: 2/3 ARE 31 YEARS AND OLDER

Age of World Nuclear Fleet
as of 1 July 2021
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WNISR2021 WORLD FLEET — CLOSED REACTORS AGE

Evolution of Nuclear Reactors' Average Closure Age 1963 — 1 July 2021
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WNISR2021 CLIMATE CHANGE AND NUCLEAR RESILIENCE — Case Study France 1

Climate Related Unavailabilities of French Nuclear Power Plants 2015-2020
Maximum Simultaneous Unavailable Capacity

in GW per Year per Cause
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WNISR2021 CLIMATE CHANGE AND NUCLEAR RESILIENCE — Case Study France 2

Climate Related Unavailabilities of French Nuclear Power Plants 2015-2020

in GWh by Most Probable Cause and Month
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WNISR2021 FRANCE FOCUS — UNPRECEDENTED DROP IN NUCLEAR POWER GENERATION

Production nucléaire francaise 1990-2021... et estimation EDF pour 2022
en TWh et capacité installée en GW
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WNISR2021 FRANCE FOCUS — UNPRECEDENTED DROP IN NUCLEAR POWER GENERATION

Production nucléaire francaise 1990-2021... et estimation EDF pour 2022
en TWh et part de la production délectricité en %
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WNISR2021 FRANCE FOCUS — MONTHLY NUCLEAR PRODUCTION IN FRANCE

Monthly Nuclear Production in France
in TWh, 2012-2022
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FRANCE FOCUS — NUCLEAR PLANTS INCREASINGLY UNRELIABLE

Indisponibilité du parc nucléaire frangais en 2021
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Les indisponibilités totales (arréts de réateur) affectant le parc
nucléaire frangais ont représenté un total de 5.810
réacteurs-jours, soit une moyenne de 103,8 jours par réacteurs.
Tous les réacteurs ont été touchés, avec des durées cumulées
allant de 8,9 jours a prés de 272 jours).
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Rteé) eCO-,mix - Cross border electricity trading @
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PERIOD
Tuesday, May 3, 2022
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French Power Trade
22 December 2021

e < 09:00 > 0:00

e Net import most of the day
e Min. >9 GW net

y
g

e Max. 13 GW net from all neighbouring countries

* >60% from Germany / Belgium




e Lots of media coverage France
e Some public funding « 2000-2010 (?): Areva promoted NP300

¢ Favourable regulation e 2011: DCNS company promoted Flexblue

e 2012 onwards: EDF-led consortium with CEA, Naval

W
4§ NUCNET

Group, and TechnicAtome, France develops NuWard

France / Macron Announces Plans
For First SMR And Green Hydrogen . .
From Nuclear Plants By 2030 design (formal announcement in 2019)

€50 million from French government

000600

* €1 billion promise from Macron




Capacity

Small <300 MWe

Medium 300 to 700 MWe

Jéan*Michel Ruggieri
Commissariat a I'énergie atomique et aux energies alternatives (CEA)

Height of Reactor Pressure Vessel (m)
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I — e Current large nuclear plants require substantial
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* Argentina

Carem-25 construction start 2014; November 2020 report: “physical
completion of Carem 25 is at 70%”; completion “within 3 years”?

* China

HTR-PM construction start 2012; projected to generate electricity in
2017; grid connection first unit in December 2021 (4+ years late)

e Russia

KLT-40S construction start 2007; projected to start operations in
October 2010; grid connection December 2019; load factors in 2020
just 29 and 16 percent (remote location)



Case Study NuScale, USA
e 2008 projection: electricity generation by 2015-16; current: 2029-30

(Westinghouse: AP1000 buildable in 3 years)

e 2020: Advisory Committee on Reactor Safeguards identification of
problems with steam generator and boron dilution

e Increasing costs in UAMPS project: from S3 billion for 600 MWe
(gross) in 2014 to $5.32 billion for 462 MWe (gross) in 2021 -->

per unit cost of $11,515/kW = 80 percent more than AP1000 reactors
at Vogtle when construction started (whose costs have more than
doubled since then)



WNISR2021 SMRs — SMALLER SIZE, NEW CHALLENGES

* Loss of economies of scale

- Nuclear power is already costly

* More spent fuel/proliferation potential

- Accentuates problems
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WNISR2021 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Global Investment Decisions in
New Renewables and Nuclear Power

in US$ billion, 2004-2020

Other Renewables
Solar
Wind

Nuclear*

| mmm

© WNISR - MYCLE SCHNEIDER CONSULTING

P - -
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Sources: FS-UNEP/BNEF 2018, 2020, REN21 2019, BNEF 2021 and WNISR Original Research, 2021

MYCLE SCHNEIDER CONSULTING 35 PARIS, BARCELONA, 3 MAY 2022



WNISR2021 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Selected Historical Mean Costs by Technology
LCOE values in US$/MWh *
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Source: Lazard Estimates, 2020
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2050 Forecasted Average Cost of Electricity from Nuclear and Renewables

in US$/MWh
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Wind, Solar and Nuclear Capacity and Electricity Production in the World
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Nuclear vs. Non-Hydro Renewable Electricity Production

in the World 2011-2020 00
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Nuclear vs. Non-Hydro Renewable Electricity Production

in China 2000-2020
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Electricity Production in the EU27 2011-2020
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Wind, Solar and Nuclear Capacity and Electricity Production in India 2000-2020
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Prospects for the New Nuclear revival: \ ivr\\”':Ir::RBzu(;?estin of the Atomic Scientist
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* In 2020, nuclear power generation plunged by un an unprecedented margin except for the aftermath
of 3/11 (2011-12).
e Non-hydro renewables—mainly wind, solar and biomass—have out-performed nuclear power on a

global scale. Hydro alone has been generating more power than nuclear for most of the past three
decades.

e For the first time, non-hydro renewables generated more power in the European Union than nuclear,
and renewables including hydro generated more power than all fossil fuels combined.

e Net nuclear capacity addition—new startups minus closures—declined to 0.4 GW in 2020 and turned
negative in 2021 (compared to +190 GW for renewables) with 10 units being closed (more than in any
year since 2011. Nuclear is irrelevant in today’s electricity capacity newbuild market.

e Small Modular Reactors (SMRs) have generated a lot of media attention but limited public funding and
little progress on the ground. Pilot projects in Argentina, China, and Russia were a big deception.

e Nuclear power demonstrated a high sensibility to the COVID-19 pandemic. A first analysis shows that it
has a low resilience against the most common climate change effects, which will likely further decline.

e There is a real question about the exposure of the nuclear power sector to criminal activities including
bribery and corruption, counterfeiting and other falsification, as well as infiltration by organized crime.
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