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ITER ITER 

rendezrendez --vous with a planetary challengevous with a planetary challenge

Jo ListerJo Lister

ITER International Organisation, Cadarache, FranceITER International Organisation, Cadarache, France
CRPPCRPP--EPFL, LausanneEPFL, Lausanne
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OutlineOutline

• Context of fusion energy research

• The basics of fusion energy – with apologies

• The road leading to ITER

• ITER in France

• ITER in operation
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Our Our energyenergy needsneeds
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Population and Population and energyenergy resourcesresources

EnergyEnergy
ConsumptionConsumption

Fossile
Resources

World 
Population
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DifferentDifferent energyenergy resourcesresources

NonNon--renewablerenewable RenewableRenewable

Unlimited, but… 
availability

competitivity
intensityOil : 40 y

Gas :60 y
Coal :240 y
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Evolution of the fossile Evolution of the fossile energyenergy reservesreserves

• Man (and woman) learned « with great wisdom » how to consume 
most of the planet’s resources (CH, C, U…) in fewer than 6 
generations

• 2000 man continues to believe in the market economy
• He is wrong …

• The drop in availability will be much faster than the development
took, since we are so good at consuming now…

• Consumption will finally fall with production…

• Solutions…
– Coal… greenhouse effect ??
– Uranium… fast-breeders (Germany…) ??
– Renewables… yes but…
– Any other ideas ??
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NuclearNuclear bindingbinding energyenergy

• Nuclear mass ≠ sum of its components
• Missing mass ~ binding energy

– B = Z mp + N mn – Mz,p

Difference in binding energy

Uranium

Neutron
FissionFusion

DD++ +  T+  T+ + �������� HeHe2+2+ (3.6 MeV) +  n +  n (14 MeV)

D
T

HeHe
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E = m cE = m c 22

• The origin of fusion energy and fission energy is the change in mass 
of the fuel 

∆m / m ~ 10-3

• The origin of chemical energy is also the change in mass of the fuel
∆m / m ~ 10-9

• This difference explains the HUGE difference in waste management  
(CO2) when we use coal as an energy source. Fission can bury the 
waste, coal stations cannot yet do this

• A fundamental difference between fusion and fission
– Fission reactions are statistical between competing channels. We

cannot select benign final states, and we must live with Sr, I, Co etc

– Fusion reactions are few, but create a fast neutron (14 MeV), and the 
presence of Tritium in the cycle must concern us
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AnnualAnnual fuel fuel needsneeds of a power stationof a power station
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Deuterium can be extracted from water (H 2O ; HDO) 
each m 3 contains about 30 g 

the equivalent of 300,000 litres of oil or 350 MWh.

Unlimited energy
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But… fusion But… fusion requiresrequires
extremeextreme conditionsconditions

3 conditions must 3 conditions must bebe satisfiedsatisfied in the plasmain the plasma
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Plasma: 4Plasma: 4 thth state of state of mattermatter

 SOLIDE  LIQUIDE  GAZ  PLASMA

 ENERGIE

Les 4 états de la matière
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Plasma Plasma isis 99% of the 99% of the universeuniverse
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Tokamak

Cœur du
soleil

Nébuleuse

Aurore

Fusion
inertielle

Couronne
solaire

Traitement
plasma

Néon

Flammes
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«« Plasma Plasma PhysicsPhysics »»

• Plasma physics lies between engineering and physics
• Its origins lie in arcs, and in vacuum tubes

• Today plasma physics is everywhere, in nano-science, materials
science, as well as in industrial processing

• Astrophysicists are also part of the field

• Understanding 1021 charged particles has become a major numerical
challenge, linking fluid modelling, statistics and electrodynamics

• Fusion reasearch is one of the driving key areas of plasma physics
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ControlledControlled fusion on fusion on earthearth

• Short pulses

• Overdense plasmas
• Military links

• Long pulses
• Lower density

InertialInertial ConfinementConfinement MagneticMagnetic ConfinementConfinement

1930 the nucleus, 1940 fusion, 1953 H-bomb…
54 years to harness it compared with a few years for fission – why ??
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ToroidalToroidal magneticmagnetic confinemetconfinemet

Electrons Electrons 
drift downdrift down

Ions drift upIons drift up

Close field lines on themselves, but single particle
drift obits destroy confinement

Close field lines on themselves, but single particle
drift obits destroy confinement
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The basis of a simple tokamakThe basis of a simple tokamak

Confinement is provided essentially
by 3 fields

toroïdal field 4.5T, from
superconducting coils

poloïdal field from a 
current flowing in 
the conducting
plasma

The plasma current heats the plasma 
and allows us to control it by JxB

forces

poloïdal field
created by external
currents
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HeatingHeating , , aimingaiming atat
200,000,000 200,000,000 degreesdegrees
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• Collaboration between historical partners:
– EU
– Russia
– Japan
– USA

• And new partners
– China

– S. Korea
– India

• Example: confinement is derived
by regressing results from
all tokamaks

Empirical law

M
ea

su
re

d
va

lu
e

ResultResult of international of international researchresearch

ITER

τE,th = 0.0562 M0.19 κa
0.78 R1.39 a0.58 Ip

0.93 BT
0.15 ne

0.41 P-0.69
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Toroidal field 4 Tesla
Plasma current    7 million A
Major radius 3.1 m
Plasma volume 80-100 m3

Heating Neutrals, RF

The EU The EU flagshipflagship -- JETJET
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Tore Supra
Vplasma 25 m3

Pfusion ~0 
tplasma ~400 s

JET
Vplasma 80 m3

Pfusion ~16 MW 2s 
tplasma ~30 s

ITER
Vplasma 830 m3

Pfusion ~500 MW  500s
tplasma ~400 s

WeWe hadhad to to bebe ambitiousambitious ……
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ITER ITER –– some factssome facts
28m

Fusion power      500MW
Heating power 73 MW
Pfus / Pheat Q>10
Neutron wall load  0.57 MW/m2

Major radius  6.2 m
Minor radius 2.0 m
Plasma current   15 Megamp
Toroidal field 5.3T
Plasma volume          837 m3

Pulse length 300 - 5000 s
PF SC coils       925+6*130 t
TF SC coils         18*312 t
Vacuum vessel          9*575 t
Load assembly     40,000 t
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ITER ITER –– somesome technicaltechnical challengeschallenges

• SC coils with crossed fields and dynamical forces, AC losses, 
unprecendented quantities to be made

• First wall power loading, we have developed handling up to 20MW/m2
• First wall material – 2 choices

– Low Z (Be, C) higher pollution, low radiation. C traps Tritium as 
hydrocarbons, requiring removal techniques

– High Z (W) lower pollution, higher radiative loss. Little experience.
• High vacuum quality in a large vacuum volume and surface area
• Optimisation of plasma performance

– Partly understanding/modelling, partly feedback automation
• Guarantee safety and licensing in a one-of-a-kind facility
• Specific domain challenges

– Provide efficient high performance plasma heating
– Provide active and passive measurements of plasma parameters
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1990         2000         2010         2020        2030

P a r a m e t e r s IT E R
R  ( m ) 6
a  ( m ) 2
B T  ( T ) 5 .3

I P  ( M A ) 1 5
P f u s io n  ( M W ) 5 0 0

Φ n e u t r o n s ( M W /m 2 ) 0 .5
A m p l i f i c a t i o n  ( Q ) 1 0  →→→→ ∞∞∞∞

C o s t  ( 3 0 y e a r s ) 1 0  G €

Design    Construction

10 billion Euros to build and 
operate

10 years to build

Startup 2016

18 buildings

180 hectares being cleared

ITER en EU
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ITER : indicative ITER : indicative costcost

• Construction (10 year)
–Investment 3960 M€
–Management and services 610 M€
–Total 4570 M€

• Exploitation (per year over 20 years)
–Exploitation costs 240 M€
–Provision for dismanteling 27 M€
–Total 267 M€

• Total investment ~ 10 G€

• Splitting: EU (45%), others 6 * 9%
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-23m

+56m
Is ITER Is ITER soso hugehuge …. ?…. ?



Jo Lister - ITER for DESY, Feb 26 2007

28

Tore Supra

ITER

Clôture

CadaracheCadarache : the European site for ITER: the European site for ITER

JWS

Alpes de Haute-
Provence

Vaucluse       

Var

CADARACHE

Bouches-du-Rhône
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Some information on the data systemsSome information on the data systems

• COntrol, Data Access and Communication provides:

– Slow controls
– Fast feedback
– Data storage, archiving
– Data access for analysis
– Operation
– Scheduling
– Safety, interlocks

– High availability – almost no down time for 35 years….
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Plant Systems seen from CODACPlant Systems seen from CODAC

All the 60-90  
“technical 
systems” 

Connected by 
networks:

Operation
Interlocks
Safety

Block of “CODAC” 
Systems which 
are software
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Plant Operation ZonePlant Operation Zone
• The Plant Operation 

Zone “operates” ITER

• It is highly protected and 
can function isolated

• Live data are exported 
from the POZ to 
Experiment Sites

• Cadarache is also one of 
these Experiment Sites

• Inside the POZ are
– CODAC Systems

– Plant Systems
– Operation networks
– Interlock network

– Safety network
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Factory developmentFactory development

• Suppliers develop their 
self-description using CODAC tools
• The Plant System Host (IPC) is 

“free issue” for full compatibility

• Each system self-description is

factory-accepted before shipping
• CODAC System functionality is 
deployed in a “Mini-CODAC”

to help factory development

• An industrial case is identified

• “Mini-CODAC” tests all CODAC interfaces and functionality at the factory, where 
the competence is, in case of difficulties

• CODAC monitors the evolution of the Plant System Host functionality during 
development, to identify delays or difficulties early guarantees integration
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CODAC evolutionCODAC evolution

• Conceptual design
– Complete mid-2007

• Engineering design of CODAC Systems
– 2007-2009

• Retrofitting CODAC design approaches to installations
– Existing experiments
– ITER test-stands

• Developing a full prototype to be maintained during operation
– Flexibility, full functionality, no QA “ideas test bed”

• Developing a production environment
– QA, functionality, performance, availability

• Developing the factory testing using “mini-CODAC”
• Developing a full simulator using the CODAC Plant System data
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Example of data flow Example of data flow ––
POZ CODACPOZ CODAC
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•Thank you for your attention…


