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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
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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%
[l withoit Chifia to the lowest level since 1995.
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Sources: WNISR, with BP, IAEA-PRIS, 2021
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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

Reactor Startups

30
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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

30 Reactor Startups
B Rest of the World
25 Reactor Closures
55 B All Countries (No Chinese in Total)
© WNISR - MYCLE SCHNEIDER CONSULTING
15
10

1995 2000 2005 2010 2015 2021

(6]

-10 0

=15

-20

-25
Sources: WNISR, with IAEA-PRIS, 2022

MYCLE SCHNEIDER CONSULTING 6 PARIS, HAMBURG, 14. MARZ 2022



WNISR2021 GLOBAL OVERVIEW — WORLD FLEET

Nuclear Reactors and Net Operating Capacity in the World
in Units and GWe, from 1954 to 31 December 2021

2002 12/2021
1989 Maximum 2006 412 Reactors
310 GWe Operating Units Maximum 365.7 GWe
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Reactors Under Construction in the World

in Units, from 1951 to 31 December 2021 2::4 Construction Status
I as of 31 December 2021
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WNISR2021

GENERAL OVERVIEW — CONSTRUCTIONS

Nuclear Reactors “Under Construction” (as of 31 December 2021)

Capacity

Country (MW net)
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Duration from Construction Start to Grid Connection

0 187 8.1 35.1

Russia 1 .
South Korea 5 6.4 4.2 9.6
India 3 11.5 8.7 14.2
Pakistan 3 5.4 5.2 5.6
Argentina 1 33.0 33.0
Belarus 1 7.0 7.0
Iran 1 36.3 36.3
UAE 1 8.1 8.1

1 42.8 42.8

Sources: WNISR, with IAEA-PRIS, 2021
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WNISR2021 GENERAL OVERVIEW — CONSTRUCTIONS

Expected vs. Real Duration from Construction Start to Grid Connection for Startups 2018-2020
in Years
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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 WORLD FLEET - OPERATING AGE

Age of World Nuclear Fleet
as of 1 July 2021

Reactor Age

" 0-10 Years
11-20 Years
21-30 Years
31-40 Years
41-50 Years
51 Years and Over

Number of Reactors
by Age Class

415 Reactors

Mean Age
30.9 Years
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Sources: WNISR, with IAEA-PRIS, 2021
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WNISR2021 WORLD FLEET — CLOSED REACTORS AGE

Evolution of Nuclear Reactors' Average Closure Age 1963 — 1 July 2021

by Closure Year Age 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

Evolution of Mean Age of Top 5 Reactor Fleets in the World Méa:; Age
n Years,
in Years, as of year-end 1954-2021 asof 24 Decembler 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
GW

Weather-related disruptions of
nuclear power production in
2 France since 2015:

> 357 outages identified

> At least a few dozen

. Not Defined* . .
disruptions a year

. Mixed
 Temperature Up tO 2,300 reactor-hours
I Flowrate lost in a year

> Up to 6.2 GW unavailable
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Sources: RTE and Callendar, 2021
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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
Temperature
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WNISR2021 FRANCE FOCUS — UNPRECEDENTED DROP IN NUCLEAR POWER GENERATION

Nuclear Electricity Production in France 1990-2021... and EDF Estimate for 2022
in TWh and Installed Capacity in GW

1999 ! 2005 Installed
TWh ; ) Historic Records: 1 C .
Last Grid Connection 430 TWh Production : 360.7 TWh apacity
(Civaux-2) , Installed Capacity: GW
Installed Capacity: 63.3 GW 2020 70
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WNISR2021 FRANCE FOCUS — UNPRECEDENTED DROP IN NUCLEAR POWER GENERATION

Nuclear Electricity Production in France 1990-2021... and EDF Estimate for 2022
in TWh and Share in Electricity Generation (net)

1999 2005 2021
TWh b . Historic Records: Production: 360.7 TWh
Last anﬂ Connection 430 TWh Share: 69%
(Civaux-2) 783 %
1991 . 1;_(:50 Share in %
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WNISR2021 FRANCE FOCUS — NUCLEAR PLANTS INCREASINGLY UNRELIABLE

Indisponibilité du parc nucléaire frangais en 2021

Réacteur Cumul des durées d'arrét (en jours)

Flamanville-2 =~ 1 . < R | n
Golfech-1 = | EDuree moyenne d’arrét : 103,8 jours
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2021
Les indisponibilités totales (arréts de réateur) affectant le parc
nucléaire francais 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

1 allant de 8,9 jours a prés de 272 jours).
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WNISR2021 FRANCE FOCUS — MONTHLY NUCLEAR PRODUCTION IN FRANCE

Monthly Nuclear Production in France
in TWh, 2012-2022

TWh
50
40 RANGE 2012-2019
<@+ 2022
30 — ()21
—2020
— —2019
20
10
0

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Source : RTE, EDF, 2021-22
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. eCO,mix - Cross border electricity trading @ X >
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< . eCO-,mix - Power generation by energy source ®
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WNISR2021 FRANCE FOCUS — EDF’s STEEP PLUNGE AT THE STOCK MARKET

Friday, 14 January 2022: EDF shares plunge by 23% at stock market opening

EDI OI A Electricité de France S.A.

€uro
1 1S ] 3M 6M 1A 2A 5A 10A TOUT
-\_,f\" 10,46
9,84
9,21
W a0
12 19 26 2 9

January - February 2022

Source: Yahoo Finance, 13 February 2022
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WNISR2021

U.S. FOCUS

Timelines of 23 U.S. Reactors Subject to Early-Retirement 2009-2025

as of 1 July 2021
Closed Units
Crystal River-3* I . 2009
San Onofre-2 | ] 2012
San Onofre-3 I . 2012 '
Kewaunee T | DE—) 2013
Vermont Yankee e I | e el 2014
Fort Calhoun-1  — | — | —| . 7. ¢ i} »
Oyster Creek _——_ 20‘18
Pilgrim-1 ———_20_19
Three Mile Island-1 EeeEe———liEe=E=2019
Indian Point-2 ———_2020
Duane Arnold-1 N I N 2020
Indian Point-3 I N I 2021
Units Scheduled for Closure
Palisades I Y A | 2022
Diablo Canyon-1 | I Y . 2024 «—
Diablo Canyon-2 = el = 2025+
Early Closure Without New Subsidies**
! Byron-1 I R N 2021
Byron-2 = I I N 2021
Dresden-2 I N R e 2021
Dresden-3 I Y I | 2021 >

Reversed Early Closure
Davis Besse-1

N I I 2020 —~

Perry-1*** = I N . 0021 —
Beaver Valley-1 I I I — 021 —
Beaver Valley-2 = 2021~
10 0 10 20 30 40 50 60
lgexrﬂgfr:?:g License — Early Closure Reversed
Construction Operation Operation Renewal Date of Closure — Early Closure Reversed, uncertain
or Expected Closure — Early Closure in Question
Reversed Closure Date < License Renewal Withdrawn
Sources: Various,, compiled by WNISR, 2021
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¢ Lots of media coverage France

e Some public funding e 2000-2010 (?): Areva promoted NP300
e Favourable regulation e 2011: DCNS company promoted Flexblue

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

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)

* Eur50 million from French government

* Eurl billion promise from Macron




Capacity

Small < 300 MWe

Medium 300 to 700 MWe

Jéan‘Michel Ruggieri
Commissariat a I'énergie atomique et aux €nergies alternatives (CEA)

Source : ARTE TV, https://www.arte.tv/fr/videos/107547-000-A/nucleaire-mini-reacteur-pour-maxi-controverse/

e Assembled from factory-fabricated modules
I I e Each module represents portion of finished plant
| I . e Current large nuclear plants require substantial

¥ S &S ¥ amount of field work

Height of Reactor Pressure Vessel (m)

S O N &

3 Q Z U\'Q o"(JO \é\% & 3

¥ § R = L ¥ &
%0\

30



* 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 in December 2021 (4+ years late)

e Russia

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



Case Study NuScale
2008 projection: electricity generation by 2015-16; current: 2029-307

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

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 AP 1000 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
o Wind

e Nyclear*

©®© WNISR - MYCLE SCHNEIDER CONSULTING
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Sources: FS-UNEP/BNEF 2018, 2020, REN21 2019, BNEF 2021 and WNISR Original Research, 2021

MYCLE SCHNEIDER CONSULTING 34 PARIS, HAMBURG, 14. MARZ 2022



WNISR2021

NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

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 .
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Selected Historical Mean Costs by Technology
LCOE values in US$/MWh *
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2050 Forecasted Average Cost of Electricity from Nuclear and Renewables

in US$/MWh
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NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Developments: Installed Capacity and Electricity Production in the EU27
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Wind, Solar and Nuclear Capacity and Electricity Production in the EU27

Installed Capacity Annual Production
in GWe in TWh/year
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Electricity Production in the EU27 2011-2020
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Nuclear vs. Non-Hydro Renewable Electricity Production
in China 2000-2020
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Wind, Solar and Nuclear Capacity and Electricity Production in India 2000-2020
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WNISR2021 NUCLEAR RENAISSANCE? — MAYBE NOT

Prospects for the New Nuclear revival: Ny whisR2008

: in the Bulletin of the Atomic Scientists
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® 2020 kam es weltweit zu einem beispiellosem Absinken der Atomstromproduktion (mit Ausnahme der
post-311 Jahre 2011-12). Der Fall Frankreich illustriert die Schwierigkeiten mit alternden Reaktoren: der Atom-
anteil im Strommix schrumpfte auf das tiefste Niveau in 35 Jahren.

e Erneuerbare (ohne Wasserkraft)—vor allem Wind, Sonne und Biomasse—haben die Atomkraftproduktion
weltweit eingeholt. Wasserkraft alleine produziert seit drei Jahrzehnten mehr als Atomkraftwerke.

e Zum ersten Mal haben Erneuerbare (ohne Wasserkraft) in der EU mehr Strom erzeugt als Atomkraftwerke,
und Erneuerbare einschl. Wasserkraft auch mehr als alle fossilen Energien zusammen.

e Der Nettozuwachs an atomarer Kapazitat—Betriebsaufnahmen minus Schliessungen—sank auf 0.4 GW in
2020 und wurde negativ in 2021 (vgl. mit +290 GW fiir Erneuerbare). Mit 10 AKWs gingen mehr AKWSs ausser
Betrieb als in jedem anderen Jahr seit 311. Atomkraft ist irrelevant am Neubaumarkt der Stromkapazitaten.

e Small Modular Reactors (SMRs) erzeugen groldes Medieninteresse, aber wenig begrenzte 6ffentliche Gelder
und bleiben bisher und mindestens fir weitere 10-15 Jahre kommerziell inexistent. Pilotprojekte in
Argentinien, China, und Russland haben sehr enttauscht.

e Atomkraft hat sich als sehr sensibel flir die COVID-19 Pandemie erwiesen. Eine erste Analyse zeigt auch
ihre geringe Resilienz gegen die gelaufigsten Effekte des Klimawandels (wird in Zukunft wahrscheinlich
weiter sinken) und gegen die Einwirkungen eines Krieges.
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WNISR2021 GENERAL OVERVIEW — AGE EVOLUTION OF TOP 5 REACTOR FLEETS
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