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The Global Challenge
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Key World Energy Statistics 2007

World Primary Energy 2007 World Electricity 2007

Nuclear 8% Nuclear 14%
Renewables 13% Renewables 18%
Coal 27% (hydro 16%) Coal 41%
Nat. 215 H I
9 o Oil 33% Nat. gas 20% QOil 6%
12,013 MTOE 19,756 TWh
IEA 2008
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Forms of Energy Utilization
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* Final Energy Market
dominated by fossil fuels

 Electricity is 17% of final
energy

* Nuclear only for electricity

e Penetration of nuclear into
two directions or combined

* Nuclear process heat has a
huge potential in the
energy sector !

e Combined Heat & Power
saves resources & reduces

Final Energy Consumption

(~8500 MTOE in 2007)

15%

Electricity
17%

Renewables

A

Coal
9%

Qil
43%

GHG emissions

Nuclear Energy
today

Gas
16%

Heat Market
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Energy Situation in the European Union
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EU is a net energy importer

* Primary energy consumption
of EU-27: 1757 MTOE (as of 2007)

* 15% of world energy consumption

« 18% of world electricity
consumption (or 3325 TWh)

* Growing energy demand 2 %l/yr

* Would lead to +14% of CO, (1990)
Instead of promised -8%

* Decreasing domestic production
* 143 NPP (131 GW) in 14 of EU27

* National energy policies
(diverse, fragmented, isolated)

IEK-6 Reactor Safety
Karl Verfondern

Production of Hydrogen with Nuclear Energy Folie 7

Trieste, Italy, June 13-18, 2011



#) )0LICH

FORSCHUNGSZENTRUM

Demand for Industrial Heat (Example: Europe

Estimated industrial heat demands by quality for

PJ EU25 + ACC4 + EFTAS during 2003
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Current Use of Hydrogen
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Annual production (2006): ~53 Mt or ~630 billion Nm?3 or ~8 EJ or ~190 MTOE
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Hydrogen Consumption in US RefinerieS ™
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~25,000 t of H, per day Herring 2008
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Future Demand for Hydrogen |
Tensions due to oil price increase
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f(;:;rt?nnnary Here 100-150 Bn M3ly 400 Bn M3/y
Tremendous need for hydrogen in future
Folie 11
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Routes for Nuclear-Assisted H, Production

Hydrocarbon

Steam Reforming

Nuclear Energy

Thermo-chemical | | High Temperature

Water Splitting Electrolysis Power Generation

/ Electrolysis

Hydrogen
' Fuel Cell
Tsukada 2005
H, as energy storage
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Nuclear energy to produce hydrogen at a large scale
to replace CO, emitting fossil fuels;

Fossil reserves saved for later use in environmentally
friendly applications, resource savings 30-40%

Energy security from extended fuel reserves and
Independence of foreign oil uncertainties

Help to meet growth rates in energy consumption and
substitute for expensive electricity production with fossil
fuels (if cost of nuclear heat is sufficiently low)
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Introduction of Nuclear Hydrogen to Market™

Will start by present uses and production methods;

Will be determined by
- economics of production and end use,

- consumer‘s perception of availability and convenience,

- convincing safety concept of the combined system,

Synthesis of liquid fuels (e.g., methanol) in transition phase

IEK-6 Reactor Safety Production of Hydrogen with Nuclear Energy
Karl Verfondern Trieste, Italy, June 13-18, 2011
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Arguments against Nuclear

Limited Uranium Resources

Long-Term Threat by Radioactive Waste

Radioactive Emissions / Catastrophic Accidents

Additional Danger by War / Sabotage Impact

Abstract Risk Formula
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Arguments in Favor of Nuclear

CO, emission-free production of energy

Competitiveness vs. gas and coal

Low impact of fuel cost

Stabilization of electricity price within the mix

AL

Saving of fossil fuel resources

Nuclear enemimate protection

and energy supply security

(Target “ Sustainable Development’)
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Nuclear Power Plant Generations
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Commercial

Power

Reactors
Gen Il PWR, BWR,
Concepts

Advanced Reactors:

e.g., EPR, SWR-
1000,
CANDU 6, ABWR, ...

Future
Reactor
Concepts:
e.g., HTGR

Fusion

ration 1+
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Nuclear Syncrude Production (Canada)
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ACR-700

Over 16,000 tons
of CO, emissions
avoided daily!

Oil Extraction

100% Steam
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Water

(3,776 tons/d)

Hydrogen
(438,000 Kkg/d)

>

Oxygen
(3,775 1ons/d)

3kgafH,
per oil barrel

pipeline

further
upgrading...
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Nuclear Methanol Production (Rep. of Korea) =~

Combined Methanol
Steam Reformer Production Reactor

750-850 °C

Syn gas

Natural Gas
Water, CO,
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Nuclear Hydrogen Production (USA)

Substation

lext Generation
Nuclear Plant. 1+ & ¥ Heat Exchanger

Hudmrl] en
Production

U.S.-DOE NGNP Project
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Thank you
for your kind attention !

email: k.verfondern@fz-juelich.de
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