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ITER ITER –– the way to fusion power the way to fusion power

• ITER (“the way” in Latin) is the essential next step in the

development of fusion.

• Its objective: to demonstrate

the scientific and technological

feasibility of fusion power.

• The world’s biggest fusion energy

research project, and one of the

most challenging and innovative

scientific projects in the world today.
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ITER ITER –– Key facts Key facts

The current ITER building

Cadarache Site

• Designed to produce 500 MW

of fusion power (tenfold the energy input)

    for an extended period of time

• Will bring together most key

technologies needed for future

fusion power plants

• 10 years construction,

20 years operation

 5 years deactivation

• Cost: 5 billion Euros for

construction, and 5 billion

for operation and

decommissioning
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ITER  CollaborationITER  Collaboration

• For its size and cost and the involvement of virtually all the most developed countries,
representing over half of  today world’s population ITER will become a  new reference
term for big science projects.

• The ITER project is one of the world’s biggest scientific collaboration.



5
Carlos Alejaldre                           2 Julio 2007

OutlineOutline

•Fusion fundamentals

• ITER technical overview

•Description Project Situation

•Staff, organization.

•Planning

•Conclusions
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Donut Shape Plasma

 V:        830m3

 R/a:     6.2m /2m
 Vertical elongation: 1.8 5
 Triangularity:            0.45

D2,T2    Fuel

D++T+

 He++(3.5MeV)

n(14MeV)

Blanket: neutron
absorber

He, D2,T2,
impurities

Divertor: particle and

 heat exhaust

-Density:                1020m- 3

-PeakTemperature:17keV
-Fusion Power:     500MW

-Plasma Current :    15MA
-Toroidal field:            5.3T

Power Plant
 Li-->T
 High temperature

Fusion in Tokamak Plasma
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Fusion inherent Fusion inherent feauturesfeautures

• Power: any disturbance will stop the plasma

– “runaway” reaction is physically not possible

• After shutdown, residual heat is small and only  in
structural materials

• Fuel inventory small

• Low routine emissions and
limited consequences of postulated accidental
releases

• No long-lived radioactivity

• No materials with proliferation concerns

• No climate-changing emissions
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Confinement quality and QConfinement quality and Q

”Scientific breakeven” Q = 1 (JET)

”Self-heated plasma” Q ~ 10 (ITER)

”Power Plant” Q  30 (DEMO)
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Power ReactorPower Reactor
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Confinement Time

(seconds)

Power Plant

Summary ResultsSummary Results

Power Plant

Plasma/Magnetic Pressure (%)

Power Plant

Temperature

(million degree)
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GloballyGlobally
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Confinement Quality ScalingConfinement Quality Scaling
ToTokamak: a success storykamak: a success story

• Progress in fusion can be
compared with the
computing power
performance
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Fusion power productionFusion power production

f  = Q/(Q+5)
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ITER, one of a kind, but not the first fusion facilitiyITER, one of a kind, but not the first fusion facilitiy

Plasma edge

effect

ITER specific

issues:

Dust tritium

invento

TRIAM, J

EAST, China
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The core of ITERThe core of ITER

Toroidal Field Coil
Nb3Sn, 18, wedged

Central Solenoid
Nb3Sn, 6 modules

Poloidal Field Coil
Nb-Ti, 6

Vacuum Vessel
9 sectors

Blanket
440  modules

Torus
Cryopumps, 8

Major plasma radius 6.2 m

Plasma Volume: 840 m3

Plasma Current: 15 MA

Typical Density: 1020 m-3

Typical Temperature: 20 keV 

Fusion Power: 500 MW
Machine mass: 23350 t (cryostat + VV + magnets)

- shielding, divertor and manifolds: 7945 t + 1060 port plugs

- magnet systems: 10150 t; cryostat:  820 t

Divertor
54 cassettes

Cryostat
24 m high x 28 m dia.

Port Plug
heating/current
drive, test blankets
limiters/RH
diagnostics
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• Superconducting. Nb3Sn toroidal field (TF) coils
produce confining/stabilizing toroidal field;

• NbTi poloidal field (PF) coils position and shape
plasma;

• Modular Nb3Sn central solenoid (CS) coil
induces current in the plasma.

• Correction coils correct error fields due to
manufacturing/assembly imperfections, and
stabilize plasma against resistive wall modes.

• TF coil case provides main structure of the
magnet system and the machine core. PF coils
and vacuum vessel are linked to it.  All
interaction forces resisted internally.

• TF coil inboard legs wedged together along their
side walls and linked at top and bottom by two
strong coaxial rings which provide toroidal
compression

• On the outboard leg, out-of-plane support
provided by intercoil structures integrated with
TF coil cases.

Magnet SystemMagnet System

Magnet system weighs ~ 8,700 t.
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Poloidal Field  systemPoloidal Field  system
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Plasma Vacuum VesselPlasma Vacuum Vessel

•Primary function

• high quality vacuum for the plasma

• first confinement barrier to radioactive materials

• 9 x 40° vessel sectors.

• Many ports for access:

-Diagnostics

-Maintenance

-Heating systems

-Fuelling/Pumping

-Inspection

-Test Blankets

• Double wall

• Water cooled
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BlanketBlanket

• 440 blanket modules with

detachable faceted first wall (FW)

with Be armour on a water-cooled

copper substrate, attached to a SS

shielding block.

• Blanket cooling channels are

mounted on the vessel.

• Design strongly affected by need to

resist electromagnetic forces.

• Initial blanket acts solely as a

neutron shield, and tritium breeding

experiments are carried out on test

blanket modules inserted and

withdrawn at radial equatorial ports.

Inlet/outlet
manifolds

First wall
panel

Hole to fit 
flexible support

Flexible
supports

Vessel

Shield
block

Shear
key Gripping

hole

Electrical strap
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Vacuum

Vessel

Blanket

Divertor
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  ITER Physics R&DITER Physics R&D

The World Tokamak Research
Efforts Have Been Concentrated
on Establishing ITER Physics
Basis.

Energy
Confinement

Scaling
Current Drive 

Halo Current
Characteristics

Review paper ”ITER Physics Basis” (500 pages,NF1999)

http://www.iop.org/EJ/abstract/0029-5515/39/12/301)

“Progress in ITER Physics Basis” (500 pages, NF2007)

H-mode Transition
Threshold Scaling
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Plasma energy confinementPlasma energy confinement
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Antenna

protection

Main Limiter

Outer

LimiterInner waal

protection

e.g. Tore Supra (CEA-Cadarache)

Actively cooled Plasma Facing Components

tested up to 10 MW/m2

World records (over 6 minute pulses)

AMC  tiles

(CFC/Cu)

Copper

Carbon-Fiber

composite

Long pulses Long pulses –– Current Drive Current Drive

Tore Supra resultsTore Supra results

Neutron (x1010/s)

Zeff ~2

Ti(0) =1.6 keV

Line density (x1019m-2)

LH Power (MW)

Transformer flux (Wb)

Te(0) = 4.8 keV

Long pulse non inductive discharges (V~0, Ip = 0.5 MA,

feed back control of plasma current on LH power, 360 s,

1 GJ):

•  Constant wall temperature

•    New Physics with ITER relevance …
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Technology ChallengesTechnology Challenges

• Unprecedented size of the super-

conducting magnet and structures.

• Remote Handling systems.

• Extremely high heat fluxes in first

wall components

• Materials under neutron irradiation

• Plasma Heating Systems
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CENTRAL SOLENOID MODEL COIL

REMOTE MAINTENANCE
OF DIVERTOR CASSETTE

Attachment Tolerance ± 2 mm

DIVERTOR CASSETTE

Heat Flux 20 MW/m2 

Height 4 m
Width  3 m
Bmax=7.8 T

4 t Blanket Sector
Attachment Tolerance ±0.25 mm

Double-Wall, Tolerance ± 5 mm

HIP Joining Tech
Size : 1.6 m x 0.93 m x 0.35 m

REMOTE MAINTENANCE OF BLANKET 

BLANKET MODULE

VACUUM VESSEL SECTOR

Completed R&D Activities by July 2001.

ITER Design and Technology  have been developed

TOROIDAL FIELD MODEL COIL

Radius 3.5 m
Height 2.8m
Bmax=13 T
0.6 T/sec
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ITER Vacuum VesselITER Vacuum Vessel

Electron Beam welding on the inner shell
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ITER Central SolenoidITER Central Solenoid

CS conductor (Incoloy

jacket)
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ITER Divertor Remote HandlingITER Divertor Remote Handling

JET
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Preparing ITER operation on present tokamaksPreparing ITER operation on present tokamaks

The ITER  like Wall experiment JET
(>2009)

• Materials of ITER plasma facing
components will be installed in JET
(2008-2009)

• ITER relevant safety issues (T
inventory with Be and W; dust from
W and Be etc.)

• Progressing the plasma scenarios
in the most relevant conditions: a
key step in support to ITER

350 MJ

20 MJ

ITER
JET
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Tore Supra

25 m3

~ 0 MWth

JET

80 m3

~16 MWth

ITER

800 m3

~ 500 MWth

DEMO

~ 1000 - 3500 m3

~ 2000 - 4000 MWth

- Dominant self - Dominant self heating heating ------------------------------------

The ITER design is based largely on the success of JET

and other tokamaks: high confidence in extrapolation

ITER prepares for the demonstration reactor DEMO

ITER: a major stepITER: a major step
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Fusion in Tokamak PlasmaFusion in Tokamak Plasma

Deuterium + Tritium = Helium (3.5 MeV) + neutron (14MeV)
( Deuterium from water, Tritium produced from Lithium with neutron collision)

    Energy: 1 g of fusion fuel = 8 tonnes of oil

JET(EU),

JT-60(Japan)
   Plasma research

ITER
   Long burn, Integration of fusion tech.,

   Test of tritium production

Electricity - generating
power plant including
tritium production

Plasma Volume   ~ 100m3

Fusion Power      ~ 16 Mega Watt (JET)

Temperature       ~ 520 Million C (JT60)

Pulse length        ~  a few seconds
Cu magnets

850 m3

500 MW
200 -  300 M°C
400s ->  steady state
SC magnets

similar size
3000  MW
200  -  300   M°C
steady state

Science
Science

+
Technology

Science
+

Technology
+

Economy
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Mutual trust is our greatest assetMutual trust is our greatest asset

Ceremony ITER Agreement Signature, Elysee Palace, 21 November 2006
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ITER OrganizationITER Organization
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Project ScheduleProject Schedule

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

ITER IO
ESTABLISHED

LICENSE TO
CONSTRUCT

START TOKAMAK
ASSEMBLY

FIRST
PLASMA

Contract

EARTHWORKS

TOKAMAK BUILDING

OTHER BUILDINGS

TOKAMAK ASSEMBLY

COMMISSIONING

COILS

VACUUM
VESSEL

Install
Cryostat

1st VV/TF/TS
Sector

Complete
VV

Complete 
BLK/DIV

1st PFC Install CS

First sector Last sector

Last CSLast TFC

1st CS

1st PFC 1st TFC

Procurement & Fabrication

2016

Construction License Process

Last PFC

Procurement & Fabrication
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Procurements in kindProcurements in kind

A unique feature of ITER is that almost all of the machine will be

constructed through in kind procurement from the Parties
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The site - artistThe site - artist’’s views view

N
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Aerial view
TOKAMAK location

Tore Supra

N
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ITER and accompanying devicesITER and accompanying devices

JT-60U JET

EAST

KSTAR

SST-1

ASDEX-U DIII-D

Tore Supra

JT-60SA

Current Devices

• Confinements

• Plasma wall interactions

• MHD stability control

EAST, KSTAR, SST-1, TS

• Long pulse operation

JT-60 SA

• Advanced stability scenarios
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2010 2015 2020 2025 2030 2035

Performance
extension phase Decomis

sioningConstruction

JT-60 and JET

Development of power producing blanket

Fusion material development  (inc. IFMIF)

Achieve Q=20, 400s
Achieve Q~5 steady-state operation
Demonstration of power producing blanket

CDA-like

Confirm 80dpa data by IFMIF

Confirm day-long operation

Establish sustainable 
Define required Bmax

construction power production

Grid connection

licensing

2005FY

ITER
program

Satellite
Tokamaks
and other
devices

Fusion
technology
development

DEMO plant program

Optimization of shape and
aspect ratio High  steady-state
operation Day-long operation

EDA/R&D

Basic performance phase

Decision of construction

Roadmap for Early Realization of Fusion Power

Test of power producing blanket

Concept definition
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ConclusionsConclusions

• ITER is one of the most challenging and innovative scientific projects in

the world today

• Almost all of the machine will be constructed through in kind

procurements, demanding a very high level of international cooperation

• The ITER Organization is building up quickly at Cadarache, with strong

support of the ITER Parties

• ITER will demonstrate the scientific and technological feasibility of

fusion as an energy source .


