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4th State of Matter

Basic Remarks
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High Temperature Plasma

Central Solenoid
6 modules

Toroidal Field Coil
18 modules

Poloidal Field Coil
6 module

IAEA

Blanket Module
421 modules

Vacuum Vessel
9 sectors

Divertor
54 cassettes

Cryostat

ITER: Intl. Toroidal Experimental Reactor

ITER

Iter: The way (Latin)
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Status Magnetic Confinement

Today: JET, JT60-U

ITER

Fusion Reactor

Basic Remarks
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The goal

Basic Remarks

ITER
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Source: IEA
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Empirical scaling law (e.g. strong dependence on major radius R)

Energy Confinement - Tokamaks

Status
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Energy Confinement - Stellarators

Status
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Long Pulse Operation

Long Pulse Operation
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Heat Removal

Long Pulse Operation

Injected Power

Plasma
Duration
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Heat Removal, Edge Poloidal Rot.

Long Pulse Operation
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Demands I

Summary

Demands: IAEA activities:
TM on Steady State Operation of Magnetic 
Fusion Devices and MHD of Advanced 
Scenarios

TM on 1st Generation of Fusion Power Plant: Design 
and Technology

TM on Control, data acquisition and remote 
participation for fusion research.

TM on H-mode physics and transport 
barriers

TM on Energetic particles in magnetic 
confinement systemsLong Pulse Operation
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Scenarios

Scenarios

Maximise: G = βN . H / q95
2 Iboot / Ip ~  βN . q95 n ~ 0.85 nGreenwald
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DIII-D Scenarios

Scenarios
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ITER Requirements

Scenarios
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Hybrid Scenarios

Scenarios



IAEA

ASDEX-U

Scenarios
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Combined Methods

Scenarios

JT-60U: ne/nGW>1,

ne(0)/nGW ~1.5

Ne , Ar, D-pellet
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Edge Radiation and Fueling

Scenarios

TEXTOR, PRL 85, 11 (2000) 2312 pp
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Demands II

Summary

Demands: IAEA activities:

TM on Theory of plasma instabilities: 
Transport, Stability and their Interaction

School on Plasma Physics and Integrated 
Modelling and Plasma Instability

TM on H-mode physics and transport 
barriers

TM on Energetic particles in magnetic 
confinement systems

Confinement Regimes
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Cost of Electricity

ITER and beyond

SE-P3/40 by R.Hiwatari et al.
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Transport Physics

Transport
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Transport Studies

Transport etc.

IAEA Co-ordinated Research Project:

Joint Research Using Small Tokamaks

Aim:

1. Basic Studies (Transport, Wall, Instrumentation, Heating, etc.)
2. Exchange of knowledge and manpower
3. Strengthening efforts of small tokamaks
4. New research “beyond” ITER
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Diagnostic

Diagnostic
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ICRH

Heating and Current Drive

Design goal:
– 20 MW through single
port, 40-55 MHz
– produce launcher with
input impedance
insensitive to changes in
loading
– minimize electric fields
in antenna structure for a
given level of current on
radiating elements
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Plasma Heating

NBI
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Demands III

Summary

Demands: IAEA activities:

TM on Theory of plasma instabilities: 
Transport, Stability and their Interaction

School on Plasma Physics and Integrated 
Modelling and Plasma Instability

TM on Negative Ion Based Neutral Beam 
Injectors

TM on ECRH physics and technology for ITER

TM on H-mode physics and transport 
barriers

TM on Research use of small fusion 
devices

Transport and Heating
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Central Solenoid
6 modules

Toroidal Field Coil
18 modules

Poloidal Field Coil
6 module

IAEA

Blanket Module
421 modules

Vacuum Vessel
9 sectors

Divertor
54 cassettes

Cryostat

ITER: Intl. Toroidal Experimental Reactor

ITER

Iter: The way (Latin)
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ITER Performance

B. Spears, FPA 2003, Washington

ITER
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ITER Parameters

Total fusion power 500 MW (700MW)
Q = fusion power/auxiliary heating power ≥10 (inductive)
Average neutron wall loading 0.57 MW/m2 (0.8 MW/m2)
Plasma inductive burn time ≥ 300 s 
Plasma major radius 6.2 m
Plasma minor radius 2.0 m
Plasma current (inductive, Ip) 15 MA (17.4 MA)
Toroidal field @ 6.2 m radius 5.3 T
Plasma volume 837 m3

Plasma surface 678 m2

Auxiliary heating/current drive power 73 MW (100 MW)

ITER
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ITER Site Lay-out

ITER
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ITER Cost

B. Spears, FPA 2003, Washington

ITER
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Construction schedule

ITER

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

ITER International 
Organization

LICENSE TO 
CONSTRUCT

TOKAMAK ASSEMBLY 
STARTS

FIRST 
PLASMA

Bid
Contract

EXCAVATE
TOKAMAK BUILDING

PFC BUILDING
OTHER BUILDINGS

TOKAMAK ASSEMBLY

COMMISSIONING

MAGNET

VESSEL

Bid Vendor’s Design

Bid

Install
cryostat

First sector Complete VV
Complete 
blanket/divertor

PFC Install CS

First sector Last sector

Last CSLast TFCCSPFC TFC
fabrication start

Contract

Contract
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Canada
(Clarington)

Spain
Vandellòs

ITER site

France
(Cadarache)

Japan
(Rokkasho)

ITER
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New Devices

ITER and beyond

New devices under construction

Name                Country&Institution   Status                First plasma  Reference

SST-1                   India IPP                Assembled          2005  FT-3/4

EAST                    China ASIPP         Under Construction  2005  FT-3/3

KSTAR                 Korea. Rep. KBSI  In fabrication and testing  2007  FT-3/2

Wendelstein 7-X   Germany IPP         In fabrication and testing  2010  FT-3/5

NCSX                   USA PPPL           Production will begin soon     ?     FT-P7/22
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Fast Track to Fusion

ITER and beyond
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Issues and their resolution: pillars only

ITER and beyond

I s s u e T o d a y ’s
e x p ts IT E R IF M IF

D E M O
P h a s e

1

D E M O
P h a s e

2
P o w e r
P la n t

D is ru p t io n  a v o id a n c e 2 3 3 R R
S te a d y -s ta te  o p e ra t io n 1 3 3 r r
D iv e r to r  p e r fo rm a n c e 2 3 r R R
B u rn in g  p la s m a  Q > 1 0 3 R R R
P o w e r  p la n t  p la s m a  p e r fo rm a n c e 1 3 3 R R
T  s e lf -s u f f ic ie n c y 1 3 R R
M a te r ia ls  c h a ra c te r is a t io n 3 R R R
P la s m a -fa c in g  s u r fa c e  lif e t im e 1 1 2 3 R
F W /b la n k e t m a te r ia ls  li f e t im e 1 2 2 3 R
F W /b la n k e t c o m p o n e n ts  l if e t im e 1 1 3 R
D iv e r to r  m a te r ia ls  l if e t im e 1 2 2 3 R
N B /R F  h e a t in g  s y s te m s  p e r fo rm a n c e 1 3 R R R
E le c tr ic ity  g e n e ra t io n  a t h ig h  a v a ila b il i ty 1 3 R
S u p e rc o n d u c t in g  m a c h in e 1 3 R R R
T r it iu m  is s u e s 1 3 R R R

K e y : 1 W ill  h e lp  to  r e s o lv e  th e  is s u e
2 M a y  re s o lv e  th e  is s u e
3 S h o u ld  re s o lv e  th e  is s u e
r S o lu tio n  is  d e s ira b le
R S o lu tio n  is  e s s e n t ia l

C. Llewellyn Smith



IAEA

Radiation Damage

Materials Research
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IFMIF

Materials Research

International Fusion Materials Irradiation Facility
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Safety Event Analysis

Disruptions

Safety
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Disruption Mitigation

Safety
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Demands IV

Summary

Demands: IAEA activities:

Materials and Wall School on pulsed neutron sources: Enhancing the 
capacity for material science

TM on the Atomic and Molecular Data Centres 
and ALADDIN Network

CRP on Joint Research Using Small Tokamaks
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Inertial Fusion Energy

IFE
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Pellet Improvement

IFE
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Fast Ignition

IFE
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Fast Ignition - Status

IFE
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Heavy Ion Fast Ignition

IFE
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Z-pinch Wire Array

IFE
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Demands V

Summary

Demands: IAEA activities:

TM on Negative Ion Based Neutral Beam 
Injectors

TM on Spherical Tori.

TM on Innovative concepts and theory of 
stellarators

RCM on Dense 
magnetised plasmas

RCM on Inertial Fusion 
Energy

New Concepts and IFE

TC support
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Summary

Future Option of Energy Production

Controlled Nuclear Fusion

Summary

Acknowledgement to participants of the FEC2004 and IAEA meetings


