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T R the big challenge



99% of Norway's power is from hydro,

while 96% in the UK is fossil or nuclear power.

In Iceland, 100% of the energy comes
from hydro and geothermal with excess

i to create hydrogen for fuel cells.
dropower,
Ml 987% of Chin

access, ho
from fossil a

Even with these lights: 713 million out of
509 million people in

1.4 billion people in South Asia* still

Sub-Saharan Africa live in

have no electrical services.
the dark, they have no

access to electricity.

Brazil gets 83% of its energy from

hydropower.

Australia is blessed with solar, ge
tidal resources, but is still using
In contrast to New Zealand, whic
their electricity from hydro and g

Sources: CIA World Factbook (www
IEA Energy Statistics (ww
 at: World Energy Council {wy

fapod/ap001127 htm] * South Asia: Bangladesh, Bhutan, In

Pakistan and Sri Lanka
p: www.geni.org/globalenergy/multimedia/earth-at-night.shtml

p from NASA shows areas of prosperity -- those people with access to electricity. 1.6 billion, 25% of elevate a community out of basic poverty in an environmentally sustainable manner. While mo
e dark -- with no access to running water, refrigeration or lighting. Nearly all the lights in this picture polluting fossil and nuclear fuels, abundant renewables -- hydro, geothermal, biomass, wind a

voltage transmission lines, and 100 nations already exchange power across borders. To meet the UN every continent. Linking the renewable electricity resources in Africa and South Asia will prov
ent Goals, a combination of grid-connected and stand-alone renewable electricity development will ending hunger and poverty.




Effective generation capacity, gigawatts

THE ENERGY DEFICIT
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Credit: NASA/EPA



FUSION ON EARTH

50,000,000 °C

% c,.._.*

3.5MeV 14.1 MeV

~ a million times greater than chemical
“electron” bond energy

converting mass into energy
E = mc?
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FUSION ON EARTH
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FUSION ON EARTH

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

v~

.-'thg‘ - g - *
. Gourtesyof Chris Edward® HIBER project




FUSION ON EARTH

e clean

 abundant source of fuel

M

e safe
e achievable, affordable !/
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FUSION ON EARTH

IGNITION: more energy out than goes in

IGNITION: significant fraction of the fuel burnt

Lawson criterion: “triple product”

n, T t2 10* keV s/m?3

Inertial confinement, ICF

Magnetic confinement, MCF
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PLASMA: the 4t state of matter
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FUSION ON EARTH
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— JET tokamak, Culham, Oxfordshire

ITER project tokamak
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LASER PLASMA




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

20 times density of lead
50000000 ° C
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ICF pR condition
Working with a hotspot of ~ 10 keV

Lawson criterion dictates N T > 10%° s / m3

Shock wave moving at local sound speed ~ 10° m/s

PR
m;Cs

> 1029

pR > 0.3 g/cm?
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“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

PR ~0.3g/cm? goes with p=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...
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Plasma instabilities

Rayleigh-Taylor
fluid instabllities

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
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Heating

PdV work done on
fuel during implosion

Alpha particle heating

Cooling

Electron
conduction

Radiative losses

PdV work done by
the fuel during
explosion
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Bang time. Feel the burn

Hot fuel is transparent to own alpha

emission
Cold fuel is opaque to alphas radiating ’
from burning regions i = P
Burn propagates as cold fuel is heated to - -
transparency, resulting in power output u

S\

concentrating on heating the next layer

Burn wave eventually runs into inward
propagating rarefaction wave coming
from surface of dense fuel
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FUSION ON EARTH
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FUSION ON EARTH

uv I|ght
20 ns pulse duratlon Ny . S .
500 TW power
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FUSION ON EARTH
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FUSION POWER ON EARTH

Target
gain® > 100x

Generator
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FUSION POWER ON EARTH

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



INTERESTED?

MSc Fusion, University of York

http:/Awweyork - ac:uk/physics/postgraduate/fusion-msc/
'I'II[""”“"""”’ Fusion Energy MSc (taught)

HEY
NUMBER ONE IN THE UK

EIGHTH IN THE WORLD
Fusion offers the prospect of an effectively limitless  Many of our students are offered PhD positions

Physics home supply of energy which is relatively clean and following the MSc - in both Fusion Energy and other
About the Department produces no greenhouse gases. Fusion research is subject areas. Students from the first two MSc
focused around two main concepts: magnetic cohorts have gone on to PhD study at Oxford,
Undergraduate study : A ) : % SN
confinement fusion (MCF) and inertial confinement Imperial, Liverpool and York. Other destinations
gostugadiale sicy fusion (ICF). Both will be covered in this MSc have included teaching and positions in industry.
» Degrees on offer course. The field is entering an exciting new era
» PhD in Physics with the construction of the ITER tokamak in the Several students from the 2011/12 cohort have
\ WSE by Ressarch i South of France. There are also large ICF projects already secured PhD positions, and will go on to
Physics on the horizon, such as NIF and HiPER. study Fusion Energy at York, Complexity Science at
Warwick, and Applied and Computational
» PhD/MSc research . . . . i 4
projects The University of York now provides a taught MSc in  Mathematics at Edinburgh.
z : Fusion Energy, in response to an international need
to train physicists for this recent growth in fusion
» Course details energy research activity. This Master's course
» MSc Projects provides a firm foundation to fusion physics and give
viEtsion Dactoral introductions to some of the more advanced topics.
Training Network It is an ideal course to prepare students for a PhD in
» Graduate Diploma in fusion energy; it will also equip students who decide
Physics not to pursue fusion further with a range of
» Modules for Research important generic skills applicable in many sectors of
students employment. "I have really enjoyed the MSc - i
» Graduate Professional
Development This Fusion Energy MSc includes lectures, laboratory
» S.1.E.S.T.A. Graduate classes and a major research project which will ha
Seminars carried out over the summer months
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