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Electricity generation for the future..... 

......the big challenge 





Source: U.S. Energy Information Agency’s Annual Energy Outlook, 2009 and LIFE project 

THE ENERGY DEFICIT 





Credit: NASA/EPA 
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FUSION ON EARTH 

Fusion energy of 70 g of seawater = chemical energy of supertanker full of oil 

Courtesy of Chris Edwards, HiPER project 



FUSION ON EARTH 

• clean  

 

 

• abundant source of fuel 

 

  

• safe  

 

 

• achievable, affordable 



FUSION ON EARTH 

IGNITION: more energy out than goes in 

IGNITION: significant fraction of the fuel burnt 

Lawson criterion: “triple product”  

ne T τ ≥  1021 keV s/m3 
  

Magnetic confinement, MCF 

Inertial confinement, ICF 



P L A S M A: the 4th state of matter 
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FUSION ON EARTH 

ITER project tokamak 

JET tokamak, Culham, Oxfordshire 



L A S E R   P L A S M A 



L A S E R  P L A S M A (the best kind) 



FUSION ON EARTH 

20 times density of lead 

50’000’000 ° C 



ICF ρR condition 

Working with a hotspot of ~ 10 keV 

 

Lawson criterion dictates n τ > 1020 s / m3 

 

Shock wave moving at local sound speed ~ 106 m/s 
 

𝜌𝑅

𝑚𝑖𝑐𝑠
 > 1020  

 

 

𝝆𝑹 > 𝟎. 𝟑 𝒈/𝒄𝒎𝟐 



“ideal” level of compression is the 

maximum practically achievable (~5000 x) 

- Denser fuel requires less energy to ignite, since, in 

spherical geometry, the mass of fuel satisfying                

ρR ~0.3g/cm2  goes with ρ-2 

 

 

 

- limited by the achievable implosion velocity, which is in 

turn limited by the allowable laser intensity/ hohlraum 

temperature, as well as considerations of hydrodynamic 

stability…  
 



Plasma instabilities 

Rayleigh-Taylor 

fluid instabilities 

dense fluids being pushed on, or 

supported, by less dense fluids are 

unstable 

 

causes capsule to become highly 

distorted, interfering with the 

stagnation process and preventing 

the desired conditions for fusion 

being reached as well as leading to 

mixing of fuel with ablator material 

 



Heating                Cooling 

PdV work done on 

fuel during implosion 

 

Alpha particle heating 

Electron 

conduction 

 

Radiative losses 

 

PdV work done by 

the fuel during 

explosion 



Hot fuel is transparent to own alpha 

emission 

 

Cold fuel is opaque to alphas radiating 

from burning regions 

 

Burn propagates as cold fuel is heated to 

transparency, resulting in power output 

concentrating on heating the next layer 

 

Burn wave eventually runs into inward 

propagating rarefaction wave coming 

from surface of dense fuel 

Bang time. Feel the burn 



FUSION ON EARTH 

National Ignition Facility (NIF) 



FUSION ON EARTH 

Credit: NIF, LLNL 

LASER driven 
 

192 beams 
1.8 MJ energy 

UV light 
20 ns pulse duration 

500 TW power 









FUSION ON EARTH 

Credit: NIF, LLNL 

Credit: NIF, LLNL 



FUSION POWER ON EARTH 
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FUSION POWER ON EARTH 

HiPER project 
http://www.hiper-laser.org/ 



INTERESTED? 

MSc Fusion, University of York 

 

http://www.york.ac.uk/physics/postgraduate/fusion-msc/ 


