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Global Risks in middle of the 215t Century

# Snow of Kilimanjaro (2005)

Strategic Competition, New Cold War Climate Crisis, Net-Zero with Al Energy Needs

BIG Question : Will Fusion Energy contribute Net-Zero 20507?



Fusion Energy Plan based on “Mid-entry Strategy”
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Fusion Energy Development in Korea

® Based on the Korean National Fusion Energy Promotional Law
® Succeed the KSTAR Project (1995-2007 Construction; 2008~ Operation)
® Joined Member of the ITER Project (since 2007 for Construction)
® Initiated Korean Fusion DEMO Plant Design Activities (2023~ present)

® Korean Industries participated in Publically Funded Fusion R&D
® Major Korean Industries (e.g. Samsung, Hyundai, Doosan, etc.)
® Mid-size Korean Industries (e.g. KAT, DawonSys, etc.)

® Many Medium & Small Scale Businesses

® Formed a High Quality, Cost Competitive and Field Experienced “Fusion Supply Chain

Platform” for Fusion Energy Commercialization by Private Sector

® EnableFusion Mission : Bringing clean, safe, and sustainable fusion energy to the world

as a digitally-driven platform for innovative fusion engineering and industrial solutions




KSTAR Construction, ITER
Negotiation... (1995~2006)




KSTAR Nb,Sn SC Magnet (Samsung, Kiswire, Doosan, ...)
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KSTAR Assembly (Hyundai, Doosan, SFA, ...)
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KSTAR Construction completed in 2007
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KSTAR succeeded Construction: First Plasma in 2008




KSTAR First Plasma in 2008
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KSTAR Operation from First Plasma in 2008

No Machine Faults for 16 Years of Operation!
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ITER Project
Participation

On 28 June 2005 the ITER Members
unanimously agreed to bmld ITER at

Ty

Cadarache, France.

p- - On 21 November 2006, the ITER |
| __Agreement was sighed at the EIysee
..Palace, in Paris. -

The seve’ﬁ ITER Members represent more than 50% of
the world’s population and about 80% of the global GDP!

China EU India Japan Korea Russia USA




Past and Present Status of ITER




ITER NbsSn Superconducting Strands (Kiswire-KAT, KO)

ITER-CERN Collaboration
with World-wide Suppliers
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SUPPLIER EFFORTS RECOGNIZED IN KOREA

Ji-Min Song, ITER Korea

In recognition of and in gratitude for outstanding contributions to the

ITER Project, the National Fusion Research Institute (NFRI) in Korea pprc ciation Award Ceremo

presented three of its suppliers with plaques of appreciation on 4 ITER 23S S 50{ A1 ZANY 2044

November 2014.

Recognized for the quality of their manufacturing contributions to ITER
were: Kiswire Advanced Technology (KAT); Nexans Korea; and the
Italian Consortium for Applied Superconductivity (ICAS).

KAT, who was awarded the manufacturing contract for 93 tonnes of
niobium-tin (Nb38n) superconducting strand for ITER toroidal field
conductors in 2009, completed the procurement last year. "To have
completed the manufacturing in four years is impressive," stressed the
head of the Korean Domestic Agency Kijung Jung, "especially From left to right: Lee Jun-Seg (Nexans Korea), Guido

considering that the worldwide rate of Nb3Sn strand production before Roveta(l.C.A.S), Antonio Della Corte (I.C.A.S), Kwon | Valued at more than EUR 600
) . Myeun (NFRI), Han li-Young (Nexans Korea), Park Soo [ million, the 11 conductor
ITER did not exceed 15 tonnes per year. Hyeon (NFRI), Jung Ki Jung (NFRI), Lee Hyeon Gon (NFRI), How the It Procurement Arrangements
Ahn Hee-Jae (NFR). fv o signed by the ITER

The cabling contract for the toroidal field conductors was awarded to A reactor works 7y .

Nexans Korea, also in 2009. From the superconducting strand

produced by KAT, Nexans manufactured 27 superconducting cables and 2 qualification dummies—the entire Korean share of
toroidal field cable procurement. Production was successfully completed and all the authorization to proceed points (ATPP) were
cleared by the ITER Organization in May 2014.

Organization between 2007 and
2010—covering the
procurement of conductors for
the large toroidal field, poloidal
field and central solenoid
magnets as well as correction
coils and feeders—represent
one of the project's largest in-
kind procurement packages. Six
out of the seven ITER Members
(China, Europe, Japan, Korea,
Russia and the United States)
have taken part.
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ITER Assembly Tools (SFA-Taekyung Hl, KO)
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ITER Vacuum Vessel (HD Hyundai, KO)

LG,

16



ITER Thermal Shield (SFA-Samhong Hl, KO)
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ITER Magnet Power Supply (DawonSys, Hyosung, KO)
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ITER VV & Tokamak Assembly




World-wide Accelerated Fusion Energy
Commercialization Progress



Nuclear fusion: Five sites shortlisted
for UK energy plant

Climate change LAN DSCAPE
TO 2026

2022 2026

JET science programme in preparation for ITER, including

AN poieE sy et U 301 A 2053 JET transitions into decommissioning programme

INTERNATIONAL

» ITER construction and preparation for first operations. ITER beagins fieat opecations

= Gateway review of the EU DEMO
power plant design
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UK PPP Plan
towards

B N PO sl inanced faciltes, infrastructure, and skills at UKAEA through the Fusion Foundations programme

STEP concept

» Concept design phase for the STEP power plant design programme desis sy

> STEP engineering design phase

> Investment in the fusion private sector grows Culham Science Centre developed as the heart of
THE PRIVATE SECTOR 2 global fusion cluster,including General Fusion's
Five sites in England and Scotland are in the final running to be the heme of » Supply chains strength through work for STEP and ITER new demonstration facility

° gl;A(omn:
ST E P h lg h - I evel SC hed u Ie Ruhorty Shareholder & Sponsor relationships Integrated Delivery Team (IDT)
2921 2°|25 20?0 2°|35 2°|4° Secretary of State Whole Plant Fusion

DESNZ N Partner (UKAEA)

; [ Supply
Concept (till 3/24) DESNZ | Whole Plant chain

(UK Industrial Fusion

» Concept / Sponsor Department | S Engineering Partner (Strategic
Reference Plant \ Solutions Ltd.) Suppliers)
Design /

Development ‘
= G estain > Engineering Design 4
P — > Long lead procurement UKAEA Group Whole Plant

i Main Construction Shareholder & Shared Services 2 = Construction Partner
Model » Site development

> Full plant manufacture and assembly
» Full site development
> Equipment and system testing

Com

g and Operations

> Non-active and active commissioning
> Prototype ops




World-wide Fusion Startups

® FIA(Fusion Industry Association) “The global fusion industry in 2023"

INDUSTRY ASSOCIATION

The global fusion
industry in 2023

Fusion Companies Survey by the "
Fusion Industry Association _

-

1. FUNDING FOR FUSION COMPANIES

3. NOTABLE INVESTMENTS SINCE THE LAST SURVEY

$41.

$55x

Energy Singularity
Fusion Power
Technology

$20n

General
Atomics

4, CompaNIES WITH $200M INVESTMENT OR MORE

Avalanche
Totdl  $6,210,890,875 ($6.2bn)*
pivate  $5,939,271,000 ($5.9bn) Public {ng::}fmologfes
f
$271,620,000
Commonwealth ENN
2. CHANGE SINCE 2022 suRrvEY

Fusion Systems

($2bn+)

5. Location
By primary HQ

Canada

USA
25)
$4.8bn secured at time of 2022 survey
$1.4bn increase in total funding since 2022 (including some funding not previously declared)
43 responses vs 33 in 2022 and 23 in 2021
13 companies founded or emerged from stealth mode
3 companies folded/joined others

* Some figures have been rounded. Some funding was declared privately, hence total figure here is higher than
combined figures stated in company profiles.

General Tokamak Zap

Fusion Energy Energy

Helion SHINE
Energy Technologies
Sweden
1
UK
3 )Germany China
1
1
France 2 3/dapan

Ital
4 Israel

Australia
1

1

New Zealand
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First Korean Fusion Startup : EnableFusion as Fusion Engineering Platform

’Fusion Engineering Platform (FEP) connects Fusion Developers and Fusion Manufacturers

through a digitally-driven platform to accelerate Fusion Energy Commercialization.

EnableFusion Inc.

age

FEP

Fusion Developers \ (Fusion - Partner Suppliers
Engineering
Platform)

PPP #n

888

Private-Public Partnership General Suppliers

Asset Leveraging Structure in the EnableFusion En F
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Korean Industry in Fusion Supply Chain

L Major Participating Companies in ITER and KSTAR Projects (a few examples)

I

1
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Doosan Enerbility
Samsung SDS
Mobiis
KAT
Dawonsys
Wonshin Industrial
Haneul Engineering
BITZTROTECH
EM KOREA
Eugene MS
SamHong Machinery
SeAH CSS (POSCO SM)
KEPCO E&C

HD Hyundai Heavy Industries Structure Design & Fabrication (Vacuum Vessel, Magnetic Structure, Cryogenic Vessel...)

Design and manufacture of Superconducting magnet structures

Plant operation system design and manufacturing

Device operation system design and manufacturing

Superconducting strands and conductor design and manufacturing
Power supply design and manufacturing

Auxiliary equipment design and manufacturing (heating equipment)
Auxiliary equipment design and manufacturing (medium-sized structures)
Auxiliary equipment design and manufacturing (electromagnet, plasma facing wall...)
Assembly equipment design and fabrication

Assembly equipment design and manufacturing

Thermal shield and medium-sized structure design and manufacturing
Special material production

Design integration, quality and project management
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EnF Partner Suppliers

BIsSwWIre LSELE‘CTRH:
KAT

POSCO o

HEAIADX "’DAHONSYS
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sTARWELDS STARWELDS Inc.

HANEUL \ViuisH vaLue
CONSULTING

HANEUL ENGINEERING CO., LTD.

SeAH Horuis4zt

mobiis

D JJESTELL B

MECHATRONICS

VITZRO NEXTECH

iy 1 AA0EADIA

ENERGY&MACHINERY KOREA CO.LTD.
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EnableFusion Opening (April 17, 2024)



Additional Development Area with
Korean Institutions



Al-Friendly Fusion Data System

Build LLM-based Fusion Expert System

Integrated Data
Server
Data
Server 1 /
Raw Cleaned Enriched Mapping to Common

> Data Data Data Data Format
"| (tier0) (tier) (tier2) (tier3)

Data \

Diagnostics N Server 2
N ) \ )
Y Y

Develop Flexible and Learnable Al-based Control System
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Al and Digital Twin based Fusion Designh & Engineering Platform

Virtual Tokamak Control Center

1 t

Visualization Clients

| |
Data Framework (IMAS/IDS) Graphic Engines
Library for Advanced 3D Algorithm & Mesh

Simulation Data/Code Experimental Data

——

Model Variation

Virtual Tokamak
& Digital Engineering

Optimization
-
Cl?

Model Evaluation Mesh Generation

V-KSTAR Client for 3D Simulation & Analysis

'

4 —=

4
~

3D Simulations
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Digital Innovation Platform for Fusion Engineering and Design

® ITER case exemplifies the potential of digitally-driven manufacturing and, when paired with Korea's robust high-
quality manufacturing, the resulting synergies could be significantly advantageous.

Korean ICT High-tech
with Al / GPTs
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Fusion HTS Magnhet R&D and Manufacturing

» Fusion Magnet Requirements (e.g.)
« TF Magnet (REBCO) :
* By~ 9T By ~22T,
» HTS Fusion Magnet Cable Design and Optimization
(with PRISM, KFE, Kentech, KAT)
* Novel Conduit-based Design (SICC, 3D-bending)

5000 |

» HTS Fusion Magnet Proto (with KFE, Kentech)
« D-shape Coil Fabrication & Test o

Current [A]

1 I;E 1 _ Structure
’ﬁ \‘ [, Lead

REBCO Buffer layers
(~1pmy  (~1pm)

Hastelloy
(~50pm)

PRISM Team (SNU)

Copper Silver
(~20pm) (~2pm)

Koreas Institute of Energy Technology
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Fusion HTS Magnet R&D and Test (KFE and KENTECH)
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Korea Institute of Energy Technology
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EnF Future Partners (New

Spherical Tokamak Concept

B, 5

1 Department of Nuclear Engineering, SNU
2 BluepointPartners
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Korean Fusion Startups)

HTS Fusion Magnet
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Compact Tokamak ...
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Accelerated Fusion Energy Commercialization (Two-track Approach)

® Commercialize by Private-sector w/
Public R&D support @ Accelerated Path

Public R&D Plan
.DEMO

.Core
Technology (?)

R&D
® 7ER (2)

® .
KSTAR —M8M8 — | e Private Accelerated Plan

K-PPP Program Osiartup FOWeE

(Private-Public Partnership) ° Pilot
ITER R&D Plant

(~2040s)
°KSTAR

Recommendations for an EU PPP for fusion

Based on the analysis of the fusion funding landscape, the needs of different stakeholders, the main
options available and the urgency for action the following overview approach to funding fusion innavation
in the EU is proposed. The rationale and accompanying recommendations are detailed further below and
fully in chapters 4 and 5.

Partnarthip arrangemant under Euratern
Opjectives bazed on a Strategic Research and Innovation
Agenda [SRIA)

Create a Co-Programmed European Partnership projects contra onsortia of industry and

Partnership for fusion innovation f 3
i
Focused on Key Enabling Technal these with short-
medium term cormmereia|isation passibilities

Evolve F4E acti es:
F4E Innovation Partners|

Fusion Integration Research and Science Test Facility (FIRST) *

public-only FIRST
~Experimental facility, which integrates the combined effects of neutron damage
from 14.1 MeV neutrons, fully operational blankets and their associated
subsystems, and an at-scale fuel cycle.

-Elucidate behavior and issues that may not appear in single-cffects test stands.
~Includes key capabilities of many single purpose facilities, and evaluated as an
alternative to building those separate facilitics.

~Flexibility to sxplors mulupl::pcumpunems and technology choices. Private-public FIRST -

Connection to LRP & BDV, and ability to T -
support/leverage private sector & partnerships T

- Not called out directly, but would address numerous strategic objectives. Readiness for construction

- Not consistent with a decadal time frame as a public facility. (¢) mission and technical requirements not yet fully defined.
Potential to contribute to world-leading science &/or -A FIRST that bypasses single-test facilities puts excessive
close fusion technology gaps risk on facility readiness for construction.

(b) important

“Integrated testing in a nuclear fusion pilot plant is critically important to resolve
science and technology gaps prior to a commercial fusion industry.

~To rapidly accelerate towards a FPP, the single purpose facilities were deemed
achievable on a more rapid time scale, although leaving a risk associated with
integration.

-An integrated facility requires a down selection of a fusion core and potentially
the fusion technologies utilized

~Privately funded, publicly supported FIRST-type facilities
could provide integrated testing across multiple fusion
concepts. That has the potential to accelerate readiness for
construction and deercase public cost.

R SEBRFRRRARERICA I -EREREZEICHELTVWS @ Urban Institute
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Korean Model for Accelerated Fusion Energy Commercialization

® From Public-only Path, to Private-Public Partnership (PPP) Path
- EnableFusion Inc. : Leading Private Sector Engineering and Design Platform
« Define Commercialization Fusion Core Model and Design & Engineering

® Focus Developing Korean Best Technology (HTS SICC, Al+Robotics+MR, Digital Twin.. ?)

® Build Korean Fusion Proto : “Compact” Ignition & Burning w/ New Edge Solution

Korean Proto on Grid by

2040s Construction of Proto by EnF

w-wo/ Own Model
w/ Foreign Model

EnF Progress Decision Point

CPD

Develop Fusion Core Model
by Korean Fusion Community anc
Startups with PPP
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Let There Be Light...

EnF S5eoiie Jlgeddr
Fusion Enabling
R&D Center

‘D+°T — n+*He +17 .6 MeV
‘D+°He > 'H +*He +18.3 MeV
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Commercialization ... (NASA/ESA vs. SpaceX)

EnableFusion
Vision with K-PPP

SPACEZX

NASA R&D
(Public Fund)

FALCON 9 FALCON HEAVY DRAGON STARSHIP HUMAN SPACEFLIGHT RIDESHARE STARSHIELD STARLINK

STARSHIP

SERVICETO'EARTH ORBITEMOON, MARSIAND BEYOND

SpaceX to Mars
PPP - Private-Public _ [ (New Space - Private)

Partnership Program
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