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For more than 75 years, the CEA has been %‘)
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Energy transition : towards Net Zero 2050
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Vision for Net Zero by 2050
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French President orientations on future energy policyw W

In his speech in Belfort on 10 February 2022, the President of the Republic
indicated the following guidelines for energy policy, with the objective of
dropping fossil fuels by 2050

= Energy Sobriety: reduce consumption by 40% in 2050

=  Produce more decarbonised energy
= Massive development of renewables (PV, offshore and onshore wind, thermal renewables)
= Relaunch of the nuclear industry: target of 25 GW of new capacity by 2050
«  When possible, life extension of reactors subject to safety review: studies beyond 50 years

« Launch of a "New Nuclear" programme with 6 EPR2 (programme of 3x pairs as proposed by
EDF) and study of 8 other EPR2

« 1 billion € public aid programme for small reactors: support for the development of the
French SMR industrial project (NUWARD), call for projects on innovative reactors, objective
of a first prototype in 2030

- Establishment of regulatory and financial conditions for the organisation of the sector

» The Nuclear Policy Council (July 2023) made decisions on the localisation of the 3rd EPR
pair and increased staff and missions of CEA to drive and reinforce the French nuclear
R&D

>
>
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Strong involvement of CEA
in PV and hydrogen
technologies

R&D with EDF on nuclear
reactors lifetime

Strong involvement of CEA in
the NUWARD SMR project
and innovation in nuclear
production systems



Nuclear R&D activities roadmap at CEA

Preparing for Exploring the future

tomorrow (new (reinvented nuclear)

nuclear and new uses)
Anticipating and meeting

future needs
Supporting the industry and
managing our historical

o ere Gen IV reactors /
activities
AMR and advanced
SMR / AMR and fuel fuel cycle
4 = Advanced reactors (SFR,
s ] cycle Na-AMR, MSR, MMR)
Combustibles et = SMR (light water reactor) for power = Nuclear refinery
opération LT = Hybrid SMR for the decarbonization = Advanced fuel cycle
of local energy systems (electricity, Molton Salt Reactor

= Fuel with improved
performance

= ATF - Flexfuel

= Long term operation of NPP

NPP Operating fleet and = Renovation and refurbishment

nuclear fuel cycle plants |

= Performance

= Lifetime and safety

= Maneuverability and flexibility
= Digital twin

heat, Hydrogen, ...)
= New cycle processes and facilities

Decommissioning and

dismantling 73
waste recovery and conditioning, t ‘,’ 3
dismantling sites, methods and s

technologies to control delays, costs and
g waste, improve safety 16/02/2023 6




Reinventing nuclear power with SMR

=

6 - .
? G ﬁr T New approach to nuclear reactor design
=) gt - Simplicity
) = Passive safety and absence/reduction of off-site
countermeasures

Prefabrication — modularity

. Production in series

— ﬂi - LCOE cost

Source : Third way, NICE Initiative

New use cases for nuclear power

= Network integration and balancing ! G | ($/MWh)
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= Energy hub and remote sites ﬁ _.. G- -
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* Replacement of coal plants | e} BN i e C -
i simplification o
* Heating and industrial heating networks _”_E :
.‘;:» Standardisation C 2
=  Hydrogen & e-fuel C =

= Desalinization

1 1 MWe

SMR large nuclear reactor
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Energy transition : CEA R&D programmes
Vitrification R&D programs

Current and future Common

nuclear industry programmes
2" and 3™
generation
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processes and
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A strategic & industrial roadmap for closure

of the fuel cycle

Contrat stratégique de la
Filiere Nucleaire
2019-2022

22 Novembre 2018

@IE‘U;I&D

Mid-term R&D stakes :

- Investigation of fuel

multirecycling in PWR using

MOX2 fuels

(e.g. assemblies
and natural or enri
recycling rods )

o Short term industrial

stakes :

- Produce MOX fuel to supply

the existing nuclear fleet

- Prepare for use of MOX fuel

in existing reactors (1300
MWe reactors fleet)

Long term R&D stakes :

- R&D program for Generation IV
reactors and closure of the fuel cycle,
including sodium FNR reactors and
cycle plants

- a simulatio program, using new
digital know-gow (e.g. digital twin)

- an experimgntal program

Strong impacts on vitrification (Fission

products, PGM, minor actinides...)
10
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Managing the past to prepare and enable the future : W

Our missions in Cleaning-up &Dismantling, waste recovery and waste management

= CEA/DES missions in the field of
Cleaning up and Dismantling on civil
centers:

= Operations on the shut-down facilities

» Management of waste, materials, fuels and
sources

= Operation of nuclear service facilities

= Perform R&D on every steps including waste
management, cementation and vitrification

Pierrelatte 9 9

Grengble
= The challenges for our activities :

= Operating our facilities safely and securely, and
ensuring operational control

= Carrying out our waste recovery and conditioning,
clean-up and dismantling projects

= Consolidate waste management processes
= Control and optimize fixed costs

= .



Waste vitrification : a wide range of compositions anﬁv % %
constraints

- Various types of nuclear waste/composition coming from back- end of the
fuel cycle and cleaning up and dismantling operations

« Used UOX Fuel : Fission products and minor actinides (neutron captures) ; among
them, platinum group metals PGM...

> Use borosilicate glasses (La Hague plants) « R7T7 », hot or cold crucible melters,
electromagnetic induction heating

« Multirecycling Pu in MOX2 fuels in PWRs : increased contents of minor actinides AN Lo

« ATF (accident Tolerant fuels) : adding new chemical elements (chromium doped fuel...) WO R TR A8 T e 60
. . . Distribution of Uranium-235 fission products (A)
« Research reactors : metallic fuels : UMo use of glass-ceramics ; USi...

« Advanced modular reactors (AMR) : HALEU, TRISO fuel (graphite and carbides...), used
molten salts (chlorides, fluorides)

Q Non nuclear glasses : heavy/toxic metals (Pb, Cd, As, Sb...) + glass seals, PV glasses ...

Logarithmic scale (%)

- Various types of constraints :
« Molten glass physical and chemical properties : fabrication
« Long-term resistance to self-irradiation

« Long-term resistance to leaching in vapor and liquid water / environment
+ Cross effects
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The CEA simulation-experiment approach

fo accelerate the research and innovation for the energy transition

Coupled multiscale & multiphysics simulation
Increase the share of experiments at small scales

Manage the uncertainties to drive smart experiments
Use databases, Al and HPC numerical tools ; towards exaflop calculations and numerical twins

» Experimental facilities (inactive and active)

» Powerful simulation tools

Turbulence diph I : : : ;
m‘fég':éi";: e Installations en actif pour I'étude des combustibles,

fines S des matériaux et des procédés de traitement

Données nucléares
auplus présde la Dynamique : ruine LECI, LECA, ATALANTE
Lois de comportement physique nucléaire dé aruciires
issues des échelles MTTI' i = =
-échelle i ¥ . . A ; =
Tnés n;"jureux CFD Lr. A bon p Réacteurs de recherche et d'irradiation : CABRI (exploité
réacteur v pour les programmes de |I'IRSN), absence de réacteur

Modéles
mécanistes

d’irradiation depuis fin 2015 (RJH en construction)

Combustble : couplage

Cinétique

thermochimie /
thermoméca / Mot
endommagement Carlo
Calculen 1
AR ..
Couplage dynamique

Grands =
déplacements } F FopA %5 sy Plateformes expérimentales NTE : salle blanche FabLAB PV,

plateforme mobilité, plateforme hydrogéne, démonstrateurs de
systémes énergétiques en région...

d'amas et dislocations

MECANIQUE

(compusmieu) "EUTROMUE DS FLupes MECANAUE  ZVHTER o
:: OVBUSTIBLE)  ppo1103 TRioceD  SASTEM BALEL Plateformes expérimentales transverses
NUMODIS Zg'::;g‘ FLICA ! : plateformes fabrication additive SAMANTA & POUDR’INNOV,
BIEADES CATHARE < p
1 %o plateformes de caractérisation,...

@ + Databases 13



NN
Avenues of research in a simulation-experiment approach

Simulation of the melting process + chemical
reactivity : multiphase, multiphysics ; efficiency (CO,
emissions)...

Process Metamodelisation (Al) to explore the parameter space
design

Simulation of innovative physical / chemical
processes to recover reusable materials,
avoid carbonates (CO, emissions)...

High temperature measurements,
thermophysics & thermodynamics
& rheology -> data bases

+ ML/ Al in multi-dimension

materials

+ Multiscale simulation of the leaching gel ’

formation : micro, meso scales (MC, * Cristallisation process thermodynamics

phase field...) kinetic & mechanical simulation
 Global transfer dynamics (coupled to » Self irradiation : simulation of the
eochemistry) Long term energy deposition + molecular

Intrinsic long- dvnamics
term
behaviour

interaction
with the

environment
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Institute of science and
technology for a circular
low-carbon energy economy

[ ]
September 25-29'" 2023
J 3'd summer School on nuclear

and industrial glasses for
energy transition

Sumglass 2023’ objectives
and expectations

Sophie SCHULLER
R&D Project manager
CEA, ISEC, DPME

SUMGLASS 2023 - Nimes - September 25-29th 2023
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Reinforced our cooperation

145 attendees @ Waste2Glass — P
10 countries hd lJ SQ | m
More than 60 o M

institutes umms T

To meet the challenges facing the nuclear fuel cycle and the non-nuclear industry as part of the net-zero
energy transition 2050 Sumglass 2023



Meeting the major challenges of a sustainable future

Reinforce our potential of innovation

Develop new approaches and modeling to accelerate
nuclear waste management

Develop new vitrification technologies, new glass
compositions for energy transition

Take into account the life cycle of nuclear waste
management

Sumglass 2023



=>Share the main issues and methodologies developed on the vitrification of nuclear wastes
and industrial glasses

Sumglass objectives and expectation

Review the state of the art at international scale

= Challenges and development of Vitrification/treatment technologies and packaging
matrices

= Challenges and key issues to the disposal of French vitrified glass

= Researches dedicated to the glass alteration of packaging and commercial glasses

Provide an overview on the issues surrounding recycling and the use of raw
materials to reduce carbon footprints

Sumglass 2023



Sumglass objectives and expectation

=>» Share the modeling approaches
Chemical - Physical process
= Empirical
MMod_eImg Statistical
ulti-scale

Mathematical
Physical

) ) Experimental
Validation Digital experiences

Technologies — Physico-Chemical properties — Long term behavior
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Sumglass objectives and expectation

Give an overview of multiscale modeling and machine learning

= Optimize furnace and glass compositions
» Understand and predict the long term behavior

=>Focus on modeling/machine learning implemented
for nuclear waste Vvitrification and commercial
technologies

=>Provide datas and key mechanisms on physico-
chemical properties that can influence furnace
operation (thermics, redox, foaming, diffusion,
viscosity)

= Demonstrate the contribution of thermodynamics and knowledge of chemical processes
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Chemical - Physical process

Modeling

Empirical
Statistical
Mathematical
Physical

Experimental
Digital experiences

(diffusion, crystallization, phase separation) to optimize glass compositions

Sumglass 2023




Sumglass objectives and expectation

=>» Share the characterization methodologies

Demonstrate recent developments and methods used to characterize physico-
chemical processes (crystallization, phase separation, bubbling, chemical reactivity) in
temperature - Parameter acquisitions

=>» Take a look on the new development on glass for energy transition

Focus on glass development for energy transition

Sumglass 2023
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Sumglass objectives and expectation

Promoting and value our works and discussions in a special issue
Materials letters: Glass and sustainability

https://www.sciencedirect.com/journal/materials-
letters/about/call-for-papers#glass-and-sustainability

materials letters

Submission deadline: 15-Jan-2024

"" materialstoday

nnEcting the materials commun ty

Sumglass 2023
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