l-‘_m

1999 Fusion JAERI Seminar

European Fusion Programme

Rene PELLAT

High-Commissioner of the
French Atomic Energy

Chairman of the
Consultative Committee Euratom-Fusion
(CCE-FU) :

European Fusion Programme
Rone PREILILAT
Chamrman ot thic CCE~FU
.'STATE OF THE ART
Lianagement
Inlernational Co-operation
JET and main facilities
Past and present restits

FUROPEAN STRATLGY

l:i'l';','LJ,,-' [NTSLE SETIN | B R I A PRI B LU R ) S
Pezvvinndds e Lastoa, s b
Flasve Grganirsalion i cale il

I'ME EFFICIENT FUTURE
AEY ennhancenuen
HTEH Burnimg plisin:
Fuveer plant work
Eunepresn: anlustn e srecle el
Luropean Caonti i vl B ianans 3 g

CONCLUSION f

RAerd PE__47 "FLuznq iASR Semnz- | Tasga Yaeerdan 35 100

European Fusion Programme
Reng PELLAT
Chairman of the CCE-FU!
| STATE OF THE ART
i Managemenl
international Co-operation
, JET and main facilities
Past and present results

! EUROPEAN STRATEGY
Energy needs and source diversificalion
Towards the fusion reactor
New organisalion and calendar

2 THE EFFICIENT FUTURE
JET enhancement
ITER burning plasma
Power plant work
Eurcpean industry involvement
European Council and Parliament support

CONCLUSION
*‘k *i e
L Fusion Programme Implementation

- The EU Fusion Programme integrates all Fusion
R&D in the EU and Associated Countries;

- Overall annual expenditure is 450 Mio Euro: 60%
from the Member States, 40% from Community
Budget (framework programmes agreed every 4
years});

- Professional staffing: 2000 scientists and
engineers (including about 250 PhD students);

- A significant training and mobility effort is
developed, in particular by the Associations and
JET;

; - Past investment over 30 years: of the order of
8000 millions Euros ¢€).
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i} Fusion R&D in the EU

Breakdown fof Expenditure

26%

70%

A

I [ Plasma Physics & Engineering {including JET)
I
" [ Fusion Technology (including iTER)

B Coordination, Staff mobility- - -
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i } Fusion in the European Union

New associated countries will participate
in the EURATOM programme:

Bulgaria

Czech Republic
Hungary

Latvia

Romania
Slovak Republic
Slovenia

Annual Expenditure in the

European Fusion Programme
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International Cooperation

- Bilateral agreements with, Canada, Japan

and Ukraine; Kazakhstan, Russia, and USA '
{in prep.) =

- Eight multisatera: implementing agreements

under the auspices of the International
Energy Agency (OECD - Paris)

- Agreement on the ITER EDA under the

auspices of the International Atomic Energy
Agency (United Nations - Vienna)
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~ Fusion Collaboration between the European i 3
Unlon and International Partners : b 1

JET is Unlque

One half Scale Modei of ITER -Burning plasma
Version
- JET is the nearest in scale and aoperating conditions to the
Internationa: Thermonuclear Expenmental Reactor [ITER]).
- JET has the p asma and divertor configuration of iITER.
Trittum Compatibility
- JET is the cniy expenment world-wide able to study:
(1) physics in the deuterium-tritium fuel mixture
{2) fusion power production.

Remote Handling Capability
e -+ JET has devetoped a urique capability for remote

Eropean @ Associated ® international . installation and repair, which was used successfutly to
Union Countries Partners i ' i
Bequr  tej-ce asina Bu-gara Rar-am: e : : exchange the divertor without manned in-vessel
Corrany ped forval o bl Stoeas Aapue : i intervention in the activated environment following D-T
Scn oo mermrinds Umisarimgoors Suee e Cnenn ' |  operation in 1997,
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Polmdal Cross sectlons of JET and ITER- FEAT
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2*“} ” Fusion Power Development
The diagram encompasses:
A [ET: - 10% T in D experiments
57 TETR / P ooV in JET in 1991;
| g (1994) -
= / ~Q~0.64 - a result from the D-T
L 26— | / JET. | studieson TFTR (1993 |
8 : I i ~Fusion20MJ | to 1997}
i |' II [ | teen)
2 5- | * high fusicn power and
T _ quasi steady-state
' : fusion power in the JET
oc 1 T an a0 2 oo 63 D-T experiments of
7 Time{s 1997,
rrrrrr - : | & 1& : —_—
EU Fusion Devices (1) LA EU Fusion Devices (2) |
- Tokamaks
-JET Abinngﬂ, UK - Stellarators
- TORE SUPRA Cadarache, F - WENDELSTEIN 7-X  Greifswald, D
- TEXTOR 94 Julich, D - WENDELSTEIN 7-AS  Garching, D
- ASDEX-Upgrade Garching, D -Td -11 Madrid. E
-FTU Frascati. | o ] 4 Field Pinch |
- COMPASS-D Culham, UK ' - RFX Padova,l
-ISTTOK Lisbon, P - EXTRAP-T2 Stockholm, S
- MAST Culham. UK
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(Rl Projected Growth in World Population and Projected Growth in World Population and
Energy Consumption ' CO:2 Production
10— - 10
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L ® Fission - MRl Fusion European Union Strategy
QO Energy Amplilier
RADIOTOXICITY 10'49% :goa‘] | The next goal of the strategy is the demonstration of
L =l a thermonuclear burning plasma on a long time scale:
Induced by : = » - It is a synthesis of the 40 year past investment.
- Fission @ 1012 1';‘_ - It will open the route towards the reactor.

E

without reprocessing
- Energy amplifier
- Fusion

- Coal-fired plant

E3d

To reach this goal, the following orientations are taken
- Promote the international ITER Programme and the
decision of the construction of a burning plasma facility
around 2003.
- Consolidate the fusion physics and technology base using

For the same total 6 the existing devices and enhancing the deuterium-tritium
electrical energy 10 256 a0 660 800 1000 Joint European Torus (JET).
generation Time after final shutdown{y) - Focus technology in accordance with the twe above
orientations.

Radiotoxicity(
=)

2
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WA Operating Range of Fusion Reactor Fusion Programme Implementation
I Reactor o Fusion Power - The Commission, with the advice of the
" Injected Power CCE-Fusion Commiittee, is responsible for the
. implementation of the Programme which will
F o= "Ipha Power be executed through :
- Alpha Powersinjecied Power L
Q - Associations
T Q45 - EFDA (European Fusion Development Agreement)
ooy "4 S T Electrical Power - Limited duration contracts?
]_ [ M reactor= N .
0% T T, 5o Fusion Power * Industrial contracts
Q + Mobility Agreement
' in countries without a fusion association
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(Wl Fusion Programme Implementation L Tentative ITER Schedule
: : Ditferent budgetary planmng_ cycles: ) ) .
European Fusion Development Agreement (EFDA) a CT::'e"%ir’a 2?"”::‘2'33“21 of "::ma"o"al decisions
E ITEH = LTI LU consruction proper
EFDA provides a framework for implementing i "‘T“”",' " 4
design and R&D in 3 interrelated areas : ; - RN ,
i CoETe o R L e €th Framawork Programema
. —_ . i EU 1 1 :
- Coliective use of JET facilities for the period yee “’Ia'“ﬂf':.lfPI“_:P“ oloposa swawgic paper FP7 proposs
beyond 1999 {with possible enhancements):; oo e

FY93 FY2000 FY 2001 FY 2002 FY 2001 FY 2004 FY 2005 FY 2006

' JAcycl
- Technology activities, including Next Step and e u‘ﬂ.‘ ﬂ‘ m“ mé‘ |

long-term technology ; : 1A Austesty Mortoren |
- Euratom contribution to international - hussa N.,‘wlp,.,sidn.“
collaborations, including the ITER-Engineering | 4 |
Design Activities. © Usa New Presiden

Reof PELLAT ¢ Fusion JAERI Semnar 1 Tokyo. November 30. 1999
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[j#&  European Fusion Programme Future Prospects for the JET Facilities
Chaimﬁzrrjreo?i%éng—FU - The main ph:.fsics issues for reactor-criented fusion
CSEATE OF THE AN b CUCL - -
rath S 1. The consolidaticn of the physics basis for the
el Lo St reference operating mode: the ELMy H-mode
DT and e kel 2. The development of understanding and scaling of
Feaoal mnad yneson resdlts advanced plasma regimes
t UROPEAN STRATLEGY 3. The study of burning plasma conditions with aipha
Enurgy tecds and source thvers Heanon heating ratic ( Fa) values closer to reactor conditions
luwaids the lusion reactol - JET can provide unique new data on items 1} and 2)
M organsabion and il even without signiiicam upgrades
(3)THE EFFICIENT FUTURE - New investments in JET would allow further progress
JET enhancement on item 3) as well as increasing significantly the
gff;‘;‘;:;ﬁvﬂ'f:ma physics operating domain {items 1) and 2)}.
European industry involvement With its deuterium - tritium capability JET will remain, for
European Council and Parliament support many years to come, the most relevant device for
CONCLUSION supporting reactor-criented fusion research
Fiend PELLAT ¢ Fusion JAER| Samirae 1 Tahpa, Bowvember 30, 1999 Fwnd PELLAT ¢ Fusion JAER| Saminar P Tokyo. Movesber 30, 1999
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LA Physics Issues 8 ITER Design for Reactor Relevant Long

for the Reference Operating Mode Sustained Burn in Stable Regime

- Plasma shaping optimisation by plasma , .
shaping (elongation, triangularity) Miror Radivar! smis. oy

Plasma Current:13.3MA

- Edge Localised Modes ELMs effect on Fusion powerﬁof,ﬂw‘)
energy content and divertor power loads {1500MW)
Burn time:>400s
(>1000s)
- Neoclassical Tearing Modes(NTM) Q(P1us/Piry): 10(o2)

stability and control {red: ITER FDR)

Ren& PELLAT / Fusion J AERT Semirar 1 Tolum, ovembec 00, 1909 Rend PELLAT ¢ Fiesinn JAER! Seminar 1 Tolyo, Moreriees 50 1999
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Comparison of the Cross-sections of the ITER
EDA Final Design Report{(FDR} and ITER Fusion
Energy Advanced Tokamak(FEAT) Designs
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3o @ ITER Programme : issues

To make the {TER venture a success for the benefit of
all the Parties, the main issues are :

-To set a broad-based collaboration for the
construction and the exploitation of the facility,
assuring :

- Benefits and cost equity between the Parties.

- Stability and flexibility of this 20 - 30 year lifetime

project.

- To define a legal entity compatible with hosting and
non-hosting Parties rights and obligations.

- To guarantee an efficient governance of the project
with a clear organisation and clear responsibilities,
especially from the safety point of view.

Reng PELLAT /Fusion JAERI Semrar 1 Tohya, Plovembet 30. 1999

(D ITER Programme : past and future

- ITER, a 1385 presidential summit initiative, is an
ambitious {ong term internationail R & D venture.

- Two EU - JA - RF - US phases have been successful
- 1988 - 1981 : Conceptuai Design Activities.

- 1992 - 1998 : Engineering Design Activities
extended to 2001.

- Today, it is essential to increase the momentum of
ITER project and to faunch the construction phase
around 2003.

- The exploration and negotiations will allow to solve the
key issues of such a EURO 3.5 billion megascience
project, among the EU - JA - RF Parties.

RarL BE11 AT i Fitine 1A€O1 Cormunar & Tobion Alrecmdo— 20 102

The ITER Parties and Potential ITER Sites

e . JAPAN:

' - Tomakomai

-, Rokkasho
*, Naka

CANADA: *.
Bruce '
Barlington

E.U.ltaly:
Puglia
~. . e Sardinia
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ok European Power Plant
Conceptual Study

- A Power Plant Conceptual Study has been launched
and will contribute to focus on fusion program
activities towards the fusion reactor.

* The scope of the study is to:
- Assess fusion energy status features and prospects
- Establish coherence and priorities in the EU fusion
program.

- The study follows from previous safety and
socio-economic activities with the objective to
maximize the credibility of fusion energy as a safe,
environmentally friendly, technically feasible and
economically viable energy source.

Aené PELLAT ! Fusion JAERI Seminar 1 Tokyo. Mavember 35, 1999
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Safety and Environmental Assessment of

Fusion Power

The two main results of SEAFP activities are:

- Health : the most severe accidents will not
require any public evacuation with appropriate
design provisions

- Waste : almost all activated material could
be cleared or recycled {with present low
activation martensitic steel, or future
advanced materials)
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% Cooperation with European Industry

Main role for industry was to manufacture the
components for European devices, JET (520
MEuro of contracts) and other facilities.

A Consortium of 9 companies is now associated to
the fusion R & D, induding design and fabrication
of ITER Mock Ups.

Present collaboration increases high technology
competences of European Industry allowing
applications in other fields {supra conduction,
robotics, electronics ... ).

Aené PELLAT / Fusion JAERI Seminar 1 Tokyo. Movember 36, 1933
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Decisions on Fusion in the European Union

The governance of Fusion R&D in the European Union (EU) involves 3
Institutions

- The European Commission has the initiative ol proposals and is
responsible for the implementation of decisions.

- The European Parliament deliberates on budgets and proposes
amendments.

- The Councit of the EU decides on proposals, possibly amended.
Fusion is part of multi-annual {4 years) Framework Programmes (FPs):

- JET is a successful example of a long-life, co-operative venture extending
over several FPs.

- The preparation for the formal proposal of FP6 (2003-2006) will soon be
initiated. Proposing the construction of a burning plasma facility is under
consideration, preferably as an intemational co-operation.

The Parliament has now a greater say in the EU's decision making
process.

Contacts between Members of the Parliaments of ITER partners could
contribute to improve the ITER budgetary stability.
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QJ; Fusion research has established a well funded
physics and technology basis.
High fusion performances have been realised,
reaching 16 MW of peak power and 23 MJ of energy.

(3:3 Today, the demonstration of a sustained burning plasma
is the next goal which opens the route towards the
reactor.

Q To reach this goal, we have essentially to:
» Consolidate the fusion basis, exploiting existing
facilities with required enhancements.
- Increase the ITER project momentum and launch the
construction phase around 2003.

) Strengthening the international broad-based collaboration
is the key to harness the benefits of fusion for mankind.

René PELLAT /Fusion JAERI Seminar 1 Tokvo, November 30. 1999
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