
© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.

KYOTO FUSIONEERING:
COMPANY, MISSION & TECHNOLOGIES

Dr Richard J. Pearson | Co-founder, Chief Innovator & UK Director
Nuclear Academics Meeting | London, UK | 6-7 September 2023



© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.
2© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.

Contents

About Kyoto Fusioneering

UNITY-1 & UNITY-2

Summary

Fusion Energy: Unlimited potential1

2

4

5

Key Technologies3



Climate Change Energy Poverty Energy Insecurity Energy Dependence

The Backdrop

Current warming rates 
not seen in 10,000 years.

Net-zero by 2050

13% without electricity

40% without clean 
cooking fuels

27% of US households 
having difficulty meeting 

energy needs

Global energy supply 
controlled by few nations

Supply – Key World Energy Statistics 2021 – Analysis - IEA 3

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


© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.

A vision of future society realised by fusion energy

4



© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.

Fusion Historically Led by Public Sector

ITER France (international project)

Joint European Torus UK National Ignition Facility U.S. JT 60SA Japan
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A New Dawn for Fusion Energy

$5+ billion invested in 40+ private fusion companies.

Credit: Sam Wurzel (U.S. DoE - ARPA-E)
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Bloomberg: Fusion could grow to a $40 trillion industry.
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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)

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”

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.”

New Paradigm

Governments developing national strategies to promote private fusion through public-private-partnerships.
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Deep Tech Innovation Through Public-Private-Partnership

COTS Program (NASA + SpaceX) being replicated for fusion by White House and U.S. Department of Energy.

Public Program
Strategic projects based on long-term vision

Private (Startups)
Agile, iterative approach with risk-tolerant 

private capital

Public Private Partnership
Innovation that combines a long-term vision 

with an agile, iterative approach

https://www.spacex.com/https://www.nasa.gov/
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Fusion Devices
A snapshot of the road ahead

Commercial 
reactor

Commercially 
Viable Mass 
Deployment

Now 2025 2030 2040 2050

Experimental DEMO?

Experimental DEMO?

DEMO?Experimental

DEMO?Experimental

DEMOExperimental 

Experimental DEMO?

DEMO reactor (STEP) Comm.Experimental

DEMOExperimental reactor

Experimental DEMO?
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11

UK

US

JP

Founded in

2019
90+

Team members

3
Countries

$90m+
Raised
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Members

As of June 2023

95+
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Complementary Business Model

KF focuses on fusion plant engineering – an enabler for all fusion players like

14

Other fusion companies focus on developing a power-producing fusion reaction…

… KF focuses on key fusion power plant integrated systems and components, 
principally: plasma heating systems, power production, fusion fuel cycle.
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Supporting industry growth; same vision, different mission

Realisation of a power-
producing fusion reaction

Integrated plant systems
for fusion power plants 

Commercialization of 
Fusion Energy

15
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And many more….

Forging a Global Supply Chain; bringing Japanese 
manufacturing to the fusion market

Fusion Developers
Public sector programs, 

private start-ups
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Focus Areas

Fuel Cycle System

Thermal Cycle System

1st loop 2nd loop Power generation / 
conversion cycle

Divertor / Exhaust gas system

Tritium separation, extraction, storage

Fuel cycle control (T/D)

Tritium breeding and extraction

Plasma 
Core

Heat Injection

NBI

Gyrotron

Waveguide

Safety engineering

Plant 
System

Plant 
Component

Operations 
/ Controls

Heat extraction / Power generation system

Heat control

18
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Focus Areas: Gyrotrons for plasma heating

Heat Injection

NBI

Gyrotron

Waveguide

Plant 
System

Plant 
Component

Operations 
/ Controls

Plasma 
Core

Gyrotron Waveguide Launcher, 
Mirror etc. 

Power 
System

Cooling 
System

Source Transportation Injection

Ion source

Beam Dump 
SystemCryopump

RF Heating

Beam Control, 
Neutralization, Injection Port

NBI
Plasma

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
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Focus Areas: Thermal Cycle

Plasma 
Core

Heat Injection

NBI

Gyrotron

Waveguide

Advanced Materials HEX, Blanket
• Minimal Tritium permeation heat exchanger 
• High temperature (~1000C) heat extraction
• SiC composite technology

Liquid metal/Molten Salt 
loop and thermal cycle
• Demonstrated 

~1000°C heat 
extraction

• LiPb, Li, FLiBe
• Dual coolant loop

Thermal Cycle System

1st loop 2nd loop Power generation / 
conversion cycle

Tritium breeding and extraction

Heat extraction / Power generation system

Heat control
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Focus Areas: Fuel Cycle

Plasma 
Core

Plant 
System

Plant 
Component

Operations 
/ Controls

Fuel Cycle System

Divertor / Exhaust gas system

Tritium separation, extraction, storage

Fuel cycle control (T/D)VST for T 
Extraction 

Roughing pump

21
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Focus Areas: Safety

Safety engineering

Plant 
System

Plant 
Component

Operations 
/ Controls

Integrated safety engineering services provided by Kyoto Fusioneering

22
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UNITY programme: integrated fusion technology testing
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UNITY programme: integrated fusion technology testing

GYROTRON TESTING

SIMULATED POWER CORE

(BLANKET AND DIVERTER 

INTEGRATED TESTING)

1,000 oC

HEAT EXTRACTION

FUEL CYCLE

MULTI-

PURPOSE 

TEST BED

ENERGY 

CONVERSION

(POWER AND 

HYDROGEN)
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Existing KF products and systems at KF (Kyoto lab)

Blanket modules

FLiBe RefiningLi Loop

Vacuum PumpsTritium Extraction  

Divertor    LiPb Loop H2 Generation   

Neutron Source 

FLiBe Loop

Under construction; 
due for delivery Feb '24

Tritium ProcessingGyrotron

26
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Upcoming (under construction) KF products and systems to be integrated…

LiPb Loop (scale up) Breeding Blanket Module 
& Design

Blanket Test  System VST (scale up) 

Metal Diffusion Pump Gyrotron (Multi-Frequency)Direct  Internal Fuel 
Recycling  

Hydrogen SensorTritium Handling System Li Isotope Separation

will deliver on Dec

Power Generation  1000°C LiPb 
Heat Exchanger

27
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Plasma Simulator  Blanket Test  System

Divertor    SiCf/Sic 
Heat Exchanger

Tritium Extraction  

Li Loop LiPb Loop (scale up) FLiBe Loop

VST(scale up) 

Metal Diffusion 
Pump

Direct  Internal Fuel 
Recycling  

Gyrotron

H2 Generation   

Power Generation  

Tritium  Handling Sys 



© 2023 KYOTO FUSIONEERING Ltd.  ALL RIGHTS RESERVED.

UNITY-1 (UNique Integrated Testing facilitY 1: Thermal Cycle)
Announced 2022 (publication). World-first integrated testing facility for fusion power plant 
equipment. Electricity generation with fusion relevant technologies; operational from 2024.

29

https://kyotofusioneering.com/en/news/2022/07/06/768
https://doi.org/10.1080/15361055.2023.2176689
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UNITY-1 Facility

Location: Kyoto, Japan

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

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

30

UNITY-1 (under fabrication)
Japan
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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.

“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

"Fusion energy holds transformative potential for global 
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 Building B215 at Chalk River, Ontario

Licensed for 100g of Tritium
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UNITY-2 Facility

Location: Chalk River, ON, Canada (CNL)

Components:

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

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

• Dual storage system (dU, ZrCo)

• Dual ISS (TCAP, CD)

• Outer cycle included (WDS, ADS)

• Centrifugal Pellet Injection

• Will include DIR

Tritium:

• Under review, 10 to 40 g inventory

• Fuelling of vacuum chamber
at ~2.6 Pa m3 / s

Modelling:

• Dynamic fuel cycle modelling

• Coolant/breeder inventory

• Pumps, Pd diffuser, getter beds, 
DT delivery mechanism

2023 2024 2025

Initiation:
Design and individual 

component testing

Procurement:
Key systems and 

components

Installation:
Integration of systems. 
Possible commissioning

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

32

UNITY-2 (design underway)
Canada
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KF's message to the nuclear academic community

• 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...

34
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Summary

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)

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
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Web: www.kyotofusioneering.com

Contact: r.pearson@kyotofusioneering.com

Twitter: @kyotofusioneer | @_RJPearson

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

ありがとうございます

Thank you

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