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Where the energy goes Data from 2006 on how energy (in quads) is produced and used in the US. The numbers on the left indicate what percentage each type of energy
contributes to the total primary supply. Following each energy “stream” to the right shows how much of that energy is consumed for useful services and how much s

unused. (Note that all the numbers have been rounded.) Despite decades of research and development, sustaina ble-energy technologies (top left) account foronly ating
fraction of the total energy flow. Altering this landscape will require breakthroughs in nanomaterials and chemical processes that convert energy efficiently between /(l_,'.’;
photons, electrons and chemical bonds. Source: Lawrence Livermore National Laboratory and DOE %
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COZ per Caplta (Houghton 2009)



What are our options ?

* Energy efficiency and conservation

e 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 reactor

« Sweden reversing
1989 moratorium

e Jran

e US has not built a
reactor since 1980s
following Three Mile

Island accident



Solar water
heater



Photovoltaic panels



Hydro Power

Old 5kwW

New 14GW



Biomass

Energy crops
Agricultural and forest waste
Other waste streams




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:
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Poultry litter/straw bales, Wood
energy crops, forest and wood

Animal wastes/sewage
sludge/biodegradable wastes

High energy sugar/
starch crops

High energy oil
crops, animal
fats

Algae,
bacteria
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Wind old and new






Wind Turbulence — a real challenge




Wind Power Variation




Costs of Higher Penetration
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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 0.0003
Wave on-shore 10 0.005
Wave off-shore 2000 0.001

OTEC 100 0.0003







Carbon Dioxide Emissions

( S.Turner 2009 IEMA + LJD)
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Hydrogen Storage System
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Energy Storage



