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La poblacion mlj'_?hi'\("jlﬁial consume 12.000 GW (2.300 w/persona)
Consumo desigual:

OCDE 6000 W/persona (1100 M)

Resto 1500 W/persona (5000 M)

Se espera un crecimiento de al menos 50% para 2030

80% de la energia: combustibles fosiles



80% energia : combustibles fosiles

mmm Coal

mmm Natural gas

mm Qil

pom Nuclear power

@ Hydroelectricity
Biomass and refuse

mmm Other renewable sources

(IEA World Energy Outlook 2006)
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Fusion Nuclear

OPEC OECD
63% 8%
Russia
14%
China
3%
Rest of
the world
12%

960 billion barrels remaining

“Warld Energy Outlock 2001." Inlernational Energy Agency

Escola d"Estiu 2008 Paterna
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Fision-Fusion
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Deuterio
e

, Energia
Eneryia J

Helio

‘ Proton
FISIén ‘ Neutron
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Reacciones posibles

D? +,D? -, T° + H! + 4.03 MeV
,D? +,D? —> ,He® + ;nt + 3.27 MeV

>3 D2 +, T2 — ,He* + ;nt + 17.6 MeV

,D? + ,He® —» ,He* + H! + 18.3 MeV

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008



Planta de Fusion
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Escudo bioldgico

Deuterio

4 Camara
Vacio

Litio

v

Combustibles
basicos

Primera pared

Litio

Manto
fertil

N

DT
T Helio
| (cenizas no-radioactivas)
DT, He —

Procesado d'el

combustible
4Hd |4Hd |4Hd [4H

Extraccid
Enerqgia Linea d? |
| Transmisiol
Generadof H:Djm
de vapor |

/

Turbina Generator de

D?+ T3 > ,He* (3.6 Mev) + jn* (14 MeV)
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Planta de Fusion
4

El “combustible”:

e Deuterio del agua del mar: 0.33 mg/litro

(Tritio) : se obtiene in-situ a partir del Litio
mediante la reaccion:

Lig+n —> He, + T; (+4.8 MeV)

Deuterio

4 Camara
Vacio

e Litio: de sales marinas o minas de sal

Litio

Abundante y distribuido por todo el planeta

v

Cor_nbustibles
asicos

- El litio de la bateria de un portatil: energia que consume
un europeo durante 20-30 anos

- Reservas estimadas para >10.000.000 afios a 15000 GW

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008



y Tecnoldgicos

Planta de Fusion [ #ie=s o, Slomet
ico
las “emisiones”

Helio: Inocuo para las personas y el
medio ambiente. Helio

(cenizas no-radioactivas)

e Cantidades minimas (6000 T/afo
para 15 TW vs /10T CO,)

7 2%l
'«% Linea de

%ﬁn Transmisiol
XN

e NO se acumula

Turbina Generator de
electricidad

e Valioso para la industria

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008
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Combustibles
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El problema

DT, He

Procesado del
combustible

ol

i | l (cenizas no-radioactivas)

ol

Generadof
de vapor

sy

Linea d(_e _
Transmisiol

/

Fusion Nuclear

Turbina

Generator de
electricidad
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Planta de Fusion
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Escudo bioldgico

|

Deuterio

4 Camara
Vacio

Litio

Manto
fertil

Primera pared I

Litio

DT

T Helio

| | (cenizas no-radioactivas)
DT, He

Procesado del

bustibl

nt@l‘camb Ca\o( combustible

4Hd |4Hd [4H
Extraccm IIA

Energia «Q Linea de

1 Transmisiol

Segurldad Intrinseca

e Lareaccidon se extingue tan pronto como el sistema se sale
del “punto optimo”

 No hay almacenamiento de Tritio

Joaquin Sanchez. CIEMAT
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Barrera Culombiana
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Fuerzas Repulsivas Eléctricas de Largo Alcance Fuerzas Nucleares de

Deuterio

Joaquin Sanchez. CIEMAT

Corto Alcance

Tritio
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Plasma de Fusion

Nucleos D — T han de
colisionar a alta
velocidad

—p E =15-20keV

Accesible mediante
aceleradores, pero no
rentable.

Solucion:
Plasma con particulas a 15
keV:

Temperatura del plasma:
170.000.000 °C

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008



Plasma de Fusion [z Semet

y Tecnaldgicos

Temperatura del plasma:

WAVAVAVAVAVAVAN
170.000.000 °C / ViViViVIViVIVY

Linea de Campo

"B

“Recipiente inmaterial” Particula cargada ™

Confinamiento magnético

Tokamak

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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ASDEX upgrade Tokamak Plasma
Max-Planck Institute flr Plasmaphysik

IPP-Euratom Association, Garching, Germany

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008
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Historia de la Fusion

Concepto Tokamak
A. Sakharov- L. A. Artsimovich

‘ 1950-65

JET ITER
1983- 2018

Confinamiento
Magnético

Concepto Stellarator
L. Spitzer

1951

LHD (Japon)
WVII-X (Alemania)
TJ-1l (Espafna)
1998

Joaquin Sanchez. CIEMAT ion Nuclear CONAMA_2008
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¢, Cuarenta anos para la Fusic’)n’i‘ e

Para confinar un gas a 300 M°C se
necesita:

« Campo magnético (<10T)

- Tamano (1000 m3 para
alcanzar ignicion)

T3: ~1m3, ~3M°C
Primer

“tokamak” (1969) _ >

=3

JET: ~100 m3, ~ 300 M °C
16 MW de fusion, ganancia 0.6 (1997)

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008
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Progreso

100,000,000 M .
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1,000,000 | Fusion Energy il
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¢

0.01 0] = 100,000,000

0.001 |- O . = 10,000,000
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ITER: el proximo paso

Objetivos:

Demostrar la viabilidad
cientifica de la fusion

Ganancia energeética Q
Q>10 durante 500 s

Q> 5 durante 1500 s

Tests tecnolégicos
(materiales, modulo
generador de tritio...)

| Y

!
h:*‘.‘l
B |

" .y g g ) . _

\

Coste: 5000 M€ ( del afo 2000)-—==
Construccion: 2007-16 |

Joaquin Sanchez. CIEMAT Fusién Nuclear
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Socios:

Europa
Japon
China
Rusia
EEUU
Corea S
India

CONAMA_2008
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Central Solenoid
Nb,Sn, 6 modules

-
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b3 ' DEESPARNA  DE CIENCIA Centro de Investigacionss
a0 .

Cryostat
24 m high x 28 m dia.
Toroidal Field Coil

Nb,Sn, 18, wedged Vacuum Vessel

O sectors

Blanket
Poloidal Field Coil 440 modules
Nb-Ti, 6
Port Plug
heating/current
drive, test blankets
limiters/RH
Major plasma radius 6.2 m diagnostics
. 3
Plasma Volume: 840 m Torus

Typical Temperature: 20 keV Cryopumps, 8

Fusion Power: 500 MW _
Divertor
54 cassettes

Machine mass: 23350t (cryostat + VV + magnets)
- shielding, divertor and manifolds: 7945 t + 1060 port plugs
- magnet systems: 10150 t; cryostat: 820t

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008
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LENTRAL SQLENOID MODEL COIL VACUUM VESSEL SECTOR
o Y eight 28 % l' | .l
e i g g Nl

© 0.6 T/sec

Double-Wall, Tolerance + 5 mm
BLANKET MODULE

N

REMOTE MAINTENANCE OF BLANKET
\t Blanket Sector

TOROIDAL FIELD'MODEL COIL

ttachment Toleran€ &

Joaquin Sanchez. CIEMAT
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- t
NbTi poloidal % =, 1 i
field (PF) coils = # ; 15 o
position and . 2 ,}
7 4 .
shape plasma;  ® _ g; %
S %, g
' R . lﬁ:
: B . B
- u b
Superconducting.
NbsSn toroidal field
(TF) coils produce
confining/stabilizing
toroidal field;
*
&
“ TF
i Modular Nb,Sn central
' i solenoid (CS) coil
Airbus 380: 105 componentes CATIA "}duces CUFenL ¥ 1he
plasma.
ITER: 107 componentes

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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Fusion Nuclear
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FHM : I - [ gl
Snear b - 5 | RF Ground
Ky
Window #
Support = \ Fadlating
Dielecirc - - / Strap
Cones
4P Themal =
Expansian
BrEan ' Strap ! 4FJ
N - ~ Supply
4 Port Junction e S

Flow Guidng Discs
FHM Faed Ppas —

FHM Coverpiates "
Femiowved to show -~
Cocling Chambers
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5fm

Obra civil
cerca del 15%
del coste del
proyecto

17 m

Joaquin Sanchez. CIEMAT Fusion Nuclear CONAMA _2008
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Artistic view TOKAMAK building

CEA-Cadarache
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Aerial view

TOKAMAK location CEA-Cadarache
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EMMOVACION  Enemgdicos, Medicambientales
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nto cientifico

i R i i o b i o ool 5ol S Ly

e ST

B et Sy Bl

gestionado por el
DG de ITER

European
Union People’s Republic s Japan
+ ofChina gabubiic

of Korea

India¥
90% son

aportaciones de los
SOCIOS en especie

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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Management Structure of
ITER Organization

| Management
 Advisory Committee

‘ ITER
Council

Science and Technology

Kaname
| Ikeda
Dept. for DoG !
Safety/Security Carlos |
«Safety Control Alejaldre Director-
“Quality Assurance | General
“Security R R
|

oDG DDG
. Wang Valary

Shaogl Chuyanoy

Dept. for Administration

= Finance/Contracts/Support |

= Human Resources
= Public Relations

| Technology

= Science
| = Technology
|

Dept. for Fusion Science and |

DG |
| Gary
Johnsa
B |
Dept. for Tokamak |
« Magnet
= Vessel
| = Internal Components
* Assembly/Maintenance

cocG
Yang-Hwan
Kim

]

Dept. for Central
Engineering

& Plant Support

« Plant Engineering

* Fuel Cycle Engineering
* Electrical Power Supply
* Design Office

* Diagnostics

onG

Dhiraj

Bara

Dept. for CODAC |
& IT, Heating & CD,
& Diagnostics
« CODAC and IT
* Heating and

Current Drive

Joaquin Sanchez. CIEMAT

Advisory Committee
Office of the Director-
General
Horbert
e | ITER Council Secretary
Egg:'m' | Legal Office
Project Office
« Design Integratien
& Conflguration Cantral

» Praject Management

+ Technical Co-ordination

« System Analyses

« Environment, Safety & Health
Office of Field Teams
Civil Construction - Field Team Leader
and Site - Staff (QA, €23,
- Building System bbb ;‘5:'“ ¥
« Site Layout o
+ Nuclear Buildings
= Bteel| Frame Buildings

Fusion Nuclear

Technical
Advisory
Group

Domestic
Agencies
» China

+ EU

* India

+ Japan

« Korea

+ Russia

« USA

Version of
July 5, 2007

CONAMA_2008



—~ .y
LICENSE TO TOKAMAK FIRST
ITER 1O CONSTRUCT ASSEMBLY STARTS PLASMA
A 4 A 4 v A 4
2005 | 2006 [ 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 |
'_:'— ; VATE
L SN TOKAMAK BUILDING
OTHER BUILDINGS
| : . Complete
Construction License Process First sector Camplete VYV  blanket/divertor
] A4 A 4
Ihstall PFC Install CS
t L |
cryostat OMMISSIONING
Bid Vendor’s Desi
[ e—
MAGNET = o ——— = =4
Contract PFC TFC CS Lagt TFC Last CS
. fabrlcat||on start
vEsSEL  3d ,
e — =
Contract First sector | ast sectar

Joaquin Sanchez. CIEMAT

Fusion Nuclear

CONAMA_2008



\.r DE ESPANA DECENCLR i de Investigacions
Er'e 10{:. r.iedmrrmemcllea
¥ Tecnaldg

E_‘ GOBIERNO  MIMISTERIO Clemt

ITER demostrara la viabilidad de |la Fusion pero
aun faltara:

-Fisica: estado estacionario
optimizacion del campo B (coste)
reactores 22 generacion: “stellarators”

-Tecnologia Materiales
Autosuficiencia en Tritio
Disponibilidad (24x7)
Mantenibilidad

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008



Tecnologia () Materiales: rga térmica -

Plasma
_ Disruptions
£ 107 Reentry
E Vehicles NR:zZT:st
2 102 -
E o
- 1 usion
L. 10 Divertor
prer)
> 10° Fission (fast breeder) | NGNGB
I Fusion 1st Wall
i Fission reactor (LWR
10 ; | | | | | | (I )I ]
102 10° 102 10* 10°
Duration (s)
Alternativas:

CFCs, Tungsteno, “mechas” de Litio liquido

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008



Materiales: Dafio por irradiacion E{ s Em, SEmR

y Tecnoldgicos

Irradiation parameter ITER*

Total neutron flux [n/(s cm?)] 4x10" AGIVEEET
Hydrogen production [appm/FPY] 445 Dafo estructural
Helium production [appm/FPY] 114 (dpa’s)

Damage production  [dpa/FPY] 10 Burbujas de He /H
H/dpa ratio [appm/dpa] 44.5

He/dpa ratio [appm/dpal] 11.4

Nuclear heating [Wicm’] 10

Wall load [MW/m?] 1.0

Candidatos (material estructural):
*Aceros martensiticos “EUROFER”
*VVanadio
«SIC/SIC

Molecular dynamics calculation
of displacement damage due to

neutron impact.
Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA_2008
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e ~ —O—MANET-lI R S e oo
100k *w ........... . —O—OPTIFER
: : EUROFER-97

3 \ —7— F82H-mod

10 .......................................... \ EUROFER ref.
%\‘D —+—FE

.......... \D

.| Long term irradiation

.......... i\\ (12.5 MWa/m?) of a Obijetivo:
\\\ | | DEMO reactor first wall : . .
A \ — baja activacion

Materiales reciclables
después de
<100 anos

Surface Gamma Dose Rate [Sv/h]

10° 10° 10" 10° 10" 10° 10° 10* 10° 10°

Time after Irradiation [y] CONAMA_2008



La fuente de neutrones de 14 MeV: E{% S et
IFMIF

y Tecnoldgicos

Modulos del Blanco

"“ Sistema para el Transporte
- del Haz a Alta Energia

, " Circuito del Li

Previsto 2015, presupuesto 1000 M€ (pendiente acuerdo internacional)

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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Tecnologia (I
Manto reproductor de Tritio (“breeding blanket”)

Multiplicador neutronico (Be)

Sumi.nistro «—— Li/Pb, ceramicas de Li
exterior — D NN

continuado

Aportacion |

inicial Refrigerante: He

Es necesario cerrar el ciclo: ganancia ~ 1.2

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008



ERMMOVACION  Enemgéicos, Medicambisntales
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sovo o Crenmal
Tareas del “Blanket” E%ﬁ

Hesub- &
 He-1 Pb-17T.1  coolant

manifold

hot shizld
cold shueld

* Reproducir Tritio

e frenar los neutrones del4 MeVH"'/‘-h-a_W

UDS Layers T
plated to the F'W

- Extraer energia (5 MW/m#?) | A
SiCySIC

. ., rad. (FW+Grids) ~4
e Evitar permeaciéon de T 2 channcl inscis

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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recnologia

Iale Tee ]

f
z.f
oy

;-?ﬁ

7

« RAM

Mantenimiento remoto

sFiabilidad de un sistema muy
complejo

i1t
114
IIII.
i
it :

e 1 'H“'q-n. LY o] t.-l-ll-n-...-l_

 Tecnologias “convencionales”
sIntercambiadores He/agua

eConservacion del He

e Superconductores de alta temp.

e Optimizacion del precio kW.h

Joaquin Sanchez. CIEMAT Fusién Nuclear
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E ﬁ_} cosemo  msmo  Corenmal

La hoja de ruta hacia el reactor comercial

2005 2015 2025 2035
IFMIF | design

DEMO explore concept R&D design

ITER

IFMIF

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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¢ :
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Aunque las inversiones en Fusion son modestas en términos del gasto

mundial en energia son muy elevadas para los presupuestos publicos de
investigacion.

La investigacion progresa reduciendo al maximo la posibilidad de fracasos
en cada paso.

COSTE

RIESGO TIEMPO
Tecnologico

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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u SiRm~ DEESPANA  DE CIEMCIA Ceantro g Investigacionss
se puede acelerar 181 %5 SR, e
¢ :

y Tecnaldgicos

Aunque las inversiones en Fusion son modestas en términos del gasto

mundial en energia son muy elevadas para los presupuestos publicos de
investigacion.

La investigacion progresa reduciendo al maximo la posibilidad de fracasos
en cada paso.

COSTE (ITER ~ consumo mundial de energia de un dia)

RIESGO TIEMPO
Tecnologico

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008
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601

Copyright © 1986 The New York Times

| €he New Qork Eimes

NEW YORK, FRIDAY,

Late Edition

Weather: Rain likely today, strong east
erly winds; rain ending late tonight.
Partly clowdy and warmer tomorrow.
Temperatures: today 4147, tonight 40-
A45; yesterday 38-62. Details, page C30.

NOVEMBER 22, 1985 bt Tl e Ve Gy, 30

>xt of the Joint U.S.-Soviet Statement: ‘Greater Understanding Achieved’

pecial 10 The Mew York Times
EVA, Nov. 21 — Following is
“of the joint Soviel-American
nt at the end of the summit
 today, as made public by the
[ouse :

utual agreement, the Presi.
the United States, Ronald
, and the General Secretary of
tral, Committee of the Com-
Party of the Soviet Union, Mi-
Gorbachev, met in Geneva
21. Attending the meeting on
side were Secretary of State
P. Shultz; chief of staff, Don-
egan; Assistant to the Presi-
bert C. McFarlane; Ambas-
the U.S.5.R., Arthur A. Hart-
ecial adviser to the President
Secretary of State for Arms
Paul H. Nitze; Assistant Sec-
I State of European Affairs,
' L. Ridgway; Special Assist-
e President for National Se-
ffairs, Jack F. Matlock.
on the Soviet side were
‘of the Politburo of the Cen-
mmittee of the C.P.S.U.,
‘ol Foreign Affairs Eduard
irdnadze; First Deputy For-
ister Georgi M. Korniyenko;
wdor to the United States,
F. Dobrynin; head of the De-
t of Propaganda of the Cen-
mittee of the C.P.5.U., Alek-
. Yakovlev; head of the De-
t of International Informa-
1e Central Committee of the
» Leonid M. Zamyatin;
to the General Secretary of
ral  Committee  of the
, Andrei M. Aleksandrov.
comprehensive discussions
the basic questions of 11.§.-
lations and the current inter-
situation. The meetings were
1 useful. Serfous differences
na number of critical issues.
acknowledging the differ-
1 their systems and ap-
to international  issues,
ater understanding of each
'w was achieved by the two
They agreed about the need
Ve Soviet relations and
ational situation as a whole,

In this connection the two sides
have confirmed the importance of an
ongoing dialogue, reflecting their
strong desire to seek commeon ground
on existing problems.

They agreed to meet again in the
nearest future. The General Secre-
tary accepted an invitation by the
President of the United States to visit
the United States of America, and the
President of the United States ac-
cepted an invitation by the General
Secretary of the Central Committes
of the C.P.S.U. to visit the Soviet
Union. Arrangements for the timing
of the visits will be agreed upon
through diplomatic channels.

ple of 50 peréent reductions in the nu-
clear arms of the U.S. and the

firmed that they are in favor of a gen-

ministries and departments in such
eral and complete prohibition of

—na %Inbnl task — through joint re
fields as agriculture, housing and pro- |

search and practical measures. In ac

U.5.5.R. appropriately applied, we
well as the idea of an );MErtm LN.F.
agreement.

During the negotiation of these
agreements, effeclive measures for
verification of compliance with obli-
gations d will be agreed upon.

Risk Reduction Cente=-

The sides agreed to study
tion at the expert level of cer.
reduce nuclear risk taking il
count the issues and developrh
the Geneva negotiations. The,

In their meetings, agr was
reached on a number of specific
issues. Areas of agreement are regis-
tered on the following pages. -

Security

The sides, having discussed key se-
curity issues, and conscious of the
special resspfmsiblllty of the USSR
and the U.5. for maintaining peace,
have agreed that a nuclear war can-
not be won and tt:m“ never hm
Recognizi t & confll
tween the’:.l‘.S.S.R. the U.S. could
havec hi il , they
emphasized the importance of pre-
venting any war between them,
whether nuclear or conventional,
They will not seek to achieve military
superiority.

Nuclear and Space Talks

The President and the General Sec.
retary discussed the negotintions on
nuclear and space arms.

They ag to accelerate the work
at these negotiations, with a view to
accomplishing the tasks set down in
the Joint U.S.-Soviet Agreement of
Jan. 8, 1985, namely to prevenl an
arms race in space and to terminate
it on earth, to limit and reduce nu-
clear arms and enhance strategic
stability.

Noting the proposals recently tab-
led by the 1.5, and the Soviet Union,
they called for ly progress, in
particular in ar where there s
conmmon grouwd | including the princi

tisfaction in such recent s
this direction as the moderniz:
the Soviet-U.S. hot line, s

Nuclear Nonprolifeﬂ:]

General Secretary Gorbac
President - Reagan reaffirme
i i of the USS.R. a_
U.S. to the Treaty on the Nonpi
ation of Nuclear Weapons anc
interest in  strengthening
with other countries the
tion regime, and in further enh:
the effectiveness of the treaty,
alia by enlarging its members

The U.S.5.R. and the U.S. re:
their commitment, assumed by
under the Treaty on the Nonpro
tion of Nuclear Wea , to§
negotiations in good faith on m
of muiclear arms limitation and
mament in accordance with /
V1 of the treaty.

The two sides plan to contis
i he strength g of t
lernational Atomic Energy A
and to suppoit the activities
agency in implementing safeg
as well as in promoting the ped
uses of nuclear energy.

They view positively the pract
regular Soviet-U.S. consultatio
nomproliferation of nuclear wea
which have been businesslike
constructive, and express their |
to continue this practice in the fu

Chemical Weapons

In the context of discussin
curity problems, the two sides

tection of the environment have been
useful.

Recognizing that exchanges of
views on regional issues on the expert
level have proven useful, they agreed
to continue such exchanges on a regu-
lar basis.

The sides intend to expand the pro-

cal e and the destruc-
tion of existing stockpiles of such
weapons. They agreed to accelerate
efforts to conclude an effective and
verifiable international convention on
this matter.
The two sides agreed to intensify
bilateral discussions on the level of

Bvrsrte e all coma—i. 2

cordance with the existing U5,
Soviet agreement in this area, consul
tations will be held next year in Mos
cow and Washington on specific pro-
grams of cooperation.

Fvonhanoan Tanitlatlann

Fusion Research

The two leaders emphasized the
potential importance of the work
aimed at utilizing controlled thermio-
nuclear fusion for peaceful purposes
and, in this connection, advocated the
widest practicable development of in-
ternational cooperation in obtaining
this source of encrpy, which i1s essen
tialy inexhaustible, for the benefit for
all mankind.
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Fusion en Espaia:
CIEMAT

Se forma un grupo
de investigacion en
1975

El tokamak TJ-I
comienza operacion
en 1983

C -
i 4 1 GOBERNO  MINISTERIO Clemt
; \.| DE ESPANA  DE CIEMNCIA Cenfro de Investigacionss

] ﬁ ENNOVACION  Enemgéicas, Medicambientales
L vy Tecnadgicas

El Torsatron TJ-1U fue

- construido en CIEMAT y
posteriormente cedido a la
Universidad de Kiel en 1999
(ahora TJK)

El Stellarator TJ-II comlenza operacion I(_:EIiE(I\)/Ith'I?-HOfde materiales
__en__:.199<_8 (Grupo de 129 personas) referencia europea

- A2 S fis. en materiales alslantes
| |
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' DEESPARNA  DE CIENCIA ens de Investigacionss
E BNMNOVACION Er-e ficas, Medicambienta I3

E"‘ GOBEANO  MINISTERIO Cm

Estrategia espanola

“ Tecnologia J

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008




Joaquin Sanchez. CIEMAT

Magnetic Circuit
{iron transformer core)

TOKAMAK

Primary Transformer Circuit
(inner poloidal field coils)

Plasma Positioning
and Shaping Coils
outer poloidal field coils)

Resultant Helical
Magnetic Field
(exagoerated)

h
Secondary transformer circuit
{plasma with plasma current, |,)

Campo poloidal es producido por
la corriente inducida en el Plasma

eIngenieria mas sencilla

*Mejor transporte de energiay
particulas

Mayores tamanos

Mas cerca de alcanzar “ignicion”
*ITER es un Tokamak

Pero: operacion pulsada, disrupciones

Fusion Nuclear

-
T ¥ GOBERNO  MEMISTERIO Cm
b3 ' DEESPARNA  DE CIENCIA Centro de Investigacionss
- & EMMOVACION  Enemgdicos, Medicambientales

y Tecnaldgicos

m STELLARATOR

Campo poloidal es producido
por corrientes externas al Plasma

Ingenieria mas compleja
sTransporte mayor (?)
*Tamanos menores
eFactor 30 detras de los tokamaks

Ventajas: operacion estacionaria,
no disrupciones

Candidato optimo para el reactor
comercial

CONAMA_2008



Stellarators en el mundo: | zan Siomet
NeSX1  [Wendelstein 7-X
HSX
QPS Wendelstein 7-AS] baeZ
LHD
CAT TJ3- TIK CHS
Heliotron-J
CHSQ
H-1
[7 .
w ) 5]
/ Y \
7]
77/
i1/ //7/
17777 7 N2 AN
017227 N /7777

Joaquin Sanchez. CIEMAT

Fusién Nuclear
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Bdbinas de campo Vertical

. SO £

Camara

de vacio

Toroidal

Bobina Central

Joaquin Sanchez. CIEMAT Fusién Nuclear CONAMA 2008



INSTALACION SINGULAR TJ-lI Al <o Bececa Clemat

- EMMOVACION  Enemgdicos, Medicambientales
v Tecnoldgicos

| Contratos ( x1000 €) Industriales
J; » B ganados en concurso abierto
europeo: proyectos JET & ITER.

\“4 Implicar a | zom|

80% adjudicado a empresas que
empezaron en fusién con el TJ-II

02006
W 2004-05
@2000-03

Ia 20000 -
“ Industria | e

= . N II. ILI' I/ O {

sy L P a del|TER en.Barcelona -
Implicar al sistema nacional de I+ ¢ g e AU S s SRR G

DOCTORADO PLASMAS & FUSION, MENCION DE CALIDAD (2005-
*EUROPEAN MASTER FUSION PHYS. & ENGINEERING, ERASMUS
MUNDUS (2006-

UNIV. VALLADOLID  UNIV, CANTABRIA

(Espactroscopia) (Turbulencla) UNIV.POL. CATALLRA
ICVICSIC (Participaicitn remata)
(Materiales: (Desarrolle codigos)
caracterizacion y
dasarralla) UAE
LA (Estudios
[Materiales: linea del A SoCiDeconomicos)
acelarador) Univ, P Mavarra
{Base de dalos fislca alémica) [Bisbemaaq? microondas)

UNIY, CARLOS N
[Turbulancia)

[Desarrollo diagndsticos) flerigles: difusidn de T en Diamanie)
(Estudios de configuracion) UMIV. Alicant
[Mabe:'lﬂlﬂ'-‘l! ﬁil;ﬂm (Modelado deln?:;mlea]
e ; ABO ORIO S
UPM-MNational Instrumeants
mAvCH Lol o i3 LABORATORIO DE MATERIALE
[Sensores magnét {Modelado de materiales)
U. Cordoba

(Teoria, MHD )

WEBIFI, Zaragoza:
r (Fisica basica)

[Plasmas industriales,
Diagnosticos )

1sion Nuclear
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Ciremalt
Cenfra de Investigaciconss
Energéicos, Medicambientales

y Tecnaldgicos

Joaquin Sanchez. CIEMAT CONAMA_2008



Ciremalt
Cenfra de Investigaciconss
Energéicos, Medicambientales

y Tecnaldgicos

Joaquin Sanchez. CIEMAT CONAMA_2008
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