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•  Background on Fusion 
•  The fusion challenges 
•  The path to the fusion Power Plant 

Outline 



Fusion Energy 

Unlimited and diffuse energy source 
No greenhouse gases 
Intrinsically safe 
Environmentally responsible 
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Fusion fuels 
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No nuclear waste produced by the primary reaction 
No greenhouse gases  



40 tons 	


of coal	



45 liters of water + a computer battery	



Electricity consumption for 30 years  
by a single EU person. 



How to make fusion? 

Reacting nuclei are charged  
⇒ they repel each other 

Heat nuclei up to 200Million oC 

Matter is in the plasma state 
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How to confine a plasma? 

•  Intense magnetic field 
(100000 x the earth 
magnetic field)  

•  Toroidal shape 

•  In addition: 
–  External heating 

methods  
–  Advanced diagnostic 

systems  

Joint European Torus 
(JET) 
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Joint European Torus 
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How to confine a plasma? 

Joint European Torus 
(JET) 

ITER 



The Joint European Torus (JET) 



Fusion power has been produced on JET 

25MW of auxiliary power to heat the plasma 



Challenge 1: Confine a plasma 

Achieved! 

What do we need to make a power plant? 



Challenge 2: Reduce the energy losses 



Challenge 2: Reduce the energy losses 

• Energy losses increase at most as the radius R of the 
device 

• Fusion power increases as the volume (≈R3) 

MAKE LARGER DEVICES 



Challenge 2: Reduce the energy losses 

25 MW 16 MW 

50 MW 500 MW 



Challenge 2: Reduce the energy losses 

• Energy losses increase at most as the radius R of the 
device 

• Fusion power increases as the volume (≈R3) 

MAKE LARGER DEVICES 

25 MW 16 MW 

50 MW 500 MW 

Breakeven 
Gain=10 



Challenge 3:  
Control plasma instabilities 



•  Edge pressure gradient lead to Edge Localised Modes (ELMs) 
that expel particles and produce large transient thermal loads 

CFC 

ITER min. 
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In ITER  ELM loads of 1MJm-2 
correspond to ELM losses <1% of 

energy stored in the plasma 

Challenge 3:  
Control plasma instabilities 
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Challenge 3:  
Control plasma instabilities 



Challenge 4: Develop heat resistant materials 

W macrobrush: 
15 MW/m2 x 1000 cycles 
CFC monoblock 
20 MW/m2 x 2000 cycles 



Challenge 4: Develop heat resistant materials 

ITER 

JET 



Challenge 4: Develop heat resistant materials 

JET 
W or W-alloys foreseen  
for plasma facing components in reactor 
to avoid erosion problem 
Additional R&D required if Helium is 
used as coolant instead of water 
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Challenge 5: Deal with complexity 

Magnets 

Vacuum  
Vessel 

Remote  
Handling 

Heating  
Systems 

Tritium  
Cycle 



Challenge 6: Deal with neutrons bombardment 

Reduction of structural properties 
Activation 

Not a problem for ITER but must be solved for DEMO reactor! 

2 displacements per atom (dpa) in ITER 
80 dpa in a DEMO reactor 
150 dpa in a fusion plant 



Challenge 6: Deal with neutrons bombardment 

Existing candidate: 
Low activation EUROFER 
Selected range of temperature (300/550oC) 
Tested in fission reactors up to 60 dpa 

Advanced materials 
ODS steels (650oC) 
SiC/SiC (≈1000oC) 



Challenge 6: Deal with neutrons bombardment 

Existing candidate: 
Low activation EUROFER 
Selected range of temperature (300/550oC) 
Tested in fission reactors up to 60 dpa 

Advanced materials 
ODS steels (650oC) 
SiC/SiC (≈1000oC) 

Activation falls 10000 times  
after 100 years 
No need for permanent  
waste repository 



Challenge 6: Deal with neutrons bombardment 
QUALIFICATION OF MATERIALS FOR DEMO 

REACTOR REQUIRES A DEDICATED FACILITY 
PRODUCING THE RELEVANT NEUTRON SPECTRUM 

⇓ 
INTERNATIONAL FUSION MATERIAL  

IRRADIATION FACILITY (IFMIF) 
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Confinement: done 
Turbulence: ITER !

Neutron resistant  
materials: IFMIF 

Instabilities: ITER 

Heat resistant  
materials: ITER Complexity: ITER  
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Fusion Power Plant 

ITER 

6m 3m 1.5m 

ITER is a moderate extrapolation  from JET (x2) 
The Power Plant (1.5GWe) expected to be a moderate extrapolation from  
ITER (x1-1.5) depending on the assumptions on physics and technology  
solutions (A=conservative; D=advanced) 
EFDA Power Plant Conceptual Study 

Step ladder approach 

Cost of electricity from fusion 
expected to be competitive 
with other sources 
(IEA Levelised Cost 
Approach) 
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UK electricity costs 
(Royal Academy of Engineering) 



Other tokamaks and stellarators 



Coordinated approach to fusion research has addressed the 
challenges of fusion and developed and tested the solutions  
to be demonstrated in ITER. 
EFDA is now launching a coordinated effort to the R&D for 
a fusion DEMOnstration reactor. 


