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nuclear nuclear –– coal synergycoal synergy
„„ synergy definition: 1+1=3synergy definition: 1+1=3 ””

�� DDream ?ream ?

�� Long term basic research project ?Long term basic research project ?

�� Running project ?Running project ?
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Energy challenge:Energy challenge:

�� Ensuring secure, clean and Ensuring secure, clean and 
affordable energy as Europe affordable energy as Europe 
become increasingly dependent become increasingly dependent 
on imported fuelon imported fuel

�� Tackling climate change by Tackling climate change by 
reducing carbon dioxide reducing carbon dioxide 
emissionsemissions

Why challenge?Why challenge?
Why not evolution ?Why not evolution ?



Oil price history Oil price history vsvs R&DR&D
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R&D R&D vsvs nuclear powernuclear power

)$$$

*$$$

+$$$�������� ����� ���	
��
��� ��� �������� ��
 �������!

www.iaea.org

NuclearNuclear

Nuclear power plants: mature technology today



New nuclear power plants New nuclear power plants 
construction construction –– perfect, simple perfect, simple 
solution, however:solution, however:

�� Spent fuel storageSpent fuel storage ,, recyclingrecycling , , 
transmutation transmutation 

�� Limited uranium resources Limited uranium resources 

�� CO2 emission is not only electric CO2 emission is not only electric 
energy generation problemenergy generation problem



http://www.gnep.energy.gov



http://www.gnep.energy.gov
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GNEP initiative:GNEP initiative:



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



http://nuclear.gov/genIV/neGenIV4.html
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Temperature (°C) 
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Desalination, District Heating 
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Water splitting Water splitting (example)(example)

Syntrolysis: CO 2+H2O ®®®® (CO+H2) + O2

Synthetic 
Fuels from 
Carbon 
Dioxide,
Electricity 
and Steam

http://http://www.inl.govwww.inl.gov//





Status of HTR/VHTRStatus of HTR/VHTR developmentdevelopment

Projects of industrial demonstrators are already ru nning Projects of industrial demonstrators are already ru nning 
in many different countries, with large public fund ing in many different countries, with large public fund ing 
support and with large related R&D support and with large related R&D programmesprogrammes ::

�� PBMR in South AfricaPBMR in South Africa

�� GTGT--HTR 300 in JapanHTR 300 in Japan

�� HTRHTR--PM in ChinaPM in China

�� NHDD in South KoreaNHDD in South Korea

�� GTGT--MHR in Russia and USMHR in Russia and US

�� NGNP in USNGNP in US

The starting of operation in all these projects is b efore the enThe starting of operation in all these projects is b efore the en d of d of 
next decadenext decade

�� What about Europe?What about Europe?



21 September 2007



European Sustainable Nuclear European Sustainable Nuclear 
Energy Technology PlatformEnergy Technology Platform



HTR in EuropeHTR in Europe
EURATOM EURATOM 

High Temperature High Temperature 
Reactor Technology Reactor Technology 
NetworkNetwork



High Temperature Reactor High Temperature Reactor 
Technology Network Technology Network 

�� AMECAMEC

�� AnsaldoAnsaldo NucleareNucleare

�� ArevaAreva NPNP

�� ArevaAreva NCNC

�� BelgonuclBelgonucl ééaireaire

�� CommissariatCommissariat àà ll ’’EnergieEnergie
AtomiqueAtomique (CEA)(CEA)

�� Delft Delft UniversityUniversity ofof TechnologyTechnology
(TU Delft)(TU Delft)

�� ElectricitElectricit éé de France (de France ( EdFEdF))

�� EmpresariosEmpresarios AgrupadosAgrupados

�� ForschungszentrumForschungszentrum JJüülichlich (FZJ)(FZJ)

�� GrafTechGrafTech

�� Joint Joint ResearchResearch CentreCentre ofof thethe
EuropeanEuropean CommissionCommission (JRC)(JRC)

�� NEXIA NEXIA SolutionsSolutions

�� NuclearNuclear ResearchResearch & & 
consultancyconsultancy GroupGroup (NRG)(NRG)

�� Paul Paul ScherrerScherrer InstitutInstitut (PSI)(PSI)

�� SuezSuez--TractebelTractebel

�� UniversitUniversit äätt StuttgartStuttgart

�� UniversityUniversity ofof AppliedApplied SciencesSciences
ZittauZittau //GGöörlitzrlitz

�� VTT VTT TechnicalTechnical ResearchResearch
CentreCentre ofof FinlandFinland



A roadmap for HTR/VHTRA roadmap for HTR/VHTR
development in Europedevelopment in Europe

November 2007



Poland Poland 

new UE membernew UE member
new opportunitiesnew opportunities



PolandPoland

total surface area total surface area 322,500 km322,500 km ²²
population stood at population stood at 38,635,144 38,635,144 
capitol Warsaw capitol Warsaw ~2~2’’000000’’000000

Currency it is:  Currency it is:  Polish Zloty Polish Zloty 
international code international code PLN  PLN  
Exchange rate Exchange rate ((55--SEPSEP--20020088) ) 
1 USD =  1 USD =  2,332,33 PLN  PLN  
1 EUR =  3,1 EUR =  3,3838 PLNPLN

Government type: Government type: republicrepublic

GDP GDP growth rate at the levelgrowth rate at the level ofof 55%%
Inflation rate Inflation rate 4%4%
VAT tax VAT tax 22%22%

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



Poland:Poland:
basic figures, power marketbasic figures, power market

Some figures from PolishSome figures from Polish
energy marketenergy market

Power generation – fuel MIX
*Source Polish Ministry of Economy
*Source World Energy Council

EU

Poland

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



nuclear energy, historynuclear energy, history

The The �� arnowiecarnowiec Nuclear Power Plant was supposed to be Nuclear Power Plant was supposed to be 
the firstthe first NPP NPP in Polandin Poland

�� 19821982 –– construction beganconstruction began , , 4 WWER4 WWER--440 pressurized 440 pressurized 
water reactors water reactors 

�� 19901990 –– the fall of Communism in 1989, cheap energy the fall of Communism in 1989, cheap energy 
resources, Chernobyl effect contributed toresources, Chernobyl effect contributed to abandon the abandon the 
projectproject

Source: wikipedia.org



nuclear energy, futurenuclear energy, future

�� 20042004 –– ENERGY POLICY OF POLAND UNTIL 2025 ENERGY POLICY OF POLAND UNTIL 2025 
„„ StartStart --up of the first nuclear power station around 2021up of the first nuclear power station around 2021 --
2022 is projected in all the variants2022 is projected in all the variants ””

�� 20062006 –– Poland will participate in Poland will participate in IgnalinaIgnalina nuclear power nuclear power 
plant project plant project 

�� 20072007 –– Poland joined GNEPPoland joined GNEP

�� 20082008 –– ENERGY POLICY OF POLAND UNTIL 2030 ENERGY POLICY OF POLAND UNTIL 2030 
is expectedis expected

Source: Ministry of Economy



nuclear nuclear –– coal synergycoal synergy
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Consortium Consortium 
High Temperature Reactor for High Temperature Reactor for 
NuclearNuclear --Coal Synergy in PolandCoal Synergy in Poland

�� 26 January 2006:26 January 2006: seminar at Warsaw seminar at Warsaw 
University of TechnologyUniversity of Technology

�� 28 June 2006:28 June 2006: Consortium formedConsortium formed

�� 20 September 2006:20 September 2006: the vision of the the vision of the 
research program formulatedresearch program formulated

�� January 2007:January 2007: the research program  the research program  
approved by the Ministry of Science approved by the Ministry of Science 
and Higher Education  and Higher Education  



High Temperature Reactor for High Temperature Reactor for 
NuclearNuclear --Coal Synergy in PolandCoal Synergy in Poland

coordinators:coordinators:
LudwikLudwik PiePie�� kowskikowski –– HeavyHeavy IonIon LaboratoryLaboratory WarsawWarsaw UniversityUniversity
JerzyJerzy CetnarCetnar –– AGHAGH

president:president:
KazimierzKazimierz JeleJele �� , AGH,, AGH, Deputy Rector for Science and ResearchDeputy Rector for Science and Research

�� AGH University of Science and TechnologyAGH University of Science and Technology
�� The The AndrzejAndrzej SoltanSoltan Institute for Nuclear Studies (IPJ)Institute for Nuclear Studies (IPJ)
�� Central Mining Institute, KatowiceCentral Mining Institute, Katowice
�� Czestochowa University of TechnologyCzestochowa University of Technology
�� Institute of Atomic EnergyInstitute of Atomic Energy
�� Institute of Chemical Engineering PAN, GliwiceInstitute of Chemical Engineering PAN, Gliwice
�� Institute for Chemical Processing of Coal, ZabrzeInstitute for Chemical Processing of Coal, Zabrze
�� Institute of Nuclear Physics PANInstitute of Nuclear Physics PAN
�� Institute of Nuclear Chemistry and TechnologyInstitute of Nuclear Chemistry and Technology
�� Silesian University of Technology at GliwiceSilesian University of Technology at Gliwice
�� University of SilesiaUniversity of Silesia
�� Warsaw University Warsaw University 
�� Warsaw University of TechnologyWarsaw University of Technology
�� WrocWroc 

awaw University of TechnologyUniversity of Technology



NuclearNuclear --coalcoal synergysynergy atat HTR TN HTR TN 
ParisParis , 26 January 2007, 26 January 2007
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�� Scientific collaboration with European HTRScientific collaboration with European HTR--TNTN

�� Education and research in the fields crucial for Education and research in the fields crucial for HTR HTR 
industrial applicationsindustrial applications

�� Construction of research and demonstration complex in Construction of research and demonstration complex in 
EuropeEurope

�� NuclearNuclear--coal synergy as important option for energy coal synergy as important option for energy 
security in Europesecurity in Europe



Vision:Vision:

�� European nuclear technologiesEuropean nuclear technologies

�� Coal resources and coal Coal resources and coal 
technology in Polandtechnology in Poland

�� European energyEuropean energy ���������	���������	

Thanks to Thanks to Jerzy CetnarJerzy Cetnar, , Kazimierz JeleKazimierz Jele�� andand TomaszTomaszLotzLotz





Water splittingWater splitting (2/3)(2/3)



Poland:Poland:
basic figures, crude oil and liquid fuelbasic figures, crude oil and liquid fuel

*Source Polish Ministry of Economy *Source POPiHN

Crude oil supply done by pipelineCrude oil supply done by pipeline
““ PrzyjaPrzyja ���� ”” (PERN S.A. company)(PERN S.A. company)

and  Liquid fuel port NAFTOPORTand  Liquid fuel port NAFTOPORT

Two main fuel producersTwo main fuel producers
OrlenOrlen S.AS.A. (. (dominantdominant ), ), LotosLotos S.A.S.A.

Poland

Annual liquid fuel consumption 15 600 000 ton
Crude oil (Ural type)  import 22 000 000 ton/year
Local resources 19 500 000 ton
Liquid fuel port load capacity 34 000 000 ton/year



Poland: Poland: 
basic figures, natural gasbasic figures, natural gas

2006 consumption Poland 2006 consumption Poland 14,514,5 bcmbcm ..
Reserves only 44 daysReserves only 44 days
Consumers Consumers „„ AzotyAzoty --PuPu

awyawy ”” (0,9 (0,9 bcmbcm .).)
PKN PKN OrlenOrlen PP

ockock , , TrzebiniaTrzebinia , Police, , Police, 
All industry takes 70%All industry takes 70%

Import structure



Poland:Poland:
basic figures, coalbasic figures, coal

*Source Polish Ministry of Economy

Proved recoverable coal reserves at end-1999 (milli on tonnes)

Country
Bituminous 
(including 
anthracite)

Sub- 
bitumino

us
Lignite TOTAL

United States of America 115891 101021 33082 249994

Russian Federation 49088 97472 10450 157010

China 62200 33700 18600 114500

India 82396 2000 84396

Australia 42550 1840 37700 82090

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

109 986 102 081 102 471 96 160 97 274 95 623

*Source World Energy Council

Lignite ( brown coal ) mined in millions of metric tons:
1990 2000 2001

1. Germany 356,5 167,7 175,4
2. Russia 137,3 86,4 83,2
3. USA 82,6 83,5 80,5
4. Australia 46 65 67,8
5. Greece 51,7 63,3 67
6. Poland 67,6 61,3 59,5
7. Turkey 43,8 63 57,2

8. Czech Republic 71 50,1 50,7
9. China 38 40 47

Employment in coal industry 136 500 (2003)
but about 450 000 (1988)

Coal reserves in mines 45 years
Coal reserves total 200 years



Poland:Poland:
coal coal 



U.S. Nuclear ResearchU.S. Nuclear Research
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Oil PriceU.S.: High oil U.S.: High oil 
price price ®®®®®®®® good good 
time for energy time for energy 
R&DR&D





Werner von Lensa, Forschungszentrum Juelich





Poland Poland 
nuclear energynuclear energy

historyhistory
challengechallenge



RAPHAELRAPHAEL -- RReeAActorctor for for PProcessrocess
heatheat, , HHydrogenydrogen AAndnd ELELectricityectricity

generationgeneration





Water splittingWater splitting (1/2)(1/2)


