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Fusion: the process that powers the Sun, the star:
and nearhall life.

Fusion also formed most of the elemer

Big i Dying Exploding Human synthesis EE
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fusion stars stars
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4p- *He*+2 €+ 2/ + 26.2 MeV

99.97% of the natural (biological and physical)

processes on Earth are driven by the Sun H, He formed in bi@pang fusion of quargluon plasma

. _ Li, Be, B formed by cosmic ray spallation
The Sun 4.6 billion years old, and will burn for | < 7 < Fe formed by stellar processes

another 5 billion years. Z > Fe generated mainly by supernovae + merging stars
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Fossil Fuels: the culprit for CO2 emissions & global wal

1 1 7 Our World
Global primary energy consumption by source
Primary energy is based on the substitution method and measured in terawatt-hours.
E3 Table E Chart & Settings
200,000 TWh Other renewables
_Ir Modern biofuels
180,000 TWh " Solar
160,000 TWh - Wind
Hydropower
140,000 TWh Nuclear
— Natural gas
120,000 TWh
100,000 TWh
80,000 TWh Oil
60,000 TWh
40,000 TWh
Coal
20,000 TWh
0TWh | : : : : |7 Traditional biomass
1800 1850 1900 1950 2000 2024
» 1800 @ ® 2024

Data source: Energy Institute - Statistical Review of World Energy (2025); Smil (2017) - Learn more about this data

Note: In the absence of more recent data, traditional biomass is assumed constant since 2015. 0
L -}

<
OurWorldinData.org/energy | CC BY

https://ourworldindata.org/grapher/globakenergysubstitution

MDNBSY K2dzaS SYAaaAazy

83.1% from fossil + biofuels
13.2% from renewable
3.7% nuclear

Why should Australia care?

A2S | NB GKS @g2NIF
export value) coal exporter,

A2S | NB ( Ki$argesefdddil R
fuel exporter

A Our domestic emissions are the
highest (per capita) in the OECD

A Our exported + domestic fossil fuel
emissions are around.5%of global
emissions, 80% of which is overse:
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https://www.abc.net.au/news/2019-11-20/fact-check-australia-carbon-emissions-fossil-fuel-exports/11645670
https://ourworldindata.org/grapher/global-energy-substitution
https://ourworldindata.org/grapher/global-energy-substitution
https://ourworldindata.org/grapher/global-energy-substitution
https://ourworldindata.org/grapher/global-energy-substitution
https://ourworldindata.org/grapher/global-energy-substitution

What is the role of Nuclear? (Fission or Fusion)

Al 2fF NJ LI2SSNJ O2dzf R adzLLx & &t 2F
solved.(e.g. A 600kmx600km solar PV grid in Alice Springs sunshine could meet gla
power consumption of 20TW continuous power).

AHowever everif solved,energysecurity a significant geopolitical driver.
AP, an~1-2GW electric, area =50 kn?.
ANuclear is the most landfficient largescale energy source available.
AC KI0Qa gKeyY

U France, Japan, and South Korea fit huge energy output into small countries

U Nuclear pairs extremely well with renewables if land, materials, or transmission ar
constrained.

AGlobal nuclear capacity on track to double by 2050.

M 2 KAES ' dzZaa NIt Al A Zivilsdtidhaee&Ruclgak U K
The sector will only grow. 5



) ) andCombustion

Controlled fusion : Peuterum € 08“‘““"‘
D \ / T
Deuterium, Tritium are hydrogen isotopes. 0 ...
7 " Reaction
Energy gain: 450:1 i XN
oNeutron
. o . “e4® " leV=16x18J
co-discovered by Australian Sir Marc Oliphant 1932
Reaction Energy Energy/mass
D+ T- “He(3.5MeV) + n (14.1MeV) 17,600,000eV 3.5MeV/amu
D+ D— 3He (0.82)+ n (2.45MeV) 3,270,000eV 0.8MeV/amu
D+D—T(1.01MeV) + H (3.03MeV) 4,030,000eV 1.0MeV/amu
D + 3He — “He (3.6MeV) + H (14.7MeV) 18,300,000eV 3.7MeV/amu
p+ 1B — 3 *He (2.9MeV) 8,700,000 eV 0.7MeV/amu




BlG/tdeaEusion (and nuclear) uses small amou
of resource for big energy production

= Energy

On Earth, fusion could provide:

w Largescale energy production

w Deuterium is an essentially limitless fuel, available all over the world
w No greenhouse gases

w Intrinsic safety

w No longlived radioactive waste (if aneutronic fusiof{B ¢ virtually none)


http://www.gettyimages.com/Search/Search.aspx?contractUrl=1&language=en-US&family=creative&p=bathtub&lic=rf&src=quick

Fusion Fuels (H, D, B) very abundant

’ ~ - RN PRI
I/ ‘\ 1// ‘\ //?/, \0‘\\
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\ h \ 6 h [ | @ %
NB:99.9885% of ,/ N R N Ky
all visible matter is R S~ \\'\\_’,’/
Hydrogen S
Deuterium Tritium Lithium 6
Relative 1D : 6000H 1T : 107 H. 1Li:10%H (Earth)
Abundance Manufactured: 1Li:1000H (solar
_ . system)
oL i + ke +T
Li + e +T+n
Exhaustion | D-D reaction D-T reaction
lifetime at
20TW 50 billion years | 10* years (Earth)
continuous (10 x age of
power Universe) 1020 years (solar

system)




How to achieve fusion reactions ?

Aim : Overcome electrostatic repulsion between like charges Dtarget \ature 434 1115, 2005

Particle acceleration ov-2000v 0V | |
(e.g. Linear accelerator, pyroelectric crystal, Heat &t —==T |8
beamtarget [laserblock], beambeam ) = < W |

Catalytic process ‘ | o?—;\ -0 Pyroelectric crystal

nuclear “ e

(e.g. Muon catalysis) ecelorator

Inertial compression (confinement)

(e.g. laser target fusion)
Confinement(plasma near thermal equilibrium)

(gravitational, electric, magnetic)

National Ignition Facility, USA



How to achieve fusiopower ?

Aim : Overcome electrostatic repulsion between like charggggonfinement + power gain

10—27

wAchieve sufficiently high

" ion temperatureT. 1025
Y exceed Coulomb barrier Thermal

~ : _ collision = 42
densityny,” energyyield Cross sectiong:

: : of reaction &

— energy confinement time: § 10
(&)

t e =insulation parameter: e.g. time taken for a jug of hot
water to lose energy to the surroundings

1 0—31 =

—32 |
1075 2,

WAa[ I gaz2yé A 3IFusionp@wsr >0aiNoL. v .

5. 10. 20.
enter;of—Mass

50/ 100. 200. 500.1000.
Energy (keV)

°600 million°C

Fusion triple product — npt cT>33% 101 m3keV s

wTurns outngt chas a minimum at;=14kEv° 150 million°C
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wplasma is an ionized gas
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Motion of charged particles Motion of charged particles
without magnetic field. with magnetic field.

Motion of charged particles
without magnetic field.

A On Earth usually seen as either the
Sun, Aurora or Lightning

Y 4KS

n Qi K

1099.9% of the visible universe is In a

plasma state

Inner region of the M100
Galaxy in the Virgo Cluster,
imaged with the Hubble
Space Telescope Planetary
Camera at full resolution.

Tromso
January 2026

a

11



Toroidal Magnetic Confinement

cMagnetic fieldcause charged particles to spiral around field lines. Plasma
particles are lost to the vessel walls only by relatively slow diffusion across the field
lines

«Only charged particles)(, T, He"X @re confined. escape and release energy
by collision with walls.

(ring shaped) device: a closed system to avoid end losses

uHighest performance been demonstrated in a tokamak (strong field, large current),,



Components of aokamak

 ANRRRRRRY
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In a tokamak fields lie in flux surfaces

A If magnetic field sufficiently
strong ions and electrons
J bound to field lines

ALY | GLISNFSOIUE
lines lie in flux surfaces

A Different flux surfaces are ~
: helical magnetic field therma”y Insulated

gyrating plasma particle A Flux surfaces support
: pressure gradient

A Tokamaksnaximisecore
pressure, needed to initiate
fusion

plasma

14



How to obtain extreme temperatures?

Generator

- Transmission line
Ionls_,ed and Antenna

conflned Generator
particles Wave gquide

HEATING BY
ELECTROMAGNETIC
WAVES

Plasma current
DHMIC HEATING

Deuter'umD% 0 :II"ritium
N Y 8
/@3 Reaction nghly ol . N

He.i:m P energetic EATING BY

. n atoms INJECTION OF
Defloct NEUTRAL
ofen gﬁflon Accelerator\. PARTICLE BEAMS
neutralised Neutraliser lon source
ions

Positive ion beams: E ~ 100keV
Negative ion beams: E~ 1MeV

15
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Energy confinementigis better

A t-empirical scaling

te=1t(Hy.0.,Bn,
f

Plasma

magn etic
current field
22
® Tokamak -
X Laser ICF \
* Stellarator I. :'3
A MagliF e
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[Wurzel and Hu Physics of Plasmas 29, 062103 (2022)]
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2 KF0Qa ySé Ay O2)
NEWS | 09 February 2022

Nuclear-fusion reactor smashes Nature
energy record

The experimental Joint European Torus has doubled the record for the amount of energy
made from fusing atoms — the process that powers the Sun.

Elizabeth Gibney

vy f =

High fusion power produced and sustained for 5 seconds

vvvvvvvvvvvvvvv

o [ » First-ever high confinement
1o f plasmas using D-T with
et beryllium / tungsten wall

8 . . o o
» Confirming predictions of
6 I DTE2 42 MJ 1 :
s | ] plasma behaviour advances
2
0

Fusion Power (MW)
1

L DTE1 22MJ

C | development of ITER high

00 10 20 30 40 50 60 7.0 performance scenarios

time (s)
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a2S KI
Ignition confirmed in a nuclear
fusion experiment for the first time

A 2021 experiment achieved the landmark milestone of nuclear fusion ignition,
which data analysis has now confirmed — but attempts to recreate it over the last
year haven't been able to reach ignition again

PHYSICS 11 August 2022

By Karmela Padavic-Callaghan

%
The National Ignition Facility at Lawrence Livermore National Laboratory
Science History Images / Alamy Stock Photo

@S AIYAGA

11 August 2022
New Scientist

Ghy vy ! dadzadz H
beams pumped vastly

more powerthan the entire US
electric grid into a small gold
capsule and ignited, for a

faction of a second, the same
thermonuclear fire that powers
the Surd €

18


https://www.independent.co.uk/topic/power
https://www.independent.co.uk/topic/sun

What is the next step along the tokamak path’

ITERWOKS LI 0KQY F2NIXYSNIeé (yz2goy | a
International Thermonuclear Experimental Reactor

1) Achieve a deuteriurdritium plasma in which the fusion conditions are
sustained mostly by internal fusion heatingAchieve a burning plasma.

2) Generate 500 MW of fusion power for long pulses
(long pulse or continuous is critical to fusion energy)

3) Contribute to the demonstration of the integrated operation of technologies for
a fusion power plant

4) Test tritium breeding

5) Demonstrate the safety characteristics of a fusion device N



ITER; a snapshot

wFusion power = 500MW
wPower Gain (Q) > 10
wTemperature ~ 100 milliorC

wGrowing Consortium

E///

.“\‘

r’N

N g
*
*
*

]
| | —
w———
—
—
A
e
:

wCollaboration agreements with
U International Atomic Energy Agency
U Principality of Monaco 16/01/2008
CedEamhe U CERN 10/03/2008
France U Australia 30/09/2016
U Khazakstari1/06/2017
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Central Solenoid

Outer Intercoil

ITER In detall

Blanket Module

Vacuum Vessel

Structure

Cryostat
Toroidal Field Coil

Port Plug

= (IC Heating)

Poloidal Field Coil

Divertor
Machine Gravity Torus
Supports Cryopump
Total Fusion power 500MW Toroidal field @6.2m 5.3T
Minor (a), major (R) radius 2.0m, 6.2m Plasma Volume 837 n?
Ip, plasma current 15MA Auxillaryheating, current drive 713MW

21



ITER construction more than 85% completec

29 January 2026
May 2025

B b b ——

P
By

=&

SN N —

4 (/9) sector modules installed
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Chasing a Moving Finish Line

Circle sizes show the International
Thermonucl lear Experimental
Reactor’s growing

budget estimates®,

- Lines show shifting
.~ estimated completion dates*

*Figures inciude estimates cited in reporting

2006 2016
) 10 yearsl
2007 2016
2008 2018 Kan ame
2000 2018 | ke d a
2010 2019
2011 2019
2012 2020 O
* = samu
Motojima
2014 2023
2015 2025 A
2016 2025
2017 2025
2018 2025
Bernard
2020 2025 Bi g ot
—_— —
2021 2025
—_ —
2022 2025 v
-
2023 2029
s e S 1

Scientific American,

June 2023

KFR Ata ¥
Reasons for Delay:

A Project management and scope changes

A Design complexity and component inconsiste
A Covid19 pandemic

A Regulatory hurdles
Pietro Barabasch?022
2026

2034 2036 2039 2050
® ® ® @

‘Research DT operation

First Plasma

T Assembly
Now

US $26epr5 billion Plas. Phys. Cont. Fusion 67 2025 0650

23



Xodzi AGQa y2G4 Ff2ySY
nearly all firsbf-a-kind are over budget and schedule

James Webb Space Telescope.

Initial designs in 1996.

Aimed for launch in 2007 at US$1bn.

Final launch in late 2021. Final cost US$10bn.

F35 Joint Strike Fighter

Initial design work 2001.

Full rate production 2015. Cost ?

Full rate production 2024. Lifetime cost US$2000 b

OlkiluotoNuclear Power Plant Unit 3, Finland
Construction start 2005.

Scheduled operation 2009 ato ®H 0
| 2YYSNDALFE hLISNI GA

Attt AZY
2Y HNHO®



Fusion power plant schematic

Very
complicated
nonlinear
plasma
physics!

Emergent challenge

nuclear technology
remote handling,

Materials science for first wall

(ITER Is not a power plant)

Reactor containment

N

ﬂ

~;

Deuterium

fuels

ithium
\

J

Primary  Vacuum

vessel |

Li

5=

W

Lithium—

blanket

—> T + He

T

-

Helium

Generator

Steam
generator

Blanket required
to generate
lithium.

(Build radius
determined by
slowing down of
neutrons)



Economics of Fusion Powgfokamak Design

1GWe DEMO2 reference design
[Kemp R. IDM EU_D_2LCBEUROfusior2015]

9! addzZRe@yY d4a! LILWINPEAYIFGA2Y 2F GKS SO2y?2
[Entleret al Energy 152 (2018) 4897]
Direct Construction Cost: $3625

Fusion Power 3255MW Buildings Nuclear technology

17%

1370

Thermal Power 4149MW
) Turbine plant
GrossElectric Power 1660MW 6%
Maintenanee eauinmen|
Net Electric Power 953MW 5%
Control & Diagnostics
Plant seKconsumption 707MW '
Elgt'lt'.‘.'t:‘i
Plant availabilityfraction 75% e
. Fuel handling system
Fusion fuel (per day) < 2kg 5% Cryogenic systems  Vacuum systems

2% 1%

26



Tokamakreactor design

Reactor determined by engineeringuclearand physicsconstraints:
Atftlayl dzaidlof$S Skia7KAIK St2y3

—TF magnet
_— Blanket

__—Plasma

A tLy1SG ¢ARGK aSi o0& ySdziNney
A Neutron wall loading limits & ROK 2 A Q$5.4ih w b
A Teincreases with |B|.Superconducting choiddb,Snl'hy .  f ¢
A Coil winding thicknessset by winding pack antkBf A YA G &4 ® 1o < w1
A n,fTpeak atTMh wm n (seb By collision crossection)
A AssumeP, . producedP.  with thermal efficiency I' non M LI 4 y FdY®
ALRSFt 3t an SHlExim2y b
(Nair = 2.5 X218 M, Ngiamong= 1.7 Xx1& M=, ng, (0) = is 9 x1& M) [Solar core is 100x more
A P >Pe D p EISMA dense than Iron!]
A

Steady state lyp,ic= 0. } = kp* ks
l.p< 2.2MA RF current drive, (coupling efficiency ~50%, recirculating power < 10%)

[bfgs= kdl, > 84% [J. P. Friedberg et al Phys. Plas. 22, 070901, 2015] 27



Tokamakreactor design

Reactor determined by engineeringuclearand physicsconstraints:

—TF magnet

__—Blanket

Atftlayl dzyaidlof$s Ski7KAIK St2yH

__—Plasma

. tEFYy1SU 6ARUK aSu o0& ySdziNRy

Neutron wall loading limits # ROK 2 A Q5.4 w

Teincreases with |B|.Superconducting choiddb,Snl'hy .  f ¢
Coil winding thicknessset by winding pack andkBf A YA 1 & ®| 1po < w1
n, =T peak atT.H m n (seb by collision crossection)

)

ITER choices
F—y—+GY O

-

AssumeP, . producedP., with thermal efficiency ' n®n Th LI C

LRSI f 3l an, SHjlExie’m2y I
(N, = 2.5 X186 M3, Ngiamong= 1.7 X18 M3, ng,(0)=is 9 x1& m3
P> Posses! D p E1OMA

fae= 2535%. X

Do Do Io| B Do Do To Dt I

Steady state lyp,ic= 0. } = kp* ks
l.p< 2.2MA RF current drive, (coupling efficiency ~50%, recirculating power < 10%)

[bfgs= kdl, > 84% [J. P. Friedberg et al Phys. Plas. 22, 070901, 2015] 28



Tokamakreactor design

Reactor determined by engineeringuclearand physicsconstraints:
Atftlayl dzaidlof$S Skia7KAIK St2y3

—TF magnet
_— Blanket

__—Plasma

P> Posses! D p ELSMA

Steady state lyp,ic= 0. } = kp* ks
l.p< 2.2MA RF current drive, (coupling efficiency ~50%, recirculating power < 10%)

[bfgs= kdl, > 84% [J. P. Friedberg et al Phys. Plas. 22, 070901, 2015] 29

A tLy1SG ¢ARGK aSi o0& ySdziNney

A Neutron wall loading limits & ROK 2 A Q$5.4ih w b

A Teincreases with |B|.Superconducting choiddb,Snl'hy .  f ¢

A Coil winding thicknessset by winding pack antkBf A YA U & ® 1Dl M T

A n, =T peak atT.H m n (seb by collision crossection) J

A AssumeP, . producedP.,..with thermal efficiency ' n ®n b LJCFS SPARCARCPChe

ALRSIE 3 an SHlExiFMmSy T Superconducting to
(N, = 2.5 X186 M3, Ngiamong= 1.7 X18 M3, ng,(0)=is 9 x1& m3 REBCO/YBCO high

A temperature tape.

A



Tokamakreactor design

Reactor determined by engineeringuclearand physicsconstraints:
Atftlayl dzaidlof$S Skia7KAIK St2y3

—TF magnet
__—Blanket

__—Plasma

CfFY1SG 6ARGK aSi 0é& ySdziNRy

Neutron wall loading Iimi{s #/RO K 2\)\ Q6.4 w b
Teincreases with |B|.Superconducting choiddb,Snl'hy .  f ¢

Coil winding thicknessset by winding pack andkBf A YA U 4 @ 1Dl M T
n, =T peak atT.H m n (seb by collision crossection) J

AssumeP, . producedP;, . with thermal efficiency ' n ®n TIh L) Takamak Eneigy; 9K

LRSIt 3l an,SHjlEIxiem2 y I .
(g, = 2.5 X1 M3, Ngiamong= 1.7 X1 M=, ng,(0)=is 9 x1& m3 Spherical Tokamak for
Electricity Production

P >Possesl D p E15MA (STEP), UK
Steady state lyp,ic= 0. } = kp* ks
l.p< 2.2MA RF current drive, (coupling efficiency ~50%, recirculating power < 10%)

[bfgs= kdl, > 84% [J. P. Friedberg et al Phys. Plas. 22, 070901, 2015] 30

o o Io o Do D Ix| Do I



Tokamalceactor deS|gn

Reactor determined by engineeringuclearand physicsconstraints:
Atftlayl dzaidlof$S Skia7KAIK St2y3

—TF magnet
_— Blanket

— Plasma

CfFY1SUG 6ARGK aSi 0é& ySdziNRy

Neutron wall loading limits & ROK 2 A Q5.4 w b
Teincreases with |B|.Superconducting choiddb,Snl'hy .  f ¢

Coil winding thicknessset by winding pack andkBf A YA {1 4 @ 1Dl M T
n, =T peak atT.H m n (seb by collision crossection) J

AssumeP, . producedP.,..with thermal efficiency ' n ®n Ty LJSllarstor I G Y ®

LRSI f 3l an, SHjlExie’m2y I |
(N, = 2.5 x18 M3, Nymong= 1.7 X182 m23  ng (0)=is 9 x1& m= Wendelstein/-X

Tvpe | Ener
P > Pocsed D o EISMA " il

Id o Io o Do Do Io Io I

Gauss Fusion
Steady state ly,nic= 0. | = kpt kg

l.p< 2.2MA RF current drive, (coupling efficiency ~50%, recirculating power < 10%)
[bfgs= kdl, > 84% [J. P. Friedberg et al Phys. Plas. 22, 070901, 2015] 31



Stellarators: confinement with a twist

A Tokamak: field line helicity created by internal plasma current

A Stellarator field line helicity created by twist of field coils
V Eliminates disruptive currerdriven instabilities,
3 field coils are an engineering challenge,
3 Ff dzE &dzaNFI O0Sa | NByQlG 3dzZ NI yiSSR®

e.g. WX : afirst

generation computationally
optimised stellarator

(low neoclassical transport, W
low current, good stability, |\ &
YR d3I22R¢E Tf\ﬂ s

Ae M O0AffA2Y SELISNAYSY(God /2yaiNUHzOGAz2ZY
A Aim: evaluate fusion reactor usistellaratortechnology:.
A Opened by Chancellor Merkel in February 2016

32



Parameter space of optimised stellarators iIs va:

Simons Foundation Collaboration on Hidden Symmetries and Fusion Energy2P@5¢
https://hiddensymmetries.princeton.edu/ S84

Rotational transform t

Objective To create and exploit an effective mathematical and computational framework for the design of
stellarators with hidden symmetriggiood flux surfaces, good particle confinement, high bootstrap fraction)

Deliverables Optimum design principles off a stellarator, a modern §ptimization/code (SIMSOPT) that can exploit the f
of petascaleand exascale computers, and ¢lesigns of-gereration stellarator experiments

https://aithub.com/hiddenSymmethQlsfzdakanteed! Not Automatic!

. LandremanJournal of Plasma Physié8(6), 905880616, 2022 M. Landreman et &hysics of Plasmas, 082501 (2022)
7 e e FOs paos i Optimized quasaxisymmetric configuration with
1.4x10"! configurations computed . . . .
: ' L energetic particle confinement, setbnsistent
s e bootstrap
T AR (b) 4

—= D [B| [Tesla] 2

6.5
0
6

— =0

grsisime®

Z [meters]

3 ﬁe]a‘,; N capeg®™° ° i X . g
period QA =1 ) TR TS - - - el
TS 2 fiel

e 1/4 period
55 = 1/2 period

= , 8 10 12
1.6 1.8 2.0 2.2 2.4 R [meters]
Length of magnetic axis / (2nRo) (Helical excursion of the axis) 33


https://hiddensymmetries.princeton.edu/
https://github.com/hiddenSymmetries/simsopt

Potential game changers for fusion

A Superconducting Magnet Technology: higher field strength, lower cryogenic cost
A Integrated Modelling : selfonsistent coreedge simulation S Pinchest alDec. 2025
A Al : Surrogate modelling, Control Visualization with IMAS =
A DesignOptimisation ParaView
i _ (https://qgithub.coml/iterorg
A Advanced divertor materials anization/IMAS ParaView
Pt : - of induced currents in
A Radiation resistant structural materials vacuum vessel and plasma
A Ignition & JET record stored energy shotslectron temperature during
_ ] _ disruption in ITER simulated
A Increasing urgency of climate action with JOREK code
: o https://jorek.eu/ ).
A Wave of capital from tech billionaires ~ (ttesziorek.eul)
J. Degravet al Magnetic control of tokamak Control poicy

plasmas through deep reinforcement learning,
Nature 602, 2022

A Collaboration between DeepMind and EPFL, Switzerlang,. - -

Neural net: MLP = 3 x 256

A Demonstration of real time control using a PINN Outputs: a = 19

> 16 Poloidal , Ohmic
field coils coils


https://github.com/iterorganization/IMAS-ParaView
https://github.com/iterorganization/IMAS-ParaView
https://github.com/iterorganization/IMAS-ParaView
https://github.com/iterorganization/IMAS-ParaView
https://jorek.eu/

# companies

The rise of the private sector

22 July 2025

https://www.fusionindustryassociation.org/vwjeontent/uploads/2025/07/2025
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Cumulative funding exceeds $USD10 billion

TOTAL FUNDING TO JULY 2025

Total funding to date: $9,766,000,000

Total this year: $2,643,573,°°°

Total private funding to date: $8’97'|"| 50,000

Total public funding to date: $794, 850,000

General approach

@ 25 Magnetic confinement (inc. Tokamak, Stellarator)
@ 11 Inertial confinement

@ Magneto-inertial

Hybrid electrostatic confinement
Muon-catalyzed fusion

Non-traditional concepts/Not stated

Hh - h O

Increase 2024025

Billion Dollar Companies

A Commonwealth Fusion Systems
~UD$3bn

A TAE Systems ~USD$1.3bn (post Trun
Media Merger 18/12/2025)

A Helion Energy Systems ~USD$1bn 36



Commonwealth Fusion Systems (CFS)

Commonwealth Fusion Systems (CFS)apirfrom the Massachusetts Institute of Technology
(MIT) in 2018

CFS aims to commercialize fusion energy rapidly usingfieightokamak technology coupled
with advanced materials especiallyhigh-temperature superconductors (HTS)

SPARC = physics + technology demonstrator
A Uses BT cycle

Conventional aspect ratio tokamak

R, ~ 1.85m, a~0.57m

High field strength 12.2T eaxis (23T peak)
Ip~8.7MA

Energy gain Q>2

Fusion power: 5440MW

Pulse length ~ 10s (inductive)

Claims operational by end of 2026.

Too To T T o o To I
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Commonwealth Fusion Systems (CFS)

Commonwealth Fusion Systems (CFS)apirfrom the Massachusetts Institute of Technology
(MIT) in 2018

CFS aims to commercialize fusion energy rapidly usingfieightokamak technology coupled
with advanced materials especiallyhigh-temperature superconductors (HTS)

ARC = First commercial power plant
A Uses BT cycle
A Conventional aspect ratio tokamak
A R~3.3m,a~1.1m
A High field strength 9.2T eaxis (23T peak)
A 1p~9.2MA
A Energy gain Q>10
A Fusion power: 200MW electric
(500MW thermal)
A Continuous operation
A Claimsfzs=63%. Hard.
A/ fTFAYAa 2LISNFGAZ2YIE 0




TAE (Tri Alpha Energy) Technologies

Founded in 1998, TAE is one of the longasining and most capitakised fusion startups globally
(Foothill Ranch, California, USA).

To develop a practical, commercially viable fusion power system using a reverse field pinch

A Multi-fuel strategy:
A D-T fusion: intermediate steps and validating concepts
A P-11B fusion: long term vision

A Power generation by slowing down o2& { 2
a current (direct), or heating a blanket and a
heatexchanger (indirect)

Al tFAYa O2YYSNDALIft& gAa

Reverse field as
toroidal field is
reversed at edge

Br Reverid\




Helion Energy

| StA2Y 9YSNHE Qa TFdza A 2y -iegial, pubedfusidnapploachiR A 3
using FieleReversed Configuration (FRC) plasmas, with a design that aims to generate
electricitydirectlyfrom the fusion process rather than through a héatsteam cycle.

To develop a commercially viableB fusion power system using a reverse field pinch

Technology Concept

1. Formation of RFP configurations

2. Acceleration of RFP plasmas

3. Compression. Plasma heated to
fusion conditions

4. Recoll: Plasma expansion
produces change in field
Induces current

Committed to providing electricity to Microsoft dat@ntresfrom 2028. 0



S 2
S

HBI1

ENERGY

LASER BORON FUSION

Sydney, Australia

AUses F1B reaction

ANonthermal ignition via laser
driven plasma block acceleratior

U Usepetawatt-class lasers

U Generate extremely high
electric fields

U Directly accelerate plasma
blocks (norhermal ignition)

U Trigger an avalanche reaction
of alpha particles

A Founded 2017, building on
work of Heinrich Hora

A Raised ~AUD$32m to date

A Claims commercially viable
AY (U0KS HnonQa

Dr Warren McKenzie CEO
https://hb11.energy/contact/

(52

& AR Wellington, NZ

A Uses PLIB reaction

A Levitated dipole magnetic confinement

A Founded late 2021, funded late 2022

A Raised $20m USD

A ~70 employees

ACANRG LXFayYla hOu20SNJ
A 5.7 tesla magnet in a 5r@etre vacuum vessel

A ~50 kW EC heating

A Design of ® generation device underway

A Claims commercially viable by about 2030

4 February 2026.
AR B

RatuMatairag Founder ‘
leni@digpr.co.nz .



The UK Approach to Fusion

Al adzoadbyudAlt Fdzaizy LINEINI) £&4 UK Atomic Energy Authority! @ |
A Hosted Joint European Torus (198323)
A UK program hasentredon developing the spherlcal torus (first demonstrated by ANSTO |n 198

U START (1991998) . ; o

U MAST (1992013)

U MAST Upgrade (2035 B
A Massive expansion in funding / program over last 5 years

U £650m Fusion Futures program Infrastructure, Skills, Industrial and commercial opportuni

October 20232027.
U £UK2.5 bn confirmed for ambitio®pherical Tokamak for Energy Productlon (STEElE’r)e 2025

A Spherical Tokamak for Energy Production (STEP)
Deliver a UK prototype fusion energy plant .
targeting 2040. Aims to demonstrate
U nett electrical power to grid
U Tritium self sufficiency SN
U Maintainable reactor system Site selection in West Burton,

U Commercially relevant plant architecture  Nottinghamshire. (former
https://stepfusion.com/ coal power plant) 42



https://stepfusion.com/

Burning plasma Experimental Superconducting Tokair

BEST = compact, hifjeld tokamak under construction in Hefei, China 1 October 2025
A Uses BT cycle

A Conventional aspect ratio tokamak
A R,~3.6m, a~1.1m

A High field strength 6.15T eaxis

A Ip~47MA

A Energy gain Q>%

A Fusion power: 2200 MW

A Pulse length ~ hours

A Claims operational by end of 2027.
A > $1bnUSD invested.

Veryambitious timeline: Builds on success of EAST

A Construction began in mid 2023 (Experimental Advanced
Superconducting Tokamak)

A May 2025, full device assembly COMMENCEeSefei, Chinese Academy of
A October 2025. Dewar base, the vacuum  Sciences

vessel housing magnets installed
43



