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발표자 노트
프레젠테이션 노트
It is my honor to introduce the latest status and plans of Korea's nuclear fusion program at this wonderful meeting.
Kfe is the only research institute specializing in fusion energy development in Korea.


Framework of Fusion Energy R&D in Korea

“Fusion Energy MSIT

National Fusion
Development

Promotion Act” Ministry of Science and ICT Energy Committee
KFE Fusion R&D Programs
Korea Institute of Fusion Energy
KSTAR Universities
ITER Korea .
(KO-DA) DEMO Research National Labs
Plasma R&D Industries

Q Ministry of Science and ICT
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발표자 노트
프레젠테이션 노트
So, the Fusion Energy R&D is going on in Korea based on the “Fusion Energy Development Promotion Act”.
Under this promotion Act, the National Fusion Energy Committee was established. 
And The committee makes official decision on important policies and strategies for fusion R&D in Korea.
Then, KFE, Korea ….., is carrying out the main fusion energy R&D programs. (such KSTAR, ITER, DEMO, and Plasma technology)
And some other additional programs are carried out by Universities, other research institutes, and industries.



Master Plans for Fusion Energy Development

Article 4 (Establishment of Master Plans to Promote Development of Fusion Energy)

(1) In order to facilitate research and development of fusion energy, the Government shall establish a master plan...

(2) The Minister of Science and ICT shall prepare a master plan every five years in consultation with the heads of
relevant central administrative agencies and shall confirm such plan following the deliberation of the National
Fusion Energy Committee underAtrticle 6 (1).

v

Fusion Energy

Development
Promotion Act

1st Master Plan . . . .
(2007~2011) s Establish the foundation for fusion energy development

Master Plans
for Fusion
Energy
Development

X/

2nd Master Plan
(2012~2016)

3rd Master Plan
(2017~2021)

hd

4t Master Plan (2022-2026)

Research and Development on fundamental fusion technologies
utilizing KSTAR and ITER

Establish foundation for fusion engineering technology development
for demonstration of electricity production

» Accelerate development of DEMO core technologies
+ Strengthen basic research and HR training
* Promote social & industry support for fusion energy development

+ To lead domestic and international fusion energy development by accelerating core technology

development and building strategic foundation
Achieve KSTAR Fulfil final stage of Draft basic direction
o o “7 | for fusion regulation

experimental goal ITER construction
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R&D roadmap



발표자 노트
프레젠테이션 노트
The master plans on Fusion energy Development was established every five years based on the fusion energy promotion act.
Compared to the last three master plans, the distinctive feature of the 4th Master Plan is the actual implementation of the R&D for K-DEMO.



Important Tasks in the 4t" Master Plan

p Establishment of ‘DEMO Design TF’ consisting of Academia, National Labs, and Industry

- DEMO design roadmap : Pre-CDA (~'26), CDA ('26~'30), EDA ('31~'35)

- More than 70 experts from industries, universities, and research institutes are expected to participate in the fusion DEMO design task force
» Specify ‘long-term R&D roadmap’ towards K-DEMO

- To be approved by the National Fusion Energy Committee by the first half of 2024
» Development of ‘gap technologies’ between ITER and DEMO, and necessary facilities

- Secure the gap and key technologies for K-DEMO

ITER Gap Technology - K-DEMO
= 'j&% B 5recding Blanket
High Performance Brnihg Plasma v Tritium self-sufficiency Nelectricity DE}MO
Plasma Control Demonstration v Energy extraction & conversion Commercial Feasibility

v Upgrade of ITER Technology
v’ Safety & Licensing

p Establishment of ‘Policy and Strategy Support Center’ for Fusion Energy R&D’

- Support for @ analyzing the status of patents, personnel, and industries etc., @ establishing policies for technology
development, regulatory systems etc., 3 commercializing achievements, @ promoting international cooperation

- To be included in the fusion energy promotion act in 2024
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발표자 노트
프레젠테이션 노트
In order to actually implement the DEMO R&D, there are several important tasks that need to be done in the 4th Master Plan.
The first one is the establishment of …… in order to accelerate the fusion energy R&D.
The second one is the establishment of a DEMO design TF that consists of academia, national laboratories, and industry.
The design TF was already officially launched last month. More than 70…
The third one is to specify a long-term R&D roadmap towards K-DEMO. The roadmap should be approved by … by the end of this year.
The fourth one is the development of gap technology  bet. ITER and DEMO. The most important gap technology is the breeding blanket for tritium self-sufficiency including fuel cycle and materials.
And also the safety regulation and licensing that should be applied to construction of the DEMO plant.



K-DEMO Basic Concepts

=  Approved by National Fusion Energy Committee on February 2023

= To be revised and improved every 5 years as design process progresses

@® Maximum electrical output of over 500MW @ TBR 21
* Considering the potential for future scale-up to 1 GW  Ensuring stable fuel (tritium) self-sufficiency
of commercial output for maintaining fusion reaction and continuous
* Ensuring sufficient heat output to validate and operation

improve the performance and cost-effectiveness of
key component

Top-level

goals

® Verification of Intrinsic Safety for Fusion @ Acquisition of data contributing to

economic evaluation

* Verifying the safety management for handling

tritium and disposing of low to Intermediate level * Setting a target for competitive power
radioactive waste generation cost (commercial output)
* Establishing a licensing procedure system ¢ |dentifying and solving issues to improve

economic feasibility
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발표자 노트
프레젠테이션 노트
As I mentioned previously, the K-DEMO basic concept was approved by the National Fusion Energy Committee.
The concept is a little bit still flexible and so it would be revised and improved every 5 years according to the design progress.
The top-level goals are …..



Key Design Criteria and Parameters for K-DEMO

+» Key design criteria *+ Key design plasma parameters

(D Tokamak diameter : < 7 m (to be confirmed later) Parameters | Designed Remarks

@2 Device availability : = 60% (about 90% for commercial plants) Major radius, R, 6.8 m <7m
Minor radius, a 2.2m

3 Design lifespan : = 40 years (similar to nuclear plant) Elongation, « ~20 Ko

L _ : : o Triangularity, & ~0.6 g5

@ Seismic safety standard : 7.0 (major accident criteria)
Plasma shape SN Backup: DN
Density (<n2>/ng) ~1.2 ng ~ 0.82x10%° m-3

Temperature(<T>) | > 13 keV
Plasma current, I, | 12~13 MA
Toroidal field, B, 6.5~75T

Bn ~3.5
Blanket HCCP Helium Cooled Ceramic
Pebble
Heating/CD 50~60 MW
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발표자 노트
프레젠테이션 노트
The key design criteria include ….
You can also see the key design plasma parameters shown in the table.



K-DEMO Design Activities

¢ Establishment of DEMO Design TF consisting of Academia, Laboratory and Industry +» Secure core fusion technology and achieve
design objectives according to the long-

v’ Steering Committee : TF coordination. overall supervision of DEMO design .
term plan with Step-by-step goals

v’ Design Integration Team : establishing and operating design integration/change system,

conceptualizing integrated systems, managing projects B Phase 1: ~2026

v" Design Advisory Committee : providing advice on DEMO design _ o
e Completion of Preliminary conceptual

v Working Groups : defining device-specific design requirement, executing designs design and establishment of licensing
system

National Fusion Energy Committee

Executive Committee ST S phase 2: ~2030
e Completion of conceptual design and

System Integration Design Team Design Advisory establishment of design criteria
(including project management) Committee

Phase 3: ~2035

e Completion engineering design and
promotion of licensing

Superconducting MTokamak Heating& [ Assembly& Breading

Core
Plasma

ain Devices

Structure Current Drive  Maintenance Blanket

* Forming WG (Working Groups) reflecting the 8 core technologies
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Long-term R&D Roadmap

% Specify ‘long-term R&D roadmap’ towards K-DEMO
v' Developing a strategy for acquisition of gap technologies based on the basic concept of K-DEMO

v’ Establishing Gap Technology Roadmaps through the preparation of technical reports for the Eight Core Technologies*

*Core Plasma, Blanket, Material, Fuel cycle, Divertor, Heating Current drive, Superconducting magnet, Safety Approval

v' To be approved by the National Fusion Energy Committee by the first half of 2024

s Committee Composition

v" Joint Chairmanship of Government(MSIT) and Private Sector representative

v Operating the Steering Committee and the Expert Committee(4 Divisions)

Steering Committee

Support TF (KFE)

|
Technical Division Technical Division Design & Safety -
- Strategic Division
(Tokamak System) (Fuel System) Division
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Key Technologies to be Developed for K-DEMO

+» 8 gap and key technologies*, Remote handling, Virtual KSTAR for long-term development of Virtual DEMO

Remote Handling Virtual DEMO

Plasma Control
& Plasma control

Breeding Blanket

Materials Superconducting g2
Fuel Cycle magnet
Divertor 3 Heating & CD < ggerg
Heating & CD

B) Breeding Blanket
B Divertor

Superconducting

Magnet 3 safety & Licensing

Safety & Licensing

*The 8 gap and key technologies were selected in the 4th Master Plan
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Development of Virtual DEMO

Virtual DEMO Real DEMO
ertical
i::_la::::u Dzm;ul
A Eni 'r:’
Digital Twin _
Port set - i Machine
R : ity
. = e Major coolant
g FF;:;::::::HE _— H i €1 — sunmm
m
£
=
& Virtual ITER
» Optimization of DEMO design (simulations),
Reduction of construction risks and costs
>
~ 2027 ~ 2031 ~ 2040
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KSTAR'’s Strategic Role for K-DEMO

KFE

Operation Scenarios
for steady-state with high-beta

By 23.5

SC magnet, Metal wall, fy,~1

NBI/RFCD(~300s)

Virtual KSTAR
Electronic Twin Global/Domestic

Collaborations

HERT T [EPV L
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High performance steady
state operation scenarios
Highly efficient CD

Control of DEMO operation

W-Diveror operation
Distruption Mitigation
Advanced Diagnostics

Burning Plasma Operation

ﬁN "'"1.8
D-T
Q=10




Summary: Timeline for Fusion Energy Development

* Rolling plan for fusion electricity demonstration by 2050s (to be established every five years)

2021 2026 2030 2035 2040

— 4th Master Plan —
Operation at lmnwc for 300s |

WExploration, development and optimization of
high performance operation scenarios

Securing core plasma technology by KSTAR

- High temperature plasma long time . . X
coﬁﬁnemgnt technglngy J - Developing high performance, long time scale
operation scenario relevant to DEMO

- Research on major issues for ITER operation ' - Contributions 1o ITER operation st T

V-KSTAR development by simulation technologies Integrated Virtual DEMO simulations utilizing KSTAR, ITER data
First Plasma ' Pre-Fusion Power Operation @ Fusion Pkwer (D-T) Operation
ITER construction TITEF"L operation, expxmenu v
- Production & delivery of KO procurement items - Advancing key tokamak operation technology
- Technology cooperation between Members - Participation to ITER experiment
I | .
TBM design and development TBM manufacturing, installation, operation | Blanket Technologies advancement

h 4 I
Development of core technologies for DEMO Advancement of DEMO technologies

- Dmlnping a core technolﬂgieg - SECUFE caore DEMD ‘l'E!ChHU'O-giES 8". quiCrﬂ Sﬂfﬂt}‘ tEChﬂﬂ'ﬂgiES

i — : c R R L Decisiunl point Basedon the ITER
s Conceptual Design Research Engineering Design Research N,/ —~—, achievement (Q=10),
Supporting fusion specific regulations / Maintaining aind enhancing the capability of fusion industries Vlfn-l?sel\ﬂd(z t(;orrr:‘lsi,:]rgé:juon
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발표자 노트
프레젠테이션 노트
This is the summarized timeline for fusion energy development in Korea based on the 4th master plan.
This is not a fixed plan but a rolling plan that would be revised or updated every five years.
These are the activities that must be carried out during the 4th master plan period.
Here is the most important point because Korea government would decide whether to start the K-DEMO construction based on the ITER achievement on the burning plasma experiment.
So I sincerely hope the burning plasma experiment should be successful at the scheduled time.
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Artificial Sun, producing energy from seawater,
is the Solution to the energy problem l;- :

Thank you for your attention
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