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CHINA
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- Le 30 décembre 2021, les chercheurs et ingénieurs de l’Institut de Physique des 
Plasmas de l’Académie des Sciences à Hefei en Chine, ont réussi à maintenir 
un plasma de fusion à une température de 70 millions de degrés pendant plus 
de 17 minutes (1056 secondes) dans le tokamak EAST.

- deux tokamaks principaux en Chine sont East, et HL-2M situé à Chengdu qui a 
démarré fin 2020. 

- Mis en service en 2006, East est équipé de bobines supraconductrices et l’une 
de ses missions est justement de développer des plasmas très longs et de 
servir de banc de test pour Iter en termes de physique et de technologie. 

- East a notamment démontré en 2021 l’obtention d’un plasma en mode-H (le 
mode de confinement privilégié pour Iter) de 101 secondes avec une 
température de 120 millions de degrés. 

- East  est une installation expérimentale n’utilisant pas de tritium, et qui donc n’a 
pas vocation à générer de l’énergie ; ce n’est donc pas un réacteur
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JAPAN
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The European Roadmap –
DEMO Development Programme



30 National Research Institutes & 150 universities
28 European countries working together to achieve 
the ultimate goal of the Fusion Roadmap: 
Fusion electricity

EUROfusion
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European Fusion Roadmap
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Milestone
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Stellarator as fusion plant?

Material research facilities IFMIF/DONES

DEMO
Consistent

concept
Commence

construction
Electricity
production

ITER
First plasma Full performance

Research on 
present and 
planned 
facilities, 
analysis and 
modelling

Horizon EUROfusion
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Eight Roadmap Missions – Mission 1

JET-C
until October 2009

JET-ITER-Like 
Wall

since May 2011

Projection JET DT for 2021

JET, JET, 
UK

TCV, CH

JT-60SA, JA
(Start in 2022)

ASDEX Upgrade, ASDEX Upgrade, 
Munich, DE

MAST Upgrade, 
UK
MAST Upgrade, 
UKWEST, FR

1
• Plasma Regimes of Operation
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Eight Roadmap Missions – Mission 2

1
• Plasma Regimes of 

Operation

2
• Heat Exhaust Systems

3
• Neutron-Resistant Materials

4
• Tritium self-sufficiency

5, 6
• Implementation of Intrinsic Safety Features
• Integrated DEMO Design

7
• Competitive Cost of ELectricity

8
• Stellarator
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Eight Roadmap Missions – Mission 3

1
• Plasma Regimes of 

Operation

2 • Heat Exhaust Systems

3
• Neutron-Resistant 

Materials

4 • Tritium self-sufficiency

5, 6

• Implementation of 
Intrinsic Safety Features

• Integrated DEMO Design

7
• Competitive Cost of 

ELectricity

8 • Stellarator

A.J.H. Donné & G. Federici | BSBF Webinar | 11 November 2021

IFMIF-EVEDA

IFMIF-DONES

See also talk 
by Ángel
Ibarra



Eight Roadmap Missions – Mission 3

1
• Plasma Regimes of 

Operation

2
• Heat Exhaust Systems

3
• Neutron-Resistant 

Materials

4
•Tritium self-sufficiency

5, 6
•Implementation of Intrinsic Safety Features
•Integrated DEMO Design

7
•Competitive Cost of ELectricity

8
•Stellarator

Challenges and opportunities
 Embrittlement and operating 

temperature of steels esp.
 Functional materials (breeding, coatings 

etc)
 Activation: decay heat, waste, recycling
 Design rules and licensing with sparse 

data (esp. 14MeV)

Basic approach:
 EUROFER97, tungsten, CuCrZr for  in-

vessel structures
 Use MTRs, advanced analysis and 

modelling for design rules (20dpa, 
~2fpy)

 IFMIF-DONES for validation and >20dpa
 Alternate & advanced materials, 

composites: back-up/improved

Model multi-scale problem
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Eight Roadmap Missions – Mission 4

1
• Plasma Regimes of 

Operation

2 • Heat Exhaust Systems

3
• Neutron-Resistant 

Materials

4 • Tritium self-sufficiency

5, 6
• Implementation of Intrinsic Safety 

Features
• Integrated DEMO Design

7
• Competitive Cost of 

ELectricity

8 • Stellarator
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Eight Roadmap Missions – Mission 5-6

1
• Plasma Regimes of 

Operation
2 • Heat Exhaust Systems

3
• Neutron-Resistant 

Materials
4 • Tritium self-sufficiency

5, 
6

• Implementation of Safety 
Features

• Integrated DEMO Design

7
• Competitive Cost of 

ELectricity
8 • Stellarator
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Main Differences ITER and EU DEMO

ITER DEMO

Experimental device with physics and technology 
development missions

Nearer to a commercial power plant but with some 
development missions

No tritium breeding requirement (except small 
quantity in TBMs)

Tritium breeding needed to achieve self-sufficiency

Conventional 316 stainless steel structure for in-
vessel components

Nuclear hardened, novel reduced activation materials as 
structure for breeding blanket

Very modest lifetime n-fluence, low dpa and He 
production High n-fluence, significant in-vessel materials damage

Cooling system optimized for minimum stresses and 
sized for modest heat rejection

Cooling system optimized for electricity generation 
efficiency (e.g. much higher temperature)
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A. Validated Assembly, Integrated Design, Testing &
Commissioning (2025)

B. Integrated systems validation, (2028-2030)
C. ELM control & disruption mitigation (2032-2034)
D. Burn scenarios, bootstrap fraction, first wall heat

loads, tritium plant validation, full H&CD validation
(2035-2040)

E. TBM Validation, Operational scenario refinement,
Q=10 (short pulse)

F. Q=10 (long pulse) (2035-2040)

Staged design approach for DEMO 

Advance the technical basis of DEMO to a stage at which 
assessments of technical feasibility, safety, licensing issues and 
life-cycle costs can be undertaken for approval at G3.

EU DEMO mission requirements
• DEMO Net electricity (~500 MWe)
• Makes its own fuel (TBR>1)
• Reliable operation
• Reasonable plant availability
• Allow extrapolation to a FPP
• Test facility for advanced BB concepts

• Concept Design Phase 2021-27 - Horizon Europe 

High Level Requirements agreed with 
DEMO External Stakeholders (e.g., industry, 
utilities, grids, safety, licensing, funding 
bodies)

• Pre-Concept Design Phase 2014-20 - Horizon 2020

Concept Design 
2021-27

Engineering Design 
2030-37

CD 
ConsolDEMO 

Schedule

ITER 
Schedule

A

C
First Plasma 2025-26

2nd Assembly 2026-28

Pre-Fusion Operation 1 2028-30

3rd Assembly 2030-32

Pre-Fusion Operation 2 2032-34

4th Assembly 2034-35

High Power Operation 2035-40

D E
F

Construction & OperationDONES

ED 
Consol

Pre-Concept Design 
2014-20

G1 
Gate

G3 
Gate

G2 
Gate

DTT
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Eight Roadmap Missions – Mission 7

1
• Plasma Regimes of 

Operation
2 • Heat Exhaust Systems

3
• Neutron-Resistant 

Materials
4 • Tritium self-sufficiency

5, 
6

• Implementation of Safety 
Features

• Integrated DEMO Design

7
• Competitive Cost of 

Electricity

8 • Stellarator

A.J.H. Donné & G. Federici | BSBF Webinar | 11 November 2021



Eight Roadmap Missions – Mission 8

1
• Plasma Regimes of 

Operation

2 • Heat Exhaust Systems

3
• Neutron-Resistant 

Materials

4 • Tritium self-sufficiency

5, 6

• Implementation of Safety 
Features

• Integrated DEMO Design

7
• Competitive Cost of 

Electricity

8 • Stellarator
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Conclusions

• De nombreuses activités expérimentales basées sur des 
tokamak

• Des avancées majeures expérimentales sur la maîtrise
scientifiques et technologiques

• Une volonté politique d’accélérer la filière et la faire 
passer du stade experimental à un stade de production

• Une vraie attraction du secteur privé

• Une nouvelle réglementation nucléaire ?
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