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Fossil fuels 

By 2050, global electricity demand is expected to 

increase about 60% (WEC). 



Auteur – Titre et lieu - Date 

 
3 

Fossil fuels 

Greenhouse gas emissions 

Nuclear 
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Components of a Pressurized Water Nuclear Reactor 
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Source:Wikipedia 
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 Nuclear Wastes from Used Nuclear Fuel 
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Transuranic elements : 
Pu, minor actinides(Np, Am, Cm…) 

Fission fragments HLW: 
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Natural uranium level 

FP 

Pu and minor 

actinides 

Yasir Arafat et al.,  
Westinghouse Electric Company 

The long lives of uranium wastes 
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Deep Geological Repository for High-Level Waste,  

the Swiss example 
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Heat + radioactivity 

 

Half-lives:  

Strontium-90 and cesium-

137 about 30 years  

Plutonium-239  24,000 

years, Np, Am, Cm 

 

 
Image: Infel AG, Claudio Köppel 

 Ex: Marthalen 
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thorium 
uranium 

Periodic table of elements  
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Energy production from E=m c2    
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half-life 
26.967 days 

Thorium breeding 

Neutron capture 

fertile 

fissile 

half-life 
27 days 

half-life 
22.3 mn 

Fission of uranium (or Pu) 

fissile 
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Neutron Production in Fission 


233U is an excellent fuel for a breeder system, especially with fast neutrons 
 
 
 
 
 
 
 
 
 
 

 Breeding is possible when η is larger than 2. Most favourable neutrons have large 
energies 
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C. Rubbia 
ThEC13 
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To produce 1 GWe during one year: 
3,500,000 tons of coal or  
200 tons of natural uranium or 
1 ton of thorium  
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 credit P.K. Wattal, BARC, India 

Monazite (Ce,La,Nd,Th)PO4 
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Thorium constitutes a yet unused source of energy, 

widely available 
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Stored Containers of thorium nitrate in Nevada 
Reasonably Assured 
Reserves in tons 
OECD/IAEA/Uranium 
2014 
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Thorium use successfully proven in US (1960’s): 

ORNL “Molten-Salt Reactor Experiment” 

and the Shippingport Atomic Power Station 
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 But abandoned in 1972  

 as the US were more interested to produce 
weapons rather then energy with plutonium 
production by fast uranium breeder reactors  

 and to equip dozens of navy submarines and aircraft 
carriers  with uranium light water reactors 
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 Three essential benefits from using  thorium over uranium 

i) Thorium plants  can run continuously for 5 to 10 
years with no access to fuel  

ii) They cannot have a core meltdown like in Fukushima 
(coolant is not water, but liquid fluoride salt or molten 
lead, chemically stable, and operating at atmospheric 
pressure). 

iii) They create much less nuclear wastes , without Pu or 
MA and thus can be made to fulfill the criterion of 
wastes lasting  a maximum of 300 years 
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Thorium minimizes high level waste production 
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Thorium chain in a fast neutron flux 

Entry door to nuclear waste 

production in PWR 
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Naturel Uranium 

Uranium 

Thorium 
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Fission 

energy 

from 232Th  
 
 

How to 

provide the 

initial 

neutrons? 
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Indian Thorium Program 
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Ingenious Solution: the Accelerator Driven System 

ADS 
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Proposed and validated 
by Carlo Rubbia at CERN 

Several MW beam: 600 MeV, 4mA 



All basic elements of ADS have now been 

tested separately   

UO 2 +PuO 2   

UO 2 
2+ 

  

PuO 2 
2+ 

  

Technology of 
pyroelectro 

reprocessing of 
fuel  

Technologies of 
fast reactors  

with lead-
bismuth coolant 

High power 
accelerators 
technology 

Liquid metal 
targets 

technology 
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1. Safety 

 Eliminate criticality accidents by making the 
system subcritical :inherent safety by immediate 
shut-down of accelerator 

 Avoid dangerous coolants such as water or liquid 
sodium (use molten lead) 

Three Advantages of a Thorium ADS 
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2. Proliferation resistance 

 Thorium fuel has small plutonium production, 
and 233U unsuitable for  weapons material 
(because mixed with 232U). 

 Avoid plutonium separation (Purex), use pyro-
electro reprocessing instead  

Three Advantages of a Thorium ADS 
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3. Waste management 

 Recycle long-lived transuranic actinides to 
minimize waste. 

 Eliminate by fission much of waste produced by 
conventional reactors (ADS accept fuels 
incorporating Pu and MA) 

Three Advantages of a Thorium ADS 
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Transuranic Element Fission Probability 
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ADANES, Accelerator Driven Advanced Nuclear Energy 

System, CAS, China 
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Beijing, 28/09/2018 



ADANES, Accelerator Driven Advanced 

Nuclear Energy System, CAS, China 
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2034 



Belgian government invests in a new RI: MYRRHA 

accelerator, target facilities, R&D for research reactor 
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100 MeV SC LINAC  
 
Upgraded to 600 MeV by 
2034  
First coupling to a 
subcritical core by 2037.  
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1.Thorium Conference at CERN 
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 «Le futur énergétique de la planète est un 
enjeu politique et scientifique. Les deux sont 
inséparables.” 

  
www.springer.com/gb/book/9783319265407 

http://www.springer.com/gb/book/9783319265407
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2. An ADS experiment at significant power at 

INR Moscow 
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ADS experimental cell 

The existing INR Infrastructure 
– proton linear accelerator (≤600 MeV, ≤ 300kW) 
– Spallation neutron source 
– Pit on a beam line to receive a subcritical core 
– Infrastructure  to  manipulate highly radioactive material 
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3. A high power accelerator: a key in the strategy 
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CYCLADS Consortium:  
 
AIMA Development 
ASG Superconductors 
CERN 
ENEA 
HNE 
INFN Catania & Genova 
iThEC 
N-21 
Paul Scherrer Institute  

Innovative design: compactness, efficiency ,reliability, lower cost  
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The environnemental 
pressure   

The huge 

nuclear waste 

problem and  

military 
stockpiles 

The favorable legal environment in the USA: 
“Nuclear Energy Innovation Capabilities Act” 

A public-private partnership to fast track the 

development and deployment of the ADS  



4. An industrial prototype of a cyclotron driven thorium 

power plant 
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 Thorium ADS have the potential of  
destroying high level radioactive wastes 
producing CO2 neutral energy: electricity, hydrogen… 

 
 Switzerland should develop an engagement in Th fuel cycle R&D by 

involvement in international collaborative research activities on  
transmutation 

 
 IThEC is looking for support for participation in a public-private 

partnership to prove the feasibility of significantly reducing the 
volume and radiotoxicity of nuclear waste, …while producing 
energy. 
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Conclusion 



Thank you .... 
 

Questions ? 
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Maurice.Bourquin@unige.ch 
http://ithec.org/en/organisation/ 

mailto:Maurice.Bourquin@unige.ch
http://ithec.org/en/organisation/

