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“France needs to reduce ite double “France’e energy and ecological future
dependency on oil and nuclear power” dependg on nuclear power”
y

10 years of French nuclear policy,
between myth and reality...

3 by 10O A . o W \ by 100
Francgois Hollande Emmanuel Macron
French president, 2012-2017 French president, 2017- ...
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Pressurized
water reactors

Prototype
Reactor 900 MW
without / with cooling tower
licensed to use MOX
Reactor 1300 MW
without / with cooling tower
Reactor 1450 MW
With cooling tower
Reactor EPR under construction
Other reactors
Natural uanium (UNGG)
Heavy water
Fast breeder (FBR)
Fuel “cycle” plants
Conversion and enrichment
Fabrication of UOX fuel
Fabrication of MOX fuel
Reprocessing
Waste management
Waste disposal
Laboratory for
geological disposal
Reactor / plant definitely shutdown

Reactor / plant under
decommissioning
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Source: Inst. négaWatt, based on ASN, EDF (2022)

Nuclear energy

+ Nuclear power: less than 20%
of final energy

+ 70-75 % of electric generation,
framing the whole system

Nuclear industry
<+ 56 reactors operating

+ A comprehensive, integrated
“fuel cycle” industry

+ A strong international ambition
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Political lock-in
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2012

2015

2017

2019

2022

Nuclear
system

Introduction of the objective of reducing the share of nuclear power
in electric generation down to 50% by 2025

Enforcement of the objective of 50% of nuclear power by 2025 in the law

Strategic plan to shutdown 14 reactors by 2035
meaning life extension to 50 years or beyond of most of the remaining

Two reactors shutdown (Fessenheim),
Deadline for reaching 50% postponed to 2035 in a new law

No reactors shutdown for non-safety related reasons before 60 years of operation
Announcement of a new reactors programme of 6 + 8 new EPR reactors

Multiple lock-in effect

Geopolitical Historical Materials Electric Massively Decenial Electric
dependency burden and waste vulnerability aging fleet  decision-making pathway
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Aging and life extension issues oo

Over 35 years of operation on average
80% of the fleet was started in 10 years

Age ditribution of the French reactors (years since first operation) Planned schedule of periodic safety reassessments
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15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
: . mPalier 900 MW - 4éme réexamen m Palier 900 MW - 3éme réexamen mPalier 1300 MW - 4éme réexamen
uPalier 900MWe  mPalier 1300 MWe =Palier 1300 MW - 3éme réexamen = Palier 1450 MW - 4éme réexamen = Palier 1450 MW - 3éme réexamen

Palier 1450 MW - 2éme réexamen

© Institut négaWatt - 2021
© Institut négaWatt - 2021
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Costs and financial equation

2012: first comprehensive cost assessment by French Court des Comptes
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Le coiit de la filiere nucléaire francaise

Charges
futures incertaines

Investissements
depuis 1945

79,4 miIIiards?
dont

96 milliards o )
Construction 55 milliards Autres .
des 58 réacteurs Recherche ‘ 4’2 milliards

milliards

Gestion du combustible usé

19 milliards
Filiere
de retraitement

* + construction de Superphénix (12 milliards)
et des réacteurs de premiere génération (6 milliards).

Accident *
de Fukushima '

>
Dépenses annuelles de maintenance
sur les 58 réacteurs
en euros 11 _1,_5
584 763 1, milliard
millions millions =i

3,7 milliards par an
jusqu’en 2025

(soit une dépense

totale de 55 milliards)

Source : Cour des comptes @

2003

2005 2007 2009 2011 -2025

~
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Future costs:
uncertain and rising

-

~

Perspective of increasingly
non-profitable assets
massively turning
into heavy liabilities

.

Ongoing costs:
increasingly up
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Decomm|55|on|ng and waste management
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Future decommissioning costs are most probably under estimated
Long term costs will include the bearing of accumulated “reusable” materials

+ Therefore current financial provisions won’t be sufficient

Decommissioning costs of reactors

Real and projected costs, as declared by Member States to the European Commission
€/kW 3000

2500

2000
h

© 1000

811 €/kW
500
338 €/kW
" I
nd. 37 | 108

Capacité (GWe) 136 152,0
Colit (Md€) 38 37 3 45 1 226 1.2 n.d. 26 nd. 15 14 36,9 04 31 34 1233
Allem.*  Belgique Bulgarie Espagne Finlande France Hongrie | [Italie | Lituanie Pays-Bas Rép. Tch.Roumania UK | Slovénie Slovaguie Suéde UE.

* Inclus une partie des codts
de gestion des déchets

Source: based on European Commission (2016), Nuclear lllustrative Programme (PINC)
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Waste and nuclear materials piling-up

Etapes de transformation des matiéres
et de production de déchets radioactifs

dans le “cycle” du combustible Minerai
d’uranium
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A very complex
management scheme
based on reprocessing...

Piling-up of various
categories of waste and
“reusable” nuclear materials

Issues with operation
of plants... and
shortage of storage capacity

¢ Spent fuel (particularly MOX)
¢ Reprocessed uranium
¢ Unirradiated plutonium
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Headlong rush oty

“EDF ig like a cycliet who hag to pedal not to fall”

|::> Life extension of existing reactors

Building of new reactors

Jean-Bernard Lévy
CEO of EDF, 2014- ...
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Decreasing performance
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+ The availability of existing reactors is decreasing through time

+ Combination of strong planned factors (periodical safety reassessment)
and significant unplanned factors (stress corrosion cracks)

+ 28 reactors out of 56 in planned or unplanned outage as of today
Current historical low — 55 to 60% planned availability over 2022-2023

70

60

— Weekly max. nuclear capacity
through Oct. 2020 — March 2021

== Weekly max. nuclear capacity
through Oct. 2021 — December 2022

Range of available capacity 2010-2019

30 Planned available capacity Nov. 2021- March 2022
(8 Nov. 2021 RTE estimate)

Planned available capacity Jan. 2022 — March 2022
20 (30 Dec. 2021 RTE estimate)
Octobre Novembre Décembre Janvier Février Mars
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Like anywhere else, renewables are increasingly more competitive than new reactors and even existing ones

The difference is increasingly likely to cover the additional costs of a renewable-based electric system

Current economic cost of different generation options (in € 2020 by MWh)

180
160
140
120
100

80 164 161

60

40 72

B ' '

0
Existing reactors EPR Flamanville PV farm PV large roof PV residential Onshore wind Offshore wind
Nuclear reactors Photovoltaics Wind power

Source: Institut Rousseau & Greenpeace France (2022)
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New build =
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Construction of the EPR — Flamanville-3 Plans to build new reactors EPR2

e Initial plan to start it in 2021 at a cost of € 3,3 billion « Simplified design, recession

e Latest official estimate: industrial service in 2023 for a cost of € 12 billion on key saffety features

Cour des Comptes estimates, including financial cost: € 19 billion - .
e Still in early design phase,

Flamanville-3 : évolution de I'estimation de la durée de construction et du co(it a terminaison generlc I Icense pla n ned
I Rréalisati Projection EDF |  Estimation I n 2024_2025
Durée L4
e e ¥ e Official cost estimate:
12

at least € 46 billion for 6 reactors

10

e First service not expected
before 2037 at the earliest
by the Government

Colt
total

© ~ ) )
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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RTE prospective study
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Current status of discussion around the overall demand and the share of electricity as part of a carbon neutral strategy

TWh
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A stable hydropower generation base

About 16 GW of existing nuclear remaining in 2050,
depending on the lifetime of existing reactors
in the baseline trajectory
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W Electricity from

/ fossil-fired thermal
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wind, solar and
bioenergies
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© Nuclear electricity
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Electricity:

£

/
2050

Balance of electricity
produced in varying
proportions from RES, nuclea
and decarbonised thermal
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RTE prospective study ot

Annualised full costs of scenarios in 2060

120 Cost of distribution network,
including connection infrastructure
Trend in the difference between annualised full costs of the scenarios with different variants (€bn/yr)

Cost of transmission network, -~ 18

including connection infrastructure

and interconnections 16

@  If the cost of floating wind power is high (stress test at €100/MWh)

Cost of flexibilities*, including renewable 14— @ If the cost of green gas is high and that of renewables is as well

generation used to produce hydrogen
= @  If the cost of renewables is high
8 12
> Cost of renewable generation excluding @  If the cost of green gas is high
S~ ion i i Baseline
_g pr%dualloz.mtended (f:.l' Stp'?rge{dli(t:harge N2 10_ o _‘ _ Ifthe costof capitalislow #t’ai“::rvnd
w and excluding connection infrastructure costs less If the cost of nuclear waste storage is very high ﬁur:aﬁ::singaterms)

than M23 8 @  If the cost of new nuclear is high
i i i If the cost of capital is high

Cost of nuclear |nc|u<_1|ng back-end If the coct of groen gas is low

costs (waste processing and storage) ¢ @ Ifthe cost of renewables is low

and provisions for dismantlement @  If the cost of nuclear is high and that of renewables is low

4
Income from exports
@  If the cost of new nuclear is very high (stress test at the cost of Flamanville 3)
2
Net t @  Ifthe cost of financing new nuclear is significantly higher than for renewables
20 AL N R ® " IO e adear s very g and ~ 7T
e cost of all renewable technologies Is low
MO M1 M23 N1 N2 NO3 costs more
* Electrolysis and related hydrogen storage than M23 § 2
J —J logistics, on-demand flexibility, batteries
and hydropower storage © Variant of a parameter @ Variation in a combination of parameters @ Stress test

M1 v 13% M23 13% N1 : 26°/<: N2 - 350/? NO3 - 50%

50%
RSE
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Evolution of the share of renewables in the electric mix Evolution of yearly complete electric system costs by MWh
100 % Sl 100
90 % S3a
S2 %
80 %
70 % S4 90
60 % =
s
50% Z 85
2
40 %
80
30%
20%
75
10 %
0 70
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
™ Nuclear PV 53a
Gaz turbine M Onshore wind
[l Other thermal [l Offshore wind 857n?|\6 7ETw°RA
[ Hydro
[l Other renew.
468 TWh Electric demand in 2050: 408 TWh 537 TWh 656 TWh 656 TWh 839 TWh
Total cost 2020-2060: € 1,045 bn €1,097 bn €1,318 bn €1,309 bn €1,518 bn
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Conclusion
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“No expert gays [0O0% renewableg ig realigtic,
serioug, posgible for our Nation”

by i0oO

Emmanuel Macron

French president, 2017- ...

French nuclear strategy is struggling
with an increasingly adverse reality

Pursuing nuclear plans is driven by:
¢ the need to maintain nuclear military capacity,
¢ the postponing of heavy financial issues

¢ the need of a dynamic to sustain competences

Plans for life extension and new builds are bound
to face increasing hurdles, which it is not clear
how much Government support will allow to overcome
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Thank you for your attention!

More information:

Yves Marignac
Chief expert on nuclear and fossil energies - Institut négaWatt

E-mail : y.marignac@institut-negawatt.com
Tél:+33607710241
Twitter : @YvesMarignac
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