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Physics of Fusion and Fission

Fusion Fission
Fission of uranium nucleus 

Initiated spontaneously by decays 

Fusion of deuterium and tritium 

Requires heat to initiate interaction

• Fusion power plant would need to be much more complex than fission power plants.
• Also much bigger.
• Consequently much more costly.



Magnetic Confinement Fusion

Plasma confined in a system of magnetic fields



Examples of Current Status

Fusion Fission

Construction start 2010
Operational from 2040?
1 Tokamak 
500 MW thermal power
0 MW electricity

Construction start 1982
First operations 1990
2 PWR reactor
1330 MW electricity
+
2 EPR2 reactors
Operational 2035
1650 MW electricity each

1 Km 2

1 Km 2

ITER, International Thermonuclear Experimental Reactor

1 Prototype fusion reactor in construction

Penly, Fission Nuclear Power Plant

2 fission reactors in operation + 2 in planning



History of Fusion and Fission Development

First experimental tokamak with fusion reactions,  TFTR 1997

First prototype reactor with fusion reactions, ITER, 2040 ?

First prototype power plant, DEMO, 2060- 2080 ???

First commercial power plant, Shippingport 1957

Fusion Fission
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First bomb, Trinity 1945

Physics understood, 1930s                                                                                       Physics understood, 1930s                                                   

First bomb, Bravo 1954

First experimental reactor, Chicago Pile-1 1942

Private fusion companies claim commercial fusion 2030s ?????

Chernobyl accident, 1986
Three Mile Island accident, 1979

Fukushima accident, 2011

200 commercial reactors 1977

416 commercial reactors 1990

442 commercial reactors 2020

Many experiments exploring different techniques
Eventually Tokamaks emerge as favoured device

Most global efforts devoted toward ITER



Mainstream Fusion Reactor

ITER Tokamak

Tokamak fusion power plants have many complex ancillary systems

• Magnetic confinement with Tokamak.
• Deuterium – tritium fuel.
• Tritium hardly exists in nature and world stocks come from CANDU fission reactors.
• Tritium must be regenerated in machine.



Safeguard
Building

Fuel
Building

Fusion and Fission Power Plants

61 m

DEMO Fusion Power Plant, 500 MW electricity EPR2 Reactor, 1650 MW Electricity

Fuel
Building

54 m

New nuclear construction program in France.
14 new reactors operational between 2035-2050

EU-DEMO design can only be finalized after ITER success.
Operational  2060-2080 ???

Fusion Fission



Fusion Propaganda

It is important to counter the anti-fission implications.



Pros and Cons of Fusion and Fission

* Impossible to give accurate costs for fusion because no complete power plant design exists

Ultimately, cost of power generation system will decide which is used.

Status
Reliability

Carbon Emissions
Fuel availability

Radioactive waste
Safety
Cost *



Radiation Damage and Neutron Activation

• Neutron flux in fusion reactor is higher 
than in fission reactor for same power.

• Neutron energy is much higher.

Radiation damage Neutron activation

Higher volumes of radioactive waste from fusion reactor



Safety

Hydrogen explosions  after coolant loss are biggest dangers for both fusion and fission reactors

ITER assembly has been on hold since January 2021 
because of concerns raised by the French Nuclear Safety Authority (ASN)

Analysis of safety risks essential but complicated activity with numerous aspects.



Physical Size

Fusion Reactor “cores” must be enormous compared to fission reactor cores.
because of low energy density of fusion reactions in plasma.

2 m

4 m

1 GW Commercial Fission Reactor

Fusion Fission



Reliability / Availability
Fusion Power Plants will have large downtime due to:
• breakdowns of complex systems
• extensive scheduled maintenance to replace radiation damaged components

Fusion 30%
Fission 90%

Fission 3 times higher capacity factor 



Costs of Fusion

• Construction costs:  factor 4 more than fission

• Availability: factor 3 less than fission

• Operational costs larger because of extra 
complexity and more maintenance.

Conclusion is that the costs of a mainstream fusion power plant are unknown at the 
present time but certainly will be much higher than fission by more than a factor 10.



Show-Stoppers for Mainstream Fusion

• Lack of tritium fuel

• No suitable materials

• Impossible Size

ITER will use up nearly all global tritium fuel stocks



Why bother with Fusion rather than Fission?
Only reason for fusion power plants would be public opposition to fission power plants.

Fission is one of the safest and cleanest sources of energy.

Even if all the difficulties can be overcome, fusion would have no significant advantages over fission 
and would cost 10 times more.

We should work to ensure that fusion advocates do not distort the truth.



Website: Climate and Hope
https://www.climate-and-hope.net/



Website: Nuclear Fusion Pages

Feedback welcome
johncarr@orange.fr



Questions ?



Inertial Confinement Fusion

A system of lasers focus light on a small target pellet with deuterium-tritium fuel 
which implodes to make fusion reactions

Very complicated and expensive
Not clear how the repetition rate can be fast enough for a power plant



Private Fusion Companies

Alternative Fuels



ITER Failure?


