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Routes forward continued!

Reduce

Carbon

emissions

Improve efficiency
of energy use.

Use local renewable

Energy resources

Reduce energy & 

material
consumption

Reduce carbon 
emissions from 

existing plants

Increase use of 

large-scale 

renewable sources

Use less energy!Renewable energy.

Carbon capture

Each route offers 

immense scope.

We need to follow 
them all.



Carbon Capture & Storage

Statoil/Shell 860-MW 

gas fired Power 
Station at 

Tjeldbergodden, 

Norway.

Up to 2.5 million tons 

of CO2 injected 

annually.



Carbon Capture & Storage
Sleipner (Oil & Gas Field) - Norway

CO2 injection

Natural gas extraction

Impervious cap rock

Porous storage rock



Carbon Capture & 
Sequestration

� Critically important technology for climate-
change minimisation

� Coal WILL be a key energy source for the 
foreseeable future (see next slide).

� Because there is a huge amount

� And nuclear fission won’t meet global need

� But it imposes a cost on generation (5-10%)





� Wind Farm

� Tidal Barrage

� Tidal Stream

� Wavepower

� Solar Photo-Voltaic

� Deep Geothermal

� Ground Source Heat Pump

� Biomass power station.

� Biomass Road Transport Fuel

� Hydro-electricity

Large Scale Renewables

Dynamic Renewables -
Use them or lose them

Continuous Renewables

Use when needed.



Wind Farm



UK Offshore Average Wind-speed

From DTI Renewables Database.

www.dti.gov.uk/renewables/

UK is the best place in Europe

for wind power! (Which is why 

we are nor leading the way??)

Viable

Range



Wind Farm - growth in size of 
largest machines.

NOTE - Peak 

power varies 
as swept area 

or diameter 

squared.



Wind Farm - capacities by 2010
(MWp - in Europe).



Growth of Wind Energy 
Capacity Worldwide
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Wind Farm - land-based 
scale!



Wind Farm - ocean-based 
scale!



Correlation between wind-farm 
sites.

Source - Graham Sinden, 

ECI-Oxford

1.0

0.5

0

Correlation

0 600 1200
Distance between sites in kms.



Wind Capacity Factor

Source - Graham Sinden - ECI-Oxford



Annual variation of wind energy.
Wind tends to blow when you want extra power!

Source - Graham Sinden ECI-Oxford



Wind-power Prediction
With modern forecasting - pretty good!



Cost of wind energy.
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Tidal Barrage



Tidal Barrage



Tidal Barrage



Tidal Stream
(using the tidal current offshore)



Tidal Stream potential sites



A Tidal Stream machine

Seagen - 1MW device 
Operating in Strangford
Lough, Norhern Ireland.



Another
Tidal 

Stream
machine
- Lunar 
Energy

Co.

15 m diameter



Side view of system.



Lunar Generator Specifications

� 1 MW peak power output

� Duct diameter 15 m

� Duct length 19.2 m

� Turbine diameter 11.5 m

� Operates at depths down to 40 m

� This covers 63% of potential sites in UK

� Being installed by E-ON in SW Wales.



Tidal Stream and Barrage 
Generation

Obviously they can generate 
power for a maximum of two 

periods per day with dead 
periods in between -

BUT -



Tidal delays relative to Falmouth
(in hours)
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Wave Power - Pelamis



UK Offshore Average Wave Power

From DTI Renewables Database.

www.dti.gov.uk/renewables/

UK again one of the 

best places in Europe.



Wave Power -
Pelamis Power Module



Wave Power -
Pelamis construction



Wave Power -
Pelamis deployment

Project approved September 
2007.

A large installation for SW Cornwall also approved September 2007



Intermittent vs Predictable

� Tidal energy is intermittent but entirely 
predictable for months ahead.

� Tidal flows peak at different times around our 
coasts

� Wind and Wave power are not predictable long 
term but are predictable a few days ahead 
� - e.g. short term weather forecasts.

� Multiple wind generators and sites smooth short 
term fluctuations and improve overall reliability.



Solar Photo-Voltaic Power

� Uses huge arrays of solar cells

� Converts sunlight directly to DC electrical power

� Slowly becoming cost effective

� Power available about 0.9 MWh/m2.annum

� Efficiency 15-20%

� So generate  ~ 200 kWh/m2.annum
� my home would need about 25 m2 collectors

� So uses large area of land.



Shows power per annum



Solar radiation arriving in UK
(at all wavelengths)
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Solar Photo-Voltaic Power

With cost reductions currently promised by some manufacturers, 
could become a reality especially in sunny climes!



� Wind Farm

� Tidal Barrage

� Tidal Stream

� Wavepower

� Solar Photo-Voltaic

� Deep Geothermal

� Ground Source Heat Pump

� Biomass power station.

� Biomass Road Transport 
Fuel

� Hydro-electricity

Large Scale Renewables

Dynamic Renewables -

Use them or lose them

Continuous Renewables
Use when needed.



Deep 
Geothermal



Deep Geothermal Power 
Station



Biomass power sources
� Timber

� Coppice or Forest

� Harvested or waste

� Grasses and other crops
� Miscanthus & switch-grass?

� Farm & urban waste
� Chicken litter etc

� Household waste

� Zero net carbon emissions if sustainably
produced.

� But crops require land! 



Biomass Road Transport Fuels
Many potential options

� Corn, sugar cane, grains, sugar beet etc

� Sugars fermented to ethanol

� Oilseed rape, soy, other vegetable oils

� Process to form bio-diesel

� Wood, grasses etc for gasification and 
chemical processing to ethanol



Biomass Road Transport Fuel
Some options make little sense!

Energy 
Balance 1.2

Energy 
Balance 10

Useful energy

Processing
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Relative
energy

American Corn
Bio-ethanol
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(Iogen process)



Biomass Road Transport Fuels
- Some Key Issues

� Energy Balance

� Ratio of useful energy produced to the energy used to 
produce it

� Often barely greater than unity!

� Published estimates vary widely for the same process

� Land area required to produce a useful amount

� (10% RTF for US requires 10% of cultivated land 
area!!

� No substitute for fuel economy.



The Large Scale Renewables
wedge

2010 2030 2050
Year

Relative contribution from each
technology.

Wind Farms

Tidal Stream 

Tidal Barrage

Wave Power

Geothermal Energy

Solar Arrays

Biomass Power Plants

Hydro-electric 



We need realistic targets for every 
sub-wedge with check points en-
route and costed implementation 

plans, not spin!



Source - J Schellnhuber, Potsdam Institute

Potential Interconnected Renewable 

Energy Domains (2030)



Large Scale Energy Storage
A largely missing element!

� Needed to convert “use it or lose” to 
continuous.

� Technologies becoming available:-
� Pump Storage (Dinorwic)

� Compressed Air underground reservoir

� Hydrogen reservoir

� Flow Batteries

� But better cost-effectiveness sought.



A sustainable carbon-free society?

CCS electricity

Renewable Electricity

Hydrogen
Generation

Hydrogen
Storage

Hydrogen Fuel Cell

Rechargeable Electric

All electric home 
with high energy 

efficiency

Micro-generation

Hydrogen
powered
Generator



A sustainable carbon-free society?

CCS electricity

Renewable Electricity

Hydrogen
Generation

Hydrogen
Storage

Hydrogen Fuel Cell

Rechargeable Electric

All electric home 
with high energy 

efficiency

Micro-generation

Hydrogen
powered
Generator

Carbon Emission 

Free Electricity 

Generation

Local 

Microgeneration
of 

Electricity 

Energy 

efficient 
homes & 

businesses

Carbon 
emission 

free 

transport
Energy 

storage



The last words

The technology largely exists & we don’t need 
to give up everything but we do need to act.

There remains the political & social challenge 
- will we (the human race) do it for our 

grandchildren or not?

Can we make it happen?



Finis


