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EU must support LTO —Long Term Operations with Life Extension 502001 14

Future of nuclear in the EU

[N
Nuclear capacity (GW)
140
120
- I
80
60 - - B
40
20 » aun
. ==
2015 2020 2025 2030 2035 2040 2045 2050
m Current capacity w/o LTO Operating in LTO m New build needed to mainain nuclear share
+—¢ ‘Linder construction’ capacity +—=+ ‘Under consfruction & planned’ capacity +—+ ‘Optimum’ scenario

*Source: PINC, European Commission, 2017

Esfimated invesiment needs in LTO (unti 2050). EUR 46,9 billion
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SFANS (French Section of ANS)

ANS IC Meeting - November 15, 2019

Luc Van Den Durpel “'o
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French Governmental orientation / Multiannual Energy
Program (1/2)

Confirmation by the French governmentthat the closed fuelcycle is of strategic
importance.

Diversification of the energy mix with the raise of the renewable, up to 14 reactors shut

down by 2035 to reach 50 % of nuclearenergyin power generation, depending on

electricity prices, the mix of neighboring countries, the electric system margins.

After a government-led instruction with industrial bodies, a decision
is expectedto be taken mid-2021 regarding the construction of new EPR reactors

Mono-recycling back-end strateqy to continue atleast until 2040:
Prepare MOXfueling of part of the 1300 MWe reactors to accommodate for planned
shutdowns of some 900 MWe reactors and ensure the robustness of the system

~ Pu-thermal

Industrial mastery of reprocessing and recycling technologies: the
enabler to move to advanced fuel cycle

11/17/2019 ANS IC Meeting - November 15 2019
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French Governmental orientation / Multiannual Energy
Program (2/2)

Development of R&D program between CEA, EDF, Framatome and Oranoto support

* Focusing in the middle term on Multi recycling of plutonium in PWR
Allowing to stabilize used fuel inventory and control Pu inventory
Experimental programme with loading of one test assembly in reactor around 2025-2028

Industrial deployment potentially envisaged in the 2040's in the renewed nuclear fleet

«  Maintaining the perspective of a potential industrial deployment of a fleet of SFRs in the second half
of the 21st century considering natural uranium availability

Stabilization the used fusl Control of the Self-sustainability regarding the

~ Bi-Recycle 'Tw — —
Pu-thermal Plutonium Multirecyclingin LWR|prepares the

+(FR) to perspective of a potential industnal

LWR+FR multi-  deployment offa fleet of FastReactorgin the

Recycle second half of the 2Tstcenfury

11/17/2019 ANS IC Meeting - November 15 2019
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PEC: Prova Elementi Combustibile
SIET: Societa Informazioni Esperienze Termoidrauliche

-

BighD PECIF TS > N2
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SIET is a world leader in the tests for the research and
development of innovative components and systems
for power production in particular of nuclear origin.

In Piacenza, since 1983.
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Politecnico di Milano has kept in its logo (from
Raffaello’s painting) an original and creative attitude

(As of 2015-2016) STUDENTS PROFESSORS &
(Total ) RESEARCHERS

ARCHITECTURE 9.692 307

/ 29% of graduated in ltaly

',- 3 outof 10
DESIGN 4.159 114
78% of graduated in ltaly
8 out of 10

1 ENGINEERING 22.787 939

i 19% of graduated in Italy (32,000 in

2 out of 10 2018)
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Share of International enrollment in MSec
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BRARGNZHEREGO TV GEE, BREFBIERHY . BEFI—0v/ RS
TR, R, HEA D, 2017510412218, LIBREMERHY
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POLITECNICO DI MILANO
' ' 1863-2013

THE LARGEST SCHOOL OF ENGINEERING, ARCHITECTURE AND DESIGN IN ITALY
School of Architecture, School of Urban Planning Construction Engineering, School of Design, School of
Civil, Environmental and Land Management Engineering, School of Industrial and Information Engineering

ONE OF THE MOST OUTSTANDING TECHNICAL UNIVERSITIES
QS World University Ranking 2015, Engineering & Technology category:
24t in the World, 7th in Europe, 1stin Italy.

WORLDn”
UNIVERSITY! |
RANKINGS
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POLIMI: Large research infrastructures

WIND TUNNEL

One of the most
advanced
laboratories in the
world for tests on
aerospace system
aerodynamics and
wind effects
structures

Laboratory for
the Safety of
Transport

Hisashi Ninokata CeSNEF Dipartimento di Energia

L.P.M PoliFAB (clean
room)

Experimental

activities on

materials and
structures

Micro-nano
fabrication facility

micro- and nano
technologies,

Silicon photonics,

Biosensors,
MEMS,

advanced
materials
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Building B18:
Energy
Department new
Labs

for Chemical and
Nuclear Divisions

Advanced
integrated labs
for catalysis and
catalytic
processes and

engineering

POLITECNICO MILANO 1863

POLIMI: Large research centers

MOX

Mathematical

modelling and

scientific

computing.

e Application to
several academics

and industrial
realities

Hisashi Ninokata CeSNEF Dipartimento di Energia
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HT@POLIMI

Center for Nano

Science and

Technology

o Artificial retina/eye,

e Carbon
nanocomposites,

* Hybrid solar cells

y uclear
R eactors
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EIT ICT Satellite
Node

® Smart spaces

e Cloud, networking
e Security, privacy

* Smart energy

POLITECNICO MILANO 1863
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The new Department of Energy 200845 e
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A new Department since 2008.01.01: Created by joining competencies and researchers
belonging to four departments traditionally related to the energy sector

- HEEXDOIARILF—I%FH Department of Energy Engineering
- HEEDFEFHI¥H Department of Nuclear Engineering
— HEEDEKITEE Department of Electrical Engineering

- PEEDIEFE MR ELTIEFEIEE Chemistry, Materials and Chemical
Engineering “Giulio Natta” Department(/—XN )L EZ EEIZED)

AL TTE/z in one department (DoE).

17 research groups into a single structure to provide
— interdisciplinary approach,
— innovative solutions for complex problems,
— supported by testing in
experimental labs

uclear
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A complete team of Staff 2020.01,14
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HEmE %7 330 4,
NI EMRETS

Updated October 2015
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Department of Energy R&Ds

Interdisciplinary approach

IRLF—FHF
5 THEMATIC AGGREGATIONS DEEE, PR
The department is focused all along T#uL¥—ziEm ~/ 72
the supply chain of energy iy, B3

IRILE—EE

AT 1o
4

IRIILF—EH]
Jo+Xx je,
S RT L ansmission
and

iciency in
end uses

s Distribution
IRILX—ER
LRk and of Energy
BHIXR Systems for Smart Cities
RFAH energy
ossil, conversions :
renewable I 2 —
and nuclear m ualTmin ()
energy UNESCO CHAIR o ek ung0CD O

resources

Educational, Scientific and + in Energy for
Cultural . D

Energy for Sustainable Development
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Department of Energy R&Ds

Interdisciplinary approach

BRADOKREY: 5D2OIRIILFEESFICHE
Joint researches to study, analyze, develop knowledge, technologies and strategies related to:

IRILF—RE
IRIILF—ZH
IRILE—HE
IRILF—58
IRILX—FIFH

EZIZTOERBEMELNF/To/00—
ERIF

[EFHI% NUCLEAR ENGINEERING
TR, HERS XUV IRILF—D AT LA
BTRERETSE

akRwp=
Sl A
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Department of Energy R&Ds

Facilities

REHF v/ iR
Bovisa campus
10 000 m?

Experimental Labs

1

Hisashi Ninokata CeSNEF Dipartimento di Energia G

LAFILEFRv IR
Leonardo campus
=S/l EBISIELY)

000 m?

Experimental Labs

uclear
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A short overview
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CeSNEF Nuclear Engineering @POLIMI e

Centro Studi Nucleari Enrico Fermi 2020.01,14
33

History

— First educational programme in Nuclear
Engineering (1956) 1447 TRADRFHIZEHE

— First research nuclear reactor (50kW) in Italian
Universities (1957 '59 ~ ‘79)

— CeSNEF: Centro Studi Nucleari Enrico Fermi

— 2008FLAFILRFr ISAMBRE S F v /X
[Z5Io8L., TRIILF—TFEBMICER

Today

- A—OYNTRADRFHAIZER., >40 ARE/F,
65 (2017-18)

- BLHRE. BLIRELTEETES

- EHOBSHRLE-ME-KEFEFERMATIEBIS

- INE7XZED TRIGA RFIFETOHEHE

— SIET(Piacenza)TOXEER - - KZDEERIL—TDE
BEEOT N =T
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Nuclear Engineering Experimental labs B18 since 2015 e e
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M DRFNIFRR 38

20154E(25% O o e s
> 25{&MPOLIMI investment . REFRLECECEENDS
~60% for [RF 11, ~40% for L=
(ZARILF—TZERFY)

6000 m2 #APR E¥&, 3000 m2 RER R E &
(+ bunker for SRR FI FAEER)
MEHRILZE, MEHREHE,

MEHR - B OBEFEE. REETR
T4

O 0O 00D

= SIETYTER (Piacenza): RFFAVR—RUMB LUV AT LOKRIES
e REMHBRZITOVRREESHL, HAKSORERMEEMES
CeNEFDHEBREEE (TIr—0T)

g -—_-. '.':.--
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Numero totale di studenti immatricolati (anni 2003 - 2017)

65
46
»_N . 40 o
= - 33 3, 33
7
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Anno

Numero studenti
w - w
o (=] o

Y]
o

[
o
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mIngegneria Civile, Ambientale e Territoriale

2015
—— mIngegneria Aerospaziale
=Ingegneria Biomedica
2013
mIngegneria Chimica
2012 OlIngegneria Elettronica
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15T year MSc in NE

Structure of the courses during the first year of the MSc in NE:

NE MSc - 1st Year (60 credits — courses)

Courses to be chosen from List T

FISSION REACTOR PHYSICS

RADIATION DETECTION AND MEASUREMENTS

DYNAMICS AND CONTROL OF NUCLEAR PLANTS (with TRIGA reactor exp.)
SOLID STATE PHYSICS

RELIABILITY, SAFETY AND RISK ANALYSIS

NUCLEAR AND INDUSTRIAL ELECTRONICS

NE MSc - 1st Year
List T

INTRODUCTION TO NUCLEAR ENGINEERING
HEAT AND MASS TRANSFER |
HEAT AND MASS TRANSFER Il
INTRODUCTION TO QUANTUM PHYSICS
MATHEMATICAL METHODS IN ENGINEERING
NUMERICAL METHODS IN ENGINEERING
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2ND year MSc in NE {&+E1224 5 OFR# B

NE MSc — 2nd Year (45 credits — courses + 15 credits — final thesis work) ECTS
main courses Credits
NUCLEAR DESIGN AND TECHNOLOGY 10
APPLIED RADIOCHEMISTRY 10
FISSION REACTOR PHYSICS Il + RADIOACTIVE CONTAMINANT TRANSPORT 10
PHYSICS OF NUCLEAR MATERIALS 5
MEDICAL APPLICATIONS OF RADIATION FIELDS 10
ADVANCED THERMAL HYDRAULICS AND SAFETY OF NUCLEAR REACTORS 5
SAFETY ASSESSMENT OF RADIOACTIVE WASTE REPOSITORIES 5
NUCLEAR POWER PLANTS OPERATION AND MAINTENANCE 5
Final Thesis Work 15

Note: a 10 credits course is usually set up by 65 hours of lectures and 30 hours of
exercise.
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Structure of the courses during the second year of the MSc in NE:

NE MSc — 2nd Year [N cradits)

NUCLEAR 134 Sem ECTS NUCLEAR 21Sarn ECTS NUCLEAR SYSTEML 31?;'“ ECTS
PLANTS TECHNOLOGIES PHYSICS

NUCLEAR DESIGN AND |
NUCLEAR DESIGN AND | 10 | MEDICALAPPLICATIONS OF | %8 TECHNOLOGY P
TECHNOLOGY RADIATION FIELDS MEDICAL APPLICATIONS OF
RADIATION FIELDS |
NUCLEAR DESIGN AND | NUCLEAR DESIGN AND 1
APPLIED RADIOCHEMISTRY I 10 | TECHNOLOGY 10 || TECHNOLOGY 10
APPLIED RADIOCHEMISTRY " APPLIED RADIOCHEMISTRY 1]

Comput. methods for reliab.,

availab. and maintenance + Applied radiation pr ion +

Safety Assess. of Radioactive L Internal contamination " Pl plyslcs L 1) !

Waste Repositori

Physics of Nuclear Materials + Physics of Nuclear Materials + Physics of Nuclear Materials +
Experimental Nuclear Reactor | 545 Physics of Disordered | 545 Physics of Disordered I 545
Kinetics (at TRIGA reactor) *> || materials Materials &
Fission Reac. Phys. Il + Fission Reactor Physics Il + Fission Reactor Physics Il +

Radioactive Contaminant | Radioactive Contaminant 1 Radioactive Contaminant I
Transport Transport Transport

;"’""’I m“"““m““ S| Statistical Physics I Statistical Physics ]
Courses to be chosen from 15 Courses to be chosen from 15 Courses to be chosen from 15
List IN List TN List FSN

Final Thesis Work (15 ECTS)
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RFATHE T ERBIRS

NUCLEAR ENGINEERING
Employment Statistics 2018 - Master of Science Graduates

The anmual employment survey targets MSc graduates, inteniewed 12 months after graduation.
Master of Science graduates in Nuclear Engineering at Politecnico di Milano were 25 from Milano Campus in 2016.

Total interviews: 20, coverage rate: 76,9%.

8 average graduation mark 1] average duration of studies

G 6% 8% 106,1 2,8 YEARS
44  age of graduation have carried out an internship during their studies / 25

% enter the job market {#9) continue their studies

22,2%
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¥ time to find a job

& salary
€ 1.786

100% s | 1t
within 6 months® 7-12 months
*including graduates who have found an net monthly average
at the time of g

@ where they work 4 employer size [ contract type

ltaly 77,8% +500 employees  33,3% Permanent 44,4%
Abroad 22,2% W 50-499 employees 22,2% W Temporary 22,3% B

2,5% italian graduates working abroad 1-49 employees  44,5% Apprenticeship 11,1%
0% international graduates working in italy Internship 0% W

Other 11,1%

Sell-employed 11,1%

< employment sector (top 5)

Electronics and Automation  37,5%
Mechanical and Plant engineering 25% EEEE————
Local organizations and consortiums  12,5%
IT Consulting 12,5% M
Energy OildGas 12,5%
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