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Preconceptual DEMO design activities from H2020 will soon 
be published in a special issue of Fusion Engineering and 
Design 

https://www.sciencedirect.com/journal/fusion-
engineering-and-design/special-issue/10KZQ5JW058

An extensive Gate Review process was organised to agree on 
the starting point of the Conceptual Design Stage

G. Federici et al., Nucl. Fusion 59 (2019) 066013. 

DEMO Preconceptual design finished
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Open Choices: 

• Plasma operating scenario

• Breeding blanket design concept 

• Primary Blanket Coolant/ BoP

• Divertor configurations

• Pulsed tokamak: pulses > 2 hrs

• Divertor coolant: water

• PFC armour: W

• LTSC magnets Nb3Sn (grading)

• Bmax conductor > 12 T (depends on A)

• RAFM (EUROFER) as blanket structure

• VV made of AISI 316 

• Blanket vertical RH /

• Lifetime: starter blanket: 20 dpa (200 appm He); 2nd

blanket 50 dpa; divertor: 5-10 dpa (Cu)

2000 MWth~500 Mwe

R0 = 9 m; a= 2.9m
B0 = 5.9 T, I0 = 18 MA; q95 = 3.6
k95 = 1.66; d95 = 0.33
H=1.1
Pfus=2000 MW, Paux=<100 MW, Pel=500 MW 
NWL = 1 MW/m2

Still exploring the available design space !!

General design features current baseline (evolving!)
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DEMO design in parallel to ITER construction and operation
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Commissioning & Operation

2050-70

Knowledge/experience 
from ITER to DEMO

Construction

2040-2050
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Outcome MAG* fully embedded in the Fusion Roadmap 

* Material Assessment Group on EU R&D Programme on DEMO Structural and HHF Materials (2012)

Emphasising a DEMO concept with a construction decision in the early-2040s gives a sharp focus on materials 
development issues.

Materials testing with a fusion neutron spectrum is a high priority, but using the ITER precedent, identifying the 
DEMO vacuum vessel as the primary safety barrier, testable with fission spectra, reduces the burden on fusion 
spectrum testing.

The EU must accelerate and optimise the fusion spectrum test programme by:
-- early deployment of a less powerful 14 MeV neutron source compared to IFMIF (i.e. IFMIF-DONES);
-- vigorous precursor programmes with isotopically- & chemically-tailored steels and He- ion beams. 



14 MeV neutron testing will validate engineering effects of transmutant products

• The MAG confirms that data from irradiation under a “Fusion neutron spectrum” is essential as a precursor to 
a final engineering decision on DEMO materials
 not a regulatory requirement as the lightly irradiated Vacuum Vessel is the safety barrier & defence in 
depth provision – but required is:

• Design Code input – enabling a robust design & sufficient lifetime (investment protection)
• A risk reduction strategy

• The Codes and Standards exercise for Fusion Materials has been started in H2020 and is a gradual process 
that needs to be “completed” by input from 14 MeV neutron irradiation that

• Must be timely: Codes & Standards milestone for Early DEMO should be in time for the construction 
decision

• Can fall short of the full “qualification” of materials envisaged in the full IFMIF project
• Fusion materials development is ongoing, so full-IFMIF realization should be a long-term goal

MAG Recommendations:
• To fulfil the 14 MeV materials irradiation requirements for a Fusion Power Plant, a dedicated accelerator-

driven neutron source is essential … this long-term aim is fulfilled by IFMIF, thanks to the high dose rate and 
sufficient volume available.

• For Risk Mitigation, minimum 14 MeV neutron data should be provided to the Early DEMO programme. This 
requires a 14 MeV neutron source capable of irradiating a sufficient mission volume of critical materials of 50 
dpa to establish critical properties.



Progressive Approach to Licencing/ Blanket CTF
Obtain licensing approval for operation for the “starter” blanket, while high-dose 
engineering data is being generated for the 2nd blanket*.

Starter Blanket up to 
20 dpa in FW steel

2nd Blanket up to 50 dpa

20 dpa0 dpa 70 dpa

* This type of approach has been used for the fuel cladding in 
fission reactors for many years (e.g., for the MAGNOX in the 
UK) as a demonstration of the lifetime extension method 
against increasing technical knowledge of a plant design. 

D. Stork, et al., (2014) 
Materials R&D for a 
timely DEMO: Key 
findings and 
recommendations of 
the EU Roadmap 
Mat. Ass. Group, Fus. 
Eng. Des. 89 (2014) 
1586.

DEMO as a Component Test Facility for the breeding blanket 

• a “driver” blanket 

• test advanced concepts in ports/segments.

• Feasibility of this strategy and design/operation 
implications must be investigated during the CD phase.

use of available/mature technologies

use of more risky/performant technologies

Material Test Reactors DONES
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• Much of the materials testing for the Early DEMO (reaching 
a 20 dpa level for the FW materials) can be done presently 
in fission reactors, later to be confirmed by a dedicated 
neutron source (IFMIF-DONES) 

• For the full DEMO, FW materials will experience up to 50 
dpa. Validation and testing of these materials needs to be 
done under a fusion-relevant neutron spectrum. This 
requires a dedicated neutron source (IFMIF-DONES and later 
IFMIF) 

Take home message
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