Challenges of the

European Electricity

Markets

TIHANYI, Zoltan

deputy CEO
MAVIR ZRt.

SAE Geostrategy Workshop, 09.10.2013

MAVIR Magyar Villamosenergia-ipari Atviteli
Rendszeriranyité Zartkorien Mikodo Részvénylarsasag

MAVIR Hungarian Independent
Transmission Operafor Company Lid.




Contents

« European Energy Policy
« Security of supply — sustainability — energy efficiency
« 3rd Energy Package — Network Codes
* |nvestment in the infrastructure

* Hungarian Situation

« Challenges

2013. oktober 3. n



European Energy Policy

Strategic goals are challenging each-other:
« European competitiveness in the global economy - IEM
« Sustainable development — 20/20/20 and beyond
« Social welfare - security of supply
« Internal Electricity Market requires more harmonisation of rules
* New entities — ENTSO-E, ENTSO-G, ACER
* Network Codes
« Bofth large scale integration of renewables and more infensive

trading with electricity requires huge investments in the
infrastructure

* Innovation in technology and in market solutions is gradual, as
well as harmonisation of the rules — continuous learning and
change management is needed

2013. oktdober 3.



3rd Energy Package - Network Codes

Initiatio
Evaluation and
Framework Guidelines proposals
Network Codes
members

National

regulators
Cooperation and Evaluation and

control conirol

Consultation

Stakeholders

2013. oktober 3. n



Procedure of Network Code Drafting

Request to ACER for Framework Guideline

EC Subjects in Regulation 714/2009 EC, Article 8 (6)

Working out '

the Framework Guideline (6 months)

FramewoTrk ACER Consultation with ENTSO-E and stakeholders, led
Guidelines by AHAG

Request to ENTSO-E for drafting the Network Code

EC On the basis of the Framework Guideline of

A 4

ACER

ENTSO-E drafts the Network Code (12 months)
ENTSO-E According to FG, consulting with stakeholders

Codification '
of the Evaluation of the draft Network Code (3 monts)
Networ

Codes ACER Submission to EC with proposals

EU Comitology

Consultation with stakeholders. The legally
binding Network Code enters into force.

EC




. Network Codes - status (August, 2013)

EC invites ACER to develop Framework Guidelines

CACM

rca BB R [ DCC

ACER Public consultation begins

Fnal Framework Guidelines published

Formal invitation to develop Network Cod

Public Consultation Period Begins®

Public Consultation Closed

Final version submitted to ACER®

ACER opinion published

Resubmission to ACER**

ACER recommendation published

Comitology Begins
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I TYNDP 2012 - Projects: 2017-2022
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Network Development Plan

Regional integration




Regional Integration of Markets

Blue: market splitting
Green: volume-based market coupling
Yellow: price-based market coupling

= 1999.07.01. NordPool DA (Elspot) 3
= 2006.11.21. FR-BE-NL (TLC) '
= 2009.09.01. CZ-SK

= 2010.11.09. CWE ésITVC

= 2011.01.01.IT-SLO
= 2012.09.11. CZ-SK-HU




CZ-SK-HU Market-coupling

OTE'W
Clearing

OKIE

Clearing

-
F.Ah
> upx

Clearing

\V4

s —

opcom

Clearing
—Energy flow

- iNANCIAl flow

-
&

Negotiations concerning further extension of CZ-SK-

HU market-coupling are under way with Romania




Hungarian Situation

« Strong and reliable transmission grid with up-to-date
technology
« Asset management, maintenance
* Providing access for new generators
« Reacting on changes in consumption
« New interconnections to serve |[EM
 Replacement of old generators
« Better efficiency
* Less emission
« Higher flexibility
* Innovation in technology and in market solutions — smart grid

2013. oktdober 3. m



Data of the Hungarian Power System

« System length: 4 509 km : 750 kv line=2648 km;
400 kV line=1 522 km;

220 kV line=845 km;
Double circuit line=1 220 km +589 km;
400 kV line operating on 220 kV=65 km

« Number of fransmission network substations: 29
 Number of operating transformers: 76

« Data of Domestic Power Plants in the Hungarian Power System:
Total Installed Capacity: 10 093,9 MW
Total Constant loss: 1 787 MW
Total Available capacity (constantly): 8 306,9 MW

« International Physical Energy Exchange in 2012:
Export: 9 002,8 GWh
Import: 16 968,6 GWh
Net balance: 7 965,8 GWh

Total consumption in 2012: 42 375 GWh
Gross domestic production in 2012: 34 409 GWh

2013. oktdber 9. m



The Hungarian Transmission Network

UKRAJNA
UKRAINE
Mukachevo (Munkacs)

Zahidno-
Ukrainska

SZLOVAKIA Ri
SLOVAKIA

) Levice (Léva)
Zurndorf (Zurany)
Wien (Bécs)

Wien (Bécs)
Neusiedl (Nezsider)

AUSZTRIA
AUSTRIA
ROMANIA
ROMANIA
SZLOVENIA
SLOVENIA

Oradea (Nagyvarad)
Cirkovce

Nadab

o

Subotica

HORVATORSZAG b
CROATIA Rendszerhossz
SZERBIA System length
Ernestinovo SERBIA
- 268 km
— 1522 km
— 845 km
e Alallomas wsw 750 kV-0s vezeték = 220 kV-0s vezeték w220 kV-on (izemel6 400 kV-os vezeték s 1220 km
Substation 750 kV line 220 kV line 400 kV line operating on 220 kV
. == 589 km
= Erémi w400 kV-0s vezeték === Kétrendszeri vezeték === Tervezett vezeték
Power station 400 kV line Double circuit line Planned line —— 65 km

MAVIR is the sole Electricity Transmission System Operator (TSO) of

Hungary. Although MAVIR is owned by MVM, its operational
independency is guaranteed by law (ITO model)
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Volatility of Generation (Wind, PV)
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Balancing Energy

2013.04.09 20:26 - 2013.04.10 20:26
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& Automatikus szabalyozas + GCC mértéke fel = Automatikus szabalyozas + GCC mértéke le & Nem automatikus szabalyozas mértéke fel » Nem automatikus szabalyozas mértéke le
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European Challenges

« Common European legislation for better harmonisation —
Network Codes

« Large scale integration of renewables and other innovative
technologies — smart solutions

« Timely investments in the infrastructure — financing, fair cost
allocation

« Common frequency, common way of thinking
* Preserving security of supply under changing environment

2013. oktdober 3. m
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o Geostrategy of Energy

Budapest October 2013

~

Bertrand BARRE
bertrandbarre.com

© La médisthéque ECF f Fran




No Development
without minimum
Access to Energy

But the way we produce
& consume energy is not
sustainable

2 - B. Barré Budapest octobre 2013 www.bertrandbarre.com




2000 : 6 Dbillion Human beings, 10 billion toe

2011 : 7 billion Human beings, 13.1 billion toe

Total fossil : 81.6% Total renewable : 13.3%

A

m Qil

H Coal

| 'Gas

_ Renewable M Nuclear
H Biomass
M Hydro

.1 Others

Source : AIE 2013
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IIASA B-scenario

1 “Third World” )
m OECD /

16.3 Gtoe /
/

/ Mostly India & China
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T —————————

WORLD

OUTLOOK

Emerging economies steer-energy markets ENERGY

-

Share of global energy demand

6 030 Mtoe 12 380 Mtoe 16 730 Mtoe
100% 1 Rest of non-OECD
B Middle East
80% 1 - .
p— p— i
—
E = China
60% 1 i L
B OECD
40% 1
. l
1975 2010 2035

Global energy demand rises by over one-third in the period to 2035,
underpinned by rising living standards in China, India & the Middle East



China surpasses the United States as
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(SSI
1‘_“(_: 2002 2030

0@

World population without electricity
2002 2030

i, >

1.6 billion people 1.4 billion people

1 2030, if no new policies are implemented, there will still be
1.4 billion people without electricity

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE L’ENERGIE,



Components of the Human Development Index

Tha HOl—threa dimensions and four indicators

Y
Va

&
2 2 7

ﬁg @fw ﬁfﬁ

Thiee dimersions

Frar indgators

Mare The imdicators presented in -_I'l‘s.'l.l.; jrg fodhor Chee niess MEthoBMOgy, 35 defined in box 1.2

Sounce: HILRL.
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Human Development Index vs Electricity/cap

La s am

1 Germany Japan Norway

Russia

= 0,6

Pakistan

Congo DR

0 5000 10000 15000 20000 25000 30000
kWh per capita (2012)

Hungary : HDI = 0,816 3895 kWh/cap
Sources : PNUD, IEA
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During this Half-Century

~ 9.10° human beings
> 15 Gtoely

We shall need EVERY Source !

N L A
THE




Main Features of the New Energy Context

China overtakes USA
Fear of Peak Oil
Unconventional Gas
Coal is back

Climate Change

2500 SCIENTISTS SAY

11

- B. Barré Budapest octobre 2013

www.bertrandbarre.com




70% OlI1l* & 40% Gas* Reserves

* Conventional

rrrrrrrrrrrrrrrrrrrrr




"~ The World... according to conventional Oil

The Mudde tast contok more chan
50 percere of the workdi remaisieg ol

The Unired Stazes consumes more

thun 30,000,000 barrels of sil cvery
| day buthas ko than 2 peracee of the
weorklhy emanng ol

World Reserves of Oil
) Bions  Poceriage of
ofBards Word Reserres
Soudi Aratio 262,73 22.9%
ian 132.% 11.2%
Who theail? > loq 115.00 9.7%
mm“",,’m* i ruwar. 92.00 5.4%
United Aah Emraes 97,60 3.3%
O 6,coot+ Venezion 122 §.5%
Rssia 12.21 a1%
® 3000-5,999 Kankhitae 0,62 3K
8 z,000-2,999 L 39.12 2.9%
oY Negrria 35.25 30%
® 1.000-1999 Usited Srons 21.37 1.8%
0 0-999 Ciira 11.07 L%
Canaca 16.80 1A%
Qoar 1520 13%
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Oil Balance in China

15 80%
12 | - 60%
< 9 L 40%
~
9
=
6 | L 20%
e - 0%
0 ‘ I - -20%
1990 2000 2010 2020 2030
s Production Demand === Imports as % of demand (right axis)

source IEA 2004 outlook

- B. Barré Budapest octobre 2013 www.bertrandbarre.com




Will there be a « peak oil » or an « oil plateau »?

33

OIL AND GAS LIQUIDS
ASPO 2004 Scenario
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Tar Sands

As many Oil molecules in
Athabasca as in Saudi
Arabia...

...but huge needs in energy and water and significant
environmental impact

16 - B. Barré Budapest octobre 2013 www.bertrandbarre.com




I B I_I ] Extended Abstract—Geologic Model for the Resource Assessment of the Bakken Formation [ 23

)AL

/

———80__

Westarn |
Canacda

Sedimentary |

Besin

!

| D Bakkin and ExgFaw Fammaliong

Explanstion

Sl
o &0 i

1o

| Saskatchewan ||

1T‘|? Manitoba
|

| Williston Basin
margin

|
]PI | Montana

JQ—T
1

Morth

I .

FIGURE 1. Maps of Bakken Formation and Williston Basin. (A) Distribution of Bakken Formation in the Williston Basin
and Exshaw Formation in the Western Canada sedimentary basin. Modified from Smith and Bustin (2000). (B) Present-

day major structural elements of the United States part of Williston Basin. Solid black ovals are locations of three major
areas of oil production from the Bakken Formation: Antelope field (1), Eim Coulee field (2), and Parshall and Sanish fields
(3). Modified from Gerhard et al. (1991).
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Natural Gas Glut... in the USA

» Unexpected recent increase in « unconventional » gas

production in the USA : Shale Gas,

Tight Sand Gas

and Coal Bed Gas (might supply 60% US gas

consumption by 2030)

» Significant decrease of gas demand (notably for
electricity & industry) due to the worst financial crisis

since 1945
> 2500

»USA will for a long time remain little ~ 2®
(5%) dependent upon gas imports:
LNG available to the rest of the world, .

coal to gas for power (coal exports to
Germany...)

» For how long ??

1500

500

0

- B. Barré Budapest octobre 2013 [Impact of Shale Gas on Estimates of U.S. Resources and Proved Reserves

® Shale Resources

Non-Shale Resources
Proved Reserves i -
H 827
35 .- ---I .-

1
1218 1325 1219 1219

NPC2003 PGC2006 PGC2008 EIA2010

FIGURE 2
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THE SHALE BOOM

The technology for pulling natural

gas from deep shale, refined in the

1990s in Texas, has since spread to

other “plays”—parts of a shale basin

where large quantities of gas have

been found. More than a third of U.S.

gas now comes from shale. \
©

Richest shale deposits
Recoverable gas, in trillion cubic feet (tcf)
Total for continental U.S. 542*

1. Marcellus 141 Shale play (active

2. Haynesville 66 or expected drilling)
3. Eagle Ford 50

4. Barnett-Woodford 27 Shale basin (potential
5. Woodford 24 gas resource)

ONE TCF CAN HEAT 15 MILLION HOMES FOR A YEAR.
*TOTAL INCLUDES "PROVED RESEHAVES”™ AND "UNPROVED RESOURCES."

VIRGINIA W, MASON, NGM STAFF, ALEXANDER STEGMAIER, NG STAFF
SOURCES: U.S, BIA; FRACTRACKER, U.S. CENSUS BUREALL STATISTICS CANADA
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Prix du gaz sur les trois principales zones de consommation dans le monde

Prix de gros du gaz (€ /MWh)
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Golden prospects for natural gas

OUTLOOK Y

Largest natural gas producers in 2035

Russia Bl Conventional
United States B Unconventional
China
Iran
Qatar
Canada

Algeria

Australia
India

Norway

0 200 400 600 800 1000
bcm

Unconventional natural gas supplies 40% of the 1.7 tcm increase in global supply,
but best practices are essential to successfully address environmental challenges

© OECDNEA 2011

23
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Primary Energy 1973 — 2002 — 2030

B Coal

[] Nuclear

1973 : 6 Gtoe jaie
[ Others

2030 : 16,3 Gtoe
2001 : 10 Gtoe Key World energy Statistics IEA 2003

Master 2013 — B. Barl
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World Hard Coal Production 1971-2012
(add 900 Mt ngnlte)

. e

9000
8 000 [~
7000
6 000
5000
4000
3000
2000

1000

0
1971 1975 1980 1985 1990 1995 2000 2005 2012

China 2012
Production 3550 Mt
Imports 280 Mt

[ oecd Middle East Bl Non-OECD Europe and Eurasia
] China B Asia** B Non-OECD Americas Africa

25
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Coal won the energy race in the

first decade of the 21st century OUTLOOK |

Growth in global energy demand, 2000-2010

Renewables

Oil

Natural gas

Total non-coal Coal

Coal accounted for nearly half of the increase in global energy use over the past decade,
with the bulk of the growth coming from the power sector in emerging economies

© OECDAEA 2011
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= 0ECD Transition economies —— Developing countries

Global emissions grow 62% between now & 2030, with developing
countries’ emissions overtaking OECD’s in the 2020s

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE L’'ENERGIE,




www.undp.org

Human Development
Report 2007/2008

Fighting climate change:
Human solidarity in a divided world

Climate change is the defining human development issue
of our generation

Today, we are witnessing at first hand what could be the
onset of major human development reversal in our
lifetime.

Looking to the future, the danger is that it will stall and then
reverse progress built-up over generations not just In
cutting extreme poverty, but in health, nutrition,education
and other areas.

28
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IPCC established in 1988

Anthropogenic interference with
the climate system ?

. Maybe, Maybe not

. Maybe

. Likely (66% confidence)
. Very Likely ! (90%)

. Extremely likely (95%)




There have always been climate changes, so why worry
?

Today 21000 years ago

AT=-5°C
A sea level =—-130m

A ice volume = +52 10°km3
CO, =200 ppmv

CO, Pre-industrial = 280 ppmv
C0O, 2000 AD =370 ppmv

(Joussaume, 1993)
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Dilemma : More Energy AND less CO,

No Magic Bullet : k

Energy Efficiency + CO, — free Energy CO2 Capture &
Conservation Sources Storage or Recycle I

> I’énergie nucléaire

> les énergies renouvel

ables
r =

L3

31 - B. Barré Budapest octobre 2013 www.bertrandbarre.com




Life Cycle GHG Emissions, g CO.eq per kWh,
D. Weisser IAEA May 2006

LW [
V\Iﬁnd :D
Hydr H
O PV [@
Wood T O Min
ccs —1 0 Max
Ga
Soil - |
Coa |
Liénite ; !

| |
|
I

0 500 1000 1500 2000

Ranges reflect differences in assessment technology, conversion efficiency,
assessment boundary, etc.
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Final Energy Consumption by Sectors

Industry
8.9%

Other** Non-energy use
14.6% 4.3%
Transport
U.-dEo

Industr
BU.?"Z
Coal | 904 Mtoe |
44.2%
Non-energy
Transport use
6.7% 12.4%
|ndu5’rr}r
36.7%

Natural Gas | 1 380 Mtoe |

Non-energy
Use

16.8%

Other*
12.0% Transport
62.3%
Oil I 3 633 Mtoe I
Other*
555 Lz

Transport

1.6%

Electricity | 1582 Mtoe |
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World Electricity Generation, TWh
24000

20000
16 000
12 000

8 000

4000

0
1971 1975 1980 1985 1990 1995 2000 2005 2011

B Fossil thermal Nuclear [ ] Hydro e 2011
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Figure 3: Electricity generation from recent additions to hydropower (left)
and other renewables (right)
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Source: IEA, 2012b.
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Intermittency : Achilles’s Heel of Windpower

-

3. Wind power feed-in in the E.ON control area

2004 between 0.2 and 38% of daily peak grid load
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Windpower : even total transmission accross EU won’t solve
Intermittency

MW 2010 2030 est.
- Czllelcte :es d;gr;;es h:;al\l,l;es e;:(l)lle;r;es , T Sres =
.u =¥ e,pt.. ?u " s A L Rays Germany/Austria 28200 60000
- Puissance éolienne installée totale 65GW .
N— _— — Spain 20700 30000
-Renormalisation aux ambitions éoliennes )
annoncées par chaque pays pour 2030 : 187,5GW DN e iz
Ireland 1430 10000
Great Britain 5200 30000
-~ | L'Europe Unie de I'Eolien en 2030 I Total 65000 187500
200000 1 P =187.5 GW or 187,500 MW

180000 -

Average supplied Power : 21 % ( 39,4 GW)
Min supplied Power : 4.1 % on Sept 3rd (7.7 GW)
Max supplied Power : 60.3 % on Nov 11t (113 GW)

160000 -+
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2=
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s Nuclear Power 2012-13

Country GWe TWh Units 9%Elec
USA 102 771 102+ 3 19
France 63 407 58 + 1 75
Russia 24 166 33+ 10 18
21 144 23+ 4 30
Germany 20 94 9 16
14 93 17 + 28 2
Canada 14 89 19 15
Ukraine 13 85 15 46
U Kingdom 11 64 16 18
Sweden 9 62 10 38
Spain oo T DO 7 e 14

WORLD 374 2 346 434 + 6/ 12
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FRANCE

748

SLOVAKIA

BELGIUM

UKRAINE

HUNGARY

SWEDEN 38.1
SLOVENIA 36.0
SWITZERLAND 359

CZECH REPUBLIC 353
FINLAND 326

BULGARIA 316

KOREA, REPUBLIC OF 304
ARMENIA 266

SPAIN 205

ROMANIA 194
USA 19.0

S —p

RUSSIAN FEDERATION | | 178
GERMANY 7: 16.1
CANADA 7: 153
PAKISTAN 73 53
SOUTH AFRICA 73 51
ARGENTINA 7:] 47

MEXICO | ]47

NETHERLANDS | | 44

INDIA | ] 36

BRAZIL | ] 31
JAPAN  [] 21
CHINA [] 20

IRAN, ISLAMIC REPUBLIC OF | 0.50

T I
0 20 40

Nucle:

FIGURE 1. NUCLEAR SHARE OF TOTAL t
GENERATION IN 2012

Note: the nuclear share of electricity generation in

% Nuclear Power 2012
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58 Years of Nuclear Power

434 reactors in 30 countries*
2350 billion kWh/year
~< Hydro-power
> Saudi Oil
12% Electricity

Figure 2. World nuclear generating capacity, 1960 to 2009
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Source: |AEA PRIS.

KEY POINT: Nuclear capacity grew rapidly in the 1970s and 1980s, but much more slowly after 1990.
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«Renaissance» of Reactor Build

DEWE Operating Construction
Units Units

31-12-2004

31-12-2005 443 370 27 22
31-12-2006 435 370 29 27
31-12-2007 439 372 33 27
31-12-2008 438 371 44 39
31-12-2009 437 370 55 51
31-12-2012 437 372 64 62
04/10/2013 434 371 70 68

Number of reactors under construction

AT 2 China: 29
i Asia total: 45

SE0B8BRBB0GEELEaRBBRRBRUDERER
1951 2007

Figure 2. Construction of new reactors
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What will be the consequences of
Fukushima ?

7

4

Nuclear energy
The dream that failed
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International Reactions
Shut down operating NPPs:
¢ Germany
Cancel firm Projects:
¢ Japan, Italy, Taiwan, Switzerland ?
Proceed with Nuclear Power:

®USA, Russia, China, India, UK, Finland, France, Hungary,
Czech Republic, Slovakia, Brazil, South Africa, South Korea,
Argentina, UAE, Ukraine, Belarus...

Intend to start Nuclear:

¢ Poland, Turkey, Saudi Arabia, Jordan, Vietnam,...

ALL : Additional Safety Analysis (Stress Tests)

43
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Main Actions from Stess Tests (in France)

Reinforce NPP protection against external aggressions (seism,
flood,...)

Reinforce electricity and water supply sources

Limit releases in case of severe accidents (no significant and
longlasting contamination of outside lands)

Reinforce local and national Crisis Management

« Hard Kernel » of water and emergency power supply
reinforced beyond intial dimensionning. Plug & Play inlets.
Reinforced crisis building.

Rapid Nuclear Action Force (FARN), able to help the operators
anywhere in France within 24 hours : ~300 trained specialists
with materials & airlift capability.

~10 billion Euros for 58 French units.
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Current Status of the Nuclear Power Plants in Japan

(as of May 28, 2012)
:In operation
(0 unit, 0GWe)

-Outage for the periodic inspection and others — Tomari  , ,
(37 units, 32.97GWe)

. : Shutdown due to tsunami and the government request
(13 units, 13.18 GWe)

TOTAL : 50 units, 46.15 GWe

Kashiwazaki Kariwa

12345677
Shika 12
#—— , Tohoku/Higashidori
N .. Tsuruga , , — 11
N 15 3 Onagawa
Mihama . —
a oni Y EPICENTER

1234 =
Lt

.I. Fukushima Daiichi
Takahama , , 5 , 456

‘ Shimane | , —— * Fukushima Daini
Restart Ohi 3&4 . Tokai
June 2012  ©°mkAl 5347
Shutdown Ohi
3+4
. , Ikata
September 2013 Sendai , , — 123

+- B Abolished

— et - e —— ——e——r - —— -~




General Elections in Japan December 16, 2012

Noda Government : Position on Energy and Environment
(September 2012):

“Realization of a society not dependent on nuclear in earliest possible
future”

Abe Government (Decembre 31):

« New Reactors will differ from those built 40 years ago, from those
of Fukushima Daiichi which created the crisis"”, « We shall build
them and explain to the public to which extent they are different, in

order to gain its acceptance".
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Pdt Hollande’s Campaign Proposal 41

ELECTI ON PRESIDENTIELLE 22 AVRIL 2012

LE CHANGEMENT
C'EST MAINTENANT

MES 60 ENGAGEMENTS POUR LA FRANCE

| will engage a reduction from 75% to 50% of
the nuclear share of electricity generation
around 2025

| will close down Fessenheim

| will complete the EPR in Flamanville

FRANCOIS
—HOLLANDE

2 Public Debates in 2013 :
« Energy Transition »
CIGEO geological Repository for long-lived radwaste
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Economy

Public Acceptance

¢ Severe Accidents

¢ Waste Disposal

¢ Proliferation

Uranium Resources

Issues

48
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Future costs of Electricity $/MWh (DR=5%)

: :
Nuclear r ; | =] I
Coal

Gas

Onshore
wind

Median line

N. America

Nuclear

Coal

Europe

Gas

Onshore
wind

Nuclear
Coal

Gas

Onshore . |
wind [o=nl ‘ i

Asia Pacific

. 56 100 150 200 250
(USD/MWh) IEA-NEA 2010
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What about post-Fukushima ?

58 French nuclear reactors did cost ~150 billion
Euros for 40 years of electricity each

Additional investments, post Stress-tests, will cost
~10 billion Euros...

...to be added to 40 billion* anticipated by EDF to
generate electricity during 20 years more

—

Total Generation Cost : 46-50 €/ MWh

(* to be spent over 30 years)
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Nuclear reactors « Generations »

Future

Advanced Nuclear Systems

Reactors

Pionner
Facilities

Generation Il '

Public Acceptance — B. Barré December 2009. - p.51
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Generation 3 : Post-
Chernobyl

Increased Safety (prevention & mitigation)
Simplification

Reliability & Operational Flexibility
Economy (vs best Fossil)

- B. Barré Budapest octobre 2013 www.bertrandbarre.com




Generation Ill : Severe Accident Mitigation

The Evolutionnary Power Reactor

53!
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Olkiluoto March 2007
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» Les principes de sureté de ’EPR sont confortés apres Fukushima :

robustesse aux agressions externes
défense en profondeur accrue
prise en compte des accidents graves des la conception

» Des ajustements sont apportés :

etanchéité renforcée
autonomie allongée
» possibilité de connecter des moyens mobiles

» La démarche d’analyse et de retour d’expérience sera poursuivie

- ! !_
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October 2012 : China decides all new NPP Projects
shall be « Generation 3 »

Sanmen

Taishan 1&2 EPR AP1000
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Spent Fuel Management

Reversible
direct
disposal

Storage, then
decision
later...

Reprocessing
& Recycle +
HLW
reversible
Spent fuel. disposal

La Hague

58
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Progress in HLW
Management

- B. Barré Budapest octobre 2013 www.bertrandbarre.com



PWR Spent Fuel Composition
Fresh Assembly

Uranium (4% 23°U) : 500 kg

Uranium (0,9% 23°U) : 475 kg Pu:5kg |FP*:20kg

recyclables

Spent Assembly

*(and a few Minor Actinides)
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Natural Uranium Resources

Millions t U | Red Book | Red Book
Ressources 6.3 7.9
identifiées . :
<2605/kgu

Ressources a 104 104
découvrir ’ ’
E:onsommation 59600 t/an 641600 t/an
Dont production 75% 85%
des mines

Identified Uranium “conventional” Resources
exceed 100 times 2011 world Consumption

With Breeders, Resources are practically limitless
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New energy systems for the future

GENERATION IV . development of nuclear energy
systems

Deployable by 2040 ® | Usﬁp‘
‘ Argentina  United Kingdom
With significant advances in :
Sustainability srazii  Chartered

Sw:tzerland

Safety and reliability l"k July 2001 +g \

Proliferation and physical protection

Economlc S Canada South Korea
Competitive in various markets France ,,,\ SoumiAL.Za
Japan
Designed for different applications : b
Electricity, Hydrogen, ST
Clean water, Process Heat Russia

Framework Agreement signed Feb
2005
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6 Innovative concepts with technological
breakthroughs

cccccc

uuuuuu

ccccc

D R

Closed Fu

Cycle

Sodium Fast reactor

Closed  F ue1 Closed Fuel

Crvolo
L

Lead Fast Reactor Cycle

Gas Fast Reactor

e
lant

Once Through  —

Very High Temperature Reactor

Supsreritical

-\

—

Once/Closed

Closed Fuel C]

Supercritical Water Reactor

bele

Molten Salt Reactor

63

- B. Barré Budapest octobre 2013

www.bertrandbarre.com




ASTRID

SFR Prototype
(250-600MWe)

LFR Demo
50 -100MWth
ALLEGRO

GFR Demo
50 -100MWth

2 2020

Reference technology

Alternative technology

ZOE
|
|
I
|
I
|
|

| =7

Supporting infrastructures, research facilities
Irradiation facilities
and fuel manufacturing facilities
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Une expéerience unique au service d’un projet

Les réacteurs a neutrons rapides au sodium

ASTRID

“¥s, inspection
8% __en service

| Purification

pompes
electromagnétiques

Projet ASTRID - conférence SFEN PACA Corse — Aix en Provence le 22 novembre 2012 - P. LE COZ 5
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Additional Slides for Q&A
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It’s all about Astronomy
Ellipsity:
‘ o 100 000 years
j Soleil 413 000 years

\ Equinoxe d'hiver

SR

Equinoxe de printemps

Solstice d'hiver

"Precession :
19 000 years
23 000 years

Inclination :
41 000 years

Master 2013 — B. Barré — Intro 1
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Average Daily Insolation (Wm-)

mid-June
B0M
J

60K
",
€{
L 0N
on
L b
)
41>
KL
=
=305
L
—1

605

905 | | | | | |

100 50 o —50 —100 —150
(kyr AP) Time (kyr BP)
L [ 00
—40 =20 =20 —-10 4] 10 20 30 40 50 B0 70

68 - B. Barré Budapest octobre 2013 www.bertrandbarre.com




And what about Mankind ?

Master 2013 — B. Barré — Intro 1
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IPCC 2007 Findings

Global atmospheric concentrations of carbon
dioxide, methane and nitrous oxide have
Increased markedly as a result of human activities
since 1750 and now far exceed pre-industrial
values determined from ice cores spanning many
thousands of years. The global increases In
carbon dioxide concentration are due primarily to
fossil fuel use and land-use change, while those of
methane and nitrous oxide are primarily due to
agriculture.

70
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Global surface warming (°C)

Multi-model Averages and Assessed Ranges for Surface Warming
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WORLD

A power shift to emergimmg-economies ENERGY

“——

Change in power generation, 2010-2035

m Coal Gas Nuclear Renewables

o

India

United States

N
European Union -
0

Japan

1000 2000 3 000 4 000 5000 6 000
TWh

-1 000

Need for electricity in emerging economies drives a 70% increase in global demand,
with renewables accounting for half of new global capacity



1. Stopper la réaction 2. Maitriser le confinement

nucléaire et assurer pour limiter les rejets P e

le refroidissement Fermeture des vannes d'isolement / ) N « Hard Ker n el )
Le diesel de secours (A) des circuits sortant de |'enceinte (F) :

alimente une pompe (B) alimentées par le diesel de secours (A). | e

reliée & une réserve Recombinaison passive de I'hydrogéne \

d'eau (C) situées dans produit en cas de dégradation du cceur —~— .

un batiment adjacent. afin de limiter le risque d'explosion. \ | 1. S h u td own & CO ) I in g :

En continuant de fournir '"ieCtl'P"_ de ISOUdE} dar(‘is":f; pugélyds . l\

de I'eau au générateur pour limiter les rejets d'iodes radioactifs. — . .

e \apace (O], tout o i ,‘\ A : Emergency Diesel Generator
pour que la fusion du cceur —— s

~__ C: Emergency Feedwater Tank

du réacteur (E) soit évitée. / a— \‘\ | —— B: Safeguard Pump
. D : team Generator

2. Contain & Limit Releases
F : Isolation Valves (powered by A)
+ Passive H, Recombiners

Diesel de secours =
source électrique "\
supplémentaire

3. Manage the Crisis

G : « Bunkerized » Crisis Building
(powered by A)

H : Secured Communications

3. Gérer la crise

Equipe de crise confinée dans une structure
sécurisée (G), résistante aux rayonnements.

Elle est dotée de moyens de mesures

et de communication (H), alimentés par

le diesel de secours (A). Les actions menées :

- Diagnostiquer |'état du ou des réacteurs accidentés

et pronostiquer leurs évolutions

- Evaluer les rejets radioactifs et leurs conséquences (mesures
de radioactivité dans I'environnement et météorologiques)

- Communiquer avec les pouvoirs publics pour mettre en ceuvre,
si nécessaire, des actions de protection des populations.

IRSN

Hervé BoullyIRSN - Source
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CONSEQUENCES OF THE FUKUSHIMA ACCIDENT IN CHINA

15 reactors operating on 3 sites + 26 under construction (18 CPR1000, 2
EPR, 4 AP1000, 2 CPY650)

Strong program acceleration in 2008 (10 new per year)

16 march 2011-october 2012 : freeze of 41 projects but constructions
proceed

October 2012 : Nuclear Safety Plan + Nuclear Power Mid- and Long-term
Plan : slowdown, cancellation of riverside sites and standard Gen lll

Operating Reactors : Buildings Tightness, Mobile on-site Equipments, Seismic
Surveillance, Flood Protection, Recombiners, Emergency Planning...

Existing Sites validated
8 reinforcements on reactors under construction before fuel loading

« New » Crisis Organization

Acceptance : Fukushima for the Chinese public = Chernobyl for the
Europeans...
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