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(Fusion Fuel System)
⇒ Need to find a new campus for Fusion Fuel System R&D
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KSTAR

Main body
Height: ca. 10 m
Diameter: ca. 10 m

Parameters Designed Achieved 
(~2021) 

Major radius, R0

Minor radius, a 
Elongation, κ
Triangularity, δ
Plasma shape

Plasma current, IP 

Toroidal field, B0 

H-mode duration
βN

Superconductor

Heating /CD
PFC

1.8 m
0.5 m
2.0
0.8
DN, SN

2.0 MA 
3.5 T
300 s
5.0

Nb3Sn, 
NbTi

~ 28 MW
C, W

1.8 m
0.5 m
2.15
0.8
DN, SN

1.2 MA 
3.5 T
~ 90 s
4.3 (~ 0.1 s)
3.4 (~ 4 s)
3.0 ( ~ 10 s)

Nb3Sn, 
NbTi(Pol.#6,7)

~ 15 MW
C, (W)

Korea superconducting Tokamak Advanced Research
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Achievements (1): High Ti ( > 100 MK) for 30 s

Plasma current (MA)
PNBI(10MW)

Avg. density(ne,tci 1019m-3)

Core Ti(keV)

Core Te(keV)

Wmhd(kJ)

Loop voltage(V)

βN

βp

Dα (a.u.)

#30127 (2.5T)

Time(sec.)

Time(sec.)

Io
n 
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m

pe
ra

tu
re
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Achievements (2): High βN ( ~ 3) for 10 s

Radial

Ve
rti

ca
l

High resolution 2D imaging of
NTM structure 

Onset of 
Neoclassical Tearing Mode (NTM)

 NTM occurs when it knocks the βN ~ 3 and performance drops significantly.
 Need to avoid the NTM or increase NTM threshold to get the βN ~ 3  longer time.

~ 10 sec

NTM is the biggest obstacle to achieve βN over 3
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Achievements (3): ELM Crash Control by RMP based on ML

~37.8 s long-pulse ELM-crash suppression: 
ELM crashes completely suppressed  during 
H-mode phase

NBI fault @39.5s

ELM-crash suppression for 37.8s

ECE (core)
ECE (edge)

#30041

𝑰𝑰𝑹𝑹𝑹𝑹𝑹𝑹: 2.3kA/t
Automatically applying 𝑰𝑰𝑹𝑹𝑹𝑹𝑹𝑹
after receiving RT ML signal

#27347:ML-RMP / #27350: No RMP

Successful suppression of the first giant ELM :
Detection of L-H transition based on ML 
techniques

Our approach is to apply the preemptive RMP in pedestal build-up period right after the H-mode 
transition based on a real-time machine learning (ML) algorithm  prevent any ELM-crash event 
during H-mode (highly favorable to ITER)

L-H transition
Applying 3D field

Start of ELM suppressed phase
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Hardware Upgrade Plans 

 Commissioning of off-axis NBI-2

 Upgrade to W divertor by 2023

 Helicon Current Drive

- Successful test of the prototype in 2021
- Assembly will be completed in 2023

- ! MW in 2022

- 6 MW in 2022
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Virtual DEMO: Bridges 
the present (KSTAR, ITER) and the future (K-DEMO)

• Validated simulations with data provided by KSTAR, ITER and Blanket facilities 
• Integrated simulations of engineering components (Blanket, BOP, licensing etc)
• Optimization of K-DEMO design (simulations), Reduced risks and construction costs

K-DEMO

Basic Fusion 
R&D Program

ITER

KSTAR

Virtual DEMO

Optimization
Reduced costs

Fueling System R&D Facility
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̶ Virtual DEMO validation can be made well based on KSTAR, ITER data
☞ Simulations validated with KSTAR, ITER experiments

̶ Decreased uncertainties with high fidelity and accuracy of simulations
☞ Reduced risks and construction costs by validated simulations

Pe
rf

or
m

an
ce

ITER

KSTAR

Virtual KSTAR

Virtual ITER

Validation

Virtual DEMO

Validation

Real machines is inevitable for establishing virtual machines

~ 2027                        ~ 2031                ~ 2040
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Virtual KSTAR

 Fast virtualization/visualization based on game graphic technology

Sim. Data

Exp. Data

CAD Data

Virtual KSTAR

 Precision simulation for quantitative predictive capabilities with KAIROS

 Quantitative validation owing to reliable data of the real KSTAR

KSTAR

Supercomputer

CAD DB

• Based on Unity game engine, the client is fast enough to be running on PC
• Easily customizable according to user’s work scope 
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• Real time visualization of equilibrium magnetic field reconstruction

• Plan to add more monitoring capabilities in coming years

Virtual KSTAR: Real Time Monitoring
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Virtual KSTAR: NBI particles’ Motion
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Government Policies



FPA 2021 (SJYOO, Dec. 15th 2021) - 18 -

Master Plans for Fusion Energy Development
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Government Policy for Fusion Energy R&D
⇒ Fusion was selected as one of 10 key areas for strategic R&D investment 

for carbon neutrality 
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Summary
 The gap core technologies for DEMO are being discussed among Government, KFE, 

and fusion R&D groups. 
- There are 8 candidate gap core technologies that are Breeding Blanket, Fuel cycle, Divertor, Fusion 

Materials, Heating and CD, Superconducting Magnets, Plasma control, and Safety and licensing

 KFE will mainly focus on three important items for DEMO 
- The  R&D of ‘fusion fuel system’ that includes Breeding Blanket, Fuel cycle, Divertor, and Fusion Materials

- The achievement of ‘high performance plasma control’ by using KSTAR

- The development of virtual DEMO based on the virtual KSTAR that has been well under development

 Highlight Achievements 2021 of KSTAR
- Ion temperature of 100 mil. K with an operation duration longer than 30 s
- High beta ( βN<~ 3) operation for longer than 10 sec 
- Effective suppression of ELM by 3D field for ca. 40 s

 The fusion R&D will have more opportunity owing to new government policies
- The 4th master plan of promoting fusion energy R&D in Korea will be officially confirmed by the 
Government within 2021

- Fusion was selected as one of 10 key areas for strategic R&D investment  
for carbon neutrality 
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Around 2035, owing to the success of 
the ITER burning, I hope the recovery 
of the honor of fusion energy that 
has been teased with “the Boy Who 
Cried Wolf” of Aesop’s Fables

http://pesstevensone.blogspot.com/2013/08/the-boy-who-cried-wolf.html
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Model Cray XC50

CPU

Intel Xeon Cascade Lake 2.4 GHz

424 x 2x 24 = 20,352 computing cores

1.56 PF (Rpeak, theoretical Max)

1.02 PF (Rmax, measured)

GPU
NVIDA Volta 6 x 5,120 = 30,720 cores

0.78 PF*

Memory 8 GB per core, Total 162 TB

KAIROs, Supercomputing System 

KAIROS
(Korea Advanced Instrument for Realizing the Operation of the Sustainable Fusion Reaction)
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