
Prof. Christophe POINSSOT 

Research Department on mining and fuel 

recycling processes, 

Nuclear Energy Division, CEA

Stephane.bourg@cea.fr

Environmental impacts of 

different fuel cycles options

Dr Stéphane BOURG

mailto:christophe.poinssot@cea.fr


S. Bourg, TM IAEA ςGCNEP, India, Nov2019

THE DIFFERENT NUCLEAR FUEL CYCLE OPTIONS
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PRESERVING THE NATURAL RESOURCE

Rough estimates derived from French Fuel 

cycle assuming no recycling

Natural uranium is a finite resource

Global efficiency is currently very

low: ~0.7% 
~70t from the initial ~9500t Uore

Uranium conventional resource
Limited for the far-future at a 
reasonable price (130$/kg U)
Lifespan ~1-2 centuries (current
consumption 75kt/y)

Need for preserving U resource
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SAVING THE NATURAL RESOURCE 

ė RECYCLING THE ACTINIDES

Uranium ore
fuel

Depleted

uranium
MOX fuels

URE U re-enriched fuels

1%95%
4%

120 m3

HLWRecycling plants

9500 t

1200t1200t

Spent

fuel

>2 000tHM of MOX fuel produced

La Hague

>33 000 tHM reprocessed

MELOX

8000 t
uranium

plutonium

PF

FP 4.55%

93.0% 238U

0.75% 235U

0.54% 236U

0,76% oddPu

0,41% evenPu

10 - 15/a 
Per 

reactor

Already allows saving ~20% UoreČ efficiency increased to ~1%

Up to

-20%
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IMPROVING FURTHER RESOURCE PRESERVATION

Č PU-MULTIRECYCLING FOR TRANSFORMING 238U

Multirecycling limited

by 2nPu buildup
GEN4 systems with

fast neutrons

Waste

(50 t)

Used MOx

(450 t)

Plutonium (# 70 t)

Uranium (Uret# 330 t)

FR MOx (450 t)

FNR
Fuel

Manufacturing

Recycling

plant

Depleted

U (# 50 t)

Very significant improvement of natural uranium efficiency

COAL

OIL
COAL

420 Gtoe
OIL

230  Gtoe

GAS
160 Gtoe

With current reactors

50 Gtoe

U=6% world energypotential

1GWe ~

150t Unat/y

With fast neutrons reactors

U=90% world energypotential

1GWe ~

1t Unat/y7500 Gtoe
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A BENEFICIAL LONG-TERM IMPACT 

OF RECYCLING ON THE WASTE ISSUE
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ENVIRONMENTAL FOOTPRINT

OF NUCLEAR ENERGY
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PRESENTATION OF THE REFERENCE CASE:

FRENCH NUCLEAR POWERPLANTS FLEET

58 reactors located on 19 sites, capped at 63,2 GWe

Standardised fleet: 1 single reactor types, with 3 different

powers 900, 1300 et 1450 MWe

Produce 70-80% of French electricity (~400-450 TWh), i.e. 

40% of total French primary energy

Reactors connected between 1977 and 1999

12 GEN1 generation reactors halted

1 GEN3 generation reactor under construction 

(Flammanville3, EPR)
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FRENCH REFERENCE FUEL CYCLE

("TWICE-THROUGH CYCLE" ïTTC)

Reference = 2010

Mines

Conversion

Purification

U natural
7647 t/y

U ore

MOX
120 t/y

Ureprocessed

600 t/y

Storage

Ureprocessed

390 t/y

U depleted
7085 t/y

Storage

Enrichment

U enriched
1053 t/y

U natural
8247 t/y

Pierrelatte

Malvési

Disposal

glass: 149m3/y
Compactedwaste: 189 m3/y

Techno waste: 275 m3/y

Bure

Electrical
power

410 TWhe

Reactors

58 reactors
on 19 sites

Storage

Spentfuel
1173 t/y

Reprocessing

Decaystorage

Spentfuel
123 t/a

Spentfuel
1050 t/y

La Hague

Pu
10,5 t/y

U depleted
109,5 t/y

MOX manufacturing
MELOX

UOX manufacturing
UOX fuel
1053 t/y

Romans
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CHAP.II ïRESULTS OF THE CURRENT FRENCH CYCLE

THE GENERAL ENVIRONMENTAL INDICATORS OF THE TTC

(gCO2 eq/kWhe) (gSO2eq/MWhe) (gC2H4eq/MWhe) (gPO4eq/MWhe) (g1,4-

DCBeq/MWhe)

(g1,4-

DCBeq/MWhe)

(m2/GWhe)

5,29 34,1 5,2 2,84 638 1233 211
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THE POTENTIAL IMPACT INDICATORS OF THE TTC

(mg/kWhe) (mg/kWhe) (mg/kWhe) (L/MWhe) (L/MWhe) (g/MWhe)

16,276 25,30 287,53 1507 72364 93,9
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CONTRIBUTION OF THE DIFFERENT FUEL 

CYCLE STEPS TO THE OVERALL FOOTPRINT

Improve overall footprintČ improve or reduce front-end activities

FRONT-END

BACK-END
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ü Radioactive releases (KBq!):

53% Rn release around mines é 
however strong overestimation since
al the Rn  is assumed to be
instantaneously released (no kinetics)
45% Rare gases release during
reprocessing:

The overall radiological impact is

estimated to be ~1% of natural

radioactivity

2% liquid release
Dominated by 3H release around

reactors. 

ü Necessity for considering dose 

impact é but scenarii are highly

subjective and site-dependent

THE RADIOACTIVE RELEASES OF THE TTC

Gas - Radon (Mine) 
53%

Gas - Rare gases 
(Reactors)

Gas - Rare gases 
(Reprocessing) 45%

Gas - Tritium 
(Reactors)

Gas - Tritium 
(Reprocessing)

Liq - Tritium 
(Reactors)

Liq - Tritium 
(Reprocessing) 2%

Gas - Other RN 
(Reactors)

Gas - Other RN 
(Reprocessing)

Liq - Other RN 
(Reprocessing)

Liq - Other RN 
(Conversion)

Radioactive Releases

1245,6KBq/KWhe

3,1KBq/KWhe
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