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UK primary energy supply structure and 
the present and future position of UK energy mix







The Challenges and Opportunities of Hydrogen 

Hydrogen Production

Sustainable Hydrogen, a European Perspective, Prof. Dr. J. Schoonman
GCEP Hydrogen Conference, Stanford University, April 14-15, 2003



Hydrogen Production Challenges:
Hydrogen from Fossil Fuels

methane
CH4

CH4 + H2O → CO + 3H2

ΔG = + 150 kJ

steam 
reforming

water-shift 
cleanup

CO + H2O → CO2 + H2

ΔG = - 19 kJ
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technology in place

marginal effect on 
energy challenges



CO2 Capture and Storage





Carbon Dioxide Elaboration : The Oxford Energy Cycle

Renewable Energy (all Known Sources)

Electricity - then electrolysis of water

Hydrogen

2H2 + CO (CH2)n + H2O
Hydrocarbons

Store energy as hydrocarbons

Transport energy as hydrocarbons

Use hydrocarbons as liquid fuels

Hydrocarbons + air CO2 +   water

NET production of carbon dioxide is ZERO M. L. H. G and P. P. E

Sequestered
CO2 +  H2 CO + H2O



Hydrogen Production Challenges:
Hydrogen from H2O Splitting

the H2/water cycle

ΔG = 474 kJ ΔG = - 474 kJ

energy sources
non-fossil electricity

solar, hydro, wind, nuclear
solar/nuclear heat

fossil electricity/heat

H2 liberation
electrolysis

photo-electrolysis
dissociation

thermochemical cycle

H2 conversion
fuel cell: electricity/heat

heat engine
combustion

H2O

H2 H2

H2O



Water Splitting





The Challenges and Opportunities of Hydrogen 

Hydrogen Storage



Hydrogen Storage:  Gas and Liquid

gaseous storage liquid storage

within technological reach

standard in stationary applications
portable cryogenics for auto
30-40% energy lost to liquifaction

5000 psi = 350 bar

10000 psi = 700 bar
fiber reinforced 
composite containers



Toyota Fuel Cell Hybrid Vehicle

70 Mpa (700 atmosphere) hydrogen tank

Range 760 kilometers (472 miles), Cold Start -30° Celsius

Hydrogen Storage



Hydrogen to fuel this car for 400km; stored as 
compressed gas, cryogenic liquid and solid state stores

Mg2NiH4 LaNi5H6 H2 (liquid) H2 (200 bar)

L. Schlapbach and A. Züttel,
Nature 414 (2001), p. 353. 



“There exists the necessity for an epoch-making advance in 
new materials for hydrogen storage…. This is the hardest challenge”

Masatami Takimoto
Executive Vice President, Toyota Motor Corporation

Hydrogen and Fuel Cell Expo 2006
400 Exhibitors,  23,039 Professional Visitors



R.Helmolt, U.Eberle (General Motors), J. Power Sources, 2007, 165, p.833

Hydrogen Storage
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Performance Criteria



• High gravimetric density
– The challenge of the light periodic 

table

• Low decomposition temperature
– Thermodynamic control

• Reversibility
– Electronic and ionic mobility

LaNi5 ↔ LaNi5H7

Hydrogen Storage



Controlling Gravimetric and Volumetric Densities



Li4BH4(NH2)3 LiNH2



 





Rapid throughput materials discovery 
and characterisation

robotic synthesis ~30mg quantities

R79 – rapid throughput
LiBH4 LiNH2

Mg(NH2)2



Hydrogen Economy

G. Marbán and T. Valdés-Solís, International Journal of Hydrogen Energy, 2007, 32, 1625-1637



Outlook: The Step-Change Hydrogen Economy
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Production
by splitting water renewably

Storage
in solid materials

Use
in fuel cells

science within reach
breakthrough research discoveries

catalysis, materials, nanoscale science and 
engineering, bio-mimetics

addresses the energy challenges
supply, security, pollution, climate

H2

George Crabtree, UK-US Vision for Hydrogen Technology, October 11-12, 2004



R.Helmolt, U.Eberle (General Motors), J. Power Sources, 2007, 165, p.833

Transition from today’s technologies to future 
hydrogen-powered fuel cell vehicles
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