ustainable Nuclear Energy
helps Europe to meet its energy challenges

The HLM Research in
The Strategic Research Agenda

www.snetp.eu

H. Ait Abderrahim

SCK<CEN, haitabde@sckcen.be
Chairman of the SRA Group of SNETP
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017 e Nuclear energy in Europe

_ countries in EU-27,
producing 31% of EU’s
. electricity
12.9% Hydro 10.06%
) ~_wes * The largest source of
\i;:l(:llhlgé:;:ll + solar 0.2% © 14.8% IOW Cal’bon energy
Oil Biomass 2.1%
Solids | « Excellent safety record
Electricity generation ~ 29.5% Gl
shares in EU-25 (2005) 23.9%
Nuclear
14.6% « Europe, a world leader
Hydro 1.5% — but competition is
Biomass 4.4% ff':bUIldlng (RUSSIa, \]apan1
Other RES 0.6% U S A, China, Ind|a)
Energy consumption Oil :
shares in EU-25 (2005) 37.2% Coal

17.9%
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Power generation infrastructures

Decline of fossil and nuclear
power generation capacity e
without renewal (in EU-15)

Fossil and nuclear power
generation plants are
ageing

Need to invest in plant
lifetime management and

Large investments are
necessary to build new
plants to satisfy demand

— For nuclear, Gen. Il reactors
(Finland, France)

Action is needed now for
paving the road for Gen.|V!



“{{ Nuclear Fission in Europe’s low carbon
p. energy policy

Nuclear fission contributes 31% of EU electricity today — the largest
low carbon energy source

2020 : Maintain competitiveness in fission technology and
provide long term waste management solutions

For the longer term as indicated in the SET Plan, we need to act
now to:

complete the demonstration of Gen.lIV with closed fuel cycle for
Increasing sustainability

enlarge the nuclear fission applications beyond electricity
production, namely towards H,, Heat, H,0 desalination

now
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A collective vision:
endorsers and contributors
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SNETP strategy structures the SRA

e (Strategic Research Agenda)

SNETP Vision:
Current and
Future Innovative materials and fuels HTR; Prod. Hz.
. . elc

1. Mamtaln_safety and , Simulation, Modelling, Experiments

competitiveness of today’s

techn0|ogies Education and Training

R&D infrastructures
2. Develop Gen.lV FR with
Safety

closed cycle to enhance ;

sustainability
3. Enlarge the nuclear fission

portfolio beyond electricity Sustainability

production: H,, Heat, H,0

desalination
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SNETP strategy structures the SRA

HLM research in the SRA

Other
applications
ol nuclear

HLM Technology and
associated R&D is
present in:

Fast systems

1. Gen.lV LFR system with closed

fucl cycles

2. ADS LBE based system
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SNE-TP Strategy Structures the SRA

(Strategic Research Agenda)

SNE-TP Vision:
Beyond the 3 pillars, a

common trunk activities: AR S
Material & Fuel research, Simulation, Modelling, Experiments
Simulation, modelling and fuatiod d Eaning
validation experiments, R&D infrastructures
dedicated or multipurpose Safety

research facilities

Last but not least well trained
and educated specialists in
the various fields related to
nuclear fission
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SNE-TP Strategy Structures the SRA

' Af';_,‘ HLM research in the SRA

-

NE-TP Vision:

Beyond in the LFR and ADS
development, HLM R&D is
also present in the common
trunk activities:

Material & Fuel research,

Simulation, modelling and
validation experiments,

dedicated or multipurpose
research facilities:
MYRRHA (EU), MTS
(USA), TEF-T (J)

Last but not least well trained
and educated specialists in
the various fields related to
nuclear fission

Innovative materials and fuels
Simulation, Modelling, Experiments
Education and Tramning

R&D infrastructures

Safety
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W( Fission research
e ) in support of industrial needs

Future ‘.(_'

Advanced Sfftems é‘ 3
Reactors dr DF
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t Generation IV Fast Neutron Reactors &
< Closed fuel cycle

Recycling: Partitioning and Transmutation

nnovative fuels (incl. MA-bearing) and core
performance

mproved materials

nnovative heat exchangers and power conversion
systems

Advanced instrumentation, in-service inspection
systems
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Technology Roadmap for sustainable
2o, nuclear development in SRA of SNE-TP

SFR Prototype

Supporting infrastructures, research facilities LFR/GFR, ADS based multipurpose
loops, testing and gualification benches, experimental reactor
Irradiation facilities — JHR MYRRHA, b » Test bed of Fast Reactor technologies  [S39300
AND fuel manufacturing facilities EEL LI : St Y
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< Link ADS — Gen. IV LFR

(20 16- 2020)

Y

Industrial deployment of a
small scale LFR
from 2020

SSTAR ELSY
(20MWe; (600MWe;
Preliminary design Preliminary design
2006- 2009) 2006- 2009)
Viability ‘
R&D | Demo 10- 100MWe
R &D engine
2008- 2018
Design of a first of Prototype of a Advanced
akind LFR from [« » central station LFR R&D

(2013- 2025)

{

Y

Industrial deployment of a
central station LFR
from 2025

Industrial deployment of an
advanced small scale LFR
from 2035 (H2, CO2 cycle)

Y

Industrial deployment of a
central station LFR
from 2035 (H2, CO2 cycle)
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Introduction to Cross-Cutting
Materials R&D

1000

 SIiC

fusion

o 800
~ J
o >l V alloy, ODS steel
=1
'§ (51018 01 I—— F/M.steel
@ /
o
£
2 400 L.
200 L.\
Current (Gen 1) fission reactors
0
0 50 100 150 200 250

Displacement Damage (dpa)
All Gen IV and Fusion concepts pose severe materials challenges

S. Zinkle, SMINS 2007, Karlsruhe
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Fuel Research

Gen Il and Il

« Largest experience with UO2 and MOX fuels
« Provides data and best understanding so far
« Challenges for higher BU

Gen IV FR, ADS and VHTR

*All reactors will need a DEMO (2020) and then a PROTYPE (2030+)
*MOX fuel for FR and UO2 for VHTR for DEMO (2020)
*DEMO to provide ultimate qualification of advanced fuels for PROTOTYPE
Carbide/nitrides for FR and ADS
*MA fuels for FR and ADS
*UCO or TRU fuels or VHTR
*Need to start today even if deployment after 2020

*Reactor system should cover fuel qualification and licensing
*Package of fuel/cladding/assembly
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Large Infrastructures (1)
Research Reactors

Gen.IV/P&T / Fast Spec./RI BU

MYRRHA
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Large Infrastructures (2)
ERAER including the FR prototypes

ASTRID

rast Spect / PST

:" “and Technological
- Demonstration
Reactors

/ Rl Back Up Racho Isotopes / Tt
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“Taking advantage of the increased computational
power, development of more advanced physical
models and computational approaches becomes
possible for very detailed simulation of reactor

f—
-

Jp
14/

]
N/

S

’!j{

v
W

:}‘\

TN
{

behaviour in nominal, incidental and accidental %?é:
conditions: | hé?é?‘iii

— coupling thermal-hydraulics, neutronics and fuel iiiiii‘!’g{
performance codes, ‘;3&,’?2%%}

— best estimate methods with statistical analysis: lg@gg %;
mechanical analysis of components. »:%/%ggi

» To exploit fully the potential of these tools, we need: ;w’fé?ﬁﬁ
— new basic data iii'ii'!;:i

— specific separate and integral effect validation Qggfggaéé’a
experiments W=7

Ny
W\

— advanced measurement techniques
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SFR Prototype | (=500M\We)

2-4 G€

ETPP European Technology
Pilot Plant (LFR)

600-800 M€

ALLEGRO experimental reactor
(GFR)
* Test bed of GFR technologies

* Fuel qualification and Minor Actinides
transmutation

* Flexible fast spectrum material testing
reactor

) ) o * Test of coupling components and high
Supporting infrastructures, research facilities temperature heat applications

loops, testing and qualification benches,

Irradiation facilities incl. fast spectrum facility (MYRRHA) | /50 ME -1 GE

AND fuel . i | R&D (15 years) 1,5 - 3 G€

uel manufacturing facilities 600 + (250-450) M€

HeLiMeRT 2009 F Total 6 — 10 G€ .




. f && . S
( Implementation of the SRA
APre-c'ompetitive R&D projects co-funded under
Euratom Framework Programme The European 7
Commission uses the SRA as a major input to the

work programmes

EURATOM

Joint Programming between R&D organisations —
mainly suited to basic studies and cross-cutting
topics. SNETP proposes ‘material research” as topic
for EERA

European Industrial Initiative (Ell) of the SET Plan,
devoted to the demonstration of Fast Neutron
Reactor technologies with closed fuel Task Force of
SNETP preparing Ell to be launched at end of 2009
(PPF & EC funding)

Short & medium term R&D programmes to support
LWR operators (utilities) and funded by them First €DF  varrenraLL ~
projects (on plant life management) before end 2009 S=2E=xc=  Sikne
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Summary

and SNETP helps
holding this position

_ /s > and Is the largest source
In the energy mix of Europe. Itis

path towards
Today Gen.ll = PLIM (=» 2040)
Tomorrow Gen.lll = Deployment of a new fleet (2010 = 2030)

After-tomorrow = Gen IV + Advanced fuel cycle + beyond electricity
application (R&D = 2020, prototype = 2030, deployment beyond)

Industry & Utilities ready to invest in Gen. Il & Ill but need a confidence
climate
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Conclusion

« HLM technology Is present In various R&D
fields in the SRA:
— Technology
— Materia
— Reactor Design
— Modeling & Simulation
— Basic Physical Data
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Thank you
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