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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 CO, emissi

No chain reaction or ‘meltdown’ and no long-lived radioactive waste = i
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Conventional nuclear reactors use fission
reactions to split heavy atoms

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

CiFS
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Conventional nuclear reactors use fission
reactions to split heavy atoms

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

Fission and Fusion are different forms of Nuclear Reactions CiFS

rittum neutron

Fusion reactions instead combine light atoms

No chain reaction involved but to initiate
reactions we must first heat the fuel to
around 100 million degrees
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London Several Different Approaches to Fusion Energy Are Being Explored CiFS

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

Inertial Fusion Energy

Inertial Fusion Energy
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A lot of the underpinning technologies supporting reactor designs are common
however there some are key differences such as ‘energy gain’ and ‘standoft’
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The enormous pressure required are generated by using intense
lasers or X-rays to drive a spherical implosion
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Breakthrough in nuclear fusion
energy announced

© 13 December 2022 - B Comment ts

Climate change

U.S. announces nuclear fusion energy
breakthrough: "One of the most impressive
scientific feats of the 21st century”
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Breakthrough in nuclear fusion

Indirect Drive Inertial Fusion on
energy announced

&' the National Ignition Facility
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LEH washer Year

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




Imperial Coll . .. %
London ¢ Much needs to be done to turn Inertial Fusion into an energy source C1FS

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

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
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PHYSICAL REVIEW LETTERS 129, 075001 (2022)

UK universities are World leading in the science

Lawson Criterion for Ignition Exceeded in an Inertial Fusion Experiment
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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

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.

Direct-drive target

Laser beams

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

The DOE-sponsored Basic Research
Needs (BRN) workshop, held in June
2022, produced a list of Priority
Research Opportunities (PROs) to
inform future research efforts in the
areas constituting the building blocks
of an IFE program:

= Target physics
— Energy coupling
— Compression and burn
— Alternate fusion concepts
* Target design
* Driver technologies
* Power systems
= Cross-cutting fields
— Theory and simulations

— Machine learning and artificial
intelligence

— Measurement innovation

— Workforce development

EPARTMENT OF Office of

NERGY | scionce — Research infrastructure

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

GFS
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There are now over
50 fusion start-up
companies

https://www.fusionindustryassociation.org/members
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And an even larger
number of companies
working on supporting
technologies

Inertial Fusion is a Rapidly Growing part of the Fusion Industry Sector
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Theory, simulation and experiments in Inertial Confinement Fusion
and fundamental Plasma Science
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npet (Cotege Several Different Approaches to Fusion Energy Are Being Explored
Magnetic Fusion Energy Inertial Fusion Energy

TF-magnet | |

cryostat

National

=, 7 ‘ divertor Ignltlon
Iter J vacuum vessel FaCﬂlty
Tokamak
Pulsed Pulsed

Steady state

Timescales - minutes or hours Timescales - millionth or thousandth of a second Timescales - billionth of a second

Plasma size - 10m Plasma size - 10cm - 1m Plasma size - a tenth of a mm
(thickness of human hair)

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