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CO2 per capita  (Houghton 2009)



What are our options ?

• Energy efficiency and conservation

• What can Nuclear and Renewable • What can Nuclear and Renewable 
technologies contribute?
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Nuclear Power
• About 20% of UK 

electricity
• 65-70% of Belgian 

and French 
electricity

• Finland building 
new reactornew reactor

• Sweden reversing 
1989 moratorium

• Iran
• US has not built a 

reactor since 1980s 
following Three Mile 

Island accident



Solar water 
heater



Photovoltaic panels



Hydro Power

Old  5kW

New 14GW



Biomass
� Energy crops

� Agricultural and forest waste

� Other waste streams



Poultry litter/straw bales, Wood 
energy crops, forest and wood 
wastes, chips/pellets

Animal wastes/sewage 
sludge/biodegradable wastes

High energy sugar/ 
starch crops

High energy oil 
crops, animal 
fats

EsterificationFermentationAnaerobic DigestionPyrolysisCombustion Gasification

Principal 
Fuels

Intermediary 
Products

Conversion 
Processes

: Energy from biomass, fuels to end-uses
Sources: Biomass is Forever, artbicle in Energy Wise News April/May 2002: Power Plants - Biofuels made simple, Centre for Alternative 
Technology 1996: Renewable Energy Resources, Twidell and Weir, E&FN Spon 1986: 

Algae, 
bacteria

Enzymatic

BiodieselEthanolMethaneBio oils/ 
fuel gas

Gas

Heat Electricity

Wood 
stove/ 
boiler

Gas turbine Compression 
ignition engine

Spark ignition 
engine

Motive power 
for transport

Methanol

Steam boiler/ 
CHP plant

End Use 
Technologies

End 
Products

Hydrogen

Fuel cells, 
power plants, 
engines

Electricity, 
heat, 
motive 
power



Wind old and new





Wind Turbulence – a real challenge



Wind Power Variation



Costs of Higher Penetration





Marine 
potentia
l for UK 
is large



Tidal Power



Tidal current turbines



Pelamis



Limpet and 
Wave Dragon



Loch Ness, Scotland



Practical resources

GW World Potential World Exploited

Hydro large scale 2200 550

Hydro small scale 500 100

Tidal Barrage 200 0.26

Tidal Stream 100 0.0003Tidal Stream 100 0.0003

Wave  on-shore 10 0.005

Wave   off-shore 2000 0.001

OTEC 100 0.0003
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Carbon Dioxide Emissions
( S.Turner 2009 IEMA + LJD)
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Hydrogen Storage System





Current work 
with 

Loughborough 
Helical OWC

Membrane 1 Frequency Response
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Energy Storage


