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Fusion seeks to replace our reliance on fossil fuels with the energy source inside our Sun

The main fuel can be extracted from seawater (an almost limitless supply)

Each fusion reaction produces a million times the energy of  a chemical reaction (with no CO2 emissions)  

No chain reaction or ‘meltdown’ and no long-lived radioactive waste



Conventional nuclear reactors use fission 
reactions to split heavy atoms

Fission and Fusion are different forms of  Nuclear Reactions

A chain reaction as each fission event produces 
neutrons which initiate further reactions 
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Conventional nuclear reactors use fission 
reactions to split heavy atoms

Fusion reactions instead combine light atoms
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Fission and Fusion are different forms of  Nuclear Reactions

A chain reaction as each fission event produces 
neutrons which initiate further reactions 

No chain reaction involved but to initiate 
reactions we must first heat the fuel to  
around 100 million degrees



Steady state
Timescales  - minutes or hours
Plasma size  - 10m

Pulsed
Timescales  - billionth of  a second
Plasma size   - a tenth of  a mm
              (thickness of  human hair)

Magnetic Fusion Energy Inertial Fusion Energy

Several Different Approaches to Fusion Energy Are Being Explored

National 
Ignition 
FacilityIter 

Tokamak

A lot of  the underpinning technologies supporting reactor designs are common 
 however there some are key differences such as ‘energy gain’ and ‘standoff ’

Many other approaches 
including hybrid schemes lie 
between  Magnetic and 
Inertial Fusion Energy



The enormous pressure required are generated by using intense 
lasers or X-rays to drive a spherical implosion

Inertial Fusion recreates conditions at the centre of  the Sun

Fusion fuel is encased in a sphere of  
high density carbon (synthetic diamond) 
the size of  a pepper corn
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Demonstration of  Ignition, Burn and ‘Breakeven’



Demonstration of  Ignition, Burn and ‘Breakeven’

August 8th 2021 – First demonstration of  a Burning Plasma – 1.3 MJ
December 4th 2022 – First demonstration of  net energy gain - 3.15 MJ

Indirect Drive Inertial Fusion on
the National Ignition Facility



It should be stressed that demonstration of  energy gain on NIF was a science experiment 
and was not intended as an efficient means of  generating energy

The experiment however proved that ‘ignition’ works, 
this is the key process through which large energies can be generated by Inertial Fusion 

To achieve a source of  competitively priced energy we need a way to generate still more energy, 
by producing the same extraordinary conditions, repetitively in a much simpler and above all 
cheaper system

Much needs to be done to turn Inertial Fusion into an energy source

A broad range of  approaches to Inertial Fusion Energy are now being explored, 
including laser direct drive, projectile driven inertial fusion and magneto-inertial fusion schemes,
through national and international programs, private venture funding and public-private partnerships



The UK has World leading capabilities in 
Theory and Simulation, Plasma Diagnostic 
Techniques and High Power Laser technology

UK universities are World leading in the science 
supporting and have trained a significant fraction 
of  US Inertial Fusion scientists 

Our strong interactions with the US program 
provide the UK with collaborative access to 
multi-billion dollar experimental facilities at US 
national laboratories

The UK is well positioned to exploit its expertise in Inertial Fusion

While Inertial Fusion is a predominantly US 
program at the moment the UK and France 
are acknowledged as major contributors to 
the achievement of  ignition. 



The UK Inertial Fusion Consortium 
is comprised of  85 members from 

AWE, 
Imperial College London, 

Lancaster University, 
University of  Oxford, 

Queens University Belfast, 
STFC Rutherford Appleton Laboratory, 

University of  Strathclyde, 
University of  Warwick, 

First Light Fusion
and University of  York.

In 2022 the consortium published a roadmap outlining 
plans for growth in  research, technology and training
https://www.inertial-fusion.co.uk/roadmap

Drive Inertial Fusion 

The consortium aims to leverage on the success of  
ignition of  NIF and to exploit UK expertise in 
different approaches to inertial fusion such as 
direct drive fusion, magneto-inertial fusion 
and impact driven fusion. 

The UK Inertial Fusion Consortium and Roadmap



In 2022 the US DoE commissioned an assessment of  the research 
needs for inertial fusion as an energy source

This led to 10 awards totalling $45 million for the initial phase of  
an inertial fusion energy program



Increasingly the fusion is being funded through combinations 
of  national and international programs alongside private capital

Inertial Fusion is a Rapidly Growing part of  the Fusion Industry Sector

https://www.fusionindustryassociation.org/members

There are now over 
50 fusion start-up 
companies

And an even larger 
number of  companies 
working on supporting 
technologies
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Theory, simulation and experiments in Inertial Confinement Fusion 
and fundamental Plasma Science
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Steady state
Timescales  - minutes or hours
Plasma size  - 10m

The UK has considerable expertise in Magnetic, Inertial and Magneto-Inertial Fusion

Pulsed
Timescales  - billionth of  a second
Plasma size   - a tenth of  a mm
              (thickness of  human hair)

Magnetic Fusion Energy Inertial Fusion Energy

Magneto-Inertial Fusion Energy

Pulsed
Timescales  - millionth or thousandth of  a second
Plasma size   - 10cm - 1m

Several Different Approaches to Fusion Energy Are Being Explored

National 
Ignition 
FacilityIter 

Tokamak
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