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Today’s technology

TransportEnergyElectricity

Coal

Gas

Oil products

Renewables

Nuclear
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Technologies – “clean” fossil
Advanced steam turbine cycles

Higher temperature coal combustion
Associated HT steam turbines

IGCC - Integrated Gasification Combined 
Cycle

CCS – Carbon Capture & Storage
UK project competition
Pre- or Post-Combustion debate
Sequestration studies

Advanced turbines –
battling for 1%
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Alternatives for coal

Australia:
Chinchilla Underground Gasification Site
Coal extracted as syngas
Syngas used directly or turned into liquid fuel
Next step: capture and re-inject the carbon

Suitable UCG areas

In the UK the total area where 
coals are suitable for gasification 
is approximately 4000 km2

Suitable large areas exist in E. 
England (Newark-Doncaster, 
around Selby and N of York)

The total volume of coal suitable 
for UCG = 21,100 x 106m3 (~27 
Btonnes)

This represents a resource of 426 
years based on the current UK 
coal consumption of 64.3 
Mtonnes per year

<600m >1200m

‘Good’ UCG 
potential

Poor

Unverifiable

Selby

Nottingham

Leeds

Hull

Doncaster

Newark
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UCG areas: Midlands & N.W
Resources must meet certain 
criteria – main ones are coals > 2 
m thick, at depths 600-1200 m.

Numerous areas with UCG 
potential in the Midlands and NW, 
e.g:

East of North Wales Coalfield 
(317 km2)

Southern extension of South 
Lancashire Coalfield (103 
km2)

Between North & South Staffs 
coalfields (165 km2) 

Large area (=Cheshire Basin) 
where coals present >1200m

Wolverhampton

Chester

Manchester

Liverpool

StokeCheshire 
Basin

(coals>
1200m)

‘Good’
UCG 
area

Unverifiable 
UCG area

Return cycle – CO2 storage

Experiment running in the 
Sleipner field

1 million tonnes/year

Aim is to understand 
process and behaviour

Stored in a layer of sand 
with impervious deposits 
above and below

20% of our emissions ->

3 Sleipners p.a. until 2050



6

Fuel Cells

Rationale Design of Electrodes
Anode-Fuel interaction
Cell and Stack Engineering
System design, build and test

Fuel cell research cuts across 
length scales
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Renewable
34%Renewable

18%
Renewable

12%

Fossil and 
nuclear
66%

Fossil and 
nuclear
88%

Fossil
82% 

Transport Heat Power

20% Renewables

Sun

Wind

Renewable energy vs usage
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Nuclear fusion

The ITER CDA Tokamak Design 

Build your own Sun
Deuterium and tritium 

as fuel
Tritium is created in 

the ‘blanket’ of lithium 
around the plasma

+

=
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Existing technologies 
Doing the sums…

4.6% of UK electricity 
generated from renewables, 
1.07% from wind

To close the gap between 
current 4.6% and EU target 
of 20% with wind would need 
an extra 28,150 MW

This figure nearly doubles if 
we assume the renewable 
electricity target is closer to 
34%

Current global installed wind 
capacity: 73,904 MW      
[World Wind Energy Assoc, 2006]

Total UK wind power capacity 
installed:

1954 MW
Total wind generation: 

4225 GWh

[BERR, 2006]

10,000 more turbines?
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Wave Energy

Atlantic Ocean collects 
some of the best wave 
resources in the world

Not resource limited

In Scotland alone 3-6 GW 
feasible when technology 
matures and manufacture is 
economic

First generation Pelamis (750 kW) device 
at sea.  Ocean Power Delivery developing 
UK, Portugal and SA markets

Source: DTI

Tidal-Current Resource

Some of the most 

energetic sites in the 

world

Not resource limited

In Scotland alone 1-2 

GW easily achievable 

when mature

Seaflow (300 kW) by Marine 
Current Turbines Ltd now in 
service for 3 years.  Twin propeller 
system deployed later this year
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Saviour Energy: Biofuels?

UK Arable Land RTFO Target (5%)

14% 
2.8%

2010: 0.8m hectares
19% 2020: 1.1m hectares

3.8%

2030: 1.6m hectares 27% 
5.6%

Energy hierarchy

The Energy Hierarchy

Sustainable 

Energy conservation – changing behaviour to reduce 
demand
•Energy efficiency – using technology to reduce 
demand
•Renewable, sustainable energy sources – setting 
a course to replace fossil fuels
•Conventional energy sources – using low/no-
carbon technologies
Exploitation of conventional energy sources as we 
do now 
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Tomorrow’s technology

Wind
Nuclear
Carbon capture and 
storage
Marine
Bioenergy

Demand Reduction

20% by 2020
Relies on effective public 
engagement
Aspects of demand reduction 
not fully understood –
“Rebound Effect”

Exists, but is not large enough to 
undermine energy efficiency 
policies
Significant enough to be taken into 
account
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Longer term...

Fusion
Carbon capture and 
storage
Marine
Solar
Bioenergy
Nuclear/hydrogen
Highly distributed 
generation
Lower energy society

UK Energy Research Centre

www.ukerc.ac.uk


