UNRESTRICTED / ILLIMI

A\ _ _
Canadian Nuclear | Laboratoires Nucléaires

/,\\ Laboratories Canadiens

Canadian and International cusion g@«ég fark
Fusion Fuel Cycle Capabilities Canada

4 AForward-Looking VISan‘d

Wll for Action
v \

supporting Global Fusion
Energy Developments

|IAEA’s Ninth DEMO Programme Workshop
Rokkasho Fusion Institute
National Institute for Quantum Science and Technology
Aomori, Japan

Sam Suppiah
10-13 June 2025




UNRESTRICTED / ILLIMI

Canadian Nuclear Laboratories —
Largest Science and Technology Laboratory in Canada

A 9,000 acres in size, 200 acres lab complex

A 17 nuclear facilities, 70 major buildings

A ~4,000 employees (500 PhDs and Masters)

A 1,600 engineering, scientific and technical staff
A >300 skilled trades people
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CANDU Reactors - The Current Source of Tritium for Peaceful Applications
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Darlington Tritium Removal Facility
andHWMB
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Wolsong Tritium Removal Facility
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Current Tritium Supply Sources

DarIi T' Removal Facility
and HWMB ~30 kg
Y=

Inert Atmosphere Glove Box

/I b[ Q& ¢ NAqeomdefciaCdisgehsing ( &

ang Tritium Remlacility
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Future Romanian Facility
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Tritium Supply, Storage and Delivery

Considerations:

A Tritium stockpileg, Canada dominates
even if South Korea and Romania
contribute

A Transportation packaging and
licensing logistics

A Specialized materials, equipment, an
testrigs

A ExistingStorage and Delivergystems

A Good news; Canada is extending
reactor operations into next 210
years through refurbishments &

A Canada is exploring opportunities for
new larger reactors
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Three scenarios: optimistic, moderate &
pessimistic. Varying supply rates &
CANDU shutdown:

Global tritium inventory

+ Canada - stable supply in all scenarios,
via DTRF.

« Korea - optimistic sees stable
production from WTRF to 2050;
pessimistic sees early CANDU
shutdown.

+ Romania - optimistic sees CTRF in
2026; pessimistic sees CTRF never
built.

N
N

e Oplimistic
= \loderate

=== Pegssimistic

2027 2032 2037 2042 2047 2052 2057

Kyoto Fusioneering internal modelling (updated
model based on Pearson et al., 2018), 2022.

Tritium Applications Potential Demand

General research & use bght 100¢ 200 g (current)
source

ITER 10-15 kg (203®nwards?
International fusiordemonstrations ~ 1 to 5 kg (2036nwards?)
STEP ~ 1 to 5 kg (2040 onwards?)
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INEVITABLE
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Fusion Fuels, Materials and Modeling
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CNL’s Fusion Contributions — Main Pillars

> Environmental Release

| 1 )
D-T Fuel Cycle R&D "‘“‘%,% m
and Process [ N
Design/Simulations 5 m - v |
HTTD team) - =
1

B Materials, corrosion and

characterization C Codes and Materials

Modeling
Tube 7, Front --—L—
f,=0.62 R :
f_=0.08

A

<+

(Advanced Reactor team)

(Reactor Physics team)
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Deuterium and Tritium Technologies

Licensed New Tritium Facility
(since 2019) operation under S&T
Facilities
Alnventory Limits:
U 1 MCiTritium (facility use) & 2.5
MCiTritium (storage)
Alnert atmosphere glove boxes (IAGB)
U Tritium dispensing (commercial)
U General testing (currently
materials in HTO)
AAir-purged glove boxes
U Maintenance tasks & Experimental
studies
AFumehoods
U Gas standards
Preparation(commercial)
U Experimental studies
ATritium counting room

HydrogenLaboratory
Complex

Bench top and pilot testing for
D,O & T, applications with H
& D, as surrogates

Longterm testing for
validation, reliabilityand
troubleshooting

Laboratoires Nucléaires
Canadiens
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Tritium Betavoltaics
T, Capabilities & R&D

Use of energy from tritium decay as a
power source low power, high reliability
applications
AMedicalc pacemakers, hearing aids
ARemote sensors Internet of Things
AMicro-electrical mechanical systems
(MEMS)
ATricklecharge lithiumion batteries

ANational and international
transport of T

AT, permeation testing and
materialsdevelopment for
HTGR & Fusion

AT, compatible components for
tritiated water electrolysers

ATritium waste management

ACatalysts for tritium removal

AAir detritiation
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Deuterium and Tritium Technologies - continued

Thermal Cycling Absorption

Process (TCAP)
* Superior absorbent developed
& sold
* High pressure low temperature
system built for installation in
the TF for testing

Mo |
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Heavy water upgrader

* Configuration as required

* Feed/product rate 2-5
kg/h

* Enrichment 98.5 t0 99.8
wt% D

* Drumming 2-3
times/week

* E-cell - H, production 0.6

kg/h

Heavy Water Detritiation

Facility (HWDF)

* Free release D,0 from T-
contaminated D,0

* CNL developed CECE process

* CNLU’s preliminary process design

* CNL produced catalyst

* CNL’s recombiner systems and
catalyst

Inner Fuel Cyche Breecet Cycle

DT

Fusion Fuel Capabilities
*|sotope separation
* Water detritiation
* Air detritiation
*Inner fuel cycle storage
* Lead-Lithium eutectic loop
*International collaboration towards a
facility at CNL for fusion fuel cycle
developments
» Commercial deployment for
system and component
developments and validations
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Absorbent Testing with T, in HP TCA-T System

Design Parameters High -Pressure System for D ,/T , separation (HP TCA -T)
A System volume: 35L
A Max. operating pressure: 1,400 kPa (g)
A Low SC temperature: -50°C
A High SC temperature: 150°C

Experimental Conditions

A Feed: 1-5 vol. % of Jin D, mixture

A Absorbent: 60 wt. %Pd

A Throughput: 200-2500 mL of gas per cycle
A Pressure:  800-1,000 kPa (g)

A Evaluate Performance & Optimize Operating re
A Validate TCA model

Canadian Nuclear | Laboratoires Nucléaires
Laboratories Canadiens
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TCA Model Background

Sampling Point o . Sampling Point
(Product) Injection Point (Raffinate)

Excess Gas Excess Gas

Removal Removal Y

S L 1
K

Separation Column (SC) _%—m—é Transfer Column (TrC)

ey . /
0 5 ( to ) %Y
s 1B [_ o lo A In-house, numerical model of TCA system has been
=1 0 v developed
qé) < T (",l' wc‘)\b 't'[ Ty O O \} my A Model to support TCA development and design efforts
= : ; o A Governing equations:
~ —l(p -)” —a ] B~ ! = A conservation of mass, momentum, energy, and gas/dissolved
o T U @YY :
D species, and Ideal Gas Law

HGRED i["0(1 ) o1 ] v, Alsotopic separation controlled by thermodynamic

\ 1o iIsotherm model, and sorption rate constants
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Design Introduction — Lead-Lithium-Eutectic (LLE) TEST Loop

A Multiple modes of operation:

A

To Do Do Do Do Do Do

StartUp

Feeding of LLE

Melting & Degassing of LLE
Dross Purification

Loading of Hydrogen Isotope
Extraction of Hydrogen Isotope
Cleaning

Spill Containment

A Key Constraints:

A

o Do o

S

7

Safetyg both radiological and
conventional!

Physical size of system
Minimization of tritium inventory
Flexibility of use

Canadian Nuclear | Laboratoires Nucléaires

Laboratories Canadiens

LaboratoryScale Loop Parameters

Parameter Value Comment

Liquid LLE 84.3 at%Ph 15.7 at% Li
LLE Inventory 15 L (~150 kg) flexible

LLE Flow Rate 0.1-4L/min

Piping Size OEMEZ g hb

T operaing 500-550°C Iesxoctgsesrn;%: a)((Jlesigned in
max. [Q] in LLE 200wppm

max. [T] in LLE TBD < 74GBdkg - Class 6

Lab-Scale Loop Dimensions

Footprint m xm 1x2.5
LLEvolume m3 0.01
LLE Flow kg/s 0.6
Tritium mol. frac. 107
Pipe @ OD m 0.015
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Demonstrated Capabilities
(High TRLs)
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CECE Demonstration (CECE-UD)
Chalk River, Canada

A PilotAcale upgrading and detritiation facility at a nuclear site to
demonstrate CECE technology at high tritium concentrations. |
A CNL performed the design, safety case, technical specifications oy yommm 3| RECOMBINER |4

for fabrication, plant commissioning and operated the plant. Sroam A v ‘F‘“"“"d:"m""” L
A Achievements:

E - Hydrogen vent

Matural water Oxyoen vent

:

3
gk
A

A Detritiation factors (DFs): > 40 000,
A Tritium enrichments: > 200 Ci/kg, "\ MODE | 1.Light | 2. Heavy |3 Heavy
A Heavy water upgrading: > 99.95%. sroam g 2 Stflg;ﬁg\ dotinion | deision | upade
A Project duration from 1996 to 2001, partnered with Stuart Energy. PRODUCT | - A D
S WASTE | DE DE E

(

__\ LPCE - Ligquid phase catalytic axchange tower
| GPRC - Gas phase recombiner
| LPCE-3 @
- i greamd T4
e “lhlh _ ! ‘jﬁ_‘

Hydrogen gas
CECE-UD Facility (Chalk River, Canada)

Oxygen gas

ELECTROLYSIS CELL
Liquid water A

Block diagram of the CECE-UD process
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Process Model Validation

(CECE-UD)

gt

CECE UD Fa<:|l|ty (Chalk Rlver Canada)
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CECE-UD flowsheet
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Combined Industrial Reforming and Catalytic Exchange (CIRCE)

Industrial demonstration of CIRCE, bi-thermal and CECE L
technologies.

First pilot heavy water production plant, using hydrogen-water
exchange catalyst.

CIRCE plant produced 99.997 % D,O at a rate of 1 Mg/a. Bypsss
CNL performed the conceptual design, technical !
specifications for fabrication, the catalyst, plant commissioning
and start-up, and technical support during operation.
Operated from 2000 to 2002, partnered with Air Liquide.

SR TATSE
LAY
ST e s

oo Do o

o

D,O
Product

Stage 1 Stage 2 Stage 3
CIRCE Bi-Thermal CECE

Block diagram of the CIRCE plant

N . . N .
—,,( Canadian Nuclear | Laboratores Nucléires CIRCE Plant, Hamilton, Canada



Process Modeling

A In-house process model with over 50 years of development.

A Custom unit operations, some include:
A Electrolysers (PEM and alkaline),

A Liquid phase catalytic exchange (LPCE), oxygen
vapour scrubber (OVS), cryogenic distillation (CD),

A Gas and liquid phase H,-O, recombiners.

A Correlations, rate constants and thermodynamic data
backed by decades of R&D (industrial and laboratory).

A Process model provides equipment sizing, and equipment
and plant performance details.

A Custom user interface to support model setup and operation.

A Design software available for CD, water distillation (WD)
and trickle bed recombiners (TBRs).

Qe . . .
- Canadian Nuclear | Laboratoires Nucléaires
/l Laboratories Canadiens

UNRESTRICTED / ILLIMI

Liquid Water Hydrogen
water vapor gas
Flux A A
(mol-m2-s?) L v G
Mol fraction
(DorT) X v y
Mass transfer
e Tp kpa Tr kK
rate, coefficient | «—=2 L R_R
mass transfer catalytic
(Distillation) Reaction
Overall A A
Mass transfer To: Ka

rate, coefficient

Catalytic isotope exchange process
within a LPCE
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Strategic Public-Private Partnership Investments

Actineer Inc. Global First Fusion Fuel Clean Fuels
Power Cycles Inc.

- HOME OF THE WORLD;S FIRST
,“!"“;&ﬁgdﬁ‘ﬁmna ACTOR

A Small modular reactor (USNC) A Develop and deployment of fusion
G lO b(] l (2023) fuel cycle systems (2024)

Production

of low

carbon e-
of Actinium fuels (SAF,

225 (2023) ?zi%gf)seb

N\
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CNL — Leading Fusion Strategy in Canada

Fusion Energy for Canada: A Forward-
Looking Vision and Call for Action

Canada !

Fusion Mg for*

FUSION 2030
ROADMAF CR CANADA

TR
#‘

Qe

A BACL

generalfusion

Fusion Energy ( ‘1 Conseil canadien
Council of Canada de 'inergie de fusion

KYOTO
@® FUSIONEERING

HATCH

e
CALIAN.

Confidence. Engineered.

Canadian Nuclear

‘;"!l \ ) Laboratories
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Helixos

> ONEENERGY

STELLAREX

Enginaaring

& TRIUMF

KINECTRICS
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CNL - National and International Hub

With unique technical capabilities and expertise, operating advantages, and
market access

Fusion
Innovation
Hub 01
LIk &tarmic

Energy

generalfusion - /\ @) EUROfusion
Fusi -\ =
usion r kyBTo
@ FUSIONEERING \

Innovation 1 g e
@ A0 1EN

® Government ® Universities Q NGOos @ Industry
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Hydrogen & Tritium
Directorate Focus

Fusion Power Supporting Technologies

\ 4

Fusion Fuel Cycle Inc.

Strategic Alliance between KF and CNL

g
/I ™S
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KYOTO
FUSIONEERING

\ 4

UNITY-2
UNique Integrated Testing FacilitY

Innovation through collaboration

Laboratoires Nucléaires
Canadiens
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FUSION
CAPABILITIES

(D) Priority Supply Chain Areas

Cana =

A Forward-Looking Vision

-

f Fuel management \

system
Fuel source

Deuterium - Deuterium
@ Deuterium - Tritium
Deuterium - He-3

\WO!O‘\'B-H J

Blanket design
Trithum breedi
| © Fuel recycling |
Fuel storage
© Fuel supply systems
@ Tritium handling

© Vacuum exhaust systems
) Waste management & processing

@ Existing Capabilites

Action” &4

Plasma confinement
system
Approach

Inertial confinement
& Magnetic confinement
' Magneto-inertal confinement

Existing expertise

Containment design
© Cryogenics/ coolant system
© First-wall materials

Laser technology
© Magnet technology
(2] %@:‘ diagnostics and
@ Semiconductors
@ Vacuum technology

Requires Development

UNRESTRICTED / ILLIMI

Power conversion
system

Production technology
@ Electricity production

) Hydrogen production
@ Process heat production

@ Circulation system

@ Control systems
Direct electric conversion
High-power electronics

& Power balancing

) Thermal electric conversion

& High Maturity & Low Maturity
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Fusion Fuel Cycles Inc. (Canadian Small and MEd&anprise)

Derisking and commercializing the DT fuel cycle to enable an FPP on a decadal timeframe

KYOTD —_— [
‘n FUSIONEERING <>
Tritium — ™
v

Extraction
Canadian Muclear | Laboratoires Nucléaires |
iy [ Laboratories Canadiens
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_ _ _ _ _ _ "55&'2.%5;"3' “\ i )
A Scoping and costindgechnology selectiondesign engineering procurement, [mction] 4=-- Sihaust La glictope | o ete —
assembly andcommissioning. E i
An 2026, demonstrate UNITX- a fully integrated deuteriuntritium (DT) fuel cycle — — g
v W v A A~ = A~ 4 P ~ EAEENN A v ! SCOpe
38a0SY YR 2Ly (GKS FILOAftAlE F2NI NBa! mm%ﬁ:@ﬂ

A Developsconfinementconceptagnostic designs, technology, and systemshe
functional areas depicted.

Laboratoires Nucléaires
Canadiens
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Enablers of Success:

A Private sector: Agility and

A Public sector: Expertise and

S
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UNITY-2: Closing Key Technology Gaps on a BOLD Timeline
AFirst FPP-relevant fuel cycle test facility, in terms of both scope and speed.

market incentives

lim Design

Fuel Cycle
Design for
Experiments
and FPP

infrastructure
2024

Conceptual
Design

Complete
ay 2023
FFC
Public Incorporated

Announcement

Dec 2022
Jul 2022 Inception of
Announcement 1Y 2 Project Major milestones achieved:
of UNITY-1

- Canadian Nuclear | Laboratoires Nucléaires
/,\\ Laboratories Canadiens .
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Key Motives:

A

A

V CNSC confirms scope is within existing

Lab-scale and piecemeal testing
vs T Technology Integration

Demonstrate fusion-specific
tech at prototype scale, while
developing an understanding of
scalability

Flexible user facility, while
remaining technology agnostic
for wide applicability to fusion
concepts
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Conceptual Design: Completed in May 2024

Detail Design: In progress UNITY -2
» Design scope divided -
« KF: LiPb loop mommmT e
* KF:Inner FC Wter . _ Tank
= CNL: Outer FC ... 0
= CHNL:FCUS
« Joint review Vi finkling Tala
Colbpctor
» Experts from field and
advisors support QA
« Strategic partnerships to [ ecwenGlambe
enhance impact N 0
= TPL, Japan "‘:::'8 E
= KIT, Germany e mmmmmm.? )
And more *

Be involved for mutual benefit

% . . .
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WHO WE ARE
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OO FukL cycles

~  Canadian Nuclear
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& Company Details

Founded: May 2024

Headquarter Chalk River Ontario, Canada
S:

Structure: Canadian, private, for -profit
corporation

People: 40+ staff involved

Ownership Kyoto Fusioneering & Canadian
Nuclear Laboratories

\\J/
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Customers: Fusion Developers

v

Private Fusion Public Fusion
Developers Programs

Products & Services

| B X |B

Design and engineering consultancy services for
fusion fuel cycle systems (manufacturing through
trusted supply chain)

Assembly, and commissioning  of fuel cycle
components and integrated systems.

Field services and support for delivered equipment
and systems

Access to a fully integrated fusion fuel cycle system
(UNITY-2)
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