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ENCAP SP6 Objectives

“Novel Pre-combustion Capture Concepts”
Investigate prospective emerging pre-combustion capture 
technologies with

High potentiality for capture cost reduction
High capture rate

Oxy-fuel combustion cycles
Natural gas

Pre-combustion capture cycles
Natural gas
Hard coal
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ENCAP SP6 partners

ALSTOM Power Centrales (France) (SP lead)
ALSTOM Ltd (Switzerland)
Air Liquide SA (France)
ALSTOM POWER LTD – Technology Centre (UK)
Siemens AG (Germany)
Institut Français du Pétrole, IFP (France)
SINTEF Energy Research (Norway)
The Norwegian University of Science and Technology, NTNU (Norway)
University of Ulster (UK)
Universität Paderborn (Germany)
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WP6.1
“Methodology for modelling and screening of optional concepts”

Identification and selection of promising novel cycle options
Reduced costs and/or 
Higher capture efficiency

Results (heat and mass balances) to WP6.2 and WP6.4
Cycle simulation work finished and published in deliverable 
D6.1.3)

Common framework of the modelling basis
All cycles evaluated on the same basis
External parameters from SP1 (e.g., fuel specifications, cooling water, 
reference cases)
Generic cooled gas turbine

Representing state-of-the-art gas turbine technology
Used in all cycles including a cooled gas turbine
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WP6.1
“Methodology for modelling and screening of optional concepts”

Cycle classification: all cycles are classified into a common 
structure:

Oxy-fuel combustion (natural gas)

Pre-combustion capture (natural gas and coal)
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WP6.1 Oxy-fuel classification
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WP6.1 Pre-combustion classification
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WP6.1 Results

17 cycles

Natural gas
Oxy-fuel combustion
Pre-combustion capture

Coal
Pre-combustion capture (IGCC)

Basis for component studies and economic analysis ⇒
benchmarking
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WP6.1 Results – Coal/IGCC
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WP6.2
“Modelling, design and operational analysis”

WP6.2 – “Modelling, design and operational analysis”
Novel or modified cycle components
Feasibility studies of key components

Turbomachinery and combustors
Heat exchangers
Novel components (e.g., membranes, membrane reactors)

Key technical areas: combustion, heat transfer, materials
Identify small-scale experimental investigations
Results to WP6.4 (economic evaluation)
First evaluation report D-6.2.1 submitted end of February 2006
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WP6.2
“Modelling, design and operational analysis”

For each cycle
For each component

Composition and mass flows of inlet and outlet streams
Inlet and outlet pressures and temperatures
Power input or output and component efficiencies

Collection of expert opinions on each component, considering available 
technology, best design practices, state of the art in materials, existing 
experience and other relevant issues
Technical and economic traffic lights given to each component

Green: available technology, current engineering practice
Yellow: not current engineering practice but not new science
Red: completely new development needed or very high cost

Methodology
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WP6.2 Example: Water Cycle

Steam + CO2
turbine - high 
pressure ratio

High pressure 
combustor –

extensive 
development

Low heat 
transfer 

coefficient, large 
size equipment, 
leading to high 

cost
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WP6.2 Example: Steam Graz Cycle

CO2 and steam 
turbine: risk of 

corrosion

CO2 and steam 
turbine: risk of 

corrosion, very low 
exit temperature

Very low pressure 
condenser for CO2 and 

steam, risk of 
corrosion, very low heat 

transfer coefficient
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CO2 (88%) 
and steam 
compressor

CO2 (79%) 
and steam 

turbine

WP6.2 Example: Semi-closed oxy-fuel CC

No major 
technical or 
economic 
barriers!
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Combined cycle with exhaust 
gas recirculation 
Combustion with oxygen
2-p HRSG, reheat
Net efficiency 47.7 %
Net power 325 MW
99.9 % CO2 capture 
efficiency
CO2 emission 
0.6 g CO2/kWhe
ASU 0.30 kWh/kg O2
Critical components

Turbomachinery for 
CO2/H2O
Near-stoichiometric
combustion

GT Steam 
turbine

Generator 88 mol-% CO2 
5   mol-% Ar
4   mol-% N2
2   mol-% H2O 
0   mol-% O2

NG 
(14.67 kg/s)

HRSG

Pressurized 
oxygen (95 %) Condenser

H2O CO2 to 
compression

1425 °C

≈ 88 % recycle (mass basis)

1 bar

79 mol-% CO2
13 mol-% H2O
5   mol-% Ar
4   mol-% N2
0   mol-% O2

Condenser
0.048 bar

PR=40

WP6.2 Example: Semi-closed oxy-fuel CC
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Change in loading coefficient for PR=40 against exit hub/tip ratio
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WP6.2 Example: Semi-closed oxy-fuel CC
CO2 and steam compressor

Ideal
operational
region

A compromise configuration for good surge margin and low 
sensitivity to clearance losses resulted in 24 stages
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Annulus of initial compressor concept
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Conclusions
• The working fluid of the compressor necessitates the design of 

a radically different compressor from those currently in use
in 50 Hz industrial gas turbines

• Working fluid results in the need for more stages at lower exit radius,
the impact of the longer rotor on rotor dynamics should be 
investigated

• If the compressor parameters are not significantly changed, high
efficiencies consistent with cycle calculations should be obtained

WP6.2 Example: Semi-closed oxy-fuel CC
CO2 and steam compressor
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Annulus of initial turbine concept
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• Due to working fluid, a new
turbine is required

• Implications of CO2 as the
cooling gas should be
assessed

• First stage should be optimised
with respect to tip clearance
and cooling flows 

Conclusions

Four stages, high hub/tip ratio at 
first stage

CO2 and steam compressor

WP6.2 Example: Semi-closed oxy-fuel CC
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WP6.4
“Methodology for modelling and screening of optional concepts”

Performed by the University of Ulster (UK)
Input from the other WPs

On going work
Precise information about module costs (boiler island, piping, turbine, 
heat exchangers) is currently collected from the partners.
Implementation of economic analysis using the ECLIPSE toolbox.

Expected results
Economic analysis is expected for the end of July 2006
Followed by a sensitivity analysis that is to be completed at the end of 
December 2006
CO2 avoidance cost including transportation and storage at the end of 
February 2007
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Conclusions 1(2)

The semi-closed oxygen combustion combined cycle 
(SCOC-CC) is one of the most promising cycle

Efficiency (47.7 %) almost as high as for the S-Graz cycle 
(the cycle with the highest efficiency, 48.9 %)

Optimisation could improve the efficiency by up to 0.5 %-
points

The SCOC-CC is the least complex of the oxy-fuel cycles
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Conclusions 2(2)

General disadvantages of oxy-fuel cycles

Large fraction of non-condensable gases in the stream sent 
to the CO2 compression train (10 mol-%)

The energy required for purification has not been considered

The S-Graz cycle and the Water cycle have very low 
condenser pressures (⇒ large, expensive heat exchangers)
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Thank you for your attention!
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