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� Part 1 (Group of Energy Conversion Systems)
� Context for considering H2 production technologies and strategies 

� Focus on:
• centralized H2 production options for the long term (> 2025) characterized by 

zero or near-zero lifecycle CO2 emissions

• Preferred solution: H2 from coal via gasification (current technology) with 
geological sequestration of separated CO2

• Transport and storage: liquid hydrogen (via advanced liquefaction processes) 

� Summary of the results of a study sponsored by BMW

� Part 2 (Group of Internal Combustion Engines)

� Brief description of research activity:
• H2 engine performance

• Emissions prediction 
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THE SOLUTION STUDIED IN DETAIL BY OUR GROUP 
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Context for Technological Transformation 
of Energy Supply System

• Radical technological change needed to transform energy 
system, to cope adequately with challenges posed by BAU 
energy futures:
� Air pollution (esp. health damages from small particles)
� Energy supply insecurity (overdependence on Middle East oil)
� Climate change from buildup of GHGs in atmosphere as a result of fossil 

fuel burning

• Climate change most daunting challenge…but 
technologies/strategies for dealing simultaneously with all 
challenges desirable
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MAJOR COMPETITORS IN FUTURE MARKETS 

• Biofuels

• Hydrogen with near-zero fuel cycle emissions of CO2

� H2 from fossil fuels with geological disposal of CO2 coproduct
• From NG via steam reforming  
• From coal, heavy oils via gasification

� H2 from biomass via gasification w/ or w/o CO2 sequestration
� H2 from MSW
� H2 from H2O via electrolysis, carbon-free (nuclear or renewable) electricity 

source
� H2 from H2O via use of carbon-free (nuclear or renewable) heat source 

(complex thermochemical cycles)
� H2 from H2O via photochemical cycles
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CONTEXT FOR CONSIDERING 
H2 PRODUCTION OPTIONS FOR AUTOMOBILES

• Hydrogen’s main attractions as energy carrier for transport are:
� Potential for near-zero fuel cycle (well-to-wheels) emissions of GHGs
� Zero or near-zero emissions of air pollutants
� Energy supply security

• Near-zero GHG emission goal realizable only via:
� H2 from H2O via electricity or heat from carbon-free primary energy  
� H2 from biomass
� H2 from fossil fuels + CO2 capture/storage

• In near-term (next ~ 20 y) primary goals will be
� Market launch of H2 vehicles
� Embryonic H2 refueling infrastructure development

• …GHG mitigation not crucial in this period (when supply will usually be 
merchant H2, electrolytic H2 via offpeak electricity, or SMR at refueling 
stations)…and typically impractical

• Least costly options for H2 with near-zero GHG emissions?
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PLANT-GATE H 2 PRODUCTION COSTS
Current NG, coal technologies (2005 fuel prices), f uture nuclear, renewable
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Specific costs, €/GJH2 Cooler Quench

Investment + O&M IGCC 6.08 5.20

Coal purchase 4.96 5.24

Carbon sequestration & tax 0.95 1.00

Investment + O&M liquefier 1.82 1.82

Transport as liquid 0.48 0.48

Refuelling as liquid/gas 2.60/3.81 2.60/3.81

Total 16.88/18.09 16.33/17.54
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� 1D modelling of the BMW single-cylinder s.i. engine fuelled with 
hydrogen
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NH3-SCR for vehicles
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