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Who is NucAdvisor?
• NucAdvisor is a private company established in France which provides
Consultancy Services in Nuclear Energy
• The Vinci Group, a global player in construction and concession, owns a
majority share in the Company, the remaining part being in the hands of
Partner-Experts
• The Partner-Experts are former executives and high-level experts of the
Nuclear Industry
• NucAdvisor is fully independent from all Nuclear Vendors and
Operators, allowing it to act in total impartiality for Governments, Public
Entities, Industrial Companies, Private Investors…

•

Our core activity is providing support to clients in the fields of nuclear
technologies, nuclear safety, environment, nuclear medicine, decommissioning,
waste management, operations as well as nuclear economics and nuclear legal
issues.

•

We propose to our clients the following services:
➢ Strategic advisory;
➢ High added value specialized technical services;
➢ Owner’s Engineer services.

•

70% of our annual turnover comes from international contracts.

•

Our team is composed of ~30 Partner-Experts and senior consultants,
supported by a network of around 100 associated subject matter experts'
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1. Introduction: EU energy
security and low-carbon
energy transition is not
possible without nuclear
energy
Nuclear Days, Plzeň, September 2022
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Successful French green deal before date, IEA and IPCC positions on
nuclear energy
• March 1974, French Prime Minister Pierre Messmer : “It is true that France has not been very
favoured by nature in terms of energy resources. We have almost no oil on our territory, we
have much less coal than England and Germany, and less gas than Holland. Our great chance is
our electrical energy of nuclear origin”.
• Almost 50 years later, the above statement remains valid for France and indeed for the EU. The
Dutch gas resources are in terminal decline and the remaining coal resources should stay in the ground if
we want to avoid climate breakdown. But the challenge has become much more significant.
• Nuclear power can play a major role in
enabling secure transitions to low
emissions energy systems. Alongside
renewables, energy efficiency and other
innovative technologies, nuclear can make a
significant contribution to achieving
sustainable energy goals and enhancing
energy security.
• Nuclear power is an attractive option in
many countries, irrespective of their level
of economic development. Nuclear has a
strong track record of CO2 emission
avoidance.
Global CO2 emissions from electricity generation, Climate Change and Nuclear Power, IAEA 2020
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All economic powers bet on nuclear energy. And the EU?
• USA, China, Russia, South Korea, Japan, UK have clear
nuclear development strategies, recognizing the role of
nuclear for their national security, energy independence and
as an essential contributor to decarbonization
• And the EU?
• Despite the ongoing opposition of certain member states,
the EC recognizes that reaching the extraordinarily
ambitious decarbonization targets is not achievable
without nuclear power and foresees 20% of all energy
consumption to come for nuclear fission in 2050
[EC: Going carbon-neutral by 2050]

• The recently adopted Complementary Delegation Act
including nuclear energy in the EU taxonomy for
sustainable investments (albeit as “transitional”) should
facilitate financing of nuclear projects, positively
influences future policy development and conveys
a clear message that nuclear is low-carbon and
sustainable
• France decarbonized its electricity system several decades
ago to achieve one of the lowest average CO2 emissions
in the EU and in the world (50-65 gCO2/kWh)
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2. The success and
glory of the French
nuclear industry – a
brief history
Nuclear Days, Plzeň, September 2022
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Post-WW II nuclear development
Stage 1: Building capabilities: after World War II, France started developing
its nuclear defence program and transferring the accumulated know-how
to the civil sector. Developed a multitude of nuclear power technologies.
By 1973, the following reactors were built:
• 9 gas-cooled, graphite-moderated reactor technology using natural uranium
• 1 heavy-water reactor,
• 1 PWR
• 2 fast neutron sodium cooled reactors

Stage 2 – focus on fast implementation of LWRs
• Intention to develop an industrial policy based on both PWR (Westinghouse) and
BWR (General Electric) technologies, creating competition and maintaining the
independence of choice. Two orders were placed for BWRs, but the project was
finally abandoned in July 1975,
• EDF then turned only to PWRs, Westinghouse's licensed technology progressively
indigenised by the “Franco-American atomic constructions” - Framatome.
• The new program took benefit from the competitiveness and maturity of the
American PWR technology and was supported by the construction of a uranium
enrichment facility in France.
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The Messmer plan
• Initial plan: construction of thirteen 900 MW
reactors.
• Later complemented to reach 34 units of 3loop 900 MW reactors.
• April 1977, the first PWR Fessenheim 1 was
connected to the electricity grid.
• Progressive indigenisation by Framatome.
• Power plants with a unit capacity of 1300 MW
were built starting from 1979 (20 units).
• Construction effort continued until the end of
the century, the fourth and last N4-type
reactor with a unit capacity of 1450 MW
connected to the grid in 1999.
• By then, 75% of electricity produced in France
was of nuclear origin.
• Fifty-eight reactors were in operation at 19
power plants until 2019.
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Unmatched pace of construction and success in international
markets
Construction schedules of French NPPs
• Speed of construction remains unparalleled in the
world, even China has not (so far) achieved that: in
1981, 8 units were connected to the grid.
• Exporting the Framatome-designed 3-loop 900 MW
reactors.
➢ Two units commissioned in 1984 at Koeberg in
South Africa,
➢ Two units in 1988-89 at Hanul (previously Ulchin)
in South Korea.
➢ France stood at the cradle of the Chinese nuclear
program :
o Two 900 MW units built at Daya Bay in the
Guangdong province, commissioned
respectively in 1993 and 1994,
o Two 900 MW units at Ling Ao 1,2,
commissioned in 2002.
o Ling Ao 3,4 use indigenised design CPR-1000,
they were constructed in conjunction
with Areva and are based on the French 3loop design
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3. The genesis of the EPR
and the projects in France,
Finland, China and the UK
Nuclear Days, Plzeň, September 2022
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EPR – the idea to
merge the best of
French and
German
technology was
jeopardized by
politics

• 1989: Framatome and Siemens create Nuclear Power International (NPI) to develop the EPR, a Generation III+ reactor
• Main design objectives: increased safety and enhanced economic competitiveness through improvements to the
previous PWR designs scaled up to 1650 MWe.
• EPR - descendant of the Framatome “N”4 and Siemens "Konvoi" reactors, with the objective to extract the best
of the two designs and have it licensed both by French and German safety authorities.
• 2001: nuclear activities of Framatome and Siemens merge into Framatome ANP,
AREVA Group created by a merger of Framatome, Cogema (fuel cycle front end and back end) and Technicatome
(nuclear propulsion systems). AREVA NP where Siemens had a participation, was in charge of the EPR design.
• 2006: Electricity generation from nuclear in Germany starts to decrease
• 2009: Siemens withdraws from AREVA NP
• 2011: Siemens definitively ceases its nuclear activities. The Franco-German EPR design was thus left fully in the hands
of the French, with multiple design features emanating from the German Konvoi concept. Some of them, like the
pressuriser relief valves, required more than 10 years to be qualified according to the French regulations. Difficulties
were also encountered for the in-core instrumentation, previously developed for the Konvoi reactors.
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The first EPR projects –
optimism bias
• 2003: Finland - first EU country to decide nuclear new build. AREVA,
in consortium with Siemens, wishes to benefit from a first mover
advantage, bid a low price and sign a turnkey contract with TVO to
build an EPR at Olkiluoto in 48 months for 3 billion euros.
• 2004: EDF decides to launch an EPR project in France, with a target
commissioning date in 2012, to be followed by a serial construction
of several EPRs expected to be operational from 2020 onwards – at a
time when the first units of the Messmer program reach 40 years of
operation.
• 2006: Final Investment Decision to build the EPR as a 3rd unit at
Flamanville site in Normandy, with an anticipated budget of 3.3
billion euro and a construction time of 54 months.
➢ Main suppliers: AREVA NP for the NI, Bouygues for the civil
works and Alstom for the TI.
➢ A second EPR was planned at the Penly site, early
developments were also started in southern France for the
construction of an ATMEA1 reactor. Projects abandoned in 2012
on political grounds, under increasing anti-nuclear pressure and
a lack of a rational long-term energy policy.
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• Olkiluoto 3 – OL3
• Flamanville 3 – FLA3
• Taishan 1 & 2 – T1&2

What went wrong and why?
• OL3 EPR = FOAK EPR, AREVA NP turnkey vendor.
• FLA3 (started 2 years after OL3), EDF owner and architect-engineer, AREVA NP designer and
supplier of NI.
➢ Joint engineering platform – did not work well:
o the two companies were competing on international markets,
o difficult relationships between the top managers of the two companies,
o ➔ benefit of experience feedback from OL3 to FLA3 remained low.

• Taishan EPR in China (1st concrete in 2009, i.e. 4 years after OL3 and 2 years after FLA3),
• Benefitted from the lessons learnt from its two predecessors in the early stages of
construction.
• This, combined with Chinese NPP construction experience and easy and fast access to
qualified resources, enabled the Taishan construction to overtake both OL3 and FLA3.
• The flow of experience feedback reversed, allowing OL3 and FLA3 to benefit from the
experience of Taishan in erection and commissioning activities.
• ➔ the three projects were closely interrelated. But:
➢ built in different countries with different regulatory frameworks resulting in
differences in design,
➢ different ownership and contractual structures,
➢ ➔ experience feedback not always directly transposable. The large differences in the
regulatory environment and the lack of a stable proven detailed design while the
projects were progressing in parallel make each of them a “near FOAK”.
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What went wrong and why?
General Cause
Optimism bias unrealistic initial
estimates

Examples
Poor assessment of the increase of complexity between N4 and EPR (4 safety trains, double
containment etc.) resulted in totally unrealistic initial estimates of cost and schedule
Competition with other vendor projects and overnight costs announced by them
Design complexity: dual containment, two-room concept, 4 safety trains
Design concepts originating from “Konvoi” new to EDF and French safety authority

Project size and
complexity

Pressuriser relief valves difficult to qualify according to French regulations.
Novel design of in-core instrumentation with respect to French design.

Constructability issues resulting from attempts to minimize the size (and cost) of certain
buildings or rooms ➔ made erection and installation works more complex to organise,
coordinate and implement

The criterion of concrete volume and iron mass minimisation used for the
N4 units was no longer valid when applied to EPR nuclear islands. It
induced very difficult building constraints when the walls of different levels
were misaligned in the reactor building.

Building a single unit is risky and expensive – prefer twin units

The two-unit plant at Taishan clearly demonstrated the interest of having
two units: experience feedback and access to “spare” parts

Project governance
No clear separation of roles and responsibilities between owner, architect-engineer
No clear assignment of “project director” and of a clear chain of command reflecting
the financial, strategic, technical and reputational challenges of the project

Poor project
management and
governance

Comment
This is a FOAK of a Gen III+ reactor: increased safety, improved economics,
simplified maintenance
Peer pressure between competing engineering teams

Project management tools and methods
Limited implementation of systems engineering principles, latest digital tools and
platforms
Design tools and schedule tools not shared with the supply chain
Excessive external pressure (media, anti-nuclear sentiment in society) did not favour
transparency, detection of weak signals, early warnings
Late move of project management teams to the construction site
Complex organisation of engineering activities – multiple sites, multiple interfaces, difficult
coordination

It was only in 2015 that a full-time project director had been nominated
and positioned as N-2 with respect to the CEO (Folz report)

The poor integration of the various engineering tools resulted in difficulties
and delays in the installation of electro-mechanical equipment
The safety authority (ASN) rigorously performed its watchdog function
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What went wrong and why?
General Cause

Examples
Only 40% of detailed design completed at 1st
nuclear island concrete
Low design maturity resulted in modifications being
Low level of completion of detail design done late in the process resulting in significant
rework (engineering, construction, erection)

Comment
Required design engineering hours after the first concrete had to be multiplied by a
factor 7 between the initial forecast and actual rework
4500 design modifications, 8 design configurations, while a “normal” project of this
size and complexity should require only 3 or 4 configurations

Fukushima

A crisis centre common to the three reactors on the site was built, the hard-core
concept of safety equipment was applied for FLA3 but this required only minor
changes to the existing design

Manufacturing quality controls

Inspections revealed numerous deficiencies in the fabrication and quality control of
forged ingots and parts

Evolution of ESPN regulation – the RPV and RPV
head issues

Regulation for pressurised vessels and other equipment underwent considerable
changes between 2005 and 2018. New requirements were issued over a large time
frame for technical qualifications, fabrication processes and controls, welding
processes, non-destructive and destructive testing and controls, transient stress
calculations and validations.

Break preclusion safety demonstration

In 2017, it was revealed that the high-quality requirements for welds on the
secondary circuit main steam pipes were not achieved. This was a breach of the
“break preclusion” safety requirements and about 50 welds had to be redone. This
was particularly challenging for 8 of them which traverse the two containment walls.

Evolution of regulatory requirements
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What went wrong and why?
General Cause

Poor relations with the supply chain

Examples
Numerous contract amendments resulting from design changes,
scope and quantities evolutions resulting in multiple contract
amendments and re-negotiations
Contractual framework lacking incentives
Multiple levels of sub-contracting
Delegation of responsibility
Within EDF – time since last project
Retirement of the previous generation of experienced
specialists
“Over-engineering” and “over-specification”– loss of
understanding of industrial and construction field realities

General loss of competences and skills Within the supply chain:
Loss of competences due to decades of no visibility, no
investment
Loss of competencies for equipment qualification while at the
same time the regulations were strongly reinforced
Welding

Comment

Too much stress is put on documentary control while
neglecting the quality of the technical performance and
individual skills

Shortage of highly qualified welders, lack of anticipation,
training
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Main drivers and amounts of FLA3 cost overruns
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Other EPR projects and prospects
• Construction
➢ Hinkley Point C – 2 EPR units in Somerset, UK
• First Nuclear Concrete poured in 2018
• COD currently scheduled in 6/2027 for Unit 1 and 6/2028 for Unit 2
• Development
➢ Sizewell C – 2 EPR units in Suffolk, UK
• Development Consent Order granted by the UK government in July 2022
• Negotiations on financing model ongoing, EDF targets to keep a share of
20%
➢ Jaitapur – 6 EPR units in Maharashtra, India
• EDF to be the E&P supplier of the nuclear island, large local content
• NPCIL responsible for construction, commissioning, and certification of EPR
technology by Indian regulator
➢ Offer for 6 EPRs in Poland
➢ Participation in CEZ tender with EPR1200
➢ 6 EPR2 reactors in France – 3 pairs of twin-unit EPR2s
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4. The EPR2 reactor and
the near-term program
for 3 EPR2 twins
Nuclear Days, Plzeň, September 2022
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EPR2 reactor – learning from the EPR experience
• Feb 2022: decision to launch the construction of 6 EPR2 reactors
in France, EDF to carry out a feasibility study for additional 8
reactors
• EPR2: integrating experience feedback from EPR design,
construction and commissioning of EPRs
• Construction of 3 pairs conceived as a single program maximising
the series effect with minimal design changes, using identical
equipment and the same suppliers and contractors across the
program

• 3 main types of evolutions of the EPR2 compared to the FLA3 EPR:
1. Design changes
2. Evolutions resulting from the opinion of the safety
authorities to ensure EPR2 licensability
3. Evolutions in design engineering, equipment
manufacturing, plant construction and overall project
organisation management and governance
• Currently designated only for the French market
• First pair to be built as units 3 and 4 at the Penly NPP site
(Normandy)
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EPR2 reactor – main design changes
N°
Design change
1 Increased core power from 1570 MWe to 1650 MWe
2 Evolution and optimisation of fuel management
3 Reduction of the number of safety trains from 4 to 3

Comment
Core power equivalent to the Taishan EPR
UO2/MOX
Concerns the following systems and equipment: safety injection
systems, SG emergency feedwater systems, Ultimate Containment
Heat Removal System (EVU)

4
5

Improving the architecture of certain auxiliary systems
Simple concrete containment with a metallic liner

New back-up emergency water system (SEM),
Simplifies the Nuclear Island Building construction for equivalent
safety containment performances, in particular the design pressure
in LOCA and Severe Accident

6

Maintenance of safety trains in operation Not possible for a reactor
with 3 safety trains

7

Suppression of the “two-room” concept allowing certain
maintenance activities during reactor operation
Suppression of the nuclear auxiliary systems building (BAN)

8

Simplification of the core catcher design

Related to the civil works optimization, but has entailed a new
severe accident safety analysis of the core catcher

9

Increased size of certain buildings: reactor building, fuel building,
safeguards auxiliaries building

Objective: improved constructability and simplified operation and
maintenance

The systems it contained are relocated either in the Fuel Building or
in the effluents treatment building
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EPR2 reactor – changes resulting from
opinions expressed by the safety authority

N°

Issue

Comment

1

Break Preclusion

Authorized by ASN letter 15/09/2021
taking into account specific
modifications negotiated with EDF

2

Military aircraft crash

Under review by ASN
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EPR2 reactor – main evolutions in engineering,
manufacturing, construction, project management
and governance
N°

1

Category

Engineering

Topic

Engineering management

2

Improved constructability

3

Improved industrialisation

Proposed solutions
-

Application of systems engineering principles
Digitisation of the engineering process – PLM platform
Detailed design better consolidated at First Concrete Date
Design and civil construction simplification
Use of 3D/4D models and BIM
Extended use of prefabricated parts and modules
Work with supply chain in “extended enterprise” mode, early involvement of supply chain
Standardise equipment references and reduce their number, simplify specifications

4

Procurement

Procurement and supplier selection

-

Optimised allotment of work packages and procurement strategy (best value for money)
Better on-site work and logistics organisation
Better contracting methods (incentives, shared objectives, pain/ gain)
Optimise procurement (volumes, number of references)

5

Construction

Project organisation, management
and governance

-

Professionalise project management, staffing, training, best practice sharing
Improve cost and schedule controls – implement EVM
Full control by EDF project management of key contracts (allotment, supplier selection)

Management and supervision of
suppliers of equipment and services

-

EDF industrial division to follow & evaluate supply chain competences, qualification, risk
assessment, inspections
Contract management culture
Reinforce relationship with safety authority
Develop Knowledge Management to capture experience feedback on design standards, project
management methodologies etc.
Bring people with experience from previous projects, anticipated and highly professional
recruitment process
Competence retention
Important effort in training and competence building
Welding schools
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6

7

Competence
retention and
development

-

Completing the panorama - NUWARDTM SMR
•

Background
• Considerable experience with compact reactors for propulsion systems,
• Several concepts of SMRs were developed over the recent years.
• Considering the existing experience and expertise, and based on extensive
market research and analysis ➔ decision to develop a GEN III+, PWR SMR
NPP with a capacity of 340 MW(e) using 2 independent reactor modules
of 170 MWe each.

Integrated
reactor with
main NSSS
components
…

… installed in a
metallic containment
immersed in a water
pool …

… located in a nuclear island building
containing 2 reactors of 170 MWe
each and a spent fuel pool

•

NUWARDTM
• integral-PWR - fully integrates the main components of the NSSS including
control rod drive mechanisms, steam generators and pressurizer within the
Reactor Pressure Vessel (RPV).
• NSSS installed in a steel containment submerged in an underground water
pool allowing for enhanced in-factory manufacturing.
• Developed under the leadership of EDF with the support of the CEA, Naval
Group and Technicatome, bringing together the best expertise and
experience in the relevant fields

•

Commercial target
• Replacement of existing fossil electricity and CHP sources in the range of 200-400 MWe.
• Considering only countries already using nuclear power or open to nuclear power, EDF identified more than 3300 installations in this market segment,
of which 60% are more than 20 years old, 30% are more than 30 years old.
• Clear export target (no fossil-fired generation facilities in this segment in France)
• But:
• FOAK NUWARDTM to be built in France by 2030.
• Dedicated project structure established within EDF.
• Design driven by the industrialisation objectives and is resolutely turned to be an all-European endeavour, involving European partners in
development, European supply chain, European regulators.
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5. Conclusion

Nuclear Days, Plzeň, September 2022
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• Knowing that:
➢ Nuclear power has demonstrated its ability to provide dispatchable electricity
reliably, safely, affordably and with stable costs
➢ Nuclear power remains the largest single source of electricity in the EU (26%), with
more than 70% in France
➢ Nuclear power has demonstrated its ability to decarbonize the electricity system
➢ Ongoing developments and innovative designs make nuclear power a key tool for
decarbonizing hard-to-abate sectors of the economy
➢ The physical realities progressively impose themselves over ideology
➢ All global powers include nuclear energy as a key element of their energy
development strategy
➢ Despite many past mistakes, the European nuclear industry is capable to learn from
its mistakes and is ready to raise the challenge of new development.
➢ France and other EU countries have all the industrial and human infrastructure to
launch a large-scale program to build new nuclear capacities. EU has one of the
most advanced nuclear industry ecosystems with world leaders in many areas of
nuclear engineering, design, construction, and operation.
➢ Highly capitalistic nuclear power projects need long-term vision that only
governments can provide

• We are convinced that:
➢ EU Member States favourable to nuclear power must team together and promote
the development of nuclear power and nuclear industry in Europe. The EU
institutions should fully support such dynamics that would allow Member States to
work together, without making ideologically based value judgments but following
scientific facts and evidence. If EU becomes a leader in nuclear technology, the
benefit for the EU, economically and geopolitically, will be tremendous.
➢ The success is in the hands of EU Member States and requires full support from EU
institutions
➢ No Green Deal without Nuclear Power
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Děkuji za pozornost
Nuclear Days, Plzeň, September 2022
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