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France is one of the largest nuclear energy producers and electricity exporters in the
world alongside with the United States, but the nation is facing problems related to
the 53 out of 57 reactors that have passed or about to pass their originally intended
40-year life cycle with a probable loss in energy production capacity which would be
a tremendous setback for a nation, that produces approximately 70% of their energy
in the 18 nuclear power plants in Metropolitan France. The nuclear energy power
plants, including their construction, design and operation is handled by the state-
owner EDF, which has been accumulating debt on the company level and facing
several issues both domestically and internationally with their generation lll+ nuclear
reactor design EPR as all EPR projects in France, China, Finland and the United
Kingdom have faced similar issues that have led to massive delays and budget
overruns. The purpose of the thesis is to answer what are the options and prospects
of the French nuclear program between 2025 and 2050, based on the economic,
financial and political considerations. The government of France under President
Macron has rather decisively chosen to continue with nuclear energy in line with the
low-carbon future goals set in the Paris Agreement and as France has very few
domestically available resources, nuclear energy has long been the cornerstone if
not the only viable option to produce electricity on a level that is required for trading
and the national grid. However, to close an energy gap that would form as a result of
decommissioning all reactors which exceed a 60-year lifecycle, France will need to
expand their nuclear fleet by 27 reactors with a capacity of at least 1630 MWe by
2050 on top of the planned six EPR2 reactors or begin to strategically build more
SMR reactors with an excess of 91 that would support more localised energy clusters
such as businesses in addition to eight reactors with a net capacity of 1630 MWe.
EDF would remain financially capable of constructing a project of this scale unless
the most extreme scenarios are taken into account where the annual costs would
balloon up to 62 billion under proposition one and 42 billion under proposition two.
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Glossary

CAREM Central Argentina de Elementos Modulares. A small modular nuclear

reactor design used in Argentina.

CEA Commissariat a I'énergie atomique et aux énergies alternatives. A French
government-funded research organisation, which provides information

about issues pertaining to energy and other technological areas.

EDF Electricité de France. A French publicly owned electricity company.

EPR A pressurised water nuclear reactor type produced and designed by
Electricité de France and Framatome. The reactor was originally known
as European Pressurised Reactor then changed to Evolutionary Power
Reactor, but the abbreviated form is more commonly used.

HTGR A high-temperature gas-cooled reactor.

ITER International Thermonuclear Experimental Reactor. World’s largest
experimental tokamak reactor as of 2025 located in Saint Paul-lez-
Durance, France.

LNG Liquefied Natural Gas.

PWR Pressurised water reactor. The most common type of reactor in the world

as of 2025 using light-water cooling technology.

SA Société anonyme. A French designation of a company type, which is

comparable to the limited company in the United Kingdom.

SMR Small Modular Reactor.

TVO Teollisuuden Voima. A Finnish electricity utility.



UNGG

USNCR

WEST

Uranium Naturel Graphite Gaz. UNGG reactors were an early form of
nuclear reactor design developed in France using gas-cooling technology

instead of light-water cooling.

United States Nuclear Regulatory Commission.

W Environment in Steady-state Tokamak. An experimental tokamak

reactor operated by the CEA in Cadarache, France.



1 Introduction

France is the second largest producer of nuclear energy in the world, behind the
United States of America, and it has the largest proportion of energy produced
per capita alongside with the highest portion of the energy mix produced via
nuclear power in the world at 65% in 2025, produced at 57 pressurised water
reactors or PWRs across 18 sites across France (World Nuclear Association
2025a). France is also the largest net exporter of electricity in the world, yielding
approximately six billion euros per year to the trade balance, which makes it
vitally important for the French government in addition to granting a high degree
of energy independence (World Nuclear Association 2025a; Orano 2022). The
nuclear industry is the third largest industry overall in France, only behind the
automotive and aerospace industries, with around 400 000 people working
within both public and private sectors (Orano 2022).

However, the civilian nuclear fleet is facing several problems. 31 reactors have
exceeded the originally planned lifeline of 40 years in 2025, which has led the
government to extend the life cycle up to 60 years. Nevertheless, the older
reactors have faced problems related to corrosion, in addition to requiring
retrofits which have led to more expenses, energy shortages and hindrances to
energy exports at a time when the French government is combating against an
ever increasing public debt by cutting around 40 to 50 billion euros of expenses
in 2026 (Lough & Mallet 2022; Dumoulin & Loignon 2025; World Nuclear
Association 2025a). Simultaneously, only one new reactor has been built since
the Chernobyl nuclear disaster in 1986, excluding the reactors that were being
constructed at the time. The newly built EPR type reactor at the Flamanville
nuclear power plant faced several budget overruns and delays before being
completed in 2024 after nearly 17 years, casting doubts over the viability of
modern nuclear reactors. Nevertheless, preparations to start building six new
reactors were announced in 2022 with the first set to be completed in 2035.

At the same time, the United Nations (2015: 3) Paris Agreement signatories

have committed to lower carbon emission levels that would limit the increase of



the global temperatures below 2°C and a rift has formed between many of the
signatories and France, as the latter has been trying to push the categorisation
of nuclear energy to be included in the green energy transition plans alongside
hydrogen and other renewable energy sources (Szarka 2013: 647; IAEA 2016:
7; Abnett 2023; Abnett & Gray 2023). France sees itself tied to nuclear energy
with few domestically available natural resources, while the renewable energy
alternatives are argued to be too insufficient to fill the energy gap that would
form without nuclear reactors (Birraux 1999; Broomby 2014).

Geopolitical changes have significantly changed the outlook for nuclear energy
in France. The nuclear accident at the Fukushima nuclear power plant in 2011
had led many countries including France to reconsider their position regarding
nuclear energy, with some countries starting to phase-out from nuclear energy,
but the Russian invasion of Ukraine in 2022 as the world was beginning to
recover from the economic downturn caused by the Covid-19 pandemic
resulted in significant increases to energy prices. Countries such as Germany,
which had begun to phase-out from nuclear energy in favour of other forms of
energy production including energy imports from Russia, began to suffer from
major energy outages. The United States government under the Biden
presidency aimed to increase the LNG deliveries to the European Union by 50
billion cubic metres a year at least until 2030 in order to reduce Europe’s
dependency on Russian fossil fuels and increase dependency on American
energy exports (von der Leyen & Biden 2022). This strategy was continued with
a different approach under the Trump presidency when the United States
government set tariffs on the European Union in April 2025, accompanied with
demands on the members of the European Union to increase energy imports
from the United States to close the assumed 350 billion trade deficit, which has
led many nations to look for other options (Hernandez et al. 2025; Hodgson
2025). All these changes have led to a situation where more countries in
Europe are more likely to start to rely on France for their energy needs, adding
to the urgency to address the issues concerning the nuclear fleet.



While it is generally perceived that France has a high level of energy security at
least in terms of production, this becomes more arguable regarding the supply
lines as France is solely reliant on foreign imports of uranium for the fuel used in
the reactors, with an average imported amount of around 8157 tonnes of
uranium per year between 2012 and 2022 (Maad 2023). The potential
vulnerability was highlighted in 2023 as a result of the military coup in Niger,
which has led to uncertainty over the supply line security of French nuclear
reactors and energy production, as Niger has provided around 20% of the total
amount of imported uranium since 2012 (Maad 2023; Schwikowski 2023). The
three mines in Niger where the uranium is produced are operated by the
majority French state-owned company Orano, but the coup itself was fuelled at
least in part by anti-French sentiments, specifically aiming to destabilise French
energy production. Similar concerns have been raised over a Greenpeace
report which shows that France continues to rely on Russia for the transport of
imported uranium from Kazakhstan and Uzbekistan, which provided 50,2% of
the total imported uranium to France in 2022 (Greenpeace 2023; Maad 2023;
Mouterde & Cessac 2023). Amid rising tensions between Russia and France
over Ukraine and military security in Europe, this is a potential weakness
specifically affecting France due to the high ratio of energy dependence on

nuclear reactors.

All things considered, as the French government is seemingly keen to continue
investing in nuclear technology for their energy needs, the nation will have to
make many hard decisions for their current and future nuclear fleet to stay
competitive, keep up with the increasing energy demands and remain self-
sufficient.

1.1 Research Area

The research area is limited to the political ramifications, both historical and
present, and the economic and financial aspects of the civilian nuclear industry
as part of the energy mix in France. The main research area is limited to the

policies, production, construction, maintenance and procurement regarding the



civilian nuclear industry, but military use is also referred to where necessary,
due to the interconnectedness of the military and civilian use of nuclear
technology in France. The cost, financing and the economic benefits generated
by the nuclear fleet are considered, but environmental impact, nuclear waste
management, fuel-supply lines, logistics and economic impact on the consumer
are not part of the research area unless they are directly linked to the policies or
cost-benefit considerations. The central focus of this thesis is on the French
civilian nuclear fleet, but data and studies regarding other nations are also used
if applicable to the situation in France. This also applies to international politics

which have directly influenced the policy making decision in France.

1.2 Purpose of the Thesis

The purpose of the thesis is to answer what are the future prospects and
strategic options concerning nuclear energy in France based on economic,
financial and political considerations. More specifically, analysis regarding the
present and future nuclear fleets and the requirements for the implementation of
the strategic options will be provided, which in turn will help to estimate the

financial and economic feasibility of the nuclear program in France.

The issue of the French nuclear fleet is its feasibility, whether it can be
supported in the long-term as the expenses are increasing and construction
projects are becoming more complex. The focus of the thesis is to answer the

following questions:

e Research Question One: What Options Are Available?

e Research Question Two: How Can the Options Be Achieved in Terms of

Costs in Relation to the Economic Situation of EDF?

¢ And Research Question Three: Is the Civilian Nuclear Program in France
Feasible?



An appraisal to answer these qustions will be done via an audit, where the
demand and production of electricity are first determined to understand any
deficits or surpluses that may occur from the decision that are made from the
sociopolitical standpoint. These are analysed using the collected quantitative
data, which is also compared with the qualitative data based on the literature

review.

1.3 Acknowledgements

The scope of the thesis is limited in its approach as it does not address some of
the environmental, socio-, micro- and macroeconomic considerations including
the costs from nuclear energy compared to other forms of energy production,

consumer pricing, logistics, workforce and fuel procurement.

Due to the geopolitical and socioeconomic changes since 2019, many of the
studies made before this point contain estimates and projections that are less
reliable. For example, this affects a study by Malischek and Truby (2016) that
calculated the estimates and modelled the phase-out timeline assuming that
decision could be taken every five-year interval based on the legislative election
years, with 2035 selected as the year after which a decision for phase-out could
no longer be taken. However, the National Assembly has since approved the
construction of six new reactors with the first set to start in 2027 and finish in
2035. The legislative snap elections in 2024 following President Macron’s
decision to dissolve the National Assembly since the publication of this study

have likely had at least a minor impact on its current relevance.

The thesis will only consider the fission reactors that are currently in use or in
development in France and therefore, fusion reactors are excluded. The
International Thermonuclear Experimental Reactor or ITER is the world’s
largest tokamak fusion reactor under construction in Saint Paul-lez-Durance,
France as an international cooperative project between 35 countries that is
intended mainly for scientific use but also create a blueprint for a commercially

viable fusion reactor that could theoretically generate 500 MWe of fusion power



(Seife 2023; ITER 2025a; ITER 2025b). The reactor is being constructed by the
European Union, which carries 45,6% of the construction costs and the rest is
divided evenly among People’s Republic of China, Republic of India, Japan,
Republic of Korea, the Russian Federation and the United States of America,
but while the construction was started in 2006 with an estimated build time of
ten years and a budget of five billion euros, the project has faced similar budget
overruns and delays as EDF’s EPR projects as the costs were estimated to
have accumulated to over 20 billion euros by 2023 and operations will not begin
before 2039 according to the revised timetable released in January 2025 (Seife
2023; Turner 2024; ITER 2025a; ITER 2025c; Stanway 2025). However, CEA’s
WEST Tokamak reactor located in Cadarache, France set a record on 12
February 2025 when the plasma was sustained for 1 337 seconds in the
reactor, which was seen as a significant step forward in fusion technology and
understanding the requirements for reactor cooling (Lea 2025; Szondy 2025). It
can be argued that if the construction costs for fusion reactors can be reduced
to a similar level as for fission reactors and if a comparative power output can
be achieved reliably, France, among many other nations, is likely to promptly
commence a large-scale construction project to replace the fission reactors with
fusion power as the benefits of clean and virtually limitless power would
effectively render the fission reactors obsolete (McGrath 2024; Lea 2025). While
fusion reactors are a promising concept for the future, technologically they exist
on a purely experimental level for energy production in 2025 and unlikely to be
ready to be deployed on an industrial scale for 2050 with costs and construction
times that far exceed conventional fission reactors, which is why fusion is

excluded as a viable option in relation to this thesis (Seife 2023; Stanway 2025).

2 Literature Review

2.1 Historical Context of the French Nuclear Industry

Before 1973 France had only nine UNGG reactors, one HTGR, one PWR and
two experimental reactors and while the development of nuclear energy

technology remained relatively even with other forms of energy production,



France relied heavily on imported oil for the energy production needs of the
nation and the portion of nuclear energy was comparatively low in the energy
mix (Reuss 2007: 40; Le Gros 2020; World Nuclear Association 2025b). The
Yom Kippur war started on 25 October 1973 between Israel and a coalition of
Arab states, which caused a sharp increase of 400% in global oil prices
between June 1973 and January 1974, hitting countries like France hardest as
their energy production relied overwhelmingly on foreign oil imports from the
Middle East (Le Gros 2020; Mangeon 2024). The annual oil costs in France
increased by 346% from 15 billion francs in 1972 (approximately 17,08 billion
euros in 2024, inflation adjusted) to 52 billion francs in 1974 (approximately
47,66 billion euros in 2024, inflation adjusted), which also resulted in a severe
overall economic downturn with the inflation reaching 14% in 1974 causing an
impairment in the value of the franc, and further impacting the global buying
power of the nation (Le Van-Lemesle 2004: 88; Le Gros 2020; Insee 2025).

A response to the crisis came on 6 March 1974 in the form of the Messmer
plan, an ambitious project to construct six to seven new reactors per year for a
total capacity of 13 000 MWe to end France’s energy production reliance on
foreign imports (Le Gros 2020; Mangeon 2024). The success of the plan is
generally credited to design standardisation, large number of domestic, readily-
available and well-trained engineers, strict quality- and cost-control, state-
controlled centralised decision-making, and scale, but it is worth noting that
other countries were also building nuclear reactors in large numbers parallel to
the French nuclear program between 1960-1980, which kept the construction
costs more balanced with a sustained demand of supplies on the global level,
but until very recently, France was virtually the only country planning on a large-
scale construction project of new reactors (Reuss 2007: 68; Grubler 2010:
5177-5178, 5185; Szarka 2013: 651; Malischek & Truby 2016: 909; Le Gros
2020; IEA 2025a). The total costs of the nuclear program in France between
1970 and 2000 are estimated to have been 1 505 to 1 643 billion francs (based
on the value of the franc in 1998, which converts to approximately 351,55 to
383,78 billion euros in 2024, inflation adjusted), but politically the attitudes
towards the costs of the nuclear program have been criticised to have been



implemented by any means and costs necessary (Grubler 2010: 5179;
Mangeon 2024; Insee 2025). After the Three Mile Island incident in 1979 and
especially after the Chernobyl nuclear disaster in 1986, no new reactors were
commissioned in France until 2007 aside from those which had been previously
approved, leaving the French energy production heavily relying on a large
number of older nuclear reactors build with almost no replacements as other
forms of energy production have been deemed unviable, and left
underdeveloped and underinvested as a result (Birraux 1999; Broomby 2014;
Malischek & Truby 2016: 909).

2.2 Current Situation & Recent Changes

In 2022 President Emmanuel Macron revealed plans to build six new nuclear
reactors based on the improved EPR reactor model titted EPR2 at an estimated
total cost of 52 billion euros, with the first reactor becoming operational by 2035.
Meanwhile, studies for an additional eight reactors were announced during a
speech at the Belfort GE nuclear reactor turbine plant on 10 February 2022
(Lough & Mallet 2022). Simultaneously it was announced that there were plans
to extend the lifeline of the older reactors of the fleet from 40 years to more than
50 years, which would affect 31 reactors in 2025 based on the date of the first
grid connection, as shown on Table 1 (Lough & Mallet 2022; World Nuclear
Association 2025a). These changes seemed to indicate a significant policy
reversal from the President and a long-term commitment to nuclear energy, as
Macron had formerly followed the goals of the previous government to reduce
the portion of nuclear energy in the energy mix from 70% to 50%, albeit by first
issuing a delay in 2019 to change the target year for the reduction from 2025 to
2035 and finally withdrawing from any commitments to reduce the ratio in 2023
(Lough & Mallet 2022; World Nuclear Association 2025a).

Table 1. A table listing all of the reactors of the nuclear fleet in 2025, the model,
net capacity in MWe, the date of first grid connection and the years in use in
2025 and 2035. Reactors that have passed the 40-year lifeline in 2025 are
highlighted in blue and the reactors that will pass the 40-year mark in 2035 are
highlighted in orange (World Nuclear Association 2025b).



Years in use Yearsin use

Reactor Name Model Net Capacity (MWe) First Grid Connection in 2025 in 2035
1|Belleville 1 P4 REP 1300 1310 14/10/1987 37 47
2|Belleville 2 P4 REP 1300 1310 06/07/1988 37 47
3|Blayais 1 CP1 910 12/06/1981 44 54
4|Blayais 2 CP1 910 17/07/1982 42 52
5|Blayais 3 CP1 910 17/08/1983 41 51
6|Blayais 4 CP1 910 16/05/1983 42 52
7|Bugey 2 CPO 910 10/05/1978 47 57
8|Bugey 3 CPO 910 21/09/1978 46 56
9|Bugey 4 CPO 880 08/03/1979 46 56

10(Bugey 5 CPO 880 31/07/1979 45 55
11|Cattenom 1 P4 REP 1300 1300 13/11/1986 38 48
12|Cattenom 2 P4 REP 1300 1300 17/09/1987 37 47
13|Cattenom 3 P4 REP 1300 1300 06/07/1990 35 45
14|Cattenom 4 P4 REP 1300 1300 27/05/1991 34 44
15|Chinon B 1 CP2 905 30/11/1982 42 52
16|Chinon B 2 CP2 905 29/11/1983 41 51
17|Chinon B 3 CP2 905 20/10/1986 38 48
18|Chinon B 4 CR2 905 14/11/1987 37 47
19|Chooz B 1 N4 REP 1450 1500 30/08/1996 28 38
20({Chooz B 2 N4 REP 1450 1500 10/04/1997 28 38
21|Civaux 1 N4 REP 1450 1495 24/12/1997 27 37
22|Civaux 2 N4 REP 1450 1495 24/12/1999 25 35
23|Cruas 1 CP2 915 29/04/1983 42 52
24(Cruas 2 CR2 915 06/09/1984 40 50
25(Cruas 3 CP2 915 14/05/1984 41 51
26(Cruas 4 CP2 915 27/10/1984 40 50
27|Dampierre 1 |CP1 890 23/03/1980 45 55
28/Dampierre 2 |CP1 890 10/12/1980 44 54
29(Dampierre 3 |CP1 890 30/01/1981 44 54
30(Dampierre 4 |CP1 890 18/08/1981 43 53
31|Flamanville 1 |P4 REP 1300 1330 04/12/1985 39 49
32|Flamanville 2 |P4 REP 1300 1330 18/07/1986 38 48
33|Flamanville 3 |EPR 1630 21/12/2024 0 10
34|Golfech 1 P4 REP 1300 1310 07/06/1990 35 45
35|Golfech 2 P4 REP 1300 1310 18/06/1993 32 42
36|Gravelines 1 |CP1 910 13/03/1980 45 55
37|Gravelines2 |CP1 910 26/08/1980 44 54
38|Gravelines 3 |CP1 910 12/12/1980 44 54
39|Gravelines 4 |CP1 910 14/06/1981 44 54
40|Gravelines 5 |CP1 910 28/08/1984 40 50
41|Gravelines6 |CP1 910 01/08/1985 39 49
42|Nogent 1 P4 REP 1300 1310 21/10/1987 37 47
43[(Nogent 2 P4 REP 1300 1310 14/12/1988 36 46
44(Paluel 1 P4 REP 1300 1330 22/06/1984 41 51
45|Paluel 2 P4 REP 1300 1330 14/09/1984 40 50
46(Paluel 3 P4 REP 1300 1330 30/09/1985 39 49
47 |Paluel 4 P4 REP 1300 1330 11/04/1986 39 49
48(Penly 1 P4 REP 1300 1330 04/05/1990 35 45
49|Penly 2 P4 REP 1300 1330 04/02/1992 33 43
50|St. Alban 1 P4 REP 1300 1335 30/08/1985 39 49
51|St. Alban 2 P4 REP 1301 1335 03/07/1986 39 49
52|St. Laurent 1 CP2 915 21/01/1981 44 54
53|St. Laurent2 |CP2 915 01/06/1981 44 54
54| Tricastin 1 CP1 915 31/05/1980 45 55
55| Tricastin 2 CP2 915 07/08/1980 44 54
56| Tricastin 3 CP3 915 10/02/1981 44 54
57| Tricastin 4 CP4 915 12/06/1981 44 54
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As of 2025, France has a total of 57 reactors in operation over 18 sites for a net
capacity of 63 000 MWe after the Flamanville reactor number three was
connected to the grid in 2024 and starting energy production during the first
quarter of 2025, becoming the most powerful and the first new reactor since the
addition of Civaux reactor two in 1999 (World Nuclear Association 2025a).

2.3 Electricité de France

Electricité de France SA or EDF (2025a) is a French electric utility formed in
1946 responsible for the construction, development and operation of all the
nuclear reactors inside France, but the company is also a major international
energy provider and producer with 41,5 million customers globally and an
annual turnover of 118,7 billion euros as of 2024 (Forbes 2025). The state-
owned company was widely credited for the success during the Messmer plan
and the following buildup of the nuclear fleet as Grubler (2010: 5177-5178)
argues that the relation and the direct control of EDF by the French government
nullified the negative effects from principal-agent asymmetry that heavily
plagued the nuclear effort in the United States, further exemplified by the
efficiency deterioration during the latter parts of the nuclear construction
process in the late 1970’s when Areva, which was reorganized in 2018 under
two majority-state-owned companies Framatome and Orano, became more
involved in the reactor design process starting with the P4 reactor resulting in
growing distance between the governance asymmetry (Le Billon 2018; Wakim
2018). EDF has maintained a strong presence also outside France as an
energy producer and provider with a strong emphasis especially on nuclear
power, which has included EPR construction projects in the United Kingdom at
Hinkley Point, in Olkiluoto, Finland and at the Taishan nuclear power plant in
China.

The company has been under state ownership since its creation until 2004,
when the around 15% of the ownership was made publicly available for trading,
but Prime Minister Elisabeth Borne announced on 6 July 2022 that the French
state has decided to fully nationalise EDF to increase the French energy
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security in response to the War in Ukraine that had caused problems and
concerns in Europe. Many countries, Germany in particular, had been reliant on
Russia for their energy needs, but this was also done as a response to the
rising energy prices in Europe triggered by the war (Le Monde 2022; Rosemain
& Thomas 2022; Martuscelli et al. 2024; European Council 2025). The state
already had an 83.7% ownership of the company at the time of the
announcement with 15,3% made available to private investors and individuals
while the remaining 1% was held by the employees of the company, but the
government officials argued that in addition to improved energy security, the
move would allow the company to better commit to long-term projects, lower the
cost of financing and remove the volatility caused by public trading of equities
(Mallet 2021; Le Monde 2022; Mallet & Thomas 2022). The ownership of EDF
was consolidated by the state on 31 July 2023 pending court decision, with the
process finalised on 1 January 2024 following a reported 9,7-billion-euro buyout
of all publicly traded shares and bonds at a considerable premium of 53%
based on the closing price on 5 July 2022 (Rosemain & Thomas 2022; EDF
2023; Honney 2023). EDF is a completely state-owned utility as of 2025 and the
investment structure in any of the future projects is solely reliant on the
government and the company itself.

Aside from the unusual year of 2022 when EDF Group had losses of 17,940
billion, the company has been profitable with 5,1 billion in 2019, 650 million in
2020, 5,1 billion in 2021, 10 billion in 2023 and 11,4 billion in 2024, but the
organisation has been struggling with debt partly resulting from the
maintenance projects for the older reactors, cost overruns of the Flamanville
reactor number three and the government set energy cost ceiling in 2022 as
part of the measures to combat against rising inflation rates (EDF 2021: 5; EDF
2022a: 2; Hummel & Thomas 2022; EDF 2025b: 13). EDF (2022a: 4) took a
one-billion-euro loan in November 2022 to address maintenance works
regarding the reactor lifecycle extension beyond 40-years, which added to the
debt, which reached 71,05 billion euros for non-current financial liabilities in
2022, a 25,67% increase from 2021 (World Nuclear Association 2025a). The
debt was at its highest in 2022 at 64,5 billion euros and still a significant portion
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of 54,3 billion euros remain after 2024, while the government is trying to make
cuts to public spending (EDF 2024a: 13; EDF 2025b: 11). EDF (2024a: 33)
estimates that the total expenses would be close to 33 billion euros between
2022 and 2028 and during this time the company is conducting inspections and
studies for both 900 and 1300 MWe reactors related to lifetime extension from

40 to 50 years as part of the Grand Carénage programme started in 2016.

The EBITDA of the company has remained rather stable over a ten-year period
between 2015 and 2024 with an average value of 18,538 billion euros, except
for 2022, 2023 and 2024 as shown on Figure 1.

EDF - EBITDA Change Between 2015-2024
Values displayed in billions of euros

39,927

36,523

35
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P 18,005
16,414 16723 16,174
15,265
15 13,742
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0

2015 2016 2017 2018 2019 2020 2021 . 2023 2024
5

-4,986
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Figure 1. EDF’s EBITDA changes between 2015 and 2024 with the values
displayed in billions of euros (EDF 2017: 12; EDF 2019: 12; EDF 2021: 5; EDF
2022a: 2; EDF 2025b: 47).

Before 2022, the largest change to the company’s EBITDA happened in 2017,
when the value changed by minus 22% and then again in the following year by
minus 13%, but otherwise the EBITDA did not change by more than 8%
between 2015 and 2021 when compared to 2015. The stress corrosion and
other issues in 2022 drove the EBITDA into the negative, but the EBITDA grew
considerably in 2023 and remained on a comparative level in 2024 due to the

overall revenue growth from the elevated consumer prices in France and
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increased energy exports to other countries in Europe, but also from lower
operational costs (EDF 2024a: 16, 71).

2.3.1 Stress Corrosion Issues in 2021

Stress corrosion was found near the welds of the safety injection system at the
Civaux reactor one in the late 2021, after which the whole fleet was inspected
for similar issues and revealing corrosion problems with eleven other reactors,
which prompted EDF to shut down all but 32 reactors in 2022 during a period
which saw rising energy prices as a result of the War in Ukraine and as the
power output capacity was drastically reduced, France was forced to import
electricity from other countries in Europe while simultaneously suffering a dent
to the lucrative energy export deals to the detriment of the beleaguered EDF
(Mallet 2022; News Wires 2022; Pécout 2022; World Nuclear News 2022; World
Nuclear Association 2025a). While the reason for the corrosion problem is
unknown, it has been suggested that the changes made to the Westinghouse
reactor design to create the more indigenous P4 model reactor in the 1980’s
have made them more susceptible to corrosion as they are the only ones
affected (Bartak & Camarcat 2022; Mallet 2022; Murray 2023). EDF (2022a: 2,
56) reported losses of 22,916 billion on EBIT in 2022 compared to a positive
result of 5,585 billion a year before, where the corrosion issues were a major
contributor for the sudden downturn (Pécout 2022). EDF (2024a: 33) estimated
that a total of 1,2 billion euros will be used to cover the work expenses between
2022 and 2025 in relation to the stress corrosion issues of which approximately
0,9 billion was used in 2023.

2.4 Market Position of Nuclear Energy

Nuclear energy makes about 10% of the world’s total energy production output
and according to the IEA (2025a) the total production capacity will increase by
204% from 427,6 GWe in 2025 to 874,2 GWe in 2050 with over 40 countries
looking for expansion in their nuclear capacity and especially China, which
would produce approximately 31,7% of the world’s nuclear energy by 2050.
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Many European nations are still more hesitant to start rebuilding their nuclear
fleets and have instead preferred renewable energy sources in line with the
goals set in the Paris agreement and European Union green energy initiatives,
but France has staunchly maintained a position to continue with nuclear power

as the main source of energy production.

France was in a unique position at the start of the 2000s when it was the first
country to start building a new nuclear reactor after the 1986 Chernobyl nuclear
accident and simultaneously the only country with a new type of reactor model
in EPR that could be exported also to other countries, as no other nation was
planning to expand the portion of nuclear in their energy mix. The reactor
received interest in several other countries, of which Finland, China and the
United Kingdom decided to procure EPR reactors directly from EDF. As such
France had close to a monopoly position in the global nuclear reactor building
business, beginning a revitalised interest in nuclear energy internationally and a
commercialisation opportunity for EDF. However, the interest for the EPRs have
vaned significantly especially after both Olkiluoto reactor three and Flamanville
reactor three construction projects were riddled with delays and budget
overruns that virtually have ended all aspirations for nuclear expansion

internationally under the EPR design.

Before the Fukushima nuclear accident in March 2011, the interest for nuclear
energy was increasing noticeably as is exemplified by the fact that starting in
2007, the United States Nuclear Regulatory Commission or USNRC had
received a total of 17 licence applications for the planned expansion of 24
reactors, partially fuelled by the increased costs for natural gas and the
proposed government subsidies for nuclear expansion (Davis 2012: 49).
Several countries around the world, including Belgium and Germany in Europe,
began a process of phasing-out nuclear energy from the energy mix as a direct
response to the accident and replacing the deficit via other energy production
sources, especially Germany, who started to rely more on natural gas sourced
from Russia, but Germany has had to reconsider its options after the war in

Ukraine began in 2022 and the suspected sabotage of the Nordstream pipeline
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between the two countries severed the German energy production capacity,
raising questions over the energy security and political implications for relying
on foreign powers. Simultaneously, the energy demand has increased and is
projected to continue to increase due to technological developments especially
related to high electricity consumption capacity needed for artificial intelligence
and other energy intensive computational technology. For example, Microsoft
has confirmed a purchase of the previously closed Three Mile Island nuclear
power plant in Pennsylvania to be recommissioned by 2028 to accommodate
the increasing energy demands for the company’s data centres (Filippone 2024;
Wajsbrot 2024). The two PWR units of the power plant were previously owned
by Exelon Generation LLC, with unit two having been shut down since the
nuclear accident in 1979 and unit one being decommissioned in 2019 due to
economic reasons, but in the face of the ever-growing energy needs, the low
operation costs for high energy output from nuclear energy to accommodate
these needs is likely to become more acceptable and economically viable
solution in the future (Crownhart 2024; Filippone 2024; Wajsbrot 2024; USNRC
2025).

The main source of costs in nuclear energy is the construction of the reactors
and the power plant itself, while the operational and supply costs remain
relatively low. The estimate for the annual expenditures was approximately 0,16
francs per kWh in 1998, which would be 0,04 euros in 2024 with the inflation
adjusted and 0,0741 euros per kWh in 2050 based on the France’s nominal
interest rate of 2,4% as of 17 April 2025 (Grubler 2010: 5179; Insee 2025;
Trading Economics 2025). The fundamental problem with nuclear energy in
energy production is that it is not well suited for load-following and as such will
run at a certain capacity when online, while it is unable to react to sudden

spikes in demand or decrease the levels at when there is less demand.
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2.5 The Old Fleet

2.5.1 Decommissioning Older Reactors

All power production plants have a limited life cycle regardless of the fuel
source at which point they need to be decommissioned, which will include the
breakdown of the plant and clean-up of the site and especially with nuclear
power plants this will include decontaminating the earth for any radioactive
exposure. Nuclear plants specifically have a life cycle of around 30 years for the
older generation reactors and the newer ones are generally built to last for 40 to
60 years, after which point they are generally no longer deemed economically
viable as was the case with the Three Mile Island Unit One in 2019 having had
a life cycle of 45 years (World Nuclear Association 2022; Filippone 2024).
France is in a somewhat unique situation in this regard as unlike in many other
countries where the nuclear plants are operated by privatised companies, the
state-owned EDF operating the plants means that while the company itself tries
to remain profitable, the government can theoretically direct EDF to keep the
reactors running beyond the point of profitability if that is required to maintain a
certain national level of electricity production, especially when the replacing
energy production facilities are not ready to cover the energy gap that would
form as a result of decommissioning, and at that point they can be kept online
as long as the reactors are deemed safe to operate.

Fessenheim nuclear power plant with two CPO reactors, which was shut down
on 29 June 2020 after over 42 years of service, is the best source for the cost
estimation in relation to the decommissioning as 26 reactors currently in use
have either the same design or the updated version of CP1 or CP2 (World
Nuclear Association 2025b). The decommissioning itself was decided as a
result of policies to decrease the share of nuclear energy to 50% of the energy
mix under the Hollande presidency, a plan which was continued under
President Macron'’s first term in office and prepared in the wake of the expected
completion of the Flamanville reactor three in 2022, but the economic feasibility
of the plant was also questioned under the inquiry commission of the National
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Assembly (Brottes & Baupin 2014; Day 2020). The decommissioning of the
plant is planned in four stages starting with electromechanical dismantling and
ending with site rehabilitation, estimated take a total of 15 years to complete at
the cost of 350 to 500 million euros per reactor according to EDF, based on the
previous experiences with the Chooz A reactor decommissioned in 1991, which
would put the price of decommissioning at between 397 727 and 568 182 euros
per net MWe installed (Day 2020; World Nuclear Association 2025b). This
estimate is significantly lower than the estimate of 900 million to 1,3 billion euros
per reactor provided by other European operators (Day 2020).

2.5.2 Maintenance & Retrofits

After the Fukushima nuclear accident in 2011 and the subsequent political
implication in many European countries to phase-out nuclear power, some
suggestions and estimates were also made for a phase-out in France.
Considering that France is the nation with the fourth largest nuclear arsenal in
the world based on the number of warheads and the renewed interest for
civilian nuclear energy around the world, it is rather unlikely that any French
government is willing to discontinue the civilian nuclear program completely, but
the estimates from studies for phase-out made at the time can aid
understanding the costs in relation to decommissioning the older reactors (ICAN
2025; IEA 2025a).

Maizi and Assoumou (2014: 853) created three scenarios for phasing-out the
old reactors where fast exit scenario would limit the lifecycle of the reactor to 40
years and production from nuclear sources would cease between 2042 and
2043, while the progressive scenario would offer a lifeline extension to 60 years
for every second reactor at an estimated cost of 600 million euros per reactor or
a total cost of 15,6 billion euros for 26 reactors and the third option would allow
maintaining the nuclear capacity at 65 GWe for 60 years, which would increase
the total cost to 31,2 billion euros for 52 reactors, but the phase-out process
could reach a maximum of 78 billion euros over a period of 20 set for the
decommissioning process (Malischek & Truby 2016: 910). The costs per reactor
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would pertain the maintenance of the reactors and the required retrofits for the
extended period past the originally intended 40 years. However, as
technologies develop over time and more resources are assigned to nuclear
research globally to make the old reactors more efficient and cost effective with
upgrades, it is possible that the reactor life cycle can be extended even past 60
years, but 60 years is considered to be the outer lifetime limit along with the
cost estimates associated to the 20 year extension in regards to this thesis
based on the available information in 2025.

2.6 The New Fleet

2.6.1 EPR & EPR2

Flamanville reactor number three was the first nuclear reactor construction
project to start in France in over 16 years since the Civaux reactor number two
in 1991. The reactor was based on the new EPR design with a net capacity of
1630 MWe and with an initial budget of 3,3 billion euros, the construction was
set to begin in 2007 with an estimated build time of 56 months (Nuclear News
2024). However, the reactor saw the first grid connection only in December
2024, twelve years behind the schedule and an estimated 13 billion euros
assigned to the project as announced by EDF, but this account has been
challenged by Cour des comptes, France’s national institution performing
audits, which estimated that the costs would have been as high as 19,1 billion
euros already in 2020, more than four years before the first grid connection
(Wakim & Mouterde 2020; RFI 2024). Several reasons have been presented to
explain the issues, where the quality of both the work and materials are given
as the primary faults in the project, but Ruuska et al. (2011: 648) further define
these to lapses in governance further exacerbated by the extended period of
inactivity in the reactor construction industry, which is argued to have left a skill
gap in the workforce required specifically for nuclear projects (Ursat 2020: 133;
Wakim & Mouterde 2020).
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Olkiluoto nuclear power plant reactor three is identical to the EPR in
Flamanville, but it was developed by Areva and a German electronics company
Siemens and built by EDF, which began the construction in 2005 with an
original estimated budget of 3,2 billion euros and a construction time of around
four years, however in a similar fashion to the reactor three in Flamanville, the
project faced many delays and budget overruns with the first grid connection
only in March 2022 and starting commercial production a year later in May
2023, around 13 years behind the original timetable (Le Monde & AFP 2023; Le
Gros 2024). While the reasons for delays have some similarities to those at
Flamanville in relation to problems with the workforce, technical issues and
materials, the relationship between Teollisuuden Voima or TVO, Areva and
Siemens has been strained during the project as both sides seemed to pass the
responsibility to the other, while Areva and Siemens agreed to pay
compensation worth 450 million euros to TVO in 2018, casting doubt over the
failures of multi-firm governance in large scale projects as was similarly
highlighted by Grubler (2010: 5178) over the increasing costs and longer
construction times when Areva entered the project and increasing the level of
principal-agent asymmetry during the 1970’s (Ruuska et al. 2011: 652; Digges
2013; Honney 2022; Rogers 2022). The financial viability has been questioned
several times during the process and final cost has been estimated to be
around 11 billion euros, which is speculated to have left TVO with a decision to
not apply for a licence for a fourth reactor at Olkiluoto (Digges 2013; Ercanbrack
2015; Yle News 2022).

Other EPR projects include two reactors at Taishan with slightly larger net
capacity of 1660 MWe each, were the first EPR to come online with Unit One
connected to the grid in 2018 and Unit Two in 2019 with an initially planned
construction time of 46 months starting in 2009 and 2010 respectively seeing a
budget overrun of around 160%, and two EPR reactors similar to those at
Flamanville and Olkiluoto constructed at Hinkley Point C nuclear reactor in
Somerset, England with the construction starting in 2017 (Ng 2018; IAEA
2020a; IAEA 2020b; La Rédaction 2024). The reactor design for Hinkley Point C
was slightly modified based on the experiences gained from the other three
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projects aimed to provide a faster installation, but the construction has faced
several problems both at the construction site similar to the others, but Covid-19
pandemic also slowed down the progress in addition to the political implications
from the United Kingdom decision to leave the European Union in 2020 and the
reactors are now projected to be completed between 2029 and 2031 with
significant budget overruns that would equal to 15,5 to 17 billion pounds per
reactor or 172% to 188% over the original budget (Department for Business,
Energy & Industrial Strategy 2016; BBC 2022; EDF 2022b; EDF 2024b).

EPR2 design was started in 2017 after it became evident that the EPR is not
economically feasible in its current state in addition for not being well-suited for
a fast construction pace needed for a nuclear scaleup generally or needed as a
replacement for the older reactors in France specifically, and additional studies
were made based on the Folz (2019: 14, 20-21) report, which further outlined
the problems related to the EPR design and EDF’s overall nuclear reactor
construction process including unrealistic cost estimates, organisational
hindrances pertaining to engineering and insufficient studies made in regards to
the reactor design. In addition to the faster construction times of 96,5 months
per reactor on average, with the first one to be estimated to take 104,5 months
and the sixth reactor to be completed in 89,5 months, the EPR2 design would
also offer upgraded safety features and simplified containment structure, which
became possible after abandoning an option from the original EPR design to
operate the reactor at full power simultaneously while conducting maintenance
duties (IAEA 2020; Thomas 2025). Six EPR2 reactors have been announced,
which would have an equal net capacity of 1630 MWe to that of the original
EPR, with an estimated construction cost of 8,61 billion euros per reactor in
2022 and increased to 11,23 billion euros under the revised cost estimate a
year later, for which the government has agreed to grant a subsidised loan to
EDF to partially cover the costs while eight additional reactors are being studied
based on the EPR2 design, but Greenpeace has estimated that the actual
budget would increase somewhere between 90 to 124 billion euros for the six

reactors for a build time of 148 months per reactor, which would potentially
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make the project unviable for France (Thomas 2025; World Nuclear News
2025).

It should also be noted that in the early 2000’s there were very few suppliers for
different parts needed for nuclear reactors, but the costs for materials might
decrease over time with increased demand if the world is heading for more
nuclear reactor construction projects in the future as is projected, but a little is
known as of 2025 on how this change would impact the costs for the EPR2
project or any possible subsequent reactor construction projects and as such
they cannot be reliably considered in relation to the cost estimates presented in

this thesis.

2.6.2 Small Modular Reactors

Small Modular Reactors or SMRs are small fission reactors with a net capacity
between 20 to 300 MWe, which were originally developed from the naval
propulsion reactors used in navy vessels such as submarines or aircraft carriers
but that are still in early stages of development when it comes to civilian land-
based use as only five reactors are operational as of 2025, but 88 different
reactor designs are development or under construction around the world (Liou
2023; Terminet 2023; World Nuclear Association 2024 ). The benefits of a
smaller reactor design are in its reduced requirements for infrastructure and
fuel, but also in their adaptability as more conventional nuclear plants require
location specific preparations and parts during the construction phase, whereas
the SMRs can be scaled according to the needs even outside existing energy
grids as they can be prefabricated and installed more easily on any location,
which is argued to lower the construction costs (Liou 2024; Rolls Royce 2025).
Generally SMRs are claimed to be better suited for load-following than large
nuclear reactors as the smaller energy outputs have allowed technological
developments to be made in regards to heat abstraction and cooling, which is
often coupled with advanced thermal energy storage systems for reactor down

times, but the SMRs are also deemed to be safer due to the passive safety
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features of the reactor and less prone for harmful releases of radioactive

materials (World Nuclear Association 2024).

EDF has been creating their own SMR design since 2023 through their
subsidiary Nuward, which is dedicated to the SMR design and development
process in France. The proposed reactor would have a net capacity between
300 and 400 MWe, which is aimed for fast paced construction projects and
simplicity through standardisation to be used as a more of local district-based
energy supply rather than as a part of the larger national energy grid (Nuward
2025). This type of approach in relation to the energy grid and energy
production might become more common in the future especially for larger
private companies with great energy needs, such as Microsoft, as this could
potentially allow energy production dedicated just for the company outside the
national grid. The Prime Minister of the United Kingdom, Keir Starmer, has been
trying to further goals for low-cost nuclear energy production in the United
Kingdom where Rolls-Royce (2025) is developing their own design for a small
capacity nuclear reactor scaled to be used for 60 years with a net capacity of
470 MWe, but the company also has ambitious economic goals by targeting
250 billion pounds in exports internationally, yielding 52 billion pounds in
economic benefits and creating 40 000 jobs within the United Kingdom
(Ambrose 2025).

However, the costs benefits related to SMRs have been questioned partly
because this has not been verified based on the very few completed projects
construction costs ranging from between a thousand and six thousand US
dollars per kW based on estimates for the CAREM SMR built in Argentina and
HTGR SMR built in China, but in the case of the latter the costs had escalated
drastically to 21 900 US dollars per kW whereas it is estimated that a plant
operating several SMRs could have comparable production and capital costs to
a large nuclear facility (Green 2020; World Nuclear Association 2024; IEA
2025b). These estimates would put the 300 MWe reactor developed by EDF to
a range of 263 million, 1,58 billion and 5,77 billion euros where one US dollar

equals to 0,879 euros based on the closing exchange rate on 30 April 2025,
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while the construction costs for the 400 MWe reactor would be 351 million, 2,1
billion and 7,7 billion euros for one thousand, six thousand and 21 900 US
dollars per kW respectively (European Central Bank 2025). This is noteworthy
as the estimate of 11,23 billion euros for the EPR2 reactor is approximately
6889 euros per kW.

2.7 Learning-By-Doing in Cost Reduction

One proposed way to offset the high construction costs of nuclear power plants
is learning-by-doing, which could theoretically decrease the costs from 20% to
30% after a sufficient amount of information has been gathered based on a few
completed projects in a progressive manner as more projects are finished
(Fertel cited in Davis 2012: 61). The learning process with nuclear reactors
would include developing knowledge between the design and the performance
of the reactor after becoming operational, which can be used to create
improvements for all the reactors that follow as suggested by Lester and
McCabe (1993: 421-422), given that the design remains sufficiently similar
between different iterations. The second way learning-by-doing can yield
benefits is through improved methodology in construction, operation and
maintenance of the reactor, which would not need additional changes to the
reactor design itself but rather through finding deficiencies or obstacles during
the construction or early stages of use that can be corrected going forward,
while similarly the workforce during all stages of the reactor’s lifecycle will
develop in competency, which translates to fewer errors and time savings.
However, the benefits in cost reduction are not infinite and the these will
become less impactful over time as deficiencies are minimised from reactor to
the next in addition that there will always be a base construction cost for
resources and workforce that cannot be reduced beyond certain point (Lester &
McCabe 1993: 422; Maizi & Assoumou 2014: 854).

In a contradiction to this prospect, a paper by Grubler (2010: 5185) shows that
the French reactor construction project between the 1970’s and 1990’s and
similarly that of the United States saw constantly increasing construction costs
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for each new reactor with a distinction that in the United States the costs varied
significantly from project to project as the overall trend was rising upwards,
while in France, the average costs reduced marginally after the first completed
reactor and began to increase in an almost linear fashion from 1980 onwards.
The reason for the increase of the average costs in France were associated
with combination of longer construction times, changes in the standardisation to
the Westinghouse reactor design followed by domestically designed P4 reactor,
which nullified any knowledge that may have been gained of the process from
the previously constructed reactors, and the overall improvements of the design
over time (Lester & McCabe 1993: 419; Grubler 2010: 5182-5183). These cost
escalations would account to a multiplier of 2,4 based on the data between the
base cost of the reactor and the most expensive reactor built between 1974 and
1990, but this increases further to 3,5 when the reactors built after 1990 are
considered, largely due to the prolonged construction times and cost escalation
from Civaux reactor two (Grubler 2010: 5182). However, France did not have
similar cost volatility as the United States because of higher degree of overall
standardisation as all the reactors were constructed by EDF under a direct
government control, which also allowed workforce, technology and information
sharing for a more unified planning and development going forward in addition
to shorter construction times (Grubler 2010: 5177-5178; Davis 2012: 62).

3 Analytical Framework & Methodology

The data and information are based on the publicly available sources and peer-
reviewed studies, and the use of official sources such as those from EDF are
used where applicable with non-profit organisations such as World Nuclear
Association that receive data directly from member nations used to fill
information gaps not available via other means. The most recent developments
rely heavily on articles from sources that are listed as newspapers of record or
other news sources that are generally accepted to provide reliable information
such as Reuters, Le Monde, The Guardian and BBC. However, some matters

related to the future require assumptions to be made based on the most
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accurate information available as is the case with the energy demand growth

and France’s position as an energy exporter after 2025.

A set of conditions is made to limit the number of different outcomes. The
French government is speaking of nuclear renaissance and a lot has been
made about the planned reactors alongside with the lifetime extension for older
reactors based on the literature review, but the current construction plans
appear to be insufficient to meet the energy demands in the future and a more
extensive reactor buildup might be required than what has been publicly
presented. Therefore, demand and production has to be assessed, which will
form the basis for the results through defining an energy gap that would be
created when the older reactors are decommissioned after 60-year lifecycle is
completed, keeping in mind that the government has announced a lifetime
extension of reactors only past 50 years without a clearly defined maximum limit
(Lough & Mallet 2022). However, it is unlikely that any of the older reactors are
immediately decommissioned as soon as reaching the 60-year mark and in a
more likely scenario the decommissioning is done more flexibly over a longer
period of time or some of the reactors might be decommissioned sooner. This
does not exclude the fact that some of the reactors might be retrofitted, which is
discussed separately. Once the energy gap is defined according to the collected
data and estimates, the options based on either EPR2-based large reactor and
SMR-based solutions are defined that use information from the literature review
phase, which further feed into the cost estimates, where especially under the
cost estimates for the EPR2 construction costs some limitations had to made in
the number of scenarios as the options are too vast in regards to this thesis.

It is worth noting that as the reactor design is changed from EPR to the
proposed EPR2 model, a similar upward trend in construction costs may be
perceived as when changes were made to the Westinghouse design in the
1980’s followed by the possible improvement requirements from reactor to
reactor, which would negate many of the benefits from learning-by-doing.
Additionally, as was noted by Grubler (2010: 5182-5184), the projection for

learning-by-doing becomes of limited use when the reactor design will change,
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and the theory is generally only applied on historical data when the costs
associated with the construction are known. The information is limited regarding
the planned EPR2 reactor and as none have been completed as of 2025, the
costs compared to any of the EPR reactors cannot be reliably measured, but
scenarios can be created based on the theoretical model for both cost

reductions and cost overruns based on the historical data.

EDF’s average EBITDA value of 18,538 billion euros will be used to estimate
the effects on EDF compared to the costs accumulated from the nuclear project
between 2025 and 2050, but it should be noted that the results from 2023 and
2024 have skewed the results significantly as the EBITDA from any other years
do not exceed the average and the exceptional negative results from 2022 also
further skew the average. However, as it cannot be known whether the EBITDA
will remain in the elevated level as in 2023 and 2024 for the years to come,
especially after the construction of the EPR2 reactors will begin in 2027 and as
it is likely that EDF will face more unplanned maintenance projects related to
the old reactors in the future, the skewed average models the likely target
EBITDA in order to remain profitable by taking these matters into account.

4 Results

4.1 Demand & Production

Regardless of what the decision will be in the future regarding nuclear energy’s
portion in the energy mix, the French government will have to decide the fate of
the older reactors as the lifeline cannot be extended indefinitely. 52 reactors of
the current fleet will have passed the 40-year mark by the time the first of the six
new planned reactors would be connected to the grid in 2035. Of these, 31
reactors will have passed the 50-year lifeline, leaving only five reactors outside
the reactor lifetime extension. Out of the total net capacity of 73640 MWe of the
nuclear fleet in 2025, the 31 reactors account for 53,76% or 39590 MWe, the 21
reactors that will pass the 40-year lifeline by 2035 account for 35,89% or 26430
MWe, leaving only 10,35% or 7620 MWe for the remaining five reactors. Given
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that the six planned reactors are likely to be similar to the EPR reactor number
three built at the Flamanville nuclear power plant in terms of net capacity at
1630 MWe, the combined capacity of 9720 MWe would offer a replacement for
14,72% of the capacity of the reactors exceeding the 40-year mark in 2035.
This is assuming that the French government is not explicitly aiming to increase
the total energy production capacity of the nuclear fleet by adding new reactors
but rather acting as a replacement for the older reactors that will inevitably need
to be decommissioned in a way that would not cause significant disruptions to
the domestic energy grid nor to the capacity to serve as an energy exporter.

The overall energy demand has been decreasing by 0,47% per year on average
between 2000 and 2022, based on the electricity consumption per capita in
France, but a study by the National Academy of Technologies of France (2021:
5) argues that the electricity demand will reach 729 TWh by 2050 (IEA 2025c).
The increase is calculated as a linear progress of 7481 GWh added each year
from 527 001 GWh in 2023 to 729 000 GWh in 2050. The average is calculated
as the average value from total energy production between 2000 and 2022 and
it acts as a baseline for a theoretical situation where the production needs
would remain unchanged (see appendices 2 and 3; IEA 2025c). The results of
these estimates are shown on Figure 2.

Total Energy Production Estimates based on demand 2023-2050
(units in GWh)
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Total Production Decrease Total Production Average Total Production Increase

Figure 2. Total energy production estimates based on demand between 2023-
2050 (National Academy of Technologies of France 2021: 5; IEA 2025c; See
Appendix 1).
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The average sets the overall demand at 559 873 GWh, but the increasing
model estimate would reach to the aforementioned 729 000 GWh by 2050,
while the decreasing model estimate would drop to 463 802 GWh for the same

year.

Figure 3 shows the portion, which would be required to be produced via nuclear
energy, is calculated by using the total energy production estimates and
multiplying the values by 50%, 65% or 70%. The values were selected as 50%
was the target for the nuclear power in the energy mix up until 2023 to which
government might later return, while 65% represents the portion of nuclear
energy based on the data from 2023 and 70% is the officially set target for

nuclear energy.

Nuclear Production Estimates 2023-2050
at 50%, 65% and 70% of the total energy production (units in GWh)
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Figure 3. Nuclear production estimates between 2023-2050 (IEA 2025c; World
Nuclear Association 2025a; World Nuclear Association 2025b; See Appendices
2&3).



29

The increasing model estimates show that the demand would surpass the
averages by 2028, reaching a maximum demand at 510 000 GWh with 70% of
the total production produced via nuclear energy and the lowest estimate at 364
500 GWh with 50% of the total. The decreasing model estimates would set
these to 324 661 GWh and 231 901 GWh for 70% and 50% of the total
respectively. The increasing model at 70% would surpass the overall total
demand based on the decreasing model by 2044, while the increasing model at
65% would surpass that same threshold by 2049.

Data regarding the nuclear fleet production factor is used to understand the
production capacity of the current fleet, where the average capacity factor is
taken from each nuclear plant and this results in a total average of 60,89%
which produced a total of 294 731 GWh in 2022 and therefore, the total
estimated production capacity of the nuclear fleet is calculated to be 482 303
GWh per year at 100% capacity factor (Eurostat 2024; World Nuclear
Association 2025a). However, as the data from 2022 was unusual regarding the
avarage capacity factor because the reduced number of reactors due to the
shutdows during the maintenance and repairs addressing the problems related
to corrosion and the construction of the Flamanville reactor three reducing the
Flamanville power plant average capacity factor further down to 31%, the
calculated 69,88% average capacity factor based on the total output of 338 202
GWh per year in 2023 was used instead as this better reflects the capacity for
the nuclear power plants on an ordinary year. The 78% high-capacity factor was
decided based on the highest value from the 2022 data which was from the
Bugey nuclear power plant. Each reactor was given a percentage value based
on the net MWe capacity, which was used to calculate the theoretical
contribution to GWh production in 2023 where 1 MWe equals to 5,3682 GWh,
5,9923 GWh or 7,6825 GWh annually based on the capacity factors of 69,88%,
78% and 100% respectively, regardless of whether they were online (see
appendix 4). Flamanville reactor was connected to the grid on 21 December
2024 and as such did not contribute to the energy production neither in 2022
nor 2023, but the reactor was included in the theoretical calculation as it was
calculated as part of the total capacity factor already in 2022. The six planned
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EPR2 reactors were assigned the same net capacity of 1630 MWe as for the

Flamanville reactor three.

The nuclear energy production estimate was created using the combined GWh
values from all the reactors based on the capacity factors of 69,88%, 78% and
100% with the calculated GWh production capacity assigned to each reactor
individually, for which the results are shown on Figure 4. The old fleet is
assumed to be decommissioned on the year where they would pass the 60-year
lifeline and subtracted from the annual production contribution for that year,
while the six EPR2 reactors are assumed to be completed every three years
starting from 2035, which will in turn add to the annual production (see
appendices 4 and 5). The capacity factor of 100% is purely theoretical as it is
very unlikely due to many factors including overall safety, cost and avoiding
unnecessary stress loading of the reactor (World Nuclear Association 2025c).

Projected Nuclear Energy Production 2024-2050
at average capacity factor 67%, 78% and 100% (units in GWh)
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Figure 4. Projected nuclear energy production based on capacity between 2024
and 2050 (National Academy of Technologies of France 2021: 5; World Nuclear
Association 2025a; World Nuclear Association 2025b; IEA 2025c; See
Appendices 4 & 5).
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The capacity would remain unchanged until 2035 when first of the planned
reactors is added to the grid reaching a peak production capacity of 496 523
GWh at 100% surpassing the increasing model at 70% of the energy mix by
15%, but starting from 2039 the production capacity will start to fall drastically
as in 2038 the addition of a new reactor keeps the production still at an
acceptable level. The normal capacity of 69,88% would reach a maximum
production of 346 952 GWh in 2035, which passes the threshold for the
projected energy demand in 2035 for the decreasing model at 65%, but none of
the models for 70%, average nor increasing model for 65%. The largest number
of reactors would be decommissioned in 2041 with eight for the largest single
year GWh decrease with 55 775 GWh at 100% capacity use. The largest year-
to-year fall would occur in 2046 with 17,38% decrease compared to the

previous year as five of the higher capacity P4 reactors are shut down.

Figure 5 presents the changes of surplus and deficit of the nuclear energy
production compared to the nuclear energy demand year-by-year first under the
most optimal conditions with the production capacity of 100% and 50% nuclear
in the energy mix based on the decreasing model, second, under the worst
conditions where the capacity is running at 69,88% and the demand is based on
the 70% nuclear of the energy mix on the increasing demand model, and third,
the average of the two. The average based on the two extremes is the more
likely candidate to give a realistic estimate on the energy gap deciding the need

for nuclear energy in the future.
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Estimated Nuclear Production Capacity vs. Nuclear Energy Demand 2024-2050
(units in GWh)
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Figure 5. Estimated nuclear production capacity compared to the estimated
nuclear energy demand between 2024 and 2050 (National Academy of
Technologies of France 2021: 5; World Nuclear Association 2025a; World
Nuclear Association 2025b; IEA 2025c; See Appendices 4 & 5).

The first year when there would be a deficit under the optimal scenario is in
2046, reaching the lowest value in 2050 with negative 67 955 GWh, but
nevertheless running an annual average surplus of 201 323 GWh between
2024 and 2045. The suboptimal scenario will never have a surplus and it will
reach a low of negative 395 741 GWh by 2050, which is approximately 82% of
the full production capacity in 2023. The average estimate would produce a
surplus of 76 543 GWh until 2040 and running a deficit from 2041 onwards,
declining to negative 231 848 GWh by 2050. Based on these results the
government should aim to fill an energy production gap from 220 255 GWh to
243 440 GWh with new nuclear reactors or alternative energy sources by 2050

given a 5% margin of error.

This result indicates that either there will be a significant drop in energy
production starting from 2041, which would be detrimental for the national grid
and France’s energy exports, potentially increasing reliance on foreign energy
imports and seeing a return to conditions before the Messmer plan was
implemented, or that the French government is planning to keep the older
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reactors operating even longer than 60 years until a sufficient replacement can
be secured either via nuclear energy or other energy sources. In relation to this
thesis, a scenario is assumed where an energy gap is formed in line with the

estimated average of 220 255 GWh to 243 440 GWH per year and the deficit is
required to be supplemented only via nuclear energy to assess whether that is

financially possible for EDF.

4.2 Research Question One: What Are the Options?

The two main ways to fill the nuclear energy gap is by adding more large
capacity reactors like EPR2 or SMRs, which would be likely used in a more
targeted way to produce electricity for local districts and industries rather than
used as part of the overall national grid as previously discussed on page 22.
The government has launched a study for further eight reactors that are to be
based on the EPR2 design and as such the net capacity of 1630 MWe for the
current EPR2 is used alongside with the more powerful variant of 1660 MWe
based on the EPR reactors operated at the Taishan power plant is also used as
a reference point in case the capacity of the current EPR2 design is increased
in the future (Lough & Mallet 2022). The capacity factors of 68,66%, 78% and
full capacity of 100% are used to calculate the annual GWh outputs based on
the values of 5,3682 GWh, 5,9923 GWh or 7,6825 per installed net MWe
respectively for each of the eight reactors with both MWe capacity options. The
values are then combined for six different results across the eight reactors and
compared to the total energy gap deficit range at the the end of 2050 as shown
on Table 2.

Table 2. An outline of the results for the eight proposed high-capacity reactors
based on two different capacities of 1630 MWe and 1660 MWe and their
individual estimated annual GWh at 68,66%, 78% and 100% compared to the
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established energy gap (Lough & Mallet 2022, World Nuclear Association
2025a; World Nuclear Association 2025b; IEA 2025c).

Average High capacity [Max capacity Average High capacity [Max capacity
capacity factor [factor 78% factor 100% capacity factor [factor 78% factor 100%
MWe Option1 |69,88% (GWh) [(GWh) (GWh) MWe Option2 |69,88% (GWh) |(GWh) (GWh)

EPR2 Study Reactor 1 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 2 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 3 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 4 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 5 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 6 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 7 1630 8750 9768 12523 1660 8911 9947 12753
EPR2 Study Reactor 8 1630 8750 9768 12523 1660 8911 9947 12753
Total EPR2 Study Reactors 13040 70002 78141 100180 13280 71291 79579 102024
Deficit 220 255 GWh -150253 -142114 -120075 -148964 -140676 -118231
Deficit 243 440 GWh -173438 -165299 -143260 -172149 -163861 -141416

EPR2 reactors are more likely to run on 69,88% annual capacity factor and the
deficit would be narrowed down to a range of negative 150 253 GWh and
negative 173 438 GWh in 2050 for the eight reactors with the 1630 MWe
capacity and negative 148 964 GWh and negative 148 964 GWh for the ones
with a capacity of 1660 MWe. Even the highest estimate with the max capacity
factor of 100% and a net capacity of 1660 MWe option would alleviate the
energy gap burden by only 41,9% to 46,3%, which indicates that either the
number of reactors needs to be increased to between 25 and 27 if installed with
1630 MWe or 24 to 27 reactors if with a capacity of 1660 MWe, or a significant
portion of the remaining gap needs to be compensated by either extending the
life of the older reactors if possible, compensate the gap with non-nuclear
energy sources including foreign imports, fill the gaps with SMRs or use a
combination of all the available options. Aiming to fill the gap by 2050 just by
using EPR2 is also likely to be extremely challenging both in terms of costs and
logistics as the first would need to be in commercial use by 2041 to avoid going
into energy deficit, while at least two additional and confirmed EPR2s are
already in construction simultaneously. Based on the EDF’s built time estimate
of 96,5 months for the six confirmed EPR2 reactors, the construction for the last
one of the study reactors should be started between 2042 and 2043 in order to
be ready for 2050, which would give a total timeframe of approximately 18 years
to complete 25 reactors that almost emulates the construction pace of the
Messmer plan (Le Gros 2020; Mangeon 2024; Thomas 2025).
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A group of three SMRs with a net capacity of 300 MWe could be used to
replace the older CP0O, CP1 and CP2 model reactors which have a net capacity
of approximately 900 MWe per reactor, but a strategic placement and the load-
following capabilities of the SMRs can also grant higher energy efficiency,
where any excess from the large reactors can be then used for powering the
national grid and foreign imports creating a welcome influx of capital for further
investments. While the SMRs are generally run at a higher annual average
capacity than the large reactors, a similar estimation for the annual GWh output
can be made for the SMR as for the study EPR2s as shown on Table 3 (World
Nuclear Association 2024).

Table 3. A comparison of an SMR with a net capacity of 300 MWe and 400
MWe, where annual GWh output is based on the values of 5,368 GWh, 5,9923
GWh and 7,6825 GWh per each installed net MWe (World Nuclear Association
2024; World Nuclear Association 2025a; World Nuclear Association 2025b; IEA
2025c¢; Nuward 2025).

Average High capacity |Maxcapacity Average High capacity |Maxcapacity
capacity factor [factor 78% factor 100% capacity factor |factor 78% factor 100%
MWe Option1 |69,88% (GWh) [(GWh) (GWh) Mwe Option2 |69,88% (GWh) |(GWh) (GWh)

SMR 300 1610 1798 2305 400 2147 2397 3073

Based on the average capacity factor of 78% for the 300 MWe, the reactor
would produce approximately 1798 GWh per year while the 400 MWe yields
2397 GWh, which would require either 82 to 96 reactors for 300 MWe SMRs or
62 to 72 SMR reactors with a capacity of 400 MWe to fill the energy gap of 148
964 GWh to 173 438 GWh left after the eight study EPR2s have started
production. The number of reactors would add more to the logistical pressures
in terms of workforce capacity, timing, displacement of workforce to several
sites simultaneously and likely also the operation and management of the

reactors would incur additional costs.
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4.3 Research Question Two: How the Options Can Be Achieved in
Terms of Costs in Relation to the Economic Situation of EDF?

4.3.1 Maintenance & Retrofit Costs Related to the Old Fleet

The estimates concerning the 53 reactors undergoing or preparing for the 50-
year lifetime extention retrofits are based on two major cost considerations of
maintenance and decommissioning for which the resulting cost estimates are
shown on Figure 6. The retrofit and maintenance cost estimates are based on
the 600 million euros per reactor estimate by Maizi and Assoumou (2014: 853),
which are deemed to have started in 2016 with four years assigned for each
reactor where the third year is decided as the year when the reactor would
exceed the 40-year lifecycle. Decommissioning costs are based on the average
value of 482 954,5 euros per net MWe installed from the EDF’s estimate range
of 397 727 and 568 182 euros for decommissioning projects (Day 2020; World
Nuclear Association 2025b). The average value is calculated as per the
installed net capacity for each reactor separately granting the total cost of the
decommissioning, which is divided evenly for each of the 15 years estimated for
the decommissioning process and set to start from the year when the reactor
would exceed 60 years since the first grid connection (See Appendix 6).

Retrofit, Maintenance & Retrofit Costs for the Old Fleet between 2025-2050
Values presented in billions of euros

Figure 6. A cost change between the retrofit and decommissioning costs
between 2025 and 205a where the values are shown in billions of euros (Day
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2020; Maizi & Assoumou 2014: 853; World Nuclear Association 2025a; World
Nuclear Association 2025b; See Appendix 6).

The retrofitting and maintenance process is deemed to be part of the Grand
Carénage programme, and they are already included in the total expenses of 33
billion euros accrued between 2022 and 2028 (EDF 2024a: 33). However, EDF
is undergoing retrofit projects in 2025 to extend the lifetime of the project just to
50 years and further studies are being prepared to extend the operating time
beyond that limit, which is likely to increase costs around the time when the first
EPR2 will begin construction. The decommissioning project would be assumed
to start in 2038 with Bugey reactors one and two, but it should be noted that the
decommissioning process will extend beyond the year 2050 as the Goltech
reactor two is the last to begin the process only in 2053. The decommissioning
would add about 11,85 billion euros between 2025 and 2050 into the expenses
where the year 2050 would be the most expensive at 1,65 billion euros, but
simultaneously the revenue streams would decrease significantly the more

reactors are taken offline.

4.3.2 EPR2 Construction Cost Estimates

The EPR2 construction cost estimates are divided between nine different
scenarious that have been proposed on how the costs might change during a
large-scale construction project with several identical projects for which the
overall costs from each of the scenarios are shown on Table 4.

Table 4. Outline of the projected costs accrued related to the construction of the
six EPR2 between 2027 and 2050 under nine scenarios with values shown in
billions of euros (Grubler (2010: 5182; Fertel cited in Davis 2012: 61; IAEA
2020; Wakim & Moutarde 2020; RFI 2024; Nuclear News 2024; Thomas 2025;
World Nuclear Association 2025a; World Nuclear News 2025; See Appendix 7).

EPR2 CT |Reactor1 [Reactor2 |Reactor3 |Reactor4 [Reactor5 |Reactor6 |Total

EDF Estimate in 2023 8 11,23 € 11,23 € 11,23 € 11,23 € 11,23 € 11,23 € 67,38 €
Cost Reduction 20% 8 11,23 € 10,48 € 9,73 € 8,98 € 8,98 € 8,98 € 58,40 €
Cost Reduction 30% 8 11,23 € 10,11 € 8,98 € 7,86 € 7,86 € 7,86 € 53,90 €
Cost Escalation, 2,4 11 11,23 € 16,62 € 22,01 € 27,40 € 32,79 € 38,18 €| 148,24 €
Cost Escalation, 3,5 12 11,23 € 19,09 € 26,95 € 34,81 € 42,67 € 50,54 €| 185,30 €

Flamanville 3, EDF estimate | 17 13,00 € 13,00 € 13,00 € 13,00 € 13,00 € 13,00 € 78,00 €
Flamanville 3, CDC estimate | 17 19,10 € 19,10 € 19,10 € 19,10 € 19,10 € 19,10 €[ 114,60 €
Greenpeace Low Estimate 12 15,00 € 15,00 € 15,00 € 15,00 € 15,00 € 15,00 € 90,00 €
Greenpeace High Estimate 12 20,67 € 20,67 € 20,67 € 20,67 € 20,67 € 20,67 €| 124,00 €
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EDF’s estimate of 11,23 billion euros from 2023 with a construction time of 96,5
on average, rounded to eight years, is used as the baseline scenario where the
project will finish with six reactors ready before for 2050 and the construction
costs will not change from reactor to the next (Thomas 2025). The two cost
reduction scenarios are based on the proposed learning-by-doing model where
after the first completed reactor the overall cost of the reactor will progressively
decrease to the next until after two more completed reactors the cost will halt
either at 20% or 30% from the original based on the EDF 2023 estimate of
11,23 billion euros and with the same construction time (Fertel cited in Davis
2012: 61; Thomas 2025). 20% and the 30% cost reduction scenario will be

referred to as 20cr and 30cr scenarios from hereon after.

A cost escalation via negative learning-by-doing model as proposed by Grubler
(2010: 5182) is where the factor is calculated to be either 2,4 or 3,5 between the
most cost-effective and the most expensive reactor, where the change happens
progressively upwards in a linear fashion until in this case the sixth reactor
would have been built according to the factor of the scenario. It should be
acknowledged that rather paradoxically, the first reactor is deemed to have
been built under the original budget of 11,23 billion euros and on time to provide
a baseline for the scenario to start working. The costs will escalate from the
second reactor onwards under both scenarios and the built time is increased
from eight years to eleven years for the scenario with a 2,4 factor and to twelve
years for the 3,5-scenario based on the extended built times for the Chooz
reactor one and two respectively. The two scenarios will be referred to as 2,4ce
for the cost escalation scenario with a 2,4 factor and as 3,5ce for the 3,5 factor.

The two Flamanville scenarios are identical except for the total cost estimate of
which one is provided by the EDF for 13 billion euros and the other with a 19,1
billion euro estimate from the Cour des comptes based on the costs and a 17-
year build time of the Flamanville reactor three project (Wakim & Mouterde
2020; RFI1 2024). While the costs remain the same from reactor to reactor for
both, these two scenarios have time based changes where the first eight years

are identical to the costs of the baseline scenario, but the following years from



39

the ninth year onward will incur annual costs of either 200 million under EDF
estimate or 879 million euros under the Cour des comptes estimate until the
project is completed nine years later (See appendix 7). The annual overrun
costs are calculated by subtracting the overall cost of the baseline scenario
from the Flamanville scenario and dividing the remaining amount by the number
of extra years beyond the eight year. The Flamanville scenarios will be referred
to as FLMVa and FLMVb for the EDF estimates and Cour des comptes
estimates respectively.

The two Greenpeace estimates are based on the report which claims that the
total construction costs from the six EPR2 reactors would be between 90 to 124
billion euros or 15 or 20,67 billion euros per reactor compared against a
construction time of 148 months per reactor, which has been rounded to twelve
years (Thomas 2025). The two Greenpeace scenarios will be referred to as
GPa and GPb for the 90-billion-euro and 124-billion-euro estimates
respectively. The year-to-year cost changes for each of the nine scenarios are
shown on Figure 7, where the construction start year is set to three years,
where the first would begin construction in 2027 and the last one is finished by

2050 under the baseline scenario.

EPR2 Construction Cost Estimates 2027-2050
Values presented are in billions of euros

Figure 7. A graph outlining the projected combined construction costs from all
six EPR2 reactors between 2027-2050 year by year with values shown in
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billions of euros (Grubler 2010: 5182; Fertel cited in Davis 2012: 61; IAEA 2020;
Wakim & Moutarde 2020; RFI 2024; Nuclear News 2024; Thomas 2025; World
Nuclear Association 2025a; World Nuclear News 2025; See Appendix 7

The costs would peak at 4,21 billion euros per year under the baseline scenario
for the ongoing EPR2 projects. This cost ceiling is maintained for two years
within every three-year period between 2033 and 2043, where every third year
would offer a sensible respite for the company’s financial situation as more and
more reactors are added into production. The peak years would account to
22,7% of the EDF’s average EBITDA and only 11,5% when compared to the
EBITDA of 36,523 billion euros in 2024.

The costs for the 20cr scenario would reach the peak expenses between 2033
and 2034 at 3,93 billion euros per year when three reactors are constructed
simultaneously, compared to 3,75 billion euros under the 30cr scenario for the
same time period. The costs are reduced to 3,37 billion euros and 2,95 billion
euros for 2042 and 2043 under the 20cr and 30cr scenarios respectively for
when three reactors are being constructed simultaneously. The costs follow the
same pattern as the baseline scenario, where every third year between 2033
and 2043 would see lower total expenses.

The cost-escalation scenarios are the most worrying ones as there is some
historical evidence in relation to long and large scale construction projects
where the costs will triple over time, albeit over longer periods of time than the
25 years inspected here. The highest peak between 2042 and 2044 already
reaches 12,91 billion euros under the 3,5ce scenario, that would not still exceed
the EDF’s average EBITDA of 18,538 billion, but it would effectively hinder the
investments to the extent that further nuclear expansion would become close to
impossible at a cost of more debt and this can further weigh on the French
government as the lender. However, every other scenario leaves at least a gap
of 11,6 billion euros to the EBITDA and if EDF can maintain the revenue
streams and EBITDA on a healthy level as they have done in 2023 and 2024,
even enduring large scale setbacks from the EPR2 would not necessarily cause
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nothing but minor short-term negative financial harm, that would not restrict the

company to continue forward with more reactor projects.

The FLMVa and FLMVb scenarios have significant cost escalations over time
as the construction times increase considerably even though the first costs
remain mostly in level with the baseline scenario for the first three reactors
under construction but as the production times are prolonged these peak
between 2042 and 2043 at 4,80 billion euros per year under FLMVa and 6,83
billion euros under FLMVb scenario. These would account to 25,9% and 13,1%
of the EBITDA average and EBITDA 2024 respectively under the FLMVa
scenario, whereas the ratio would increase to 36,8% and 18,7% under the
FLMVDb scenario. Because the costs will continue to be accrued from reactor to
reactor, there is much less respite during every third year when compared to the
baseline scenario. However, neither of these scenarios would be financially
disasterous for EDF, but the 17 year build time per reactor would significantly

aggravate the energy gap problem.

The GPa and GPb scenarios are slightly different from others as both of them
will peak in 2036 and the costs remain unchanged from year to year until 2044.
The costs during this time would be five billion euros a year under GPa scenario
and 6,89 billion euros under GPb. As the GPb scenario is on a constantly
similar level as FLMVb between 2042 and 2043 during its peak, the situation is
not financially devastating, but the two Greenpeace scenarios are the most
financially taxing propositions aside from 2,4ce and 3,5ce, as they combine the
delays similar to the Flamanville scenarios but without the decrease in
expenses for every third year..

It should be noted, that none of the scenarios which include delays in
construction times consider the costs that would result from the energy demand
gap that forms as a result when the reactor is not contributing to the production
as planned as they are presented here simply based on the construction costs
without any externatilities. Most likely these gaps are filled with imports from
neighbouring European countries similar to the situation in 2022, when France
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had to significantly increase imports due to the corrosion issues found in the P4
reactors with devastating results for EDF (Pécout 2022; EDF 2022a: 56; EDF
2024a: 71).

4.3.3 Study EPR2 & SMR Cost Estimates

Two propositions are considered regarding the Study EPR2 and SMR cost
estimates. The first will assume that a the energy gap is supplemented only with
27 EPR2 reactors with a 1630 MWe net capacity generating a total of 236 258
GWh per year operated at the average capacity of 69,88% to exceed the
average gap of 231 848 GWh per year. The second proposition assumes that
only eight additional EPR2 reactors with a net capacity of 1630 MWe are built
for a total of 70 002 GWh per year with the average capacity of 69,88% and the
remaining annual gap of 161 846 GWh is supplemented with 91 SMRs with a
net capacity of 300 MWe and operated at 78%, which would produce a
combined 163 592 GWh for a total output of between the two reactor types
being 233 594 GWh. The initial price for the EPR2 reactors is assumed to be
11,23 billion euros per reactor and the initial cost of the 300 MWe SMR reactor
is 1,58 billion euros per reactor based on the value of 5274 euros per kW of the
HTGR SMR in China (Green 2020; Thomas 2025). The total costs are shown
on Table 5, where the costs are based on the baseline, 30cr and 3,5ce
scenarios, but it should be noted that as the 3,5 factor scenario is scaled
between the first and the last built reactor, the cost for the sixth reactor will be
cheaper for the sixth reactor presented on page 37 under the second
proposition and the eight reactor will have a lower cost under the first
proposition than under the second.
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Table 5. An estimate of the overall costs for Proposition One and Two under
three different scenarios (Grubler 2010: 5182; Fertel cited in Davis 2012: 61;
Green 2020; Thomas 2025).

Reactors |Type |EDF Estimate in 2023 |Cost Reduction 20% |Cost Escalation, 3,5
Proposition One

27|EPR2 1630 MWe | 303,21 €| 218,99 € | 833,83 €
Proposition Two

8|EPR2 1630 MWe 89,84 € 69,63 € 247,06 €

91[SMR 300 MWe 143,78 € 101,59 € 395,40 €
Total 233,62 € 171,22 € 642,46 €

Proposition one would be the more expensive one of the two as under the
baseline scenario the cost would be 1,283 million euros per GWh compared to
1 million euros under proposition two. Both propositions would exceed the total
cost of the nuclear program between 1970 and 2000 under the 3,5ce scenario
with the first proposition being 217% more costly by comparing to the highest
estimate from 2000 of 383,78 billion euros (Grubler 2010: 5179). Neither of the
proposition are not yet announced but estimating from the construction times
the first EPR2 reactor should begin construction by 2033 under either
proposition to address the energy deficit, but the scale of the project would
indicate that neither proposition can be finished by 2050 from the logistical
standpoint and the rebuilding of the nuclear fleet is planned beyond 2050.

However, assuming that the construction of SMRs would begin in 2030 for
proposition two with a target to finish by 2050, the annual costs would be 6,85,
4,84 and 18,83 billion euros under the baseline, 30cr and 3,5ce scenarious
respectively, while the annual costs from the EPR2 reactors would be 4,99, 3,87
and 13,73 billion euros under the same scenarios starting from 2033, when the
combined costs would reach 11,84, 8,71 and 32,55 billion euros per year.
Under the first proposition where the construction would start in 2033 and finish
in 2050, the annual costs would be 16,85 billion euros under the baseline
scenario, 12,17 billion euros for the 30cr scenario and a 46,32 billion euros
under the 3,5ce scenario. It should be noted that the costs are calculated here
assuming that all the construction projects would start simultaneously when in
reality the projects would begin in different intervals, which could change the
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annual costs very drastically in addition to the fact that it is very unlikely that

EDF is aiming to complete a project of this scale by 2050.

4.3.4 Total Costs & Comparisons

For the final part of the cost evaluation the expenses from the retrofit and
decommissioning and the costs from the six confirmed EPR2 construction are
combined with the proposition one and proposition two used to fill the energy
gap. Both propositions use the baseline scenario in addition with the two
extreme scenarios of 30cr and 3,5ce. The results for the proposition one is

shown on Figure 8.

Proposition One - Combined Costs 2025-2050
Values presented in billion of euros

ccccccccccccccccc

Figure 8. Total projected annual costs between 2025 and 2050 under
proposition one (Grubler 2010: 5182; Fertel cited in Davis 2012: 61; Green
2020; IAEA 2020; Wakim & Moutarde 2020; RFI 2024; Nuclear News 2024;
Thomas 2025; World Nuclear Association 2025a; World Nuclear News 2025).

The total costs under the proposition one increase progressively starting from
2025 until 2033, when the costs skyrocket to 24 billion euros under the baseline
scenario and most notably up to 54 billion euros under the 3,5ce scenario. The
latter scenario reaches its highest point of 62 billion euros between 2042 and
2044, which would exceed the EDF’s average EBITDA by a factor of 3,34% and
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as such it is not viable. However, such a sudden cost escalation remains
unlikely and is considered here as a worst case scenario, while the peak
baseline value of 24 billion would exceed the average EBITDA by a factor of
1,29, it would still remain under the EBITDA in 2024 at 65,71% of the total
36,523 billion euros, which indicates, that even by adding an extra project of this
magnitude both financially and logistically, it would be still at least financially
viable for EDF. Proposition two is more lenient on the cost, but the costs would
escalate much earlier in 2030 due to the addition of the SMRs as shown on

Figure 9.

Proposition Two - Combined Costs 2025-2050
Values presented in billion of euros
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Figure 9. Total projected annual costs between 2025 and 2050 under
proposition one (Grubler 2010: 5182; Fertel cited in Davis 2012: 61; Green
2020; IAEA 2020; Wakim & Moutarde 2020; RFI 2024; Nuclear News 2024;
Thomas 2025; World Nuclear Association 2025a; World Nuclear News 2025).

While the circumstances of how either proposition would be done in terms of
workforce, procurement of materials, scheduling and whether some
technological breakthroughs have been made especially in relation to the
SMREs, it is noteworthy that even the under the most extreme circumstances
under proposition two when the expenses exceed 42 billion, this would not be

completely impossible as this surpasses EDF’s EBITDA in 2024 only by a factor
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of 1,14. The baseline scenario shows that the costs would only be roughly 16

billion euros at their peak, which would be 86,3% of the average EBITDA.

This should be also considered in relation to the historical argumentation in
politics, that the nuclear project will proceed in France regardless of the costs
and with the government serving as a backer for EDF, the company has a lot
more room for budget overruns whereas private companies would be more
hesitant to continue in a similar fashion, but also that the benefits from the
completed reactors extend far beyond the scope of 25 years, where the
reactors would continue to serve for at least 60 years after the first grid
connection with EDF having a near monopoly position in domestic energy
production in addition to having a major position in European energy trade
(Mangeon 2024).

4.4 Research Question Three: Is the Civilian Nuclear Program
Feasible?

From the economic standpoint, the French civilian nuclear program is still
feasible and viable, especially considering that while the scope of this thesis
was limited to 25 year timeframe, a nuclear buildup would continue beyond this
point and new reactors would be continued to be built beyond this point, where
the timing of decommissioning and building of more generally powerful reactors
as replacement is a longer process and therefore no energy gap might not form

at any point.

5 Conclusion

France has many options regarding the nuclear fleet and a large and well-
trained workforce that can drive the innovation forwards and after the
government’s consolidation and backing of EDF and added national interest for
nuclear energy, even if the program would exceed costs of 21,31 billion a year,
that is still likely to be pushed forward as long as it is politically viable and
logistically doable. Regardless, as the trust for EDF is getting lower regarding
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the product in EPR and EPR2, the problem is not necessarily economical, but
political, where more cost overruns and delays are likely to lead to less demand
from outside France and at the same time when competition is once again
increasing as is evident from the great number of SMR reactor currently under
development, France might be the only country willing to buy their own product,
which could lead to a similar situation as what the coal industry went through in
the United Kingdom during the 1970’s and 1980’s. However, a more thorough
appraisal of the company’s finances other than a simple comparison with the
EBITDA.

However, it should be noted that only construction and direct reactor expenses
related data has been considered for this theses, larger socioeconomic impact
should be researched to understand the implications for trade that the energy
deficit would cause or whether further reactor sales outside France could yield
similar benefits that Rolls-Royce has been predicting with their nuclear program
in the United Kingdom.
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International Energy Agency — Electricity consumption per capita, France 2000-

2023 (IEA 2025c)

International Energy Agency - Electricity consumption per

Year

Electricity consumption per capita, France Units

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

7.226
7.343
7.3
7.531
7.663
7.654
7.542
7.521
7.65
7.344
7.74
7.344
7.47
7.502
7.101
7.198
7.258
72
7.118
7.011
6.637
6.902
6.638
6.417

MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
MWh / Capita
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International Energy Agency — Total electricity production, France 2000-2023

(IEA 2025c¢)

International Energy Agency - Total

electricity production, France

Year Total electricity production, France Units
2000 539954 GWh
2001 549530 GWh
2002 559063 GWh
2003 566838 GWh
2004 574053 GWh
2005 576061 GWh
2006 574869 GWh
2007 569768 GWh
2008 573806 GWh
2009 535925 GWh
2010 569287 GWh
2011 573123 GWh
2012 572786 GWh
2013 582317 GWh
2014 572587 GWh
2015 579441 GWh
2016 564056 GWh
2017 561942 GWh
2018 581685 GWh
2019 570774 GWh
2020 532255 GWh
2021 555082  GWh
2022 474744 GWh
2023 527001 GWh
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Collected data: average capacity & energy production calculations (IEA 2025c;
World Nuclear Association 2025a; World Nuclear Association 2025b)

First Grid Average capacity [Production |Contribution |Contribution [Contribution
Reactor Type Net Capacity Connection Decommissioning [factor 2022 Share % 69,88% (GWh) |78% (GWh) [100% (GWh)
Belleville 1 P4 REP 1300 1310] 14/10/1987 14/10/2047 56%)| 2,08% 7032 7850, 10064
Belleville 2 |P4 REP 1300 1310| 06/07/1 06/07/2048 56%)| 2,08% 7032 7850, 10064
Blayais CP1 10| 12/06/1 12/06/2041 58% 1,44%; 4885 5453 6991
Blayais CP1 10| 17/0711 17/07/2042 58% 1,44%; 4885 5453 6991
Blayais CP1 10| 17/08/1 17/08/2043 58% 1,44%; 4885 5453 6991
Blayais 4 CP1 10| 16/05/198: 16/05/2043 58% 1,44% 4885 5453 6991
Bugey 2 CPO 10| 10/05/197 10/05/2038 78%) 1,44%] 4885 5453 6991
Bugey 3 CPO 10| 21/09/197 21/09/2038 78%) 1,44%; 4885 5453 6991
Bugey 4 CPO 80| 08/03/197 08/03/2039 78%) 1,40%; 4724 5273 6761
Bugey 5 CPO 880| 31/07/1979 31/07/2039 78% 1,40%; 4724 5273 6761
Cattenom 1 |P4 REP 1300 1300{ 13/11/1986 13/11/2046 58%) 2,06% 6979 7790, 9987
Cattenom 2 [P4 REP 1300 1300| 17/09/1987 17/09/2047 58% 2,06%) 6979 7790 9987
Cattenom 3 [P4 REP 1300 1300| 06/07/1990 06/07/2050 58% 2,06% 6979 7790 9987
Cattenom4 _[P4 REP 1300 1300| 27/05/1991 27/05/2051 58% 2,06% 6979 7790 9987
Chinon B 1 CP2 905| 30/11/1982 30/11/2042 55% 1,44% 4858 5423 6953
ChinonB2 [CP: 0: 9/11/1983 29/11/2043 55%) 1,44%] 4858, 5423 6953
ChinonB3 [CP: 0: 0/10/ 6 20/10/2046 55% 1,44%; 4858 5423 6953
ChinonB4 [CP: 0: 411/ 7 14/11/2047 55% 1,44%; 4858 5423 6953
ChoozB 1 N4 REP 1450 1501 0/08/ 6 30/08/2056 61%) 2,38% 8052 8989 11524
ChoozB2 N4 REP 1450 1500{ 10/04/1997 10/04/2057 61%) 2,38% 8052 8989 11524
Civaux 1 N4 REP 1450 1495| 24/12/1997 24/12/2057 73% 2,37% 8026 8959 11485
Civaux 2 N4 REP 1450 1495| 24/12/1999 24/12/2059 73%| 2,37%) 8026 8959 11485
Cruas 1 CP2 915| 29/04/1983 29/04/2043 66%) 1,45% 4912 5483 7030
Cruas 2 CP2 915| 06/09/1984 06/09/2044| 66%) 1,45% 4912 5483 7030
Cruas 3 CP2 15[ 14/05/1984 14/05/2044 66%) 1,45% 4912 5483 7030
Cruas 4 CpP2 15| 27/10/1984 27/10/2044 66%) 1,45% 4912 5483 7030
Dampierre 1_|CP1 90| 23/03/1980 23/03/2040 71%) 1,41%; 4778 5333 6837
Dampierre 2 _|CP1 90[ 10/12/1980 10/12/2040 71%) 1,41%; 4778 5333 6837
Dampierre 3_|CP1 0| 30/01/1981 30/01/2041 71%) 1,41%; 4778 5333] 6837
Dampierre 4 |CP1 0| 18/08/1981 18/08/2041 71%, 1,41%] 4778 5333 6837
Flamanville 1|P4 REP 1300 1330| 04/12/1985 04/12/2045 31%) 2,11% 7140 7970 10218
Flamanville 2 |P4 REP 1300 1330| 18/07/1986 18/07/2046 31%) 2,11% 7140 7970 10218
Flamanville 3 |EPR 1630| 21/12/2024 21/12/2084| 31%) 2,59% 8750 9768 12523
Golfech 1 P4 REP 1300 1310] 07/06/1990 07/06/2050 53%) 2,08% 7032 7850, 10064
Golfech 2 P4 REP 1300 1310| 18/06/1993 18/06/2053 53% 2,08%) 7032] 7850 10064
Gravelines 1 [CP1 10| 13/03/1980 13/03/2040 61%) 1,44%; 4885 5453 6991
Gravelines 2 [CP1 10| 26/08/1980 26/08/2040 61%) 1,44%; 4885 5453 6991
Gravelines 3 |CP1 910| 12/12/1980 12/12/2040 61%) 1,44%; 4885 5453 6991
Gravelines 4 |CP1 10] 14/06/ 1 14/06/2041 61%) 1,44%] 4885 5453 6991
Gravelines 5 |[CP1 10| 28/08/ 4 28/08/2044 61%) 1,44%; 4885 5453 6991
Gravelines 6 [CP1 10| 01/08/ 5 01/08/2045 61%) 1,44%; 4885 5453 6991
Nogent 1 P4 REP 1300 1310{ 21/10/ 7 21/10/2047 60%) 2,08% 7032] 7850 10064
Nogent 2 P4 REP 1300 1310] 14/12/1988 14/12/2048 60%) 2,08% 7032 7850, 10064
Paluel 1 P4 REP 1300 1330| 22/06/1984 22/06/2044 70% 2,11% 7140 7970 10218
Paluel 2 P4 REP 1300 1330| 14/09/1984 14/09/2044| 70%) 2,11% 7140 7970 10218
Paluel 3 P4 REP 1300 1330| 30/09/1985 30/09/2045 70%) 2,11% 7140 7970 10218
Paluel 4 P4 REP 1300 1330] 11/04/1986 11/04/2046 70%) 2,11% 7140 7970 10218
Penly 1 P4 REP 1300 1330] 04/05/1990 04/05/2050 46%) 2,11% 7140 7970 10218
Penly 2 P4 REP 1300 1330| 04/02/1992 04/02/2052 46%) 2,11%) 7140 7970 10218
St. Alban 1 P4 REP 1300 1335| 30/08/1985 30/08/2045 68%) 2,12% 7167, 8000 10256
St. Alban 2 P4 REP 1301 1335 03/07/1986 03/07/2046 68%) 2,12% 7167 8000 10256
t. Laurent1 |CP2 1 21/01/1981 | 21/01/2041 33%) 1,45% 4912 5483 7030
t Laurent2 |CP2 1 01/06/1981 01/06/2041 33% 1,45%] 4912 5483 7030
[Tricastin 1 CP1 1 31/05/1980 31/05/2040 72%) 1,45% 4912 5483 7030
ricastin 2 CP2 1 07/08/1980 07/08/2040 72%) 1,45%; 4912 5483 7030
Tricastin 3 CP3 915 10/02/1981 10/02/2041 72%) 1,45%; 4912 5483 7030
Tricastin 4 CP4 915 12/06/1981 12/06/2041 72%) 1,45% 4912 5483 7030
Total 57 63000 100,00% 338202 377521 484001
Planned Reactol
EPR2 1 EPR2 1630 01/01/2035 01/01/2095 8750 9768 12523
EPR2 2 |EPR2 1630 01/01/2038 01/01/2098 8750 9768 12523
R EPR 1630|  01/01/2041 01/01/2101 8750, 9768, 12523
R24 EPR 1630 01/01/2044/ 01/01/2104 8750 9768 12523
R EPR 1630 01/01/2047 01/01/2107 8750 9768 12523
R EPR: 1630 01/01/2050 01/01/2110 8750 9768 12523
Average capacity [Production (GWh)
Average 2022 60,89% 294731
Average 2023 69,88%) 338202
High 78,00% 37752_1|
Max 100,00%) ABAODll
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Appendix 5
Collected data
Association 2025a
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Appendix 6

Appendix 6

Collected data: cost estimates between 2025-2050 in relation to the costs for
retrofitting and decommissioning the old fleet (Day 2020; Maizi & Assoumou
2014: 853; World Nuclear Association 2025a; World Nuclear Association
2025b).
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Appendix 7

Collected data: Cost estimates under different scenarios between 2027-2050 for
the EPR2 construction project (Grubler (2010: 5182; Fertel cited in Davis 2012:
61; IAEA 2020; Wakim & Moutarde 2020; RFI 2024; Nuclear News 2024;
Thomas 2025; World Nuclear Association 2025a; World Nuclear News 2025).
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