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1. INTRODUCTION

 Fusion is the process that powers the sun and other stars,
providing heat and light to sustain life on Earth.

 R&D activities in Controlled Nuclear Fusion have been carried out
since the 50’s of the last century, aiming at demonstrating that
fusion might be a clean, powerful, practically inexhaus tive,
safe, environmentally friend and economically attractiv e
energy source for the sustainable development of our socie ty.

Clean .................. No emissions of greenhouse gases

Powerful ............... One gram of fusion fuel could generate the same
electricity (100 000 kwatt.hour) that is obtained by
burning eight tonnes of coal.




Practically inexhaustive

.. The basic fuels for the % “He + n + Energy

easiest fusion reaction \
to be accomplished on
Earth

D+T——He+n+17.4 MeV

can be obtained from abundant and widely
distributed elements:

Water — D

Lithium — Ti

Inherent safe .... Runways and meltdown accidents are not possible
because only small amounts of fuels are presented
inside the reactor and any malfunction results in a rapid
shutdown




Environmentally friend ....(I) The day-to-day operation of a fusion power
station does not requires the transport of
radioactive materials outside the plant;

(i) The risk of radioactive emissions is very low

(i) The waste will not be a long-term burden on
future generations
 Controlled fusion reactions can be obtained on Earth by

magnetic and Inertial confinement, while in the sun is by
gravitacional confinement

Gravitacional
Confinement
in the Sun

Magnetic
container
on Earth




 Magnetic confinement fusion is a world-wide effort
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e The EURATOM Fusion Programme has the worldwide leadership
of the magnetic confinement R&D
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2. EURATOM FUSION PROGRAMME (EFP)

« The EURATOM Fusion Programme was created in 1958, since the
European Union has understood that the realization of a prototype
fusion power plant requires a long-term and large scale effort that
could not be sustained by any single Member State

« The EU Member States and the Associated Third Countries have
decided to collaborate in a single fully integrated and co-
ordinated programme , carried out in the frame of the EURATOM
Treaty.

* Due to its peculiar organization, based on Contracts of Association
and Joint Undertakings, the European Fusion Programme Is since
1958 a good example of the concept of “European Research
Area” introduced in 2000 in the EU Framework Programmes.




 The long-term objective of the EURATOM Fusion Programme i S
being achieved by steps:

- To prove the magnetic confinement concept in toroidal configurations and
the efficiency of the plasma auxiliary heating and current drive systems

- To establish the physics, engineering I figh Evrey
and technology basis for the design ™| " e
of the first experimental reactor _ CTER
JET (“Joint European Torus”) ' i o
16 MW of fusion power &~ 4 Gt
3 seconds :
B I -
- First experimental fusion reactor | Deveeed
=Ry U AR PO GO Y. SN o

- DEMO — PROTO —— COMMERCIAL

- DEMO + PROTO -




 The progress of fusion R&D is illustrated by the triple product
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» The triple product has increased 10 000 times in the last thirty years,
a rise faster than those of the computer chips and accelarators

* An additional factor of 6 is still needed for a fusion power plant
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« The EURATOM Fusion Programme includes activities in
physics, plasma engineering and technologies
* Physics

- Scientific exploitation of magnetic confinement devices

S e | . 'I"._t"." T '1.."_l=_l.
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- keep-in-touch activities on inertial fusion energy
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Plasma engineering
- Heating and current drive systems

- Diagnostics
- Control and data acquisition
- Plasma-wall interaction

Fusion power plant technologies
- Superconducting

- Breeder blanket

- Advanced materials

- Remote handling

- Cryogenics and vacuum systems
- Safety and environment

- Socio-economics

- Power plant conceptual studies
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e Fusion in the 7 ™ Framework Programme, 2007-2011,
composed by two main components:

Participation in ITER construction
Accompanying Programme

Preparation for the ITER scientific exploitation
Activities for the DEMO conceptual design
Development of concepts for fusion power stations

Broader Approach (EURATOM and Japan)

Site preparation
Establishing of the Domestic Agency for ITER

Construction of installations and equipment
Support to the Project

IS
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* Implementation

- The EURATOM Fusion Programme is managed by the European
Commission , assisted by a consultative committee (CCE-FU)




« Associations are long-term, bilateral contracts  signed by
EURATOM and organization in, or acting for, Member States or
Associated Third Countries.
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« The European Fusion Development Agreement IS a framework
contract signed in 1999 between EURATOM and its Associates in the
Fusion Programme, with three main goals:

To provide a legal frame for the collective use of the JET f acilities by
the Associates ;

To co-ordinate the EU contributions to large-scale intern ational
collaborations , such as ITER Engineering and Design Activities;

To co-ordinate and support the technologies activities of th e
Associates and Industry

EFDA in FP-7 shall cover the following activities:

Collective use of the JET facilities by the EFDA Associat es;

Co-ordination of the physics and emerging technologies activ ities of
the Associates;

Training and career development of researchers, promotion of | INks
to universities and public information activities

Co-ordination of the EU contributions to international coll aborators
that are outside the scope of F4E. < |
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e The European Joint Undertaking for ITER and the Developmento  f

Fusion Energy (“Fusion for Energy”) (F4E) was established by the
EU Council, on March 27th 2007, between EURATOM and the
governments of the Member States and Associated Third Countries

‘ Duration: 35 years \ ‘ Budget: 9653 MEuros \
‘ Headquarters: Barcelona \

* Main objectives

- To be responsible for the EURATOM contributions to ITER;
- To manage the EURATOM contributors to “Broader Approach”
activities;

- To prepare and co-ordinate the activities in preparation for t he
construction of a demonstration Fusion reactor (DEMO) and re lated

facilities (IFMIF).
< |
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3. ITER

 ITER is a joint, international, large-scale R&D project, of the
tokamak-type, developed by the ITER organization established by
an agreement signed on November 24th 2006, in Paris, by
EURATOM, Japan, Russia Federation, United States of
America, South Korea, China and India.

10 years for construction Total budget ............. 12000 MEuros
20 years for scientific exploitation ||| Budget for construction 4500 MEuros

5 years for decommissioning

 ITER is the first example of the globalization of Science &

Technology
e Contributions for construction, mainly in kind

- 50% EURATOM ..... 38% from the EURATOM Fusion Programme
..... 12% from France as Host Country

- 10% from each other Party
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* ITER has two main objectives

(i) To prove the scientific and technical viability of fusion e nergy

500 MW of fusion energy
300 seconds
Q di10to 20

(i) To test the simultaneous
and integrated operation of
the technologies needed
for a fusion reactor
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 The ITER Organization has its headguarters at Cadarache
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4. STEPS BEYOND ITER
* The route towards a fusion power plant

Includes DEMO and the prototype of a commercial fusion
reactor
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« DEMO will integrate the optimised reactor core design f rom ITER
and will be designed to:

(i) Produce thermal fusion power in levels relevant for commerci al
power production;

(i) Have the capability of net electricity production

(i) Demonstrate tritium self-sufficiency

(iv) Demonstrate high reliability and the performance of low- activation
materials

« The prototype of a fusion reactor should demonstrate the
economically viability of fusion technology by producing
electricity at a commercial scale.

First injection in the public grid of electricity
produced by fusion reactions might occur 35 years
after the beginning of ITER construction
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5. ROLE OF INDUSTRY

« The EURATOM Fusion Programme has always promoted interactive
knowledge transfer between the research community and industry

-  Leading-edge technology have
been developed for fusion R&D;

- Formation of many spin-offs and
companies;

- Industry has given important
contributions to the success of
JET and other fusion devices as
well as for ITER EDA.

« The Committee for Fusion-Industry
advised the Commission and CCE-
FU on industrial policies
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6. CONCLUSIONS

« The EURATOM Fusion Programme has the world-wide
leadership of the magnetic confinement fusion research and
development activities due to its:

- Stable and efficient organization;

- Well-defined strategy towards the construction of commercial
fusion power plants;

« EURATOM is playing a leading role in the ITER Project

* Nuclear Fusion might be a commercial energy technology in
the second half of this century
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