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Long Term Energy Market

! Different needs world-wide
- uneven access to modern energy

! Growth of Renewable Energy but …. 
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! Environment
– Longer term : Factor 4 GHG reductions by 2050 (France)

Environmental Implications -
`long term`

Importance of Environment as a DriverImportance of Environment as a Driver

– Importance
of engaging
Emerging
Market  
Economies

0

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

8 0 0 0

9 0 0 0

1 0 0 0 0

1 9 9 0 2 0 0 0 2 0 1 0 2 0 2 0 2 0 3 0

M
t o

f C
O

2

E u ro p e a n  U n io n E U  &  A c c e s s io n  C o u n t rie s
U S A B ra z i l
In d ia C h in a
Ja p a n

Forecasted CO2 Increases
Source: EC/EEA, 2004

China will overtake US 
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Strategic Trajectories

Carbon
Reduction

Time

`Increased
Efficiency`
Trajectory

`Zero Emissions`
Trajectory

Near-term Mid-term Long-term

High efficiency combined with 
`Capture ready` concept

CO2 penalty ?
Geography ?

Flexible strategy to cover uncertain future
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Constant efficiency improvements
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Technology Options
for CO2  Removal

From Bolland (2004)

O2  Separation
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Pre-combustion capture
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Pre-combustion capture

! Pre-combustion capture is proven technology

! Burning H2-rich synthesis gas requires only 
changes in the gas turbine combustor,

– main challenge is low NOx combustion

! Requires a chemical plant in front of the gas turbine, 
high investment cost

! Max. 90 – 95% capture

! Applicable to coal based IGCC plants also

! Shortest Term to Market: Easiest to realize
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ENCAP WP2.3: H2 Combustion

ENCAP: pre-combustion carbon capture.

Gasification 
reforming

Water
-shift

CO2
capture

Power plant using 
decarbonised fuel

CO2 
storage

H2 + CO H2 + CO2 2H2 + O2 ⇔ 2H2O

Exhaust, 0.1 
- 0.5% CO2Coal Oil

Natural Gas

! Goal: Develop lean-
premixed H2 burner.
– Advanced EV 

burner
– fuel-flexibility 

(NG/oil/H2/syngas).

Axial fuel injection (independent of NG LPM system).
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Circulating fluidised bed boilers
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! Reduced furnace ID from
40” to 21”

! Installed an O2/CO2 supply
infrastructure

! Installed additional heat
absorption surfaces 

! Replaced some 
furnace components 
for service at elevated 
oxygen content

! Modified FBHE to minimize 
re-carbonation of the 
circulating solids

O2/CO2

Seal Pot

Cyclone

To OFA

FBHE

CO2 and/or Air

Air

Air Vent

Coal and Limestone

Mixer

O2 CO2

Temporary 
Refractory

Normal 
40” ID

Reduced 21“ 
ID for O2 Firing

Permanent 
Refractory

CFB Oxy-firing 
3 MWth Multi-use Test Facility

Validity tests are 
performed with our 
4 ” fluid bed 
combustor
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CFB air-fired

67.0 m

33.5 m
 

32.3 m

35.4 m

CFB oxy-combustion

O2 Fired CFB 200 Mwe
Steam generator

Footprint (%) 100 51
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Chemical Looping Combustion

OX = Oxidation of an oxygen carrier

RED= Reduction of the metal oxide

Ox

Re

Me MeO

Air

Fuel CO2 + H2O

N2 + O2

Air reactor

Fuel reactor
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ENCAP WP 4.2 :
Chemical Looping Combustion
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Pilot CLC 10 kW 

Chalmers University

ENCAP WP 4.2 : 
Chemical looping testing
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CLC features

" Process characteristics 
# 100% CO2 capture 
# No Air Separation Unit for oxygen production 
# No energy penalty for oxygen production and for CO2 separation

" Process design requirements for Fluidized Bed CLC
# Reactive and hard oxygen carrier (Fe,Ni,Mn,Cu...with various supports)
# Sufficient solids flow , typical of CFB hydrodynamics
# No gas mixing between the two reactors
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$ All measures will be required
% different solutions in different parts of the world

$ Broad approach necessary
% energy efficiency, renewables, fossil with CCS, nuclear 

$ No one single winning technology for fossil with CCS
% pre-combustion, oxy-firing, post-combustion

$ Development of energy technology will be essential

CO2 Mitigation Message

Clean use of fossil fuels : the key to a sustainable energy future
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