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Webinar procedures

- Webinar Recording Notice:
This webinar will be recorded and shared only with the
participants through the SNETP Members Area.
By staying connected, you consent to this. If you prefer not to appear,
please keep your microphone and camera off throughout.

Guidelines:

Use the Q&A section for questions & indicate if you can who you wish to
ask your question to.

Raise your hand if you wish to speak.
Unmute when invited to speak.
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Agenda of the Webinar
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2. Overview of Key Concepts
3. Projects Presentations

4. Roundtable Discussion

5. Q&A
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SNETP: The European Technology & Innovation Platform (ETIP)

SNETP is the only European wide association
dedicated to collaborative nuclear research, with all
major European R&D organizations as members. It
organizes events and uses online tools to foster
collaboration on new project proposals. Since 2007,
SNETP has supported discussions on over 300
project ideas.

The specific European Technology & Innovation

Platform (ETIP) status gives SNETP and its members
increased visibility and privileged access to high-level EU
managers, international organizations, and member states.

SNETP and its 125 members shape European energy
policies by exchanging on research priorities, producing
reference documents (e.g., SRIA) on the state of R&D&I in
Europe, and publishing position papers.
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How does SNETP work ?

‘@NUGENIA
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SNETP services

>

Roadmapping
& joint programming

Publication

of Strategic Research
& Innovation

Agenda in July 2021

Publication of
Deployment Strategy
in 2025

SEARCH
TRATEGIC RE
-(l,\':iED“:I:NOVATlON AGENDA

July 2021

-
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Supporting project
creation process

Labelled by @

‘@NETP

SNETP Open
Innovation Platform
(SOIP) to share,
browse, and submit
R&D&I project ideas &
receive a recognition
label from SNETP.

Scientific dissemination
& communication

Newsletters, social media
content & dissemination
campaigns, video content &
interviews, website articles,
brochures & events




SNETP services
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Networking Link with European policy makers
« Annual SNETP Forum with 200+ _
participants SNETP and its
members actively
- Strong collaboration with the participatein

European Commission, FISA-
EURADWASTE, the European SMR
Alliance, and key events like ENLIT,
WNE & SET Plan.

- Partnerships with EURAD,
PIANOFORTE, CONNECT-NM,
ENEN, and the JRC.

«  SNETP has signed MoUs with
European Nuclear Society (ENS)
and Women in Nuclear (WiN).

working groups,
panels, and key
events of the SMR
- Alliance, SET Plan,
and other prominent
European initiatives.
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Who is SNETP?

BELGIUM
Bel V
ENGIE Tractebel
ENGIE LABORELEC
NUCLEAR-21
nucleareurope
SCK-CEN

BULGARIA
INRNE

CANADA

CANDU Owners Group
Candian Nuclear
Laboratories

Candian Nuclear Safety
Commission

CZECH REPUBLIC

€EZ Group

CTU - Czech Technical University
CVR - Centrum vyzkumu Rez

ES Group Europe

UJV Rez

VZU Plzen

DENMARK
Copenhagen Atomics A/S

FINLAND

FinNuclear
Fortum

Kiwa

LUT University
Trueflaw

TVO

VTT

FRANCE

ASNR

CEA

CNRS

EDF

ENEN
FRAMATOME
HTR

JEPIC

LGI

Metroscope
MINES ParisTech
NAAREA
NucAdvisor
NEEXT Engineering
newclo

ORANO
TechnoCarbon

GERMANY

Becker Technologies
Framatome

125 members
as of Dec’24

Fraunhofer
Forschungszentrum Jilich
GRS

HZDR

IKE - Universitat Stuttgart
KIT

PPreussenElektra

walfel

HUNGARY
AEMI Ltd
Bay Zoltan
EK Center for
Energy Resedrch
Hunatom ZRT
Paks NPP
TH-CAD
University of Dunaujvaros

IRELAND
EPRI

ITALY

Ansaldo Nucleare
CAELUS

CIRTEN

ENEA

N.IN.E.
Politecnico Milano
SRS

® Research

organisations
® Industry

SMEs

Academia

University Rome Sapienza
Universita Di Pisa

JAPAN

CRIEPI
JAEA

LITHUANIA

LEI
KTu

NETHERLANDS
NRG
THORIZON
NORWAY
IFE

POLAND
NCBJ

ROMANIA

ELSSA LABORATORY
INFLPR
RATEN

SLOVAKIA

IVS
SLOVENSKE ELEKTRARNE
STUBA

MEMBERS PER COUNTRIES

VUJE
VUEZ

SLOVENIA

Jozef Stefan Institute

SOUTH KOREA

KAERI
KEPCO

SPAIN

CEIDEN

CIEMAT

EMPRESARIOS AGRUPADOS
Iberdrola

INESCO INGENIEROS
Innomerics

TECNATOM

University of Cantabria
UC3M

UPC

UPM

UPv

SWEDEN

Chalmers University
KTH

Swerim
VATTENFALL
WESTINGHOUSE

SWITZERLAND
EPFL
Paul Scherrer Intitute
SVTI ASIT

UKRAINE

Energorisk

ENERGY SAFETY GROUP
IPP-Centre

ISSPMST of NSC KIPT
SSEC CSER

SSTC NRS

UK
Amentum Clean Energy
Bangor University
BO-NRC
EDF Energy
Jacobs Engineering
Nuclear AMRC
Rolls-Royce SMR
UKNNL
World Nuclear Association

EU

EC DG ENER
EC-JRC

ECDGRTD
European Nuclear Society
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What is a Molten Salt Reactor?

“Molten salt reactors are a broad and diverse category of reactors, in which a molten
salt plays one or more significant functions in the reactor core, such as fuel chemical
form, liquid fuel carrier, coolant or moderator.” (IAEA, Status of Molten Salt Reactor

tecnology, 2023)

Molten salts are usually limited to Fluorides and Chlorides salts
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What is a Molten Salt Reactor? Liquid Fuel

Liquid fuel is a mixture of fluorides or chlorides salt (eutectic with different
components)

» LiF-BeF,-ZrF;-UF,(65-29.1-5-0.9 mol%)
« LiF-BeF,-ThF,-UF,(72-16-12.-0.4 mol%)
* NaCl-UCl; (68-32 mol%)

Advantages:

* Fuel homogeneity, online reprocessing, no FPs builtup
- Direct heat transfer
. L|_m|ted thermal limits ar_ld |rra_d|at|on damage https://commons wikimedia.org/wiki/Categor
» Different geometry configurations y:FLiBe#/media/File:FLiBeSolidandMelted.gif

FLUORIDE FUEL FOR A MOLTEN SALT REACTOR
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What is a Molten Salt Reactor? Molten Salt

Molten salt as coolant

« High operating temperature (> 600 °C)
« High boiling (and melting) point

« High Prandtl number

« Inert with air and water

| UFThR,__| NaF-NaBF, | _FLINAK

Melting point 560-570 °C 384 °C 454 °C 455 °C
Boiling point 1600 °C 694 °C 1570 °C 1400 °C
Density 4100 kg m3 1790 kg m™3 2000 kg m-3 1700 kg m™3
Thermal conductivity 1Wm?Kt 044WmiK! 088WmilKt 1WmtkK?
Specific heat capacity 1000 J kgt K1 1500J) kgt Kt 1900J) kgt K* 2400J kgt K?

@NETP
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What is a Molten Salt Reactor? Taxonomy

Molten Salt Reactors

Category:
Classes:

|. Graphite based MSRs | Il. Homogeneous MSRs JlIl. Heterogeneous MSRs _

Families:

I.1.
Fluoride salt
cooled

reactors

l. 2.
Graphite
moderated
MSRs

1. 3.

fluoride fast

MSRs

1. 4.

Homogeneous | Homogeneous

chloride fast

MSRs

. 5.

moderated
MSRs

Il 6.

Non-graphite |Heterogeneous

chloride fast
MSRs

-fluid
r
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)
geneous MSR

geneous MSR

i

Frozen salt MSRs
Hybrid spectrum MSRs
Heterogeneous gas cooled MSRs

nebble bed fuel
Fluoride fast
Th-U breeder
Pu containing
fluoride fast rector
Chloride fast
breeder reactor
Chloride fast
breed & burn reactor

Th-

Sin
Solid moderator

hetero
Liquid moderator

hetero

oz
w
=
et
[72)
<=
o
-
o
o
o

Heterogeneous lead
cooled fast MSR

e
3]
w
w
=
o
L
[ =
L
(=]
o
| =
L
=
L
X

i =
—
=
=
(=]
sl
(5]
(1]
b
L =
©
-
o
o
o
—
C
w

Salt cooled reactor with

Adopted from: IAEA Technical Report Series, Status of Molten Salt Reactor Technology, document in preparation, International Atomic Energy Agency, 2021.

$N ETP Courtesy of Jiri Krepel, Molten Salt Reactors Taxonomy and Fuel Cycle Performance, GIF-IV webinar
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Zoom on MIMOSA project

Multi-recycling strategies of LWR SNF focusing on molten salt technology

https://www.mimosa-euratom.eu/

This project is funded by the Horizon Europe programme under grant agreement n°101060646



https://www.mimosa-euratom.eu/

MIMOSA S

Multl-recycling strategies of LWR SNF focusing on MOlten SAlt technology

Project 101061142 — HORIZON-EURATOM-2021-NRT-01

An EU funded project aiming at demonstrating multi-recycling strategies
based on the use of molten salt reactors in European countries

Call scope
MIMOSA addresses
2 Multi-recycling of fissile materials from LWR spent fuel all requirements of
- Treatment of Minor Actinides and other non-fissile the EURATOM call
elements I » with an assumed
- Extraction and purification of valuable elements, e.g., choice of testing a
platinoids, ...

unique technology:
Fast chloride MSRs

Funded by
the European Union

Copyright MIMOSA consortium — Public



(«%‘ The objective of MIMOSA is to contribute to the
development and deployment of MSRs in the EU

MIMOSA aims to develop an accessible and cost/risk optimized
multi-recycling strategy of LWR spent fuels in the EU that:

2 is based primarily on

multi-recycling of Pu /—-——d
(and reprocessed U) in SPE“”"""" m
(Th) CI salt

Fuel
LWRs, combined with 1
T

FaSt Cl MSR’ Multi-recycling
in LWR(+FR) ; |
FR L4 SN Chloride
LWR Nuclear\... - ! MSR

and Optimizes costs and Power Plant \MO.‘(IMOXJZ L L Used

. . fuel It

risks by using already e d_/ {:;E:a:,:‘;‘,f;::;,\_ d /
available infrastructure in MELOX
the EU such as the Orano / famtaiod | L

reprocessing plant in La REPU _

Hague (France) Fuel E. [] [] Residues

MIMOSA overall concept
Copyright MIMOSA consortium — Public




(%‘ The Consortium gathers organisations with
complementary and state-of-the art expertise

relevant to MSRs and LWR multi-recycling

/ Industrial multirecycling of Pu / - : .
¢ technotogies Q)
‘ - schwnk
orano T, E€DF DIFFER B
J

O

MSR research and innovation . /MSR Fuel and Safety \ /Technical-economic. _ \
o assessment, scenario analysis,
e o ____—/ safety and security, non-
(; o 4 \ it ti g
® / ‘ & proliferation
I'UDelft = \/
= NUGLEAR™
CVR e
. Cz::r‘:fi::ion l \ PERSPECTIVE FOR YOUR DECISIONS
. Research Centre Rez \ —_— / /
/Development and exploitation of\ Collaboratlve research \
MSRs management

/4Rmc

J

Nuclear. For life.

-
s

.

Copyright MIMOSA consortium — Public



(%‘ The methodology is twofold : developing multi-
recycling scenarios with MSRs, and advancing

MSR technology beyond state of the art

2 MIMOSA develops and analyses tangible strategies for multi-recycling of LWR Spent fuels in EU
countries, with a special focus on the role that MSRs could play in such advanced nuclear energy

systems

2 MIMOSA focusses on the demonstration of several key aspects of technical feasibility and
performance of Cl MSRs simultaneously by calculations / simulations and experimental

investigations

Chloride molten salt
properties

Molten salt Corrosion and
composition evolution mechanical behavior of

measurement & in the reactor structural materials

modelling

Globally, the MIMOSA project shall raise the TRL of several CI MSR related
technologies, processes and materials from 1 or 2 (initial status) to 3 or 4,

depending on topics.

Copyright MIMOSA consortium — Public



\ At mid term, progress is in line with objectives

s

Chloride molten salt 0 Several salt mixtures in NaCI-MgCI2-PuCls and NaCl-ThCl4-PuCls have been

- egrsouﬂgn“gﬁt 2 selected based on thermochemical properties and neutronics
modelling 0 Synthesis of selected salts has been performed to be used for characterization

and further experimental work.

2 Most of the salt properties measurement equipment has been
set up and tested, and measurements have started.
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‘\ At mid term, progress is in line with objectives

—— 0  Several MSR configurations have been selected, representative of small demo
composition evolution or larger commercial MSR, with different salt compositions, Pu quality, etc.
in the reactor 2 Neutronic depletion simulations in these reactor configurations have started,

including first dose rate calculations and evolution of salt mixtures composition, in
particular FPs.

O The results are used to assess used salt treatment processes and valuable
isotopes management processes.

Main actinides mass Plutonium isotopic vector D A Sa-lt Irradlatlon experlment haS been
h T S i i performed in the LR-0 reactor in the Czech
(/ """"""""" e Republic. Results have been analyzed.
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Depletion calculations for a 300 MWth MSR and NaCl-MgCl2-PuClI3 fuel (with
enriched chlorine) associated with different actinides provenance

Experimental equipment : channel for salt filling — central tube for
measurement of filtered neutron spectrum

Copyright MIMOSA consortium — Public



Corrosion and The test matrix for structural materials static and dynamic corrosion tests has

mechanical behavior of been completed, as well as the literature review on corrosion mitigation methods.
structural materials

Ceramic samples have been selected and supplied. Several metallic materials

have been tested, and the most promising ones have been selected for further
testing

The testing methods,

the corrosion products
measurement methods o)
and the corrosion test o=
set ups and loops are e
under development.

Reference
electrode

NaCl-MgCl,

salt

A corrosion /irradiation test bench
has been constructed (DIFFER).

3 MeV protons

30-60 pm sample
Copyright MIMOSA consortium — Public



%} At mid term, progress is in line with objectives

0 Eight scenarios have been defined depending on reactor configuration and salt
composition, for which the used fuel compositions are being calculated.

0 The technical study of used salt treatment in synergy with La Hague plant has
been initiated

LWR spent LWR spent

nuclear fuel nuclear fuel 2 The identification of the pyrochemical salt
treatment alternative has also started,

' with literature review and preliminary
A S
A Y
\

Pu + MA

treatment
La Hague
treatment

La Hague thermodynamic calculations leading to the

treatment

facility . definition of an experimental plan which is
Direct .
P':rios:li;:::s conversion\\\ Fission OngOl ng .

M Products

Main recycling scenarios considered within MIMOSA. Some key technological solutions
(depicted in yellow) are under study to assess and compare the fuel treatment options identified

Molten salt
Reactor

Molten salt
Reactor

A

Ce extracted

0 The vitrification experiments
using borosilicate glass to
stabilize the chlorides salt
waste have been successfully
performed

Experimental assembly used for the reductive extraction
experiments of cerium on a metallic alloy

A vitrified sample of surrogate
materials as LiCl-ZrCl, in
borosilicate glass

Copyright MIMOSA consortium — Public
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_ Valuable isotopes produced in MSRs have been assessed and quantified. The
Production and . . . . i .
recovery of valuable applications for these isotopes and the associated market is been described.
isotopes

Athermodynamic database on the platinoids chloride phases is under

development, and some experiments have been performed to validate the
metallic state of the platinoids and noble metals.

Separation/purification
{chimisorption, cryogenics technics)

On line gas
\ bubbling

Gaseous fission products
(for example ¥Xe)

A device to extract by flotation the solid fission
products from the molten salt is under construction
after some preliminary tests.

RéaCtOT Salt container
COl'e Salt melting
Solid particles
PGM (for example Pd, Ru)
Noble metals (¥*Mo)

Separation/purification by
Hydrometallurgical treatment

4

Off line
pyrochemical
treatment

' 4

Separation/purification by
Hydrometallurgical treatment

Rare earths

Copyright MIMOSA consortium — Public



"‘ At mid term, progress is in line with objectives

s

E 2 SNF inventories, energy needs projections, nuclear fleet assumptions and
potential evolutions have been assessed for all EU countries.
2 A Model of MSR has been developed and integrated in the scenario analysis.
2 A first simulation round of scenarios, including MSRs, has been performed.

® Two-track scenario analysis

S ~==r
Generation Assets

Assuming that:
+ MSRs are deployable
throughout EU-27
Potential for E
SMR's ?
Role MSR's in EU-27

Assuming that:

*  MSRs are deployable
throughout EU-27

* MSRs serve a centralised role
(co-located) with reprocessing

facility as part of continued
T -

15t Round

2" Round

Two-track approach to assess the energy and the intra-nuclear function of MSRs

One of the nuclear energy system evolution
scenarios in EU27

Copyright MIMOSA consortium — Public



MIMOSA aims to share results with stakeholders
to maximise project impact

SNETP labeling
Participation to SNETP dissemination and networking events

>

Regular updates on the MIMOSA project progress g | L
1 Social media updates (LinkedIn page, X profile) b |
1 Circulation of an annual newsletter to target audience | '
1 Distribution of press releases to the partners’ networks at key project milestones = — B

Highlight of key technical results
1 Participation in relevant industrial events and scientific conferences

1  Scientific publications
1 External Expert Advisory Board (5 members) to discuss project results and receive feedback

Summer School — July 2024, TU Delit

Special events for dissemination
7 MIMOSA summer school (Mid 2024) : 5 days of lectures and practical sessions on main aspects of the
chloride MSR technology and associated waste management potential (~40 students and post-docs)

7 MIMOSA final symposium (S1 2026) : public event to present final results (~100 researchers,
representatives of industrial end-users and policymakers)

Copyright MIMOSA consortium — Public



MIMC

https://www.mimosa-euratom.eu/

MIMOSA EURATOM

https://www.linkedin.com/company/mimosa-horizon-europe

@MIMOSA Euratom

mimosa-wp8@eurtd.com

Funded by . SS tNI NEITEP MIMOSA is a SNETP-labelled project
the European Union Technology Platform

Views and opinions expressed are, however, those of the author(s) only and do not necessarily reflect those
of the European Union or Euratom. The European Union nor Euratom can be held responsible for them.

Copyright MIMOSA consortium — Public


https://www.mimosa-euratom.eu/
https://snetp.eu/portfolio-items/mimosa/?portfolioCats=47%2C48%2C49%2C50%2C51%2C52%2C74%2C53%2C54
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Zoom on ENDURANCE project

EU knowledge hub for enabling molten salt reactor safety development and deployment

https://cordis.europa.eu/project/id/101165896

This project is funded by the Horizon Europe programme under grant agreement n°101060646



https://cordis.europa.eu/project/id/101165896
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Designers & industry == ENDURANCE

_ o @ environment

MSR reactor design & engineering processes

Research centers/university TSO/regulators

Research on MSR technology Regulatory expectations for MSR

technology
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From paper (reactors)... ...to operation

TRL1 TRL 2 TRL3 TRL4 TRLS TRL6 TRL7 TRL8 TRL9

Basic Technology Experimental Technology Technology Technology System prototype  System Real system

principle concept proof of validated in validated in demonstrated in demonstrated in complete proven in
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Collection of design
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of R&D issues
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* toalign the analysis and
research to the
development requirements

* to provide a database on

\ the EU MSR design
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Phase 2 (M4 — M45)

09  CTEL: Chemistry of fuel salt

= and structural materials in
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reactor environment
CTE3: Modelling

preparedness for safety
and licensing
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CTE5: Demonstration of safe MSR
adaptability in future decarbonized
energy scenario

CTE2: Experimental
evidence on safety related
phenomena

CTE4: Sustainability &
safeguards compliance of
MSR fuel cycle

O

S TAs]

Scientific and technology development (experiments, modelling development,
critical evaluation, assessment study, qualification, ....)

* toimprove the TRL and SRL of the selected CTEs

l, Scientificand technological results
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proposal for further
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Critical analysis of the results and

technological development

Phase 3 (M44 - M48)\
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MSRs have a very different design from other Chloride fast MSRs are particularly promising
reactors and are very flexible for use as actinide (Pu and MA) converters

Possibility of adding new
salt, and purging salt at
regular intervals (*)

108

pump B
>
=
heat g
To Intermediate exchangers 2 10° Minor Actinides
circuit and -
production of heat ‘é‘ ral Uranium ore
/ electricity R \
5 Uranium s
-] 104
@ AN
Strugtures Fission Products
(*) The MSR can also be considered as
a battery (sealed reactor) with a certain 100
lifespan 10 100 1000 10000 100000 Years
45
H T H [ H 44 - - - - -
Innovative nuclear fission technology “Generation IV The neutronic spectrum can be hardened (Cl) = better fission efficiency
The fissile material is diluted in a liquid medium, a molten salt : , ,
q ' Chloride salts enable synergies with La Hague plants (not F salts)

The “molten salt” acts as both the coolant and the fuel
The fission energy heats up the molten salt
The MSR operates at a higher temperature than that of a PWR

Fast spectrum MSR can be used as “breeders” and/or “burners”
Operation as an iso-generator of fissile materials (U/Pu)
Operation as a “burner” for Minor Actinides (MA)

* No fabrication of solid fuel (complex at industrial scale with MA, need of costly

Benefits shielded chains)
Inherent safety —low pressure & self-stabilizing * No cladding limitation to burn up, so the actinides remain in the core until they
Competitive costs — high temperature & low pressure fission and are thus totally "burned*
Industrial heat applications « Operation without Uranium = maximized consumption of MA
Flexibility of usages depending on configurations and salt mixture + No degradation by MA of counter-reaction factors < possibility to increase

Very good load following capabilities the MA content in the core (vs. LMFR with solid fuels)
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Upcoming SNETP events

- Friday 14 March 1:00am: Next SNETP Project Portfolio Webinar
- 12-16 May, Warsaw (PL) : SNETP Forum & FISA-EURADWASTE

¥ FISA /. |
EURADWASTE
FISA - EURADWASTE 2025 & . 2025

SNETP FORUM

A 3-IN-1 EVENT FROM 12-16 MAY
2025 IN WARSAW, POLAND

Sestainalkle Muchkear Enargy
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Contact us

www.snetp.eu

secretariat@snetp.eu

www.linkedin.com/company/snetp

@SNE_TP
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