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ITER Objective

Demonstrate the scientific and technical viability of fusion energy as a energy
source for humankind

Present in 1 part in 6500 in water (H,O) Escapes from plasma and deposits energy on
— easy to extract the wall of the reactor

E>. NCOWAS
fus:on
I:,heat =50 MW ’\// . IDfusmn

500 MW

Does not exist in nature. Produced in the reactor Charged Particle = trapped in magnetic fields
(from Lithium)n + Li > T + “He re-heats DT
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ITER design basis : Size

Fusion energy production

Q= Pfusion (4He + n)/P

Q = 10 with P,,_,., = 500 MW in ITER
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ITER design basis : Energy Confinement (t¢)

» Turbulent transport is difficult to predict quantitatively:

v Use scaling experiments (“wind-tunnel”) to predict the level of energy confinement in
ITER - basis for design
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ITER design basis : Plasma heating

To reach temperatures of 150 M°C so that the fusion reaction “burns” we
have to create and heat a plasma first :

» Radiofrequency (~ microwave oven)

» Injection of energetic atoms (~ particle acceleratorto ~MV) -~ 150GHz
Transmission Line w;~ 50 MHz

Radio Frequency /
RF) Heati
Ohmic Heating (RF) Heating
Electric Antenna a V e

Current
Electromagnetic
Oaves

Energetic hydrogen
atoms

MOTION OF
THE ION

—

DIRECTION OF THE

NG C F )
Neutral Beam MAGNETIC FIELD

Injection
Heating

DIRECTION OF THE ELECTRIC
FIELD OF THE WAVE
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Design features and systems to achive ITER
objectives
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ITER will malntaln self-heated DT plasmas by the fusion reactlon for duratlons of 10 minutes to 1
hour. ITER will demonstrate in an integrated way the technology, materials and physics needed to
produce electricity in commercial fusion reactors

/@
f/l' o U
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Main ITER Components

Protection Modules
W — Stainless Steel

Central Solenoid
Nb,;Sn-SC
-269 °C

Neutron energy

200 M°C

:..
mra =

Poloidal Field Coil
NbTi-SC e
-269 °C

Heating
Diagnostics

Toroidal Field Coil

[T ———
UL e T P

Nb;Sn-SC
-269 °C TE
= Cryogenic pump
Cryostat
—  Thermal Shield
-190 °C
y | Divertor { I
acuum vesse Helium energy and external heating
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Heating and Current Drive

Large H&CD power and optimized power mix for operation with W PFCs
High flexibility for experimental programme, reduction of risks to achieve

Q=10
Electron ~ . - -~ = Neutral beam
Cyclotron (EC) injection (NBI)
BRINS 870 keV HO
170 GHz >~ 1 MeV DO
40 MW - SRO 33 MW (+16.5)
+
20 MW (+7) — DT-1 lon Cyclotron
| (IC)
vl l “u\\\m T Y 50 MHz
LN i1 i ‘_:"_"_\"_‘Z"_ﬁ o\ \ A 10 MW - SRO
10 MW (+10) — DT-1
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ITER Diagnostics and 3-D coils (Error Field, ELM control)

A Diagnostics: ~ 60 instruments 1 External error field correction
measuring ~ 100 parameters coils + internal ELM control coils

©2026, ITER Organization ‘ 12
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Tritium Breeding : Test Blanket Systems

Tritium not available in sufficient amounts for large scale nuclear fusion energy
production - Tritium needs to be produced in-situ (n + Li > T + He)
T production schemes will de demonstrated in ITER (at small scale)

Different test blanket systems will
be installed in ITER to test different
combinations of design options:

- Liquid metal breeder
- Solid breeder

- Helium coolant

- Water coolant

Demonstration of the achievement of coolant thermo-hydraulics conditions (both water-coolant
and Helium-coolant) relevant for high-efficiency electricity production

©2026, ITER Organization ‘ 13
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ITER Q =10 scenario (300 — 500 s burn)

1 Scenario used for design of magnets and components (15 MA/5.3 T)
d P, ~50 MW > Alpha-heating dominant scenario Py,;,,= 500 MW
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ITER’s History

The origin of the idea is the meeting in Geneva on 1 November 1985:

Mr. Gorbachev and Mr Reagan signed an agreement to create an
international project to develop fusion energy for peaceful purposes.

-| e New JJork Times

Late Edition
Weather: Rain likely today, strong east
erly winds; ending late tonight
Pardy cloudy and warmer tomorrow.
Temperatures; today 4147, tonight 40
esterday 3862, Details, page C30.

£ “All the News
! That’s Fit to Print”

! _VOL.CXXXV.. No. 46,601 2, 1985 et i o vk

Copyright © 1985 The New York Times NI'.W YORK,
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Text of the Joint U.S.-Soviet Statement: ‘Greater Understanding Achieved’

In this connection the two sides
have confirmed the importance of an
oumng dialogue, reflecting their

rong desire to seek common ground
uﬂ existing pro}

"They agreed to meet t again in the
nearest future. The General Secre-
tary accepted an invitation by the

By mutual agreement, the Presi.  President of the United States o visit
dent of the United Staies, Ronald ~the United States of America, and the

gan, aryol President of the Unied States ot
the Central, Committee of the Com- cepled an invitation by the General

ple of 50 percent reductions in the nu-  firmed that they are in favor of a pen. i
dlear e of the US. and the eral and complete prohibition of flekds as agsienl sing and pro-  search and practical measures. [n ac
s. eopriately applied, we  chemical weapons and the destruc. tection of the environment have bren  cordance with the  existing U §
-»u s ihe tdea of an e LN, tion of existing stockpiles of such useful Soviet agreement in this area, consul
reement. apons. They agreed to accelerate Recognizing that exchanges of  tations will be held next year in Moe
*puring  ihe fogotiation of these elforts to conclude an effective and  views on regional issues onthe expert  cow and Washingion on specific peo.
agreements, effective mieasures for  verifiable international conventionon  kevel have proven wseful. they agreed  grams of cooperation
verification of compliance with obli- this matter. to continue such exchanges on a regu-
gations assumed will be agreed upon The two sides agreed to intensify lar ba
bilateral discamios o e by of  The sides intend to expand the pro-
Risk Reduction Centers exper grams of bilateral cultural, educ

Spectal 0 The Hew York Times 1es and departments in such

GENEVA, Nov. 21 — Following is
the text of the joint Soviet-American
statement at the end of the summit
meeting !odﬂy, as made public by the
White Hous

— a global task — through joint re

3

Exchange Initiatives

tional and _scientific-technical ex-

Secretary of State
George P. Shultz; chief of staff, Don-
ald T. Regan; Assistant to the Presi.
dent, Robert C. McFarlane; Ambas-
sadortothe USSR Arthur A Hart.
me

Secretary of the Central Committee
of the C.P.S.U. to visit the Soviet

Union. Arrangements for the timing
of the visits be agreed

The two Jeaders
potential importance of the work
aimed at utilizing controlled thermio
nuclear fusion for peaceful purpose
and, in this connection, advocated the
widest practicable development of in-
ternational cooperation in obtaining
this source of encryy, which i

The sides agreed to study the ques-
tion at the expert level of centers to
reduce nuclear risk taking into ac-
count the issues and developrhents in

he Geneva negotiations. They took
satisfaction in such recent steps in

on preventing the
proliferation of chemical weapons

Mutual Basic
Force

this direction ns {

Fusion Research

emphasized the

cssen

v tialy inexhaustible, for the benefit for
all mankind

changes, and also to a»m-m trade
and economic ties. The President of
the United States and the General
Secretary of the Central Committoe
of the C.PS.U. Jitended the signing
of

The two leaders agreed on the util
ity of broadening exchanges and con
tacts including some of their new
forms in a number of tific,
educational, medical and sports
fields (inter alia, cooperation in the

changes i Selentific, de—mml
and Cultural Fields.

eed on the Importance of
resolving

of  educational

(hllllg(‘s and software for elementary
and secondary school _instruction;
measures to promote Russian lan

spirit of cooperat
They belicve that there should be

encourage grm("r travel and people-
lo-people cont

Northern Pacific
Air Safety

he two leaders also noted with
atisfaction that, in cooperation with
Government of Japan, the United
itates and the Soviet Union have
reed to a set of measures to
note safety on air routes in the North
fic and have worked out steps to
ement them

he two leaders expressed
ire to reach a mutually

invimmnomal Proté

Hoth
W

Fusion Research

and, in this connection, a
widest practicable de

language studies in the

English
U.S'S.R.; the annual exchange of pro-

fessors to conduct special courses in
history, culture and economics at the
relevant d
American institutions of
education; mutual allocatio
arships for the best students in the
natural sciences, tecl , social
sciences and humanities for the
period of an academic year; hoding

regular meets in various sports and
increased ge o
sports events sides agreed
10 resume cooperation in combdting
cancer diseases.

The

next meeting

The two leaders emphasized the
wportance of the work
lizing cont

e thermio
v fusion for peacelul purposes
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IoblCha I Ienj" ;;Iobal An swer
| e | | i &  "28 J&e 2605 The ITER Membe’rs

unanlmously agree to construct ITER at
the S|te proposed by the European Umon

5% . 21 November 2006: Signature of the ITER
Treaty at the Elysée Palace in Par|s £

—

The ITER Members represent more than 50% of the
world population and 85% of the global GDP

China EU India Japan Korea Russia USA
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Who makes what?

All intellectual property is shared among the seven Members
Superconducting e i e - . Cryostat
Feeders (31) Y‘“\ ] < 1 ®
Ak ; | ;:;,.‘.,1:. > \ \.- —

Thermal Shield

'@*
Wy

Vacuum Chamber

e s

Poloidal Field
Coils (6)

.
o *
. 3
) "
. .
.

Correction Coils (18)

¥
*
i
,

Central Solenoid (6)
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ITER Toroidal Field Coil Construction

TF Coil = TF coil cases |2~ Conductor .z~
Japan | @ |

South Korea
Japan

Russia
United States
S Europe

0
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New Baseline and construction Status
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New Baseline Rationale

dIn 2022 issues were identified in some tokamak components - repairs
were carried out and tokamak assembly re-started in 2024

d A new baseline was developed to ensure a robust achievement of
Projects’ goals

» New and reliable strategy for assembly
» Minimization of technical risks in first operational phase
» Early achievement of H-mode operation in D plasmas

> Stepwise Safety Demonstration (DT-1 & DT-2)

v DT-1 focuses on the achievement of specific Project goal(s) > Q =10, 300-500s
v Limited neutron fluence (1/100 of present end-of-life) > ~ 3.5 102° neutrons
v' DT-2 - Full achievement of Project goal(s): safety demonstration based on DT-1

1 New baseline also included changes to first wall material for reactor
relevance (Be 2> W) and to H&CD (increased of ECH power)

©2026, ITER Organization 21
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« 18 (+1) coils
* 41 gigajoules
« 11.8 Tesla

Each coil:
« 360 tonnes
e 9x 17 metres

Status:

All TF coils onsite

©2026, ITER Organization
15th ITER International School, Chengdu, China, 2026
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POLOIDAL FIELD COILS

Six coils, the largest with
a diameter of 24 metres,
weighing 400 tonnes.

Total magnetic energy: 4
gigajoules

Maximum magnetic field:
6 Tesla

Status:
All PF delivered on-site

©2026, ITER Organization
15th ITER International School, Chengdu, China, 2026
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CENTRAL SOLENOID

Height: 18 metres

Diameter: 4.13 metres

Total weight: 1000 tonnes
Peak field strength: 13.1 Tesla
Operating voltage: 14 kV
Operating current: 45 kA
Stored energy: 5.5 gigajoules

Status:

All Modules manufactured and
delivered

All modules of the Central
Solenoid installed on the
assembly platform.

#3 module will be used as a spare.

©2026, ITER Organization
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CRYOSTAT

The largest stainless-steel
vacuum chamber ever
constructed

Total weight: 3,850 tonnes1 base
(1,250 tonnes); 2 half-cylinders, 1
lid

Equipment operating underultra
high vacuum

Manufacturing and assembly
completed

The base and the lower
half-cylinders are in place.

©2026, ITER Organization
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VACCUUM VESSEL

9 sectors
Total weight: 5200 tons

Nuclear equipment operating
under ultra high vaccuum

44 “penetrations” (“ports”)
dedicated to services: H&CD,
diagnostics, plasma facing
components, etc) and to
remote handling
Preassembled with 2 PF coils
and Thermal shields: ~1350
Tons/each

©2026, ITER Organization ‘ 26
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VACCUUM VESSEL

Height: 17 meters
Individual weight: 600 tons

Status :
8 modules (over 9) delivered

5 modules assembled with
toroidal field coils and thermal
shields (1350 tons); positioned
in pit.

6" module planned next week!

©2026, ITER Organization
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ITER ASSEMBLY AT FULL SPEED

oth sector installed May 27th,
2026

Jan-2024 — May-2026

Schedule Performance

Index=1.06
Cost Performance =L e
Index=1.12 (1.22) ) S

©2026, ITER Organization ‘

2
15th ITER International School, Chengdu, China, 2026 8



CRYOGENIC PLANT
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75kW @ 4 Kelvin

Equipment installation is
complete, and is being
commissioned.




Plant Systems in Tokamak Building

Delivery of equipment and installation of

all plant systems is ongoing at full speed:

Tokamak cooling water system.
Vacuum systems.
Electrical distribution.

Fueling systems.

Main auxiliary buildings and plants are
completed and in commissioning or
operation.

©2026, ITER Organization
15th ITER International School, Chengdu, China, 2026
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POWER CONVERSION AND SUPPLY

Main magnet system power LN N aATh
= ' D 'qé! i a‘; — )
T e up [P i == A

conversion installed.

CN supplied the PF coils | v il |
converters 1y R e S hm 4
a0 s L TN . Y | Il % T | }§£‘ k. |m‘ ¢

"‘”“"4“ . ] "‘ \. o
C I Wlal7 " L a—=acottiF 1 -3 H “Q'.«“i >
Commissioning started and R AT A | R f‘ml e

High Voltage tests ongoing by
|O team in cooperation with
suppliers.

il
ELM power supplies to be - .- L v . \
delivered by SWIP : e ‘ v 01/24/2024 09 b‘?
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From assembly to commissioning (l)

Progressive hand over of packages with documentation (test records, engineering dossiers, As builts)

Initially supporting auxiliary systems (LV power distribution, compressed air, liquid, gas)

Integrated commissioning of larger parts and machine components.

To operation:

Vertical Pumps for HRS in assembly Vertical Pumps for HRS in Operation

Then larger plant systems: Cryogenic system, cooling water, vacuum system, PPEN, etc

Gyrotrons ready for commissioning

©2026, ITER Organization
15th ITER International School, Chengdu, China, 2026
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From assembly to commissioning (ll)

Cryoplant during civil works execution

Cryoplant during commissioning

©2026, ITER Organization ‘ ‘ 33
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From assembly to commissioning (&lll)

Heat rejection system during assembly

Heat rejection system in operation

©2026, ITER Organization 34
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All of the ITER Cryopumps and its
cryodistribution are delivered.

|O has set up a cryopump test
bench that allows testing at
operational conditions (4K).

The first Cryopumps was tested
successfully and next is being
prepared.

©2026, ITER Organization
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Testing facilities. SMF

Static Magnetic field facility.

Helping for qualification of
components under SMF

nhl\\ml\“l (1 OO O S ‘ “‘ “““-. -\

\\\ Ll

pe—
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Magnetic Cold Test Facility

'18th May 2026

The first ITER TF coil
was cooled to 4 K (-269
°C) over a 12-day period.

The conductor transitioned
to its superconducting
state.

Two weeks after high-
current testing was
conducted.

AT present next TF is in
preparation

©2026, ITER Organization
15th ITER International School, Chengdu, China, 2026
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Updated ITER Research Plan
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Updated ITER Research Plan

Machine configuration and research plan have been defined to gradually retire risks and provide robust
path to objectives with intermediate milestones

~27 months
Now ~18 months (start autumn 2034) ~10 months
Englnegrlng Integra-ted. Start of Research Integrajced.
fabrication of Commissioning : Commissioning
Operation (SRO) ®
syst I L
Install: « Commission PCS and Protection « Final, actively cooled W
» Actively cooled W divertor Systems to reduce risks in DT-1 First Wall
- Blanket shield blocks » Hydrogen L-mode to 15 MA/5.3T * NBI: 33 MW
* Inertial W First Wall panels « Demonstrate H-mode DD plasmas - ECH: 40 - 60-67 MW
« 40 MW ECH * First assessment of boronization, * ICH: 10 - 20 MW
* 10 MW ICH fuel retention/recovery, ICWC » Final diagnostics set
DT-2, ~3 x 102’ neutrons DT-1 ~ 6-7years, ~3 x 10° neutrons
FPO-y | FPO-(...) | FPO-x FPO-5 FPO-4 FPO-3 FPO-2 FPO-1
DT (Q=10), high duty=500 s D, DT (Q=10) 2500 s D, DT (Q=10) D, DT (Q=10) D, DT, ot —
Q=5, 1000, 3000 s High d‘;;ydozio MW. 1 500 MW, 2300 s | 500 MW,~50's | 100 Mw,~50s | T-H*TD
(startautumn 2039)
©2026, ITER Organization 39
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SRO objectives

Demonstration of superconducting coils capability to operate plasma scenarios up to 15
MA/5.3 T = Full Magnetic Energy operation

|dentification and correction of error fields due to machine assembly and intrinsic toroidal
asymmetric features of ITER

Routine operation with shape/vertical position control up to 15 MA/5.3 T in L-mode (H)

Exploration of H-mode operational space up to 7.5 MA/2.65 T in D plasmas (inc. Pgcy
required for stationary H-mode operation) including ELM control demonstration

Characterization of disruption loads (potentially up to 15 MA/5.3 T, if electromagnetic forces
allow) - in-vessel component verification

Commissioning and demonstration of effective disruption mitigation up to 15 MA/5.3 T in L-
mode and 7.5 MA/2.65 T in H-mode

Commissioning of ECH and ICH systems up to their nominal SRO power levels (40 MW and
10 MW) including compatibility of ICH with W wall

Demonstration/optimization of wall conditioning (GDC, Boronization, ICWC, ECWC)

©2026, ITER Organization ‘ ‘ 40
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DT-1 Objectives (5 FPO campaigns = 80 months)

Demonstration of reproducible operation with P; ., = 500 MW with Q = 10, t, ., =2 300s
Demonstration of high-duty operation with P; ., = 250 MW, t_ ., = 300s
Qualification of all tokamak components and systems in nominal Q = 10 operation

Assessment of neutron effects and nuclear heating at nominal power levels on diagnostics
and SC magnets in nominal Q = 10 operation

Characterization of burning plasmas physics and associated control and load mitigation
challenges in nominal Q = 10 operation

Validation of radiation maps, demonstration of in-vessel tritium management, measurement
of dust production rates, etc., in nominal Q = 10 operation - Input to DT-2 licencing

First operation of the TBM in nominal Q = 10 operation and in high-duty operation with Ps
=250 MW

« Coolant thermo-hydraulics conditions relevant for high-efficiency electricity production

«  Tritium breeding to confirm Tritium Breeding Ratio (TBR) in fusion power reactors

©2026, ITER Organization 41
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DT-2 Objectives (3 FPO campaigns)

Demonstration of high-duty operation with Q 2 10, Ps,,, = 500 MW for t, ., = 300 — 500;
Demonstration of long pulse operation with Q =2 5, Py, = 400 MW for t, ., = 1000 s;
Demonstration of steady-state operation with Q =2 5 and Py, = 400 MW for t, ., = 3000 s;
Exploration of Q = 10 scenarios for a wide range of P; ., < 700 MW,

Exploration of burning plasma physics, scenario integration and integrated controls at high
Q, high P; ., Operation;

Assessment of fusion reactor physics and operational issues: Optimization of H&CD mix,
minimum set of diagnostics and actuators, achievement of high Q plasmas with integrated
control, and exhaust of power and particles;

Consolidation of the tritium breeding efficiency evaluations, tritium management, conditions
for high-efficiency electricity production, etc., for reactors breeding blankets, etc. up to the
total neutron fluence of, at least, 3x102/

©2026, ITER Organization ‘ 42
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Concluding remarks

ITER is a challenging project, that
turned a corner in 2023

Repairs of components has been
carried out and assembly work is
being performed at a record rate with p | RS
sound Project Management indicators gl || AT ““m
SPI1=1.06, CPI=1.12 N . O *‘ e

A new and robust ITER Baseline has
been developed with many
improvements and new concepts;
however, it will take a few years for
ITER to reach Q=10

Further R&D on a very wide range of el e
topics is needed to prepare and T
optimize the exploitation of ITER in its
path to achieve Q = 10 so that this is

achieved in the shortest possible time




Thanks you for your attention !
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