Flign Ternperaiure Reacior for
Nuclear -Coal Synergy

In Europe, In Poland
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R&D Vs nuclear power
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Nuclear power plants: mature technology today



New nuclear power plants
construction —perfe 1, simple
solution, nowever:

Spent fuel storage |, recycling

Lirnited uranium resources

CO2Z emission Is not on.
energy generation proo.
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GNEP Initlatve:



Global Petroleum Conference, June 11, 2008
Phil Hildebrandt, Battelle Energy Alliance, NGNP
http://www.nextgenerationnuclearplant.com
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Glass Manufacturing |

Iron Manufacturing

(Directiori Reduction Methods)

Electricity Generalioll
Gasification of Cloe |

[ petroleum Rejineries
| | De-sulfurization of Heavy Oil
| 'Wood Pulp Mgnufacture

1 Urea Synthesis

pesalination, District Heatjng

Reactor Temperature up 80°C

(with a Blast Furnace)

| (Gas Turbine)

| Hydrogen (Steam Reforming)
| Ethylene (naphtha, ethane)
|Styrene (ethylbenzene)

ITown Gas

Application
Nuclear Heat




Water Spllttl ng (example)

Syntrolysis: CO ,+H,O® (CO+H,) + O,

Synthetic
Fuels from
Carbon
Dioxide,
Electricity
and Steam

http://www.inl.gov/
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status ITRIVHTR developrment
Projecis of industrizal dernonsirators are already ru nning
in many different countries, witn large punlic fund ing
support and witn large related R&D  prograrmrmes
PBMR In Soutn Africa
GT-FTR 300 in Japan
FITR-PM In Chnina
NHDD In Soutn orea
GT-MrR In Russia and US
NGNP In Us
The starting of operation in all these projecis s b efore the en d of

next cecacde
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Whnat apout Europe?




21 September 2007
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Atormigque (CEA)

Delft University of Tecnnology
(TU Delft)
Electricit € de France ( EdF)

Ermnpresarios Agrupecdos

orschungszentrurn  Jilicn (FZ2J)
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Joint Researcrn Cernire of tne
Europezn Cornmission (JRC)

NEZIA Solutions

Universit at stutigart
Umveur/ JI r\r olied Sciernces

\/TT Techr ]CaJ Hesearcr
Centre of Finland




A roadmap for HTR/IVHTR
clevelopment in Europe

November 2007



Poland

new UE memoer
new opporiuniiies



Poland

total surface area 322,500 km?2
population stood at 38,635,144
capitol Warsaw ~2’000’000

Currency it is: Polish Zloty
International code PLN
Exchange rate (5-SEP-2008)
1 USD = 2,33 PLN

1 EUR = 3,38 PLN

EEVEIRIMENNPES f2oLolic

ED)> greNiNEIE e IEN EVEI NG 5%
|piflzttlon) reiie 219
VAT e 229

Natural resources: coal, sulfur, copper, natural
gas, silver, lead, salt, amber




power market

Poland

EU

Good to know

Total electrical power installed 30 684,70 MW
Blocks over 200 MW ( up to 500 MW ) 81 each
Number of energy consumers 15 662 000 each
Highest energy noon price (15.01.2007) 131,33] PLN/MWh
Lowest energy night price (15.01.2007) 91,26 PLN/MWh
Average energy price to industry (2006) 228,90 PLN/MWh
Average energy price to consumer (2006) 336,78| PLN/MWh
Total power consumption (2004) 144 831 GWh
European coal FOB prices (2006) 66,37 USD/t
Coal consumption for energy purposes 43 701 000 ton
Electro-power-lines length Poland 750 600 km
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(-Up of 'the first nuclear power station around 20271
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Consortium
Flign Terperaiure Reactor for
Nuclear - rm] sSynergy in Poland

26 Januzary 2008: seminar ai Warsaw
University of Tecnrnology

28 June 2006: Consorilurn forrned

20 Sept emoer 2008: the vision of ine
researchn prograrm forrmulaied

January 2007: the researcr progyrafm
aporoved py ine Minisiry of Sclence
anc Fligner 2duceiion




Fligh Termperature Reactor for
Nuclear -Coal Synergy in Poland

AGH University of Scierice and Tecnnology

The Andrze] Soltan Institute for Nuclear Siudies (1PJ)
Central Mining Instiiute, (atovvice

Czestocniowsa University of Tecnnology

ltute of Atornic Energy

itute of Criemical frUJrJecrmJ PAN, Gliwice
Institute for Crniermical Processing of Coal, Zanrze
Institute of Nuclear Physics PAN

Insiitute of Nuclear Criermisiry and Tecnrnology
Silesian University of Tecnnology ai Gliwice
Uniiversity of Silesia

Warsaw University

Warsaw University of Tecnnology

Wroc aw University of Tecrninology

Kazirnierz Jele |, AGH, Deputy Rector for Science and Research

Lucwik Pie kowski — rFleavy lon Laboratory Warsaw University
Jerzy Cetnar — AGr

president:

coordinators:
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VISIon:
EUropean nuclear iec
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Water splitting (2/3)



Poland:

pasic figures, crude oil and liquid fuel

supply done oy oipeline
a " (PERN S.A. comparny)
cuic fuel port NAFTOPORT

Two rnain fuel producers
Orlen S.A. (dominant ), Lotos S.A,

Annual liquid fuel consumption 15600 000jton
Crude oil (Ural type) import 22 000 000{ton/year
Local resources 19500 000jton

Liquid fuel port load capacity 34000 000{ton/year Poland




Poland:

pasic figures, natural gas

Import structure

r . ’ P —
2006 consumption Poland 145 berm .
Reserves only 44 days

Consurmers , Azoty -Pu awy” (0,9 berr )

PN Orlen P oclk, Trzebinia , Police,
All industry takes 70%

/




Proved recoverable coal reserves at end-1999 (milli  on tonnes) Lignite ( brown coal ) mined in millions of metric tons:
2000 2001
Bituminous Sub- 1. Germany 167,7 175,4
Country (including bitumino | Lignite | TOTAL 2. Russia 86,4 83,2
anthracite) us 3. USA 83,5 80,5
4. Australia 65 67,8
United States of America 115891 101021 33082 249994 5. Greece 63,3 67|
Russian Federation 49088 97472 10450, 157010 6. Poland 61,3 59,5
China 62200, 33700 18600/ 114500 /. Turkey 63 57,2
India 82396 2000 84396 8. Czech Republic 71 50,1 50,7
Australia 42550 1840  37700| 82000 | Lhina 38{ 40{ 47
Germany 23000 43000 66000
South Africa 49520 49520
Ukraine 16274 15946 1933 34153
Kazakhstan 31000 3000 34000
Poland 20300 1860 22160
Serbia, Montenegro 64 1460 14732 16256
Coal mining
1999 2000 2001 2002 2003 2004
109986 | 102081 | 102 471 96 160 97 274 95 623
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Werner von Lensa, Forschungszentrum Juelich






Poland
nuclear energy

nistory
cnallenge



RAPHAEL - ReActor for Process
heat, Hydrogen And ELectricity
generation
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