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https://www.iea.org/reports/key-world-energy-statistics-2021/supply

A vision of future society realised by fusion energy
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Fusion Historically Led by Public Sector e SBonezrnc
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A New Dawn for Fusion Energy R e

S5+ billion invested in 40+ private fusion companies.
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Bloomberg: Fusion could grow to a $40 trillion industry.
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New Paradigm ro FUSIONEERING

Governments developing national strategies to promote private fusion through public-private-partnerships.

ANp
q p “ . . * n
Nov 2020 - The UK government: “Ten Point Plan for a Green Industrial Revolution
“Aims to build the commercially viable fusion energy plant in the UK by 2040”
15 sites are shortlisted for the UK fusion energy plant (June 2021)
— o . . . . o
Mar 2022 - US government: “Bold Decadal Vision for Commercial Fusion Energy
“Accelerate the viability of commercial fusion energy in coordination with the private sector”
NASEM “Have a viable design by 2028 and initial pilot plant operation in 2035~2040"
\J)

Apr 2023 - Japanese government: “Fusion Energy Innovation Strategy”

“Our strategy for the next 10 years is to ‘industrialize fusion energy,’ ... the world’'s next-generation energy source.
It is necessary to promote further participation of Japan'’s private sector and cooperation between industry, academia,
and government, and to develop a national strategy that includes specific actions that will attract private investment.”

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.



Deep Tech Innovation Through Public-Private-Partnership e =5Zoneerne
COTS Program (NASA + SpaceX) being replicated for fusion by White House and U.S. Department of Energy.

https://www.nasa.gov, https://www.spacex.com/

i
“‘
Public Program Public Private Partnership Private (Startups)
Strategic projects based on long-term vision Innovation that combines a long-term vision Agile, iterative approach with risk-tolerant

with an agile, iterative approach private capital

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.



Fusion Devices f. KUSIONEERING

A snapshot of the road ahead

Now 2025 2030 2040 2050
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Japan's fusion research gets $79m -y r KYO
boost ©® FUSIONEERING

Jonathan Spencer Jones - Kay 18, 2023

‘ S Kyoto Fusioneering nets $79M Series C to make parts for fusion

startups
S

3 3 Commercial fusion power has never felt closer. It's not going to happen next year or the year after, but plenty of
ENGlNEERING \ 3 \ investors think it'll be sooner than later. Even Microsoft has placed a bet, inking a deal with Helion that requires the

INTERNATIONAL ) )
startup to bring a plant online by 2028.

Kyoto Fusioneering secures more funding

23 May 2023

Japan's Kyoto Fusioneering (KF) has raised JP¥10.5bn ($79m) .
i Soros L 1 b o , ‘ | ec runc
investor, JIC Venture Growth Investments. The round attracted a

total of 17 investors, including 11 new supporters. KF said this
Iatest capital infusian brings total funds raised to JPY12.2n

! | 9 [ g : s
The new capital and the expertise of its investors will be used ] , - ) ; Ja pa n _based n uclea r fus'on ﬁ rm
’ - p o |

1o acoelerate research and development for KF's cors products,
including in-vessel components of fusion reactors and fusion
' plant engineering. KF also aims to expand its business = "¢ 5 - . . .

D rann e thE US o U arde . b ot he ot of ) powers up with $79m raise
the practical application and industrialisation of fusion energy” - .
In Japan, the "Expert Committee on Fusion Strategy” has been
active since September 2022, In April, during the government's
Integrated Innovation Strategy Promotion Conference, the
committee unveiled a "Fusion Energy Innavation Strategy
calling for the wider participation of the private sector in fusion

enetgy research & develapment s kS ARG

Kyoto Fusioneering was spun out of Kyoto University as Japan's fist fusion start-up in 2019 co-founded by

Taka Nagao, Satoshi Kenishi, Richard Pearson and Shitare Takeda. Its mission is to tackle reactor

engineering and technology challenges, whilst coaperating with fusion developers around the world, to rapidly Japanese fusion start-up Kyoto Fusioneering has raised 10.5 billion yen (US$79
accelerate the growth of the fusion industry. The company’s business model is to conduct R&D and design of
innovative fusion reactor technologies, and to provide these alongside engineering solutions to both private
fusion enterprises and publicly funded fusion programmes at global research institutions. Satoshi Kanishi, was
the first and second chairman of the International Coordinating Committee for the ITER Blanket programme

million) in a Series C funding round.

KF has initiated strategic with various both and Eatlier
this year it signed a memorandum of understanding with Canarian huclear Laboratories ( to collaborate on the
development and demonstration of fuel cycle systems and to share scientific information. A collaborative
agreement was also signed with the United Kingdom Atomic Energy Authority (UKAEA) to develop fusion
related technologies

o —T— .
ICE%E.. /NPEX "mommm fmg,. omswns

Frower m Daiwa Corporate Investment

KYS}

@MUFG (@ MUFG
ZWUFISPEIN ZBUFJRE Photo credit: Kyoto Fusioneering

Kyoto Fusioneering, a Japan-based energy company, has raised US$79 million
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Complementary Business Model
KF focuses on fusion plant engineering — an enabler for all fusion players like w

KYOTO
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Other fusion companies focus on developing a power-producing fusion reaction...

Plasma facing Blanket
components -
Superconducting
Magnet - -

-

(_Electric Power )

Condenser

Hellum ash Tritium Detritiation
Refueling pumping separation “

DT Return © 2023 KYOTO FUSIONEERING LTD! All Rights Reserved

Deuterium

Sea Water Extractor

.. KF focuses on key fusion power plant integrated systems and components,
principally: plasma heating systems, power production, fusion fuel cycle.

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED. o



Supporting industry growth; same vision, different mission e
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Integrated plant systems
for fusion power plants

Realisation of a power-
producing fusion reaction

Commercialization of
Fusion Energy

15



Forging a Global Supply Chain; bringing Japanese e
manufacturing to the fusion market
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Focus Areas [ (Yo —

Thermal Cycle System

| Heat control |

| Heat extraction / Power generation system |

Heat Injection | Tritium breeding and extraction |

Gyrotron Power generation /

conversion cycle

\ 4

1stloop [ 2" loop [P

Waveguide

NBI Y Plasma Fuel Cycle System
Core '>| Tritium separation, extraction, storage |
A
'>| Divertor / Exhaust gas system |
| Fuel cycle control (T/D) | i
Plant
|| System
Plant
| Safety engineering | [ | Component
Operations
| | / Controls

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED. 18



Focus Areas: Gyrotrons for plasma heating

Heat Injection

Gyrotron

Waveguide

NBI

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.

Plasma
Core

Source Transportation Injection

e e
Cooling Power
RF Heating
NBI

System System
Beam Control,
Neutralization,

lon source EE—— Injection Port

Beam Dump
System

Cryopump
Key System: Gyrotron
* 28/35 GHz (EBW), 100-236 GHz
(world record frequency held by
our scientists formerly working at
JP National Lab)
* Long pulse up to CW

Delivery to UKAEA, Tokamak Energy,
Korean National Lab all on track

KYOTO
r. FUSIONEERING
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Focus Areas: Thermal Cycle e SBonezrnc

Thermal Cycle System

| Heat control |

Advanced Materials HEX, Blanket | Heat extraction / Power generation system |
® Minimal Tritium permeation heat exchanger |

* High temperature (~1000C) heat extraction

® SiC composite technology

Tritium breeding and extraction |

| Power generation /

1stloop | 2" loop .
conversion cycle

A

Home > Scientific research and development

Liquid metal/Molten Salt

loop and thermal cycle

* Demonstrated
~1000°C heat
extraction

* LiPb, Li, FLiBe

® Dual coolant loop

Press release

UKAEA and Kyoto Fusioneeringto
advance fusion materials

Collaboration agreement signed by UKAEA and Kyoto
Fusioneering to advance materials for commercial fusion
energy.

From: UK Atemnic Energy Authority
Published 23 March 2023

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.



Focus Areas: Fuel Cycle e SBonezrnc

Reactor

Divertor

+

Metal Diffusion
Pump

g
.

Storage

Proton

Conductor Pump
o Fuel Cycle System
Roughing Pump Ev?t:,;:'p Plasma
Roughing pump Core / L ->| Tritium separation% :extraction, storage |
| Divertor / Exhaust gas system |
VST for T | Fuel cycle control (T/D) |
Extraction

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.



Focus Areas: Safety

Integrated safety
engineering services
by Kyoto Fusioneering

/ Communication \
with stakeholders

e FIA, ASME, etc.

e National and international
conferences

e Public communication

Licenses,
site selection

e Compliance check of the
whole facility

e Support during
pre-licensing and licensing

\o Support to site selecliory

Fusion safety developments

e Understanding the status of
fusion regulation development
e.g. UK, US, Canada, Japan, etc.

Throughout the entire
lifecycle
Conceptual Design
Design
Construction
Commissioning

Operation
Decommissioning

Identification of
mitigation measures
Tritium detection, accountancy

.
e  Tritium capture technologies
e Tritium inventory minimisation

\

N

/

Basic approach to
safety assurance

Safety design policy

Integration of defence in
depth concept and safety
fundamentals principles

.

\

Accident scenarios and p
sequences analysis

Radiation risk analysis

Using approved risk
analysis methods
Frequency assessment
Independent environmental
impact assessments
Comparison with the risk of

nuclear facilities ¥
Ot o et B

Integrated safety engineering services provided by Kyoto Fusioneering

\

/

| Safety engineering

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.
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UNITY programme: integrated fusion technology testing e SBonezrnc
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UNITY programme: integrated fusion technology testing e SBonezrnc
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Existing KF products and systems at KF (Kyoto lab) f. KYOTO  EERING

Under construction;
due for delivery Feb '24

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.



Upcoming (under construction) KF products and systems to be integrated... r. L

LiPb Loop (scale up) 1000°CLiPb Blanket Test System Breeding Blanket Module VST (scale up)
- & Design ’ >

PoLi Reflector/Shieding
(design dependent) Outer Reactor
Vessel

W First Wall

sicHsic Booster/ Sicysic
Channel 1 Stuctural Support  Channel 2
(design dependent)

He F%ith

impurities

(FARTT &L
(T enrichment downstream)

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED. 21
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https://kyotofusioneering.com/en/news/2022/07/06/768
https://doi.org/10.1080/15361055.2023.2176689

UNITY-1 Facility

Focused on blanket testing and technology
needed to integrate the power and fuel cycle

A

...............................

i ==
UNITY-1 (under fabrication)

Japan

RN

| B

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.

Location: Kyoto, Japan .
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Thermal Cycle:

Blanket test section (1000°C LiPb, Li, FLiBe)
250 L LiPb inventory
4T NbTi magnet

IH heating and surface heating for blanket
module 30x30x70 cm

Two heat exchangers and power conversion (first
electricity generation from a blanket module)

Fuel Cycle:

Deuterium injection as proxy for tritium
H isotope extraction via VST, electrochemical

Exhaust pumping from vacuum vessel (pump
train)

DIR testing with proton conductor pump

Materials

Compatibility in flow conditions (up to
50 L/min via 3 EMPs)

FLibe and Li piping material tests

MHD testing with SiCf/SiC insulators
30



Qi
- Canadian Nuclear | Laboratoires Nucléaires
7| Laboratories Canadiens
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“Both CNL and KF are conducting cutting edge work in
fusion, with each organization having built strengths in
select areas. By working cooperatively, we can more
effectively apply this knowledge and expertise, which
will ultimately better serve the needs of the market.”

Dr. Jeff Griffin
Vice-President, Science & Technology, CNL

s

KF and CNL sign a Strategic Alliance Agreement to collaboratively accelerate the development and
commercialization of fusion fuel cycle technology — with UNITY-2: Fuel Cycle.

_Tl

s gt B "namm -~-\' ‘1' -
F | r - il ¥ - :v -—-: jb .
"Fusion energy holds transformative potentlal for global
l energy. Our partnership with CNL merges KF's fusion
= technology with CNL's tritium management expertise,
positioning us to tackle some of commercial fusion
power's most critical challenges.”

Dr. Satoshi Konishi =~
Co-Founder & Chief Fusioneer, KF g-



UNITY-2 Facility

Focused on demonstrating fusion power plant relevant
tritium fuel cycle technologies in an integrated fashion

LiPb 4 ﬁ

%

Light Gases (D,T,He..)

Water *2
Storage for D&T
{du)

Gas-liquid separator

TMP.

*5

“6

Neutron
Source

Storage2 for D
(ZrCo)

l—xq

Glow Buffer Tank

Buffer Tank
]BuffelTank for D
for T

VST E

discharge for DT

Exchange|

Turbo
Molecur
Pump

|e—s

(TMP) 1]

*2

Storage3for T Tank
(ZrCo)

Catalytic

column

Purifier 8 Uj
Distillation
column

Cold trap

EZ heater

Electrolyzer

Roughing Pump

Pallidum Diffuser Electrolysis
*3 Cell
) —
| Roughing Pump

UNITY-2 (design underway)

Catalytic Reactor 14 trap Rox

ughing Pump

Air b 4
(I
ADS

Dump Tank

Canada
2023 2024 2025
@ @ @
Initiation: Procurement: Installation:

Design and individual
component testing components

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.

Key systems and

Integration of systems.
Possible commissioning

KYOTO
r. FUSIONEERING

Location: Chalk River, ON, Canada (CNL) I*I
Components:

e  Tritium Extraction System to be tested
with real tritium (~50 L LiPb loop)

. Fusion reactor conditions for vacuum
chamber (including PEG gases)

e  Dual storage system (dU, ZrCo)
e Dual ISS (TCAP, CD)
e  Outer cycle included (WDS, ADS)
e  Centrifugal Pellet Injection
e  Willinclude DIR
Tritium:
e Underreview, 10 to 40 g inventory

e  Fuelling of vacuum chamber
at~2.6 Pamd/s

Modelling:

»  Dynamic fuel cycle modelling
. Coolant/breeder inventory
. Pumps, Pd diffuser, getter beds,

DT delivery mechanism %
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KF's message to the nuclear academic community e SBonezrnc

» We are a fusion engineering company
«  We tackle fusion engineering challenges, aligning closely with the nuclear sector's expertise and concerns.
* We're not a plasma physics company; we seek expertise in nuclear materials, chemistry, chemical
engineering, mechanical engineering, waste handling, and more.
* Nuclear engineering is where our origins are
«  Three out of four co-founders are nuclear engineers; we have strong ties to academic foundations in this field.

» We pride ourselves on being ambitious yet realistic

We know how challenging the road ahead is for fusion — we don't shy away from this, and we
don’t pretend it's easy.

«  We approach fusion engineering challenges with ambition tempered by practicality, seeking viable solutions.

* We see collaboration opportunities with the sector
*  We welcome collaborations with universities and academics in cross-cutting areas.
»  Your expertise complements our fusion engineering goals.

* We want to nurture future nuclear talent to unleash cross-cutting potential

«  We seek talented post-docs, PhD students, and researchers (you!), acknowledging the vital role of academia in
shaping fusion's future — we have both full-time career opportunities and for internships

»  Your network harbours the future leaders of fusion engineering...

© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.
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Sum mary FUSIONEERING

1. The quest for fusion energy has undergone a paradigm shift in the past 5-10 years.
« Emphasis now on demonstrating commercial viability — going beyond the lab.
« Numerous public & private developers advancing towards power plant prototypes.
« KF supports these fusion developers around the world.
« KF shares the vision but follows a distinct mission for achieving commercial fusion.

2. Secured ~$80M (May 2023) for the next phase, enabling focus on critical technology areas:
« H&CD, power cycle, fuel cycle, and safety (underpinning).
3. Developing major fusion development facilities for integrated testing of power cycle and
fuel cycle to advance key technologies (“move the dial”):
« UNITY-1 (Japan) | @
« UNITY-2 (Canada) i+

4. Seeking collaboration - from you!
 If you think you can contribute to our mission, reach out!

5. We are growing: hiring in the UK, Japan & N. America (spread the word!)

35
© 2023 KYOTO FUSIONEERING Ltd. ALL RIGHTS RESERVED.
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HYMNES ZEVET
Thank you

Web: www.kyotofusioneering.com

Contact: r.pearson@kyotofusioneering.com

Twitter: @kyotofusioneer | @_RJPearson

LinkedIn: www.linkedin.com/company/kyoto-fusioneering/



http://www.kyotofusioneering.com/
mailto:r.pearson@kyotofusioneering.com
http://www.linkedin.com/company/kyoto-fusioneering/
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