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Summary

1- The revival of electronuclear power worldwide is a necessity for the planet,

2- French energy policy and nuclear power
Nuclear power fleet in France
Fuel cycle and waste management
Actors involved in the French nuclear program

3- Steps and a rguments to prepare nuclear electricity policy

4- France, as one of the most experimented country h  as the duty to share is
experience. Presentation of the France Internationa | Nuclear Agency.
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@Ofnl 1 — The relaunch of electronuclear power worldwide

Agence France

Nuclgaire International New context, new challenges, new attitude

Safety of supplies

Rise of the price of oil and gas

Sustainable development

" Awareness of the effects of global warming

Public perception of nuclear power

R
m What role for nuclear power in the world energy mi x ?

I's A second wind for civil nuclear power after the ini tial
enthusiasm of the 1960-70’s

From 360 GWe today to 1500 GWe by 2050 ?
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@Ofnl Safety of supplies

Agence France

nucleaire International <« The right to energy » : development factor, global challenge

Percentage of
households
without electricit

20 % of the population 95%
consumes 20%

60% of the energy
produced 40%
*-. \ ‘ 20%
-10%
0%

1.6 billion people are without electricity
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& Q nl The revival of electronuclear power worldwide is a necessity for the planet

Agence France

Nucléaire InternatiofRieference Scenario:
World Energy Outlook 2006 : World Electricity Demand by Region
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an Nl what role for nuclear power in the world energy Mmix
Agence France )

Nuclcaire International Nuclear power : a proven technology

21% of electricity produced by the nuclearised coun tries
16% of the electricity produced in the world
7% of all primary energy in the world

More than 30 coumites produce nuobtésar edbsattrcity fior the bebefiefit of needsly 4
billion inizduisautss

More tiham 440 reactors (147 im EU , 104 in WL, 105 im Asi)

Highly standardized world fleet (90% im 3 types) : 263 PWR, 92 BWR, 38 HWR
Average aqe ofthe weddd fieest is 22

12,000 years of cumulative industrial and commercial operation exper lence

284 research reactors in 56 countries for scientifi ¢ purposes and production of
medical and industrial isotopes

30 nuclear powesT nescttins are umdéer caomstnuctiom, aaoibider 35 firmily ghdammezd

Distribution of Uranium resources around the world . a substantial geopolitical
diversification with respect to suppliers of oil and gas
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@ Ofnl Distribution of Uranium resources around the world

> Réserves mondiales d'uranium, en milliers de tonnes
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@ @ ‘ P Leto dplrols des producteurs d’uranium

AFRIQUE (production 2005, en tonnes)

Total monde M o DU SUD
2,6 millions i _ : .  Cameco (canadien) : 8 171

de tonnes ol g a g : * Rio Tinto (australo-britannique) : 6 370
Solrces ‘OCDEAIRAG s Bin il 50 o : o Areva (francais) : 6 020

CEA/France International Nuclear Agency Today’s Safe Nuclear Power Tallinn, Estonia  October 9-10, 2008



Eﬁofnl 2- French energy policy and nuclear power

Agence France

nucgse ey Energy bill : 38.3 billion € in 2005, or 2.26% of GD P (5 % in 1981)

* Rate of energy independance : 49,8 % in 2005 (26 % in 1973)

» 4th biggest energy consumer in the OECD (276.5 MTOE
in 2005), France is only in the 27th place for CO2
emissions in relation to the GDP (2003, IEA)

o Competitive electricity for industry and for domestic
consumers, characterised by stable prices

£ SlBLLLUDD BIOF DALY R

T
e
. 3

* Electricity production covering all national requirements and enabling France to be
the leading electricity exporter in the world

aneheodoracominap

« A network of nuclear power stations that makes France the second producer of
nuclear-generated electricity in the OECD after the United States
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EOFN The current nuclear power fleet in France

Agence France
Nucléaire International

GRAVELINES

34 900 MWe units =
e 20 1300 MWe units a
A °* 4 1500 MWe units e

EIM

58 PWR units
63184 MWe installed

451.5 TWh produced in 2005

Connection to the grid :

— Unit 1 (Fessenheim 1) : April 1977

May 2006 : EDF announced the decision to — Unit 58 (Civaux 2) : December 1999
built a first EPR in France (Flamanville) '
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i =D F NUCLEAR NPPs program commissioning = &
R (Nits / year on average

I

IPWR 900 MW

|:|PWR 1,300 MW
IFBR 1,200 MW

IPWR 1,500 MW (N4)

2
11 1 111 1 1
\DIHI IHI IHIHIHI || | ||
1966I a |70I o |75I 80 85 90 S|35| 2000
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ﬁofﬁl Building the energy mix in France

Agence France
Nucléaire International

541TWh

Unit 58 (Civaux 2) 1999 |

500T TWh

400T

300+ |Ynit 1 (Fessenheim 1) 1977

200+ Qil crisis 1973 |

100

0
1950 1960 1970 1980 1990 2000

2005 : Nuclear: 78 % of total energy production
Thermal : 12 %

Hydraulic, wind and photovoltaic : 10 %
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@anl Scenario for the renewal of the french nuclear powe  r fleet

Agence France
Nucléaire International

Major role of LWRs in the 21st century

» Gen Il current PWRs : life time extension (> 40 years)
* Gen Il PWRs : current PWRs replacement around 2015
Operation during 21st century

Advanced

Generation |I '
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Agence France
Nucléaire International

French policy regarding nuclear fuel cycle

Structure of PWR spent fuel

I " # $%
e o =
Uranium Plutonium
(94 to 96 %) (1 %)

Spent fuel reprocessing and recycling :

Recycles
Saves
Reduces by
Reduces by
Costs less than

96% of spent fuel materials

30% of natural resources

5 the amount of wastes

10  the waste radiotoxicity
6% of the kWh total cost
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Agence France
Nucléaire International

Closing the fuel cycle

More than 25 years of industrial experience in Fran  ce
e 58 PWRs 415 TWh in 2004
_ :  Until now: ~ 20 000 Mt ,, spent fuel
Mines ‘ _.‘! nrichment reprocessed and more than 1200
' Mt,,,, MOX fuel recycled
Ultimate
Wasre Fuel
5 MOX Fuel discharged from the French PWRs
b fabrication
: e up to 1 600 Mt ,, /yr of spent fuel
: reprocessed (domestic + foreign)
Spent Fu \ Reactors
Reprocessing & Services
) )
Front-End Reactors & Services Back-End
AREVA

35 reactors with Mox fuel in Europe (20 in France, 10
in Germany, 3 in Switzerland and 2 in Belgium)

La Hague plant
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@QF[“ Radioactive waste Iin France : definition and invento  ry

Agence France

Nucleatre Intemational - Radioactive waste is a substance that :
- cannot be reused or recycled under current technical and economic conditions
- its owner has no further use for it

- contains radionuclides in such quantities that its discharge or dispersal into the
environment cannot be authorised

Radioactive waste is classified into 4 categoriesa  ccording to
radioactivity level and half-life :

* Very low activity

* Low and medium activity, short life

» Low activity, long life (e.g. radium bearing wastes)
» Medium and high activity, long life

P
Since 1991 ANDRA surveys the

status and location of
radioactive waste
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Different categories of waste, different management
solutions

Long-life medium and high-level waste accounts for less than 5% of the total
volume of waste but contains 99% of the radioactivi ty

Long-term industrial solutions have been found to d eal with 84% of the volume of rad waste

The remaining waste is being stored safely until a lasting solution can be put into practice
Very short lived Short-lived < :
(<100 days) 30yrs Long-lived > 30yrs
Surface storage Mining residues : stored locally
at Morvilliers 52 000 000 m?3
Very low (Aube) Radiferous waste :
level since 2003 under investigation >100 000 m?
Managed as 1 000 000 M3
conventional :
waste after Surface storage Graphite waste 14 000 m?
Low level atlaManche | Laws of 30/12/91 and 28/6/06
Short-lived LL & ML Radioactive (1969-1994) and
waste storage Medium | Aube since | waste from reprocessing 60 000 m?
level 1992 Laws of 30/12/91 and 28/6/06
decay 1 300 00 m3
waste from reprocessing 5 000 m3
High level and spent fuel 3 500 tons
Laws of 30/12/91 and 28/6/06
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French policy regarding ML & HL radioactive waste
management

—> The law of 1991 December 30th : 15 years of research, into the
management of long-lived radioactive wastes, adopti ng 3 axis :

Axis 1

Separation /

Advanced .
. Transmutation
Partitioning
Resource preservation
— Radlotoxmlty reduction
Heat reduction
Axis 3 \ Conditioning Storage AXIS 2Disposal
Volume reduction
Package performance => =>

The law of 2006 June 28th related to the long-term
management of radioactive waste and materials
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Recent guidelines set by law after public debate in France

mmm) Law on energy policy, 2005 July 13t
maintaining the nuclear option with three objective S

e Guaranteeing national energy independence and secur ity of supplies
* Limiting greenhouse gases emissions
 Ensuring competitive and steady electricity prices, with high safety level

mmmm)> Law on Transparency and security in nuclear field, 2006 June 14th
mmm)> | aw on nuclear waste, 2006 June 28th

o Astep by step programme for HLLL waste, 3 compleme  ntarity solutions
— Partitioning-transmutation : R & D in the framework of Gen IV Systems

— Geological disposal for final HL waste ( license for a reversible deep
geological repository facility by 2015, for an oper ational target 2025)

— Intermediate long term storage for industrial flexi bility
« Aprogramme on R & D with a time schedule to implem  ent the plan
 Asecured financing of radioactive waste management andR &D

Reversibility is a key issue, guaranteed for at least 100 years :
future generation will be able to make their choice s, should new technologies allow
more satisfying solution

CEA/France International Nuclear Agency Today’s Safe Nuclear Power Tallinn, Estonia  October 9-10, 2008 18



Actors involved in the nuclear programme in France

Definition of the French energy policy :
— Government : Prime Minister, Ministry in charge of environment & sustainable development, DGEMP

— Parliament Assessment Office of Scientific and Tech nological Choices (OPECST) : assesses the
technological decisions, the Parliament votes the | aws

Independent Safety Authority : ASN

R & D : CEA, public research organization

Utilities : EDF (only one nuclear utility)

Companies : AREVA (ex Framatome-ANP, COGEMA), Alstom, but also  SME, ...
Waste management agency : ANDRA

Expertise and R&D for safety :  IRSN

... Public opinion ...: The National Commission of Public Debate (CNDP) org  anizes public debates at the
national and local levels about building big indust rial facilities .

The France International Nuclear Agency  (AFNI)

AN

AREVA
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3. Steps and arguments to prepare nuclear electrici  ty in
developing countries

« A project leading to sustainable development and

economical efficiency :

- Human resources

- Reactor technology choice, site choice, ...
- New nuclear plant introduction in the grid
- Used fuel and waste management policy
- Public Acceptance

 Along term governmental commitment :

— Nuclear safety and security : a constant priority, including public acceptance
aspects
— Law and regulations : respect of international comm itments and efficient

national legal framework to implement

e An opportunity to share international experience :

— Including on Human resources scheduling, training a nd formation
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Nuclear Power Programme : context and hypothesis

A country which looks to build a first nuclear plan t and has

* N0 experience in building nor in operating

* no legal framework nor safety organization for nuclear electricity production

will have to rely on international cooperation for some aspe cts
(licencing process, part of training, ...)

but will also have to prepare several institutional and orga nizational
aspects such as:

- Setting up national Safety Authority which remain a lways a
national responsability

- Consolidating economical and financial aspect of t he project

- Managing the introduction of a new industrial elec tricity production
tool in the national organization (grid and distrib ution)

- Choosing the site(s), then building, and finaly op erating the plant
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Necessity of an action plan for training

A list of required skills and competences has to be elaborate d,
resulting in a « human resources development plan »

! #

~ Will need to be matched with country education syst em,

and socio-cultural context, in order to manage
successfully the know-how transfer :

» Analyse local education system
» Evaluate level of local graduations (technicians, engineers, doctors)
» Prepare adaptation of existing local training cursus to nuclear requirements
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Human Resources retro-plalamnmdf¢iop kst jpgetation) n)

" $ % $ % & %
()9 %

A A AN A

L . b
Oqu’%soob E | v : I :
o\}\ 5 : i Phase 4 : Hiring and | |
& B i . foreign language training : | Phase 9 : Beginning of
\Q) % | I I if | . | ] o )
S | . (if necessary) . | ' engineers training in
o o S ! o ' | safety, radioprotection
. S5 O ! . | : | - . ’
Nl q}\\o & @ . Phase 3: Job task analysis & | . . running, maintenance
N S v description, required skills | : v
Q)Q %%O 6\ e : : . i
3 @ &Q\ : Phase 2 : Definition of the ! . Phase 8: Training
@fb{\ O structure of organization & | v center Construction
\29 ,z;x\o ! adrr:lnkllTltrztlon, comdpletu’),n of : Phase 6 : On site training
Qfé : sifed surroundings Phase 7 : Training center design,
Q@ ’ ' including a full scope simulator
Phase 1: v
Phase 5 :

Gap analysis of the local education,

identifying additional education needs
and know how transfer

Basic training for operating staff, trainers,
managers (local & abroad)
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Conclusions and prospective for nuclear power in th e future

France has acquired a real know-how and a long experience in
industrial operation of reactors and fuel cycle facilities

The French Government has confirmed the role of nuclear in the energy
mix, renewal of the French reactors fleet is being prepared

3'd Generation reactors are expected to play a major role during all the
21t century, eventhough costs and safety improvements are still
expected in the future

GEN IV with Fast Reactors and Closed Cycles will be needed in order t 0
meet sustainability target (after 2040)

R &D will be conducted more and more on an international basis, both
for programs and facilities ...

International experience and cooperation  are needed to develop nuclear
power energy
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Even if it is really a long and difficult way to d evelop nuclear energy,
you could benefit of the very important help of the IAEA and also of
the countries which did it in the past.

It should be stressed that many things could be don e in a framework
of international and bilateral cooperation excepted to delegate the
responsibility of the Safety Authority.

Bilateral cooperation can be developed onlyinac  lear respect of
international commitments.

A Nuclear Programme i mplementation Organization is needed to
manage a nuclear programme.

At minimum a country needs to plan during 12 years the human
resources trainings needed for a new nuclear progra mme.
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We are aware that France, as one of the most experi mented
country in the electronuclear production, has the d uty to
share its experience

France, with one of the most important fleet of nuc lear
reactors is also one of the leaders of the nuclear
iIndustry with the AREVA Group.

In September 25, 2007 Mr Sarkozy,
President of the French Republic, said
during a conference at the UNO that France
IS ready to help countries which want to
develop electronuclear energy.
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France International Nuclear Agency

A Public Agency within the French Atomic Commission (CEA)
created by a Ministries Decree on may 7th 2008

* Organization

— A director named by a Ministry Decree on the propos  al of the
CEO of CEA.

— A steering committee headed by a the general manage r of the
General Directorate of Energy and Raw Materials wit  h all the
French public actors involved in nuclear activities . Ministry
of Foreign Affairs (MAEE), Ministry for Ecology, En  ergy,
Sustainable Development and Town and Country Planni  ng
(MEEDDAT), IRSN, ANDRA, ASN (as invited),...
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France International Nuclear Agency

» Activities :
In complementary of what you can do with IAEA

— Providing assistance of French public bodies for al I
competences needed in nuclear energy.

— This assistance will be provide mainly for countri es which do
not have yet nuclear energy.

— Itis an assistance from France to a foreign countr vy, so we
need to have first a Inter-Governmental Agreement.

— This assistance will be done with an identified pro ject team in
contractual manner.
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FRENCH ACTORS SUPPORTING NUCLEAR INTERNATIONAL PART NERSHIP

MESR
Ministry of Universities

AF N I and Research

Education and Training in Nuclear Science

and Technology

Nuclear Research and Technology

France MEDAD
International «= Experts | Ministry of Ecology, Energy,

and Sustainable Development

MAE

Ministry of Foreign
and International Affairs

Technologies for Information and Health Agency

1

1

1

1

. . 1
Technologies for Renewables Energies i

9 g9 ' Nuclear

1

1

1

1

1

1

Fundamental Research for Energy and Innovation

{ MINEFI

Country — France Ministry of Economy,
Partnership : operational management focal point ex pertise Finance and Industry
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France International Nuclear Agency

« Management
— Permanent structure

» A few people in a permanent structure to organizea |l
the activities and find the relevant experts amongs t the
thousands available in the public bodies.

— A project manager for each country.
« Support by the permanent team for each manager.
— Task Force mirroring the local team in the country.

— AFNI will coordinate and organise all the nucleara  ctivities
of the French nuclear bodies who will provide the r elevant
competences.
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France International Nuclear Agency

« Competencies

— Studies and assistance for International Treaties

— Providing regulatory and legal framework for a nucl ear
programme.

— Providing assistance to install a regulatory body f or nuclear
activities

— Providing assistance to design crisis management sy stem.

— Providing assistance for safety use of nuclear ener ay.

— Providing assistance for security for sites and tra nsportations for
nuclear materials.

— Design for security systems to choose and manage op erators
— Technical-economics studies for nuclear energy uses

— Sites studies

— Help for public acceptance

— Identification of human resources to manage the nu clear
programme.

— Education and training for human resources needed f or the
project.
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