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Outline

e Fusion energy basics

e Aspects of resources and environment for fusion
e Status of fusion research

e ITER — the way towards fusion power plants

e Fusion in the energy system

Some pictures and figures of this presentation are courtesy of:
EFDA, EFDA-JET, and ITER.
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Fusion in the sun
The energy of the sun is produced by fusion of hydrogen nuclei

4H + 2e —» He + 5y + 2v (+ 26 MeV)

The sun produces fusion
energy continuously at a
power of 3.6101" GW!!I??

In the sun 600 mio. tons
' |, of hydrogen is converted
Wy Into 596 mio. tons of

helium every second

l.e. every second
4.000.000 tons of the
solar mass is transformed
Into energy
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Fusion on Earth

The most viable fusion process is:

D+T — He*+n+ 17,6 MeV

Deuterium \

‘ Fusion . Neutron

' Helium

Tritium
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Fusion and fission nuclear processes

Mass per nucleon

Fusion }

4 D Deuterium
= SHe Helium 3
D F“""’" T Tritium
Li Lithium
4He Helium 4
3He Energy U Uranium

released
- in Fusion

HeWQ -~

Energy released
in fission
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DTU :
= Energy from fusion

=

Lifelong energy supply for a Dane
e 10 g deuterium (from 500 L water)
e 15 g tritium (from 30 g lithium)

« Fusion energy in D-content In
1 L water = burn value of 300 L oll

« A1lGW, power plant needs annual

supplies of:

— 2.700.000 tons coal or
— 1.900.000 tons oil or
— Yatons D+T (450 kg D+Li)

At the present energy consumption,
resources for fusion energy are sufficient

for more than 10,000,000,000 years
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Principle of a fusion power plant

N (7 3

ﬂ

Deuterium

Primary ~ Vacuum

fuels vessel | |

= |

Lithium

Lithium
blanket

Helium

Generator

JGOS5 113/55¢ Steam

generator
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Fusion In an energy system

Economically sound — price similar to other
sustainable energy sources

Units of 1.5 GW electric

Power plants for base load and primary energy
production of:

— Electricity

— Hydrogen

May deliver energy for all sectors incl. transport

RISO
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Fusion and
environment

1
2 10
L S

No emission of CO, ¢ 1
S 0o

Radioactivity in the S |
. D —_
reactor decays in 5 1000
about 50 years i 1
10.000

Recyclable 1
components 100.000

No long-term storage 7000000

of waste 1

10.000.000
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Y Decommissioning RISO
- and waste Material masses after 100 years
40,000
36,004
35,000 -

30,000 -

Mass (tonnes)
— ] r
a o o
o © o
S O O
o O O

| | |

Categorisation of all material
arising from the operation

and decommissioning of 0

PPCS model B after 100 0- _ _

years. O non-active material

D. Maisonnier et al., Fusion B recycle material (simple process)

Engineering and Design 75—

79 (2005) 1173—1179 B recycle material {complex process)

B permanent disposal waste
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Fusion, safety and environment

No CO2 emission
No chain reactions

No risk of meltdown

— overheating of fuel = reduced fusion rate
— 2 g of fuel — fuel needs to be supplied continuously
— loss of control = immediate cooling of fuel against the wall

No transport of radioactive fuel or waste

No production of long-lived radioactive waste
(activated waste for less than 100 years)
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The tokamak
Heating of fuel to 200 million °C => plasma

= R e
L B L

Plasma is
confined in a
magnetic field

RISO
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JET (Joint European Torus)

Built 1983,
near Oxford (UK)

The Worlds largest tokamak:

RISO
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Fusion plasma in JET RISO
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U Achieved fusion power in D-T RISO
plasmas
16 MW 15 {’JQL&JTH
fusion powere— '
(record) o 7 [ Q=064
Q~0.64 s (1994)
T 10 4 MW fusion
3 power.
S Reference
z regime for ITER
9
0 g
0

Fusion power (

Q:

External heating power
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Fusion performance factor "

Triple product: n; t T,

Reactor

100 Conditions
Year
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ITER

Decision 28th June 2005:

« 7 partners: EU, India, Japan, China,
Korea, Russia and USA

 EU host; location in Southern France
 EU delivers 40 % of ITER

Construction

5+ billion Euros

e 10 years

* First contracts in 2008
 Ready in 2018
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ITER site now — 6th Nov 2009
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ITER site now — 6th Nov 2009
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ITER site now — 6th Nov 2009
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Cryostat -196°C

-269°C (4K)

24 m X 28 m dia.
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Towards a fusion power plant

year 9 5 10 15 20 25 30 35 410 45

2005 2010 12015 2020 12025 12030 12035 12040 12045 12050
Tod?gs upgrade, ' - ' ' ' '
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Road map to a fusion power p

lant

]
NI

2020 ITER first operation
« Demonstrate fusion as energy source
 Test fusion technologies in an integrated system

2020 IFMIF first operation
e Qualify materials for high neutron irradiation

2030 Decision on DEMO

2040 DEMO first operation
Prototype fusion power station

2050 First commercial fusion power station
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Summary on fusion energy

Fusion of hydrogen to helium is the energy
source of the Sun

Fusion research aims at an energy source
which is
— sustainable
— CO2 neutral

— Inexhaustible

Plan is to utilise fusion energy within 40 years

RISO
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Links to more information

EU commission;
http://ec.europa.eu/research/energy/fu/article 1122 en.htm

EFDA: http://lwww.efda.org

JET: http://www.]et.efda.org

ITER: http://www.iter.org

Risg DTU: http://fusionEN.risoe.dk

RISO
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Extra slides
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Heating methods

Transmission Line

Radio Frequency /-"'f
RF) Heatin
Ohmic Heating (RF) g
Electric ~ADIRORA
Current
Electromagnetic
Waves

Energetic hydrogen
aloms

Neutral Beam
Injection
Heating

RISO
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Catalytic production of hydrogen

M

Water

Hydrogen

l, +SO , +2H ,0
- 2HI+H ,S0,

H,S0, -

o / HED"'SG 2 +7/20 2

2HI == H, #l,

Fig. 2. lodine-sulfur process for thermochemical production of H, (Source: ORNL)
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