ot=+9| KSTAR, ITER ad
EnableFusion?| &t} =X

2024. 5. 24.

Gyung-Su LEE
EnableFusion Inc.

E“F EnF (Energy and Fusion)

http://EnableFusion.com



Global and National Risks in middle of the 215t Century

s Washington Times (January 2009) 8 Snow of Kilimanjaro (2005)

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



Low Carbon Energy Options

RE100 or CF100 ?



Toward Commercialization of
Fusion Energy in 2040s



Quest for Holy Grail (1945-20457?)
‘D+°T = n+*He +17 .6 MeV
‘D+°He —>'H +*He +18 .3 MeV

A 'f\

Eugene Parker (Chic;ago) - NV 8208 8

15 H

4

BEf
9

“
FESTIV)

—

Edward Teller (LLNL) Marshall Rosenbuth .
(Chicago, Princeton & Austin)



National Fusion Energy based on “Mid-entry Strategy”
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KSTAR Construction start, ITER Negotiation... (1995~2007)

g BT
Sao oux nzed | og> | BB
KSTAR S |

'3

Posing for the history books:
MAC Chairman Gyung Su Lee and the Chairman of the ITER Council, Academician Evgeny
Velikhov.



KSTAR Construction Experience
with Korean Industries



KSTAR Nb;Sn SC Magnet (Samsung, Kiswire, Doosan, ...)

‘e slinsulation’lt 3"

—




m!z

KSTAR Assembly (Hyundai, Doosan, SFA, ...)

L

TS

KSTAR TF magnet are installed

in TKM Pi

talled

INs

KSTAR VV and VVTS are
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KSTAR Construction completed in 2007

2006. 10 L 13 5006, 12
= XA o i=ey| s asu Mx

v

KSTAR succeeded Construction: First Plasma in 2008




KSTAR First Plasma in 2008

Shot number : 1826
Frame Count : 189
2888766738 17:18:14

KSTAR TVB2

SHOT 1216
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KSTAR Operation 15-years from First Plasma in 2008

prouy
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ITER Project Experience
as a Member State



ITER.
g fiﬁ-f*f"figlcbal response

A A ' 'S :
On 28 June 2005, the ITER Members
@@ unanimously agreed to bulld ITER at
«/\W - Cadarache, France. ~

On:21 November 2006, the ITER »
S ‘Agreement was signed at the Elysée.
,Palace, in Paris.

The seven 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




Leading World-wide Fusion thru KSTAR & ITER (1995~2015)

DDG/Chief Operating |
Site Constructiol
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ITER NbsSn Superconducting Strands (KO)

SUPPLIER EFFORTS RECOGNIZED IN KOREA with World-wide Sunntiors

Ji-Min Song, ITER Korea I ‘y

In recognition of and in gratitude for outstanding contributions to the
ITER Project, the National Fusion Research Institute (NFRI) in Korea ppreciation Award Ce remo
presented three of its suppliers with plaques of appreciation on 4 TER £MS SH| 0] Ao A A0/4!

November 2014. 2014.11. 04 it v

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 (Nb3Sn) 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 horial.CAB)Anenio DlaCons (LCAS) - Ion
Myeun (NFRI), Han Il-Young (Nexans Korea), Park Soo

ITER did not exceed 15 tonnes per year. Hyeon (NFRI), Jung Ki Jung (NFRI), Lee Hyeon Gon (NFRI),
Ahn Hee-Jae (NFRI).

|||||

Valued at more than EUR 600
million, the 11 conductor
Procurement Arrangements
signed by the ITER
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.

The cabling contract for the toroidal field conductors was awarded to

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.

19



ITER Assembly Tools (KO)
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ITER Thermal Shield (KO)
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ITER Magnet Power Supply (KO)

22



ITER VV & Tokamak Assembly (KO)




World-wide Accelerated Fusion Energy
Commercialization Progress



Startup: 0|, 5%, H, 4 S 50047l 2| A}

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

S 3. NOTABLE INVESTMENTS SINCE THE LAST SURVEY
INDUSTRY ASSOCIATION

$250m $55n

Energy Singularity
IAE Fusion Power
Technology

The global fusion
_indljsfry_ in 2023 1. FUNDING FOR FUSION COMPANIES

Fusion Companies Survey by the "
Fp§ion Industry Association- _

$41n $20m

Avalanche

General

Atomics
roel $6,210,890,875 ($6.2bn)*

4. CoMPANIES WITH $200M INVESTMENT OR MORE

Y ] TAE Technologies General Tokamak Zap
Private $5,939,27'|,000 ($5'9bn) T Public ($1bn+) Fusion Energy Energy
/
$271,620,000 ®o— 00
Commonwealth ENN Helion SHINE
2. CHANGE SINCE 2022 SuRVEY Fusion Systems Energy Technologies
($2bn+)

5. LocaTtionN
By primary HQ

Canada Sweden
1 1
UK
v G
3
USA - ermany China
2 E 1 2 3)Japan

$4.8bn secured at time of 2022 survey rance ;
$1.4bn increase in total funding since 2022 (including some funding not previously declared) ltaly Ny sl

43 responses vs 33 in 2022 and 23 in 2021
13 companies founded or emerged from stealth mode

3 companies folded /joined others

Australia
1

* Some figures have been rounded. Some funding was declared privately, hence total figure here is higher than )
combined figures stated in company profiles. (1

New Zealand r
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Startup: 2016'H 0| &
AEIEY 725

* Tokamak Energy, TAE, General
Fusion, Commonwealth
Fusion (CFS), Helion S 0|
TR27|Y

cRUZEXE 25 :8XH 47

Technologies

ealia rusion
Xcimer
Avalanche Energy Enam.)' In
Cmmo.nwoohh General Atomics'
Fusion Syngms Fusion P wwwwww
Compa Fuion Sysems, ne. 421
Gauss F
Horne H.llﬂ'ySpqc. o= .
Technologies First 55 ——
- Light Corpora :
== F“giOI‘ ENN Stellarex, Inc.

LPPFusion,Inc.

8§ O——

PRIVATE
BY YEAR

2021

O O N
2003 T 2008 2011 I
Proxima Fusion

HB11 Energy Crosseld &golarw

General SHINE Mog neto-Inertial Helion
Fusion Technologi chnology Inc. Energy Fusion Fusion
(M":“l Z"P - Power Technology
Energy Fuse
Tok amak . - EX-Fusion
Energy Kyoto Fuuonunng N
Focused
Novulron Fusion Emrgy

Marve IF"“’" Hel llculFuslon

/- N. T Tao Near! Stnr
.......

m Public
Funding

m Private
Funding

2022 2023
26



Fusion Engineering Platform for Fusion Energy Development

’Fusion Engineering Platform (FEP), which connects Fusion Developers and Fusion
Manufacturers through a digitally-driven platform to solve mutual problems in Fusion

Energy Commercialization

EnableFusion Inc.

)
—

Additional Business Areas

(Fusion Engineering Partner Suppliers

 New Major Accelerator Projects
Platform)

 4th Generation SMR...

668

Fusion Developers .
General Suppliers

Asset Leveraging Structure in the EnableFusion

27



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

28



Korean Industry in Fusion Supply Chain

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

I

—

© o0 N o o b~ w0

- A A A
A W N =2 O

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

28



EnF Partner Suppliers

‘N - -
BIswire LSE ecrric SeAH HorxiE4y SOLiD

KAT
POSCO D . .
EAIADX "mwonsvs moblis VITZRO NEXTECH
B @AEr= > 1.0 X[OTOf| A ey 012 2I0HFAI3AL
L-J- * 7] q Rwelos STARWELDS Inc. ’X [T]\EH:T_I.“EII“ — \\ ENERGY&MACHINERY KOREA CO..LTD

FA\E.UL \/H]GH VALUE oo o
CONSULTING

HANEUL ENGINEERING CO., LTD.
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EnableFusion Opening (April 17, 2024)
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ol g8t 7t= 422} =Xl (Two-track Approach)

® Commercialize by Private-sector w/ Public-support @ Accelerated Path
e [TER 20| HAIE 7|E2| 3T RADE {X, 2EEY D} Z2iot Z2US 0|88 483} 7153 A2 ¥
- 2E|7H MY E & = A= 200l R&AD 2t HE S EHS
- 22[0| SAPHE-7|E HE LEE 718 N ML A=
&3 Ra&D A= (KFE 2| E)
‘DEMO

®gcaiy (o)

7|& R&
® e (?) \\

®KSTAR — \ ‘Fusion 2UZE 5482 (EnF EIE)

I
—

(Private-Public Partnership) g Pilot
ITER R&D Plant
(~2040s)

®KSTAR
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HEE 7L 22 D

® X| 29| Public-only Path . E], Private-Public Partnership (PPP)E 7t& 4835} &/
- EnableFusion Inc. : Leading Private Sector Engineering and Design Platform2 2 &7
« SANO MA BHEAHZ 7IX|= SX} Fusion Core Model2 11, 7|2l5t0, HA|

® 2271 MAE 2lEY 20 7| 7HH0| &S (HTS SICC, Al+Robotics+MR, Digital Twin.. ?)

ot
® 2030ECH 22|Lt2t =X} Fusion Proto 71 &= : “Compact” Burning w/ New Edge Solution

Korean Proto on Grid by

2040s Construction of Proto by EnF (Plan B)

w-wo/ Own Model
w/ Foreign Model

EnF Progress

Decision Point

Develop Fusion Core Model
(2~3 Years)

by Korean Fusion Community
ith PPP
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Let There Be Light...

EnF Gnert Jlgedeia
Fusion Enabling
R&D Center

‘D+°T — n+*He +17 .6 MeV
‘D+°He > 'H +*He +18 .3 MeV

TVESTELTEM s T THERE O LT s AL ARG T 5 s TN NV s FAN AT ML ARNG: PN LA PRI s s TR ANDEESEN e LIS e TALERE SEANAH
o 1MV U s e STT RV €05 NVLE STANFILD e ALK DR OVFANCER e s VI SAATHAARA s coms e dkcarotiy chonse s DANE] CEEE
e {1 VL ML 100G TR

] oy
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EnF Vision and Plan on
World-wide Mega-Science Projects



Future Circular Collider

Europe is pushing forwards with plans to build a 91-kilometre-long, 15-billion-Swiss-
franc (US$17-billion) supercollider underneath the French and Swiss countryside.
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CERN Future Circular Collider

SUPERCONDUCTIVITY

Superconductivity is one of the key technologies for the efficient and
reliable operation of particle colliders. Among the FCC core technologies
are beyond-state-of-the-art 16 T dipole magnets, based on some 6000
tons of advanced Nb3Sn superconductor, as well as highly efficient

w—— Scenario PA31-4.0
[ Affected Municipalities

superconducting radiofrequency systems for all collider scenarios.
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Proto-typing for Future Circular Collider (HL-LHC Upgrade)

The cryo-assembly containing two MQXFA magnets was delivered to CERN in early December. (Image: CERN) The magnet, named MQXFBO3, is 7.2 metres in length. It is the first of ten that will be needed for the HL-LHC. (Image: CERN)

Unlike the LHC magnets, which are made from niobium—titanium (Nb—Ti), the new magnets are made from a more
challenging material: niobium—tin (Nb3Sn). The CERN Technology department is developing a series of ten magnets
(eight, plus two spare), each 7.2 metres in length. This work builds on the HL-LHC Accelerator Upgrade Project (AUP),
based in the USA, which is currently manufacturing 20 (16, plus four spares) quadrupole magnets, each 4.2 metres long.

39


https://home.cern/news/news/accelerators/hl-lhc-magnet-endurance-test-further-confirms-niobium-tins-resilience-0

Future Circular Collider T —

Construction Opportunities N

Bottom tray
(60 K feed line

@ Superconducting Cryomodaules : 520K suppori o

* Nb;Sn Superconducting Strands : 6,000 tons
» 5,500+ Cryostats, Thermal Shields, Support Structures
 Magnet Power Supplies...

o T o
\ o @
. // gnet Support Posts (GRFE)

External supports (jacks)

= Some key requirements
» 1232 cryostats required
_ * High reliability
¢ Detector Components, Sub-systems ... 10 Kol I ok gl
» Low per unit heat leak
» Minimize cost of materials & assembly



China Circular Electron-Positron Collider

CHINA'’S DESIGNS
FOR A FUTURE
CIRCULAR COLLIDER

The completion of the accelerator technical design report for the proposed
Circular Electron-Positron Collider in China marks a milestone towards
construction, write Jie Gao, Yuhui Li and Chenghui Yu.

CEPC technologies A 1 3GHz 8xg-cell cavity cryomodule (lefe)

dewloped and tested gt THEP In Beljing.

Going
underground
The CERC layout |
(deft} andacross | patsonring wecrcesag |
sectionofthe
twrnel ifdrill-
and-&ast
methods are wsed
(right) showing
the SppCringand
cryogeni modufes
(greenandred) an
the cwter side and
the CEFCbooster
(parple)and
col¥der rings (hlwe)
an the mnerside.

y
dedaciar f
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Commercialization ... (NASA/ESA vs. SpaceX)

E n a b le F u S i 0 n % SPACEZX 7 FALCON9  FALCONHEAVY DRAGON  STARSHIP  HUMANSPACEFLIGHT  RIDESHARE  STARSHIELD  STARLINK
Fusion?| SpaceX=...

STARSHIP

SERVICE TO EARTH ORBITEMOON, MARSTAND BEYOND

. . SpaceX to Mars
PPP - Private-Public | (New Space - Private)

NASA R&D I Partnership Program
(Public Fund)




