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deuterium + tritium = helium + neutron
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Europe, USA, Japan, China, Russia, S-Korea and India
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Verhitting hoog



Verhitting hoog



De Torus



magnets.swf

Plasma verhitting



heating_the_plasma.swf
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1970 1980 1990 2000

Onderzoek aan magnetische opsluitingsconcepten

THE MAGNETIC MIH




1960 1970 1980 1990 2000

The winner:
the tokamak




1960 1970 1980 1990 2000

Spherical Tokamak
(MAST, UK)




Progress In fusion

Reactor '
Conditions 4

FIRY| 1990
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Fusion product, nTe. T (x10<V m™k.keV)

3
Reactor-relevant conditions 1980's
0.1 YALC:
ASDEX @
ITER
Nett energy gain:
— 0.01—
I:)fusion =10 x I:)in [ e 5.5 Experiment i
. . . ® D-D Experiments .
D(_am(_)nstratlon of technical
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e NN T /.1 10 100
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JET (and other machines)
Break-even:
I:)fusion = I:)in

Emphasis on physics
understanding
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Gyro code; Jeff Candy (GA)

htp://fusion. gat. com/comp paral lel/fi gures/supertorus-hi-2,jpg



gyro_simulation.avi

Hete plasma’s hebben een rijke structuur

Transport
Gyrokinetic Simulations d O0r
of Plasma Microinstabilities
plasma
simulation by fluctuaties
Zhihong Lin et al.
Lagere

Science 281, 1835 (1998)
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Turbulentie controle

Bart Hennen
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Turbulentie controle

TEXTOR shot# 110212
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Excitatie en onderdrukking van een
Instabiliteit







Hoge T, stabiele opsluiting, goede thermische isolatie

Pentium 4

Fusion: power multiplication factor
doubles every 1.8 years

Merced P7

Pentium Pro P6
Pentium P5

80286

8086 Moore’s law: number of transistors

doubles every 2 years
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Rolls Royce Trent 900 ITER steady-state ITER transients
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Plasma wand materialen: vele uitdagingen
Erosie
Redepositie
Tritium retentie
Smelten
Plasmavervuiling
Materiaalkeuze: Koolstof, Wolfraam, Beryllium.

Belangrijke randvoorwaarden: neutron fluentie
activatie
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50 micron



Reflectivity for eroded mirrors
V. Voitsenya, Rev. Sci. Instrum. 76 (2005) 083502.

600 nm
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Courtesy: A. Litnovsky
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First super-conducting linear plasma simulator: steady state 3T

Water cooled target (100 kW)
Water cooled wall (50 kW/m?)
Modular plasma source

10 MW/m?
,=10%4 m2st

Large targets (60 x 12 cm)

Roots blowers:
up to 100 kg

60000 m3/h _
Turbo: Separate target analysis chamber
4400 I/s In-situ transfer from exposure to analysis

chamberin 30 s



MAGNUM-PSI




MAGNUM-PSI

Superconducting Magnet Diagnostics

Plasma beam Target position

Movable source

RF heating Thomson Scattering
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Magnetic coils

* Radiation Induced
Conductivity (RIC)

* Radiation Induced
Electric Degradation
(RIED)

* Radiation Induced
Electromotive Force
(RIEMF)

Neutron cameras

* Noise due to y-ray,
proton, a

» Radiation damage
on solid state
detectors

Bolometers

* RIC

* Nuclear Heating

* Sputtering

» Contact degradation

« Differential swelling
and distortion

Optical diagnostics

Mirror

» Deposition, erosion

« Swelling, distortion

Window

* Permanent transient
absorption

« Radioluminescence

« Swelling, distortion

Pressure gauges
* RIC
* RIED
» Filament aging

Impurity monitoring

Mirror and windows

* same as above

Fibers

* Permanent transient
absorption

* Radioluminescence




Stralingsgeinduceerde absorptie en emissie

HfO3 / SiO3 layers on Sapphire
Tilted Flat

1x1018 n/em2

400 500 600 700
Wavelength (nm)




Transmutatie was een
ISSue voor weerstands-
bolometers met Au
meanders (transmutatie
naar HQ)

Goede resultaten met Pt
meanders




200

radiation damage (dpa)

Gen |l Fission

ITER

Gen |V Fission

0

Temperature (C) 1200



IFMIF - International Fusion Materials Irradiation Facility
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Superconducting cables













ITER Is een wereldwijd project

Bouwkosten: 12 miljard Euro
Eerste experimenten: 2020
Energieproductie: 500 MW

Energievraag: 50 MW






Aziatische landen hebben zeer agressief
programma

Power Plant
* H P .
l@ m INEST - USTC L B

Proposed Roadmap of Hybrid System
Application

* Waste Transmutation
* Fuel Breeder
* Energy Production

ADS: CLEAR-I
~2017










Velligheid

Wanneer komt het, wat kost het?

Andere vormen van fusie

Economie — wat bepaalt de kostprijs?



Komt fusie op tijd?




Groel van diverse
energiebronnNen .. kamer, Natre 2009)

ENERGY-TECHNOLOGY DEPLOYMENT

107
= Total

=== O
= Nuclear
=== | iquid natural gas

=== Bjofuels (first
generation)

= \\ind
== Solar photovoltaic

=== Carbon capture
and storage*

=== Biofuels (second
generation)
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*Coal and natural gas used in power generation with carbon capture and storage



Fusie tov andere bronnen

Preliminary version: numbers being checked! To be improved
Note also: Geuor/y scale applies to exponential growth phase only

Concentrated Solar
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Economie: electricitelitskosten

Magnet Power
Supply
Emergency Power Electrical Park
Supply building

and Fuel storage tanks

Emergency
Power Supply
Electrical Park

Gen erating
Electrical
Power Park

Fire

Protection
Water
storage
tanks

Turbine

building Workshop
and store

building
2 Electrical

Reception ey
Control Room Building
and Access

Control

Magnet Power NEBI Power Water

Conversion
Buildings

| g
Tokamak
building

Conversion Treatment Cooling
building Hot Cell plant Towers
building

Pumping
House

Service
building

Gas storage

Radwaste and
Personnel Access
buildings

Water storage tanks

Cryoplant Control Room

Cryoplant Cold Boxes

Cr_yoplant Compressor

Cryoplant Gas storage tanks

Tritium building

Headquarters and Conference building

General Services Building




Economie: electricitelitskosten

Decommissioning fund charges (to accumulate
— 10% of capital cost ar end of plant life) and

«—  Was fe disposal costs

Operation and mainfenance cosis

e Capital cost items which require replacement
during operation (ie the divertor, blanker and
first wall)

Capital costs for balance of plant (ie buildings,
electrical supplies, turbines)

<« Capital cosis for flision power core




Economie: electriciteltskosten

Shield B PROCESS MCDEL -
First wall OITER TAC Belangrijk
Blanket

Rt Hendlig Mantel

Civertor

Super - conducting PF Coils

&W-Wﬂuﬂimﬁmls* Supergell
Additional Heat _1 spoele
Remote Maint -_.I

& C E
Heat remova
Power a.pplim-_—\

Vacuum Systems
Site+Buildings ;—‘

0 600
Cost 1990 MECU




affordable, reliable, maintainable

coe = [Cuc + (Coap + Cscr + Cp) * (1 + y)¥+ Cpgp , Where
(8760*P.* P))

C,c is the annual capital cost charge (total capital cost x Fixed Charge Rate)

Cosm is the annual operations and maintenance cost <¢===Minor Effect (salaries, equip)
Cscr is the annual scheduled component replacement asst=Minor Effect (cost, life)

C: is the annual fuel costs

y is the annual escalation rate

Y is the construction and startup period in years

Pe is the net electrical power (MWe)

P; is the plant capacity factor

Cpgp is the annual decontamination and decommissioning converted to mills/kWhr




Economie: electricitelitskosten

Schaling van kosten met capaciteit

1 ]“'E 1 1
coe o | —
A

0.5 04 0.4
N Pe P NO

A.  Avallability

ng. thermodynamic efficiency
By:  normalized plasma pressure
N: normalized plasma density



Economie: beschikbaarheid

Operational Time
Operational Time + Scheduled Down Time + Unscheduled Down Time

Availability =

IS the power production time over a set period of time.

IS the sum of regularly scheduled maintenance
periods for the power core, other reactor plant equipment, and balance of
plant equipment

Is the summation of maintenance times to repair
unexpected operational failures that cause the plant to cease power
production



Permanent 5-6 year 2 year

Coolant Magnet
manifold A — : /

Blanket

Vessel

Cold | - ;, . .
shield = Divertor

(Power Plant Conceptual Study)



Economie: beschikbaarheid

Snelle warmteverliezen beperken de levensduur van ITER

_85MJ
Divertor ELM energy density (MJ/m"2)
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Energy loss from plasma due to transients
F. Federici et al., PPCF 45 (2003) 1523




Economie: beschikbaarheid
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Proton 3 R
Neutron &lrmum nucleus (t)

2 0 Q muon OO Deuterium nucleus (d)
[ %
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are recycled
Reactivation
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Magnetized Target Fusion

Compressed to
thermonuclear
conditions

Preheated fuel

Implosion
System

Plasma

Injector




Optics assembly
bullding Cavity mirror
mount assembly

Pockels cell assembly

Amplifier

Spatial filters

Control room
Master oscillator
room
Switchyard

\ support structure

Power conditioning
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Magnetized Target Fusion

thermonuclear <
conditions ’

N\ Rotating liquid
\;}, leadlithium

solution
within spherical
tank




Muon-gekataliseerde fusie
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muonic molecules
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The Cold Fusion Reactor CFR v3.0
by Jean-Louis Naudin - May 2003

BOlbIIksem J :.' f’.o fusion may




