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Fusion Energy - Bringing the Sun to Earth

The Ultimate Energy Source

http://photojournal.jpl.nasa.gov/catalog/PIA03149



Deuterium Based Fusion

Reaction Ignition Temperature Output Energy
Fuel Product (millions of °C) (keV) (keV)

D + T ‘He + n

@ @ e® 220 20 * 17,600
°© 0o ™ go ©
D + 3He ‘He + p

& r Ew 350 30 * 18,300
© op ™ oo ©
*He + n

D + D 400 35 . ~4,000
g © mm) ¢o ©
® T + p

® _ 400 35 * ~4,000
00 @

1 part in 6500 of all hydrogen is in the form of
deuterium

3 water bottles of DT water fuel and 400 helium
balloons ash per day for a GW reactor



Lawson Criterion for Net Energy Yield

Requires very elevated temperatures
~100,000,000 K ( ~10keV energy per particle)

Requires enough burn time

Lawson Criterion for net release of more energy than
heating energy

Nt ~2x 1014 scm?3

n =ion density, t =confinement time

Laser Fusion uses high density n ~10°> c¢cm- but short
Interaction time t ~100 ps in the ignition hot spot



Inertial Confinement
Fusion (ICF) Approach

Laser Fusion Energy
(LFE)



L aser Fusion
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Lawrence Livermore National Laboratory
National Ignition Facility - USA

Goal to reach ignition and produce modest target gains of G = 10-20
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Aindirect Drive 1.8 MJ
A0.35 mm 196 beams
A Operating 3 years

NIF concentrates all
the energy in a football
stadium-sized facility

into a mm3
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https://lasers.llnl.gov/
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Laser Mega Joule - France

A0.35 mm Indirect Drive - Under Construction
Alnitial phase 166 beams at 1.2 MJ

AFirst shot on target 2015

AFull facility 240 Beams 2 MJ possible in future




Proposed European HIPER Project
Advanced Ignition Demonstration Experiment

http://www.stfc.ac.uk/906.aspx /

1. Implosion energy:
200 kJ in 5ns
10 m chamber
2 or 3m?

2. PW beamlines:
70kJ in 10ps
2m (how?)

3. Parallel development
of IFE building blocks

» Target manufacture

+ DPSSL laser

* Reactor designs

Cost ~ $1B Euro
Planning Started under the Framework 7 Program




LLNL LIFE Power Plant Design LIEE
Addresses Engineering Requirements for a Real Reactor)

Cost of electricity

Rate and cost of build

Licensing simplicity

Reliability, Availability, Maintainability,
Inspectability (RAMI)

High capacity credit & capacity load
factor

Predictable shutdown and quick restart

Use of commercially available
Protection of capital investment materials and technologies

Meet urban environmental and safety

standards (minimize grid impact) Focus on pure fusion,

utility-scale,
power-producing facility

Public acceptability

Timely delivery

LLNL : Initial engineering and planning already carried out
2 https://lasers.linl.gov/about/missions/energy for_the_ future/



