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Energy Consumption 

World average: 2000 kWh/persona/año 
Total Consumption (90´s):5.000 millions x 2.000 = 104 TWh 

Assume a future:  world population  doubles and less of 1/3 American consumption 

allows a satisfactory quality life 

Total Consumption (XXI):10.000 millions x 3.000 = 3 x 104 TWh 

World Bank data 
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Energy Consumption 

Resources disponibility 

Environmental consequences 

Supply security 

 
New 

Energy 
Cocktail 

World 
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90´s 

 
Oil                    43 (32)% 
Coal  22 (30)% 
Gas  20 (24)% 
Nuclear        8 (4)% 
Hydro      5 (7)% 
Other      2 (3)% 

BP 2017 ENERGY OUTLOOK 
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  Coal   ≈ 200 años 

Energy options 

  Short term 

  Oil/gas   ≈ 50 años 



Coal production is expected to reach 7.000 Mtons in 2030 – 

China is currently bringing two additional coal-fired power 

plants to the electric power grid every week.  



CO2 levels in the last 400.000 years 





Reality - Forecast 



Energy options 

  Short term 

  Oil/gas   ≈ 50 years 

  Coal   ≈ 200 years 

  Billion years (Sun)   Solar 

  Long term 







Energy options 

  Short term 

  Oil/gas   ≈ 50 years 

  Coal   ≈ 200 years 

  Billions years   Fusion 

  Thousands years   Fission 

  Billion years (Sun)   Solar 

  Long term 



Fusion Fuel 

Primary fuel of a Fusion Power Plant is water and lithium* 

Lithium from a portable battery + half bathtub water (-> a thimble of heavy water) can 

produce 200,000 kW-hour  

≈ average consumption of one spaniard during 45 years 

* Deuterium/hydrogen = 1/6700 

 + tritium from: neutron (from fusion) + lithium  tritium + helium 

40 Tons 

of coal 

≈ + 

45 liters of water 
Computer 

 battery 
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¡Fusion Power Plant already working! 

  



T 

D 

Fusion 
He 

n 

+ 20% de Energy (3.5 MeV) 

+ 80% de Energy (14.1 MeV) 

• The most “suitable” fusion reaction for 

energy production in our planet:  

2D + 3T  4He (3.5 MeV) + 1n (14.1 MeV) 

• Two other reactions are very important 

for DT fusión: 

1n + 6Li  4He + 3T + 4.8 MeV 

1n + 7Li  3He + 3T + 1n – 2.5 MeV 

− These reactions will permit to generate 

tritium in a fusion power plant. 

1 keV = 1.16 × 107 K 

Fusión in our Planet “... Is not the same as in the Sun“ 



Problem-Solution 

PROBLEM 

Repulsion 

SOLUTION 

HEATING FUEL 

TO 
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PROBLEM 

OVEN SOLUTION 

MAGNETIC 

CONFINEMENT 

INERTIAL 

CONFINEMENT 



THE BOTTLES: Tokamak and Stellarator 
"тороидальная камера в магнитных катушках" 

(toroidal'naya kamera v magnitnykh katushkakh) — 

toroidal chamber in magnetic coils (Tochamac)).    

TJ-II 

CIEMAT 

LHD 

Japón 



JET: The world biggest nuclear fusion “bottle” 

JET 



Achievements 



Temperature - Ti:  1-2 108 K   (10-20 keV) 

     (~10  temperature at Sun center) 

Densidad - ni:   1 1020 m-3 

    (~10-6 atmospheric density) 

Energy confinement time - E: few segundos ( corriente  radius2) 

    (plasma pulse duration ~1000s) 

 

Fusion power amplificación:    

 

   Today’s facilities : Q ≤ 1 

  ITER: Q ≥ 10 

    Controlled ignition’: Q ≥ 30 

  

   

Q =  
Fusion Power

Input  Power
 ~  niTitE

Plasma fusion performance 
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Fusion Safety 

• Energy: any deviation from the required conditions ends the 
fusion process. 

– “chain reaction” is not possible 

• The residual heat is “small” and confined to the structural 
materials. 

• The fuel inventary is small. 

• There is not long life/high activity radioactivity. 

• There are no materials with “proliferation concerns”. 

• There is no greenhouse gas production. 

• The consequences of posible accidents are esentially 
limited to the economic impact on the plant. 
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Collaboration is our greatest asset 

Ceremony ITER Agreement Signature, Elysee Palace, 21 November 2006 



The size of ITER is 

double the size of the 

largest actual 

experiment. 

Tore Supra 

Vplasma      25 m3 

Pfusion     ~0 

Tplasma    ~400 s 

JET 

Vplasma      80 m3 

Pfusion     ~16 MW, 2 s 

Tplasma    ~30 s 

ITER 

Vplasma      830 m3 

Pfusion     ~500 MW, ~400 s 

Tplasma    ~700 s 



Tokamak Complex 

Resting on 493 seismic pads, the 440 000-ton Tokamak Complex comprises 7 levels (2 underground).  



DEMO ≥ 500 MWel  

1 – 2 Horas 

JT-SU JET K-STAR 

IFMIF-DONES 

2 D+ beams, 40 MeV, 125 mA on a Li target 

ROADMAP TO NUCLEAR FUSION ENERGY 

ITER – 500 MWth  
300– 500 segs 



30 30 

Current accelerator design validation 

(ongoing part of IFMIF/EVEDA Project) 

 

Injector + LEBT 
CEA Saclay 

RFQ 
INFN Legnaro 

JAEA 
MEBT 

CIEMAT Madrid 

SRF Linac 
CEA Saclay 

CIEMAT Madrid 
HEBT 

CIEMAT Madrid 
BD 

CIEMAT Madrid Diagnostics 
CEA Saclay 

CIEMAT Madrid 
RF Power 

CIEMAT Madrid 
CEA Saclay 

SCK Mol 

Cryoplant 
CEA Saclay 

Building 
Auxiliary System 
Control system 

Installation 
JAEA 

★ Rokkasho 
LIPAc 

Linear IFMIF Prototype 
Accelerator 
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Spanish components of IFMIF- EVEDA 
                                                          in Rokkasho 

Radio Frequency power system  Middle Energy Beam Transport 

Beam diagnostics Ceremony of arrival of RF power supplies 
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Comisión para la Implementación de IFMIF-DONES en España 

PUBLIC-PRIVATE ENDEAVOR 

Presidente 

Rafael Rodrigo, Secretario General de 
Coordinación de Política Científica 

Vicepresidenta 

Lina Gálvez Muñoz, Consejera de 
Conocimiento, Investigación y Universidades 

Ministerio de Ciencia, 
Innovación y 

Universidades 
Junta de Andalucia 

Diputacion de 
Granada 

Ayuntamiento de 
Granada 

CIEMAT 

Laboratorio Nacional 
de Fusión  

CDTI 
Universidad de 

Granada 

INEUSTAR Asociación 
Española de Industria 

de la Ciencia 

INDUCIENCIA 
Plataforma 
Tecnológica 

Ongranada Tech City 

Carlos Alejaldre 

DG CIEMAT 



IFMIF-DONES Main Systems 

A neutron flux of  ~ 1014 cm-2s-1 is generated with neutron 
spectrum up to 50 MeV energy 

Accelerator 
Lithium Loop (Target) 

Test (Irradiation) Module 

Heat removal by  
high velocity Li flux 

  

D+ 

Neutrons  ~ 1014 n/cm2s 

Heat exchanger 

Deuterons: 40 MeV 125 mA (5 
MW) 

High Flux Test Module:  

20-50 dpa/y at 100 cm3 

Controlled temperature:  
250 < T < 1000 ℃ 

Deuterons at 40 MeV  

collide on a liquid  
Li screen 

flowing at 15 m/s 

Li flux 

Samples 
Li(d,xn) 

  
stripping  
reaction 

Mission 
o Fusion - oriented 

• Generate materials irradiation test data for design, 
licensing, construction and safe operation of the fusion 
demonstration power reactor (DEMO) 

• Generate a data base for benchmarking of radiation 
responses of materials hand in hand with computational 
material science. 

 

o General uses of high-energy neutrons 
• Applications of medical interest – isotope production 

• Nuclear physics  

• Basic physics 

• Industrial application of neutrons  

 



Technical description 

Based on the IFMIF IIEDR a preliminary conceptual design is 

available, including facility configuration, systems design, preliminary 

safety evaluation, 3D CAD,… 

Design to be updated and further developed 

A. Ibarra| IFMIF-DONES | Page 34 



DONES SITE LOCATION 
It is located in the Granada province (Andalusia region – southern Spain), 18 km 

southwest from Granada city in the Granada Metropolitan park (Escúzar ).  



Granada: University City 

• >300 research groups,  

• Top research : Computer Science, Health, 

Engineering, Physical, Mathematics, Sport 

Science, Chemistry, Materials, Geology..   

• >12 research institutes  

• More than 50 spin-offs, 27 of them TIC. 

• High degree of internacionality: >4.000 ERASMUS 

students per year (Leader in Erasmus Program) 

 

• High Reputation with high quality research:  

                            - TOP 300 Shangai Ranking 

                            - 2nd university in Spain 

                            - 1st University in TIC in Spain  

                            - TOP 50 in TIC Shangai Ranking 
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Granada: Living Conditions 

-one of the most historic and 
culturally rich urban centers in 
the world 

-Its geography is extremely rich and varied: the  
maritime coast and the valleys and mountains offer many recreational  
Opportunities.  NATIONAL PARK OF SIERRA NEVADA: Biosphere Reserve  
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Site Evaluation 

Two European Union member state countries, Croatia and Spain, filed in a 

technical proposal to host the facility. 

• F4E report conclusions: 

“The Spanish proposal entirely fulfils all requirements and assumption.The Granada 

site present unique characteristics and is fully operational: construction works could 

start immediately. The national experience in building and operating nuclear 

facilities, the presence of waste management and storage facilities, the national 

scientific and technological competences both on particle accelerators and nuclear 

installations, is at the highest international standard.” 

 

•  European Council conclusions on the reformed ITER project (adopted on 

12/04/2018) : 

“The Council TAKES NOTE WITH SATISFACTION of the candidacy of 

Spain and Croatia for the site of the future IFMIF-DONES project and, at the 

same time EMPHASISES the need to maintain the successful cooperation 

with Japan within a Broader Approach and its follow-up.” 
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 ESFRI 
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Last  comments 

 

There is not an easy nor probably unique 
solution, to the energy problema facing our 
Planet. To intensify R&D in Energy is a must! 

Scientific viability of fusion has already been 
proven (16 MW en JET). 

The project ITER, the scientific and tecnological 
proof of nuclear fusion is been constructed in 
Europa (Cadarache). Barcelona hosts the 
European Agency responsable for the in kind 
contribution. 

IFMIF-DONES is essential to build the future 
Fusion Power Plants. Granada is the site to do it. 

Spain is an important part of the European 
Fusion Strategy and our Fusion Programme a 
good example that a change in the prodcutive 
model is possible.   

Nuclear Fusion is a reality and it could be the 
inexhaustible , cheap and environmentally 

friendly energy source of the future. 

        
        

                
                

                

        

                
                

        
        

        

                        

        



  
Agua y Energía, Zaragoza, 10 Julio 2008 

  

Continuará… (Próximo capítulo en Granada) 



Questions? 

Comments? 
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