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The Evolution of Nuclear Power

1950 1970 1990 2010 2030 2050 2070 2090 

First First 
ReactorsReactors

Current Current 
ReactorsReactors

Advanced Advanced 
ReactorsReactors

Future Future 
SystemsSystems

Gen I Gen II Gen III Gen IV

Knowledge from Experience
Knowledge from Science and Technology
A long term view of Nuclear Energy
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Nuclear Energy : Convincing results of 
the 2nd generation

Civaux NPP

An irreplaceable experience :
80% of the worldwide nuclear power   
plants, almost 400 reactors

17% of the electricity of nuclear origin

> 10 000 reactor.years of experience

Convincing results :
Economy proven

Safety : satisfactory data since 18 years

Reliability  in constant increase

Civaux NPP
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Gen III : significant improvements in safety,

Le Le projetprojet EPREPR

Core melt
spreading area

Double-wall 
containment
with ventilation  and 
filtration system

Containment
heat removal
system

Four-train
redundancy
for main 
safeguard
systems

Inner refueling
water storage tank 

EPR

… but also in economics, waste reduction and U preservation. 
Matured concepts, based on experience feed-back of current 
LWR's
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•• Concepts Concepts withwith
breakthroughsbreakthroughs

Minimization of wastes
Preservation of resources
Non Proliferation

AssetsAssets for new for new marketsmarkets
- hydrogen production
- direct use of heat
- sea water desalination

An internaAn internatitionallyonally sharedshared R&DR&D

New New requirementsrequirements for for sustainablesustainable nuclearnuclear energyenergy

•• GradualGradual improvements in :improvements in :
Competitiveness
Safety and reliability

Generation IV
International 

Forum 
Members

Generation IV
International 

Forum 
Members

U.S.A.U.S.A.

ArgentinaArgentina

BrazilBrazil

CanadaCanada
FranceFrance

JapanJapan

South AfricaSouth Africa

UnitedUnited
KingdomKingdom

South KoreaSouth Korea

SwitzerlSwitzerl
andand

E.U.E.U.

4th generation : towards sustainable
nuclear energy
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Extract the maximum energy from the fuel Drastically minimize
radiotoxicity of the

waste

Radiotoxicity after 1 000 years
Fission products

Minor actinides

Plutonium

Valuable materials (96%)
FissionProducts
(3 to 5 %)

Minor Actinides  
(0,1 %)

Reprocessing & Recycling

Wastes (4%)
Plutonium  

( 1 %)
Uranium  
(94 to 96 %)

Pu stockpile stabilisation : the Pu produced
is consumed in LWR

Reprocessing & Recycling, a cornerstone for future 
energy needs
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Unat

Actinides

Spent
fuel

Ultimate
waste

FP 

Treatment and 

Re-fabrication

GEN IV         FR

Drastic minimization of ultimate 
waste : 

- Very small volumes,
- Drastic decrease of the 

radiotoxicity (hundreds of years 
instead of hundreds  of 
thousands years)

Optimal use of energetic materials
Significant Proliferation Resistance 
features

Gen IV Systems with full actinide recycling
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Sodium Fast reactor

Very High Temperature Reactor
Once Through

Supercritical Water Reactor

Once/Closed

Molten Salt Reactor
Closed Fuel Cycle

Closed Fuel Cycle
Lead Fast Reactor

Gas Fast Reactor

Closed Fuel 
Cycle

Closed Fuel Cycle

6 Innovative concepts with technological breakthroughs
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Nuclear Energy should play a major role in this 
century

Innovative 4th generation Nuclear Energy 
Systems have a high potential for a sustainable 
energy supply, and technical solutions should be 
ready as soon as possible

Innovative needs knowledge, human resources 
and long term views

CONCLUSION


