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I INPRO and Advanced Nuclear Fuel Cycles

% Focuses on system level planning, rather than
technology development
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Advanced nuclear fuel cycles are a key element of INPRO work




ll Past INPRO Project on Advanced NFC

GAINS: Global Architecture of
Innovative Nuclear energy Systems

e Basedonthermal and fast reactors
including a closed fuel cycle

* Developed a framework for long-term
transition scenarios, introducing the
concept of a heterogeneous world with
differing fuel-cycle policies.
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SYNERGIES: Synergistic Nuclear
Energy Regional Group Interactions
Evaluated for Sustainability

Project SYNERGIES

2018

* Evaluated benefits of regional and international
cooperation

* Identified “win-win” configurations

* Shared infrastructure options, particularly relevant for
large-scale advanced fuel-cycle facilities.
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WIRAF: Waste from Innovative Types ==1*IMLIZLe [ m
of Reactors and Fuel Cycles

% Addressed waste management challenges from innovative reactors and fuel cycles

< Emphasising early integration of back-end considerations of nontraditional waste streams
(e.g. fast reactors, advanced systems)

% Reinforced importance of back-end feasibility for sustainability

: B )

Waste arisings

Generation|! GenemtlonIII/IIH GenerationlV
s Safe

l Secure
- Sustainable
Competitive
Versatile Full actinide recycle LiLw || HLW
Big Rock Point. GE BWR Diablo Canyon. Westinghouse PWR Kash| sl GH AB»\R Olliinies AREVA PR Ariving ~ 2030 All actinide ~———Hié—ﬁ:lfé\}é—l—waéiéﬁﬂ
. Early Large-scale - desi Innov_atlve material without minor
IAEA Nuclear Energy Series Prototypes power stations VOlURionary designs designs actinides/some fission
+ ABWR(GE-Hitachi: : EPR(AREVANPPWR) . gas-cooledfast products
+ CalderHall(GCR) + Bruce (PHWR/CANDU) Toshiba BWR) © EESVV‘F’{R(GE'H“““ reactor L 33
S Dovepoka + CalvertCiifis(PWR) + ACR1000 ) . r  lead-cooled fast Full fissile (Pu, 23U) recycle HLW
(PHWR/CANDU) + Flamanville 1-2(PWR) (AECL CANDU PHWR)|* SmallModuar Readtors reactor o | [ERE -
+ Dresden-1(BWR) + Fukushima Il 1-4 (BWR) + AP1000(Westinghouse- | ~ 207 T BT o . MsR  molten salt reactor pu. 22U High-level
2 g {EE) 5 Crandou(BUR) foshiba EAVEY) - India DAE AHWR sodium-cooled fast . waste with
+ Kola1-2 (PWRIWER) + Kalinin (PWR/WVER) * APR1400(KHNP PWR) | joarpi SMART PWR * SFR reactor ; tinid
* Peach Bottom 1(HTGR) * Kursk 1-4(LWGR/RBMK) * APWR(Mitsubishi PWR) _ NuScale PWR S e minor actinides
+ Shippingport(PWR) + PaloVerde (PWR) * Atmea-1(Areva NP- -OKBMKLT-405PWR ~ * SCWR  (5led reactor
Mitsubishi PWR) R -
s . very hig )
CANDUG(AECLBHWR) (Gldropress PWR) S e Partial recycle HLW
UMM LILW
Fissile Spent
material nuclear
| fuel
[ | N,
{ ’ | Once through UMM | | Lw | | HLw .
1950 1970 1990 2010 2030 2050 2070 2090

Spent nuclear fuel




Gedung Prof Roosseno Soerjohadikoesoemo

I Current INPRO Project: STEP FORWARD  SSvwsie S

Building on GAINS, SYNERGIES and WIRAF

% Examines integrated nuclear energy systems combining thermal and innovative
reactors

* Focuses on reducing spent fuel inventories and improving fissile material
utilisation

» Assesses transition pathways from once-through to partially and fully closed NFC —

% Considers national, regional and cooperative deployment strategies, including
shared approaches
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*» Addresses system-level sustainability implications, complementing technology-

specific studies Potential of Innovative

*» Scope: 18 case studies by 13 MSs, in collaboration with NE Dept Sections ?Ougtiirolpts;a:tfit_'ons

(NPTDS, PESS, NEFW) recycling of Fuelin a
Nuclear Energy
System

[STEP FORWARD]

2026

Drafting




Upcoming Publication: Collaborative Project on Back End

S
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TM: Proliferation Resistance Features of Fast
Reactors and Associated Fuel Cycles

% Successfully convened an international technical
dialogue, with strong support from the GIF PRPPWG

% Demonstrated the value of system-level assessment
of closed fuel cycles, complementing
technology-specific work in NEFW and NPTDS

% Strengthened understanding of links between
proliferation resistance, advanced recycling and
back-end strategies

INPRO provides a structured, system-level methodology to assess Lo\ .77 gust 20'25‘ B | ‘
closed fuel cycles, complementing technology-specific work in
NEFW and NPTDS.

Engaged: 32 participants from
29 Member States



JAEA’s activities on fuel cycle
options for GEN-IV reactors at
Nuclear Fuel Cycle and
Materials Section (NFCMS)

¢
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Which GEN-IV systems NFCMS works on?

NFCMS Publications on Fast Reactors Fuels
and Fuel Cycle Options

GEN IV
Lead-cooled Fast Reactor

Status and Trends in

F of
Spent Nuclear Fuels

Exj ces and Trends of
Manufacturing Technology of
Advanced Nuclear Fuels

Coordinated Research Project T12031 (FMFR) on “Fuel Materials for Fast Reactors” (2019 - 2023)

* To support the performance assessment of fuel and cladding materials of sodium-cooled fast reactor technology, in
accordance with Gen-1V requirements, through enhancing fuel performance codes
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IAEA guidebook for Decision Makers on
Advanced Nuclear Fuel Cycle Options for Waste Burden

Minimization and Natural Resources Preservation
Describes relevant information on nuclear materials,
generated wastes, nuclear facilities, infrastructures required,

etc.

Wealth from Nuclear Waste

Source of Cs-137, Sr-90, Ru-106 and other radionuclides
having societal applications

Cesium-137
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Upcoming Publication: IAEA Report on
Advanced Fuel Cycles
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@%} Activities related to Molten Salt Reactors Fuel Cycles

IAEA

« Joint IAEA-NEA Workshop on the Chemistry of Fuel Cycles for Molten Salt Reactor Technologies,
October 2023, Vienna

« Joint IAEA-NEA-EC/JRC Workshop on the Taxonomy and Related Terminology of
Fuel Cycles for Molten Salt Reactors, November 2025, Vienna

y \ Y
{ 25 & V)
[ European
Wiy IAEA A_Y NEA
w International Atomic Energy Agency v NUCLEAR ENERGY AGENCY Commission

o Main elements to develop a taxonomy for the fuel
cycle options associated to MSRs were identified.

o List of terms related to MSR fuel cycles and
potential similarities (synonymous) identified.

Joint Publication under preparation

e to the colours chosen — purely arbitrary!
Courtesy Dr. Mike Edmondson, NNL (UK)

« Workshop on Molten Salt Reactor Fuels: Recent Developments and Future Challenges, July 2025,

Vienna

o To exchange information on the cutting-edge research and perspectives on MSR fuels salt synthesis processes and
scaling up, packaging, purification technologies for MSR fresh fuel salts, characterization and qualification of MSR
fuel salt, modelling and simulation of fuel salt mixtures in-reactor behaviour.



I Activities related to High Temperature Reactors

NFCMS Publications on HTGRs Fuels and Fuel Cycles

oo ' AT - H Duea
AEA TECDO( ERIES [_
IAEATECDOC-CD1645 l’ Advances in Performance Analysis Review
High Temperature Gas Cooled of Thorium TRISO Coated
Reactor Fuel Technology Particles during Manufacture,
Irradiation and Accident
High Temperature Gas Cooled Condition Heating Tests
Reactor Fuels and Materials
S)IAEA
2013 || Gaea 2015 2025

» Coordinated Research Projects

= New CRP T12034 on “Fuel Modelling Exercises for Coated Particle
Fuel for Advanced Reactors Including Small and Modular Reactors”
(2024-2029)

Irradiation Test - Temperature and Activity Measurements

Technical Meeting on the Management
of Spent Fuel (Pebbles and Compacts)

from High Temperature Reactors
July 2025,Vienna.

IAEA Document in progress on
Spent HTGR Fuel Management
and Differences and Similarities
with Spent LWR-Fuel
Management



I{@} Coordinated Research Project on Challenges, Gaps and
nea  Opportunities for Managing Spent Fuel from SMRs
(SMR-COGS) (2024 - 2028) IAEATECD_O(')SEH\ES {

Considerations for the
Back End of the Fuel Cycle
of Small Modular Reactors

Understanding the implications of the management of new spent P o
fuels is paramount to make informed decisions

IAEA-TECDOC-2040

MAIN OBJECTIVES and OUTPUTS @uaea
Development of specific roadmaps for managing spent fuel from the different IAEA SMR-COGS Project
SMR technologies, identifying what can be derived, optimized or adapted from

existing practices, or what needs to be fully developed

« All SMR technologies included: LWRs (LEU, LEU+, HALEU), HTGR
(TRISO (compact, pebbles)), FRs (Metallic, Oxide, Nitrides, ...), MSRs

« To compare various SMR systems, in terms of efforts required to
develop and implement an SFM strategy
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I (&) Upcoming NFCMS' Events on Advanced Nuclear Fuels
'AEAand Fuel Cycle Options

1. International Conference on Fast Reactors and Related Fuel Cycles (FR26),
18-21 May 2026, Beijing, China

2. International Conference on Fuel Supply Chain for Sustainable Nuclear Power )
Development, 13-15 October 2026, Vienna Related Fuel Cycles

3. Workshop on the Current Status of Structural Material Development for Molten Salt
Reactors and Related Challenges, 20 — 24 July 2026, Vienna

4. Technical Meeting on Digitalization and the Use of Artificial Intelligence in Advanced
Nuclear Fuel Manufacturing and Quality Control, 27 — 31 July 2026, Vienna i bbb

5. Technical Meeting on Policy and Strategies for Spent Fuel and Radioactive Waste
Management, 16 — 20 November 2026, Vienna (In collaboration with Waste
Technology Section)

6. Workshop on Nuclear Fuel Cycle Options for Current and Advanced Reactors, 08-11 |
December 2026, Vienna, Austria S .
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Backend of the Fuel Cycle

New Activity on Enhancing Resilience in the

Proposed by the Technical Working Group on Nuclear Fuel Cycle Options and Spent Fuel Management (TWG-NFCO)

March 2026

Main Objectives:

« Compile lessons learned on transitions in Spent Fuel Management ) Designioonsinucton >

> Fuel design >>
)

Strategies for the last 70 years of Nuclear Energy deployment, to identify
main aspects that provide resilience.

« Explore potential collaborative approaches for Managing Spent Fuel in an
expanding Nuclear Energy environment by 2050, including shared
infrastructures, commercial services, partnerships, learning from Front End
activities.

« |AEA activity implemented through internal collaboration:
o Nuclear Fuel Cycle and Materials Section
o INPRO Project
o Waste Technology Section

A joint Technical Meeting on the topic is planned

TO +~150 years

~10/20 years T0+60/80 years
Reactors operation > Dismantling

)

Spent fuel and waste management

Views on Recycling have Changed over Time
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UPTO
THE END
OF 1970s

All countries
were planning
reprocessing
and recycling

in fast reactors.

1980s—1990s

Many countries changed strategy

to direct disposal.

U price remained low, FRs did not
expand, and proliferation concerns

emerge.

EARLY
2000s

Renewed interest
in recycling and
FRs.

Concerns about U
resources,
sustainability of
nuclear power
and waste issues
were raised.

20005

2011

Fukushima
Accident

Future decisions
will depend on
several technical,
economic and
political decisions

IAEA SFM e-Learning Corse



I Role of Advanced Fuel Cycles in Sustainability

Transforming waste into long-term assets for sustainable nuclear energy

Require system
level assessment
of technical and @
institutional
implications &
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