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A Research Project for the development of
Pre-combustion technologies for 
ENhanced CAPture of CO2 
in Large Power Plants

A five year Integrated Project within the EC FP6
Total budget 22.2 MEuro
EC support 10.7 MEuro 

Enhanced CO2 Capture - ENCAP

Project period 2004 March - 2009 February
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ENCAP – a powerful consortium

The ENCAP Consortium gathers:
5 large European energy companies
11 leading European technology providers
12 high ranked research providers

ALSTOM Power Boiler (Fr)(GE)
ALSTOM Power Centrales
ALSTOM Power Ltd (UK)
ALSTOM Ltd (CH)

Linde
Air Liquide BOC

Siemens

Lurgi
Mitsui Babcock

SINTEF Chalmers

University of Paderborn
NTNU University of Stuttgart

University of Twente

University of Ulster

Energi E2
PPC
RWE Power
Statoil
Vattenfall
+Total

DLR
IFP
ISFTA

TNO
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ENCAP Target

• 90% CO2 capture rate and

• a cost of 20 €/ton stored CO2

Develop pre-combustion technologies that in large Power Plants 
meets the target:
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ENCAP Concept development
Development and verification of technologies to reach a 
capture rate higher than 90% at a cost lower than 20 €/ton CO2

•Pre-combustion decarbonisation
- IGCC  for hard coal and lignite 
- IRCC for natural gas

• CO2/O2 combustion technologies (oxyfuel)
- PFC for hard coal and lignite
- CFB for hard coal, lignite and pet coke

• Chemical Looping Combustion
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2004 2005 2006 2007 2008 2009

Pre-Combustion Decarbonisation

Phase I Phase II
2004 2005 2006 2007 2008 20092004 2005 2006 2007 2008 2009

System and Power systems

Pre-Combustion Decarbonisation

Phase IPhase I Phase IIPhase II

OxyFuel
Pilot Plant PF 

Pilot Plant 

HighTemp oxygen generation
Larger lab  scale 

Novel concepts
Larger experimental scale 

OxyFuel
30 MW

CFB
Chemical Looping Combustion

HighTemp oxygen generation
Larger lab  scale 

Novel concepts
Larger experimental scale 

Candidates for large scale testing 

ENCAP – Planned in two phases

1MW
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Key items 
• Definition & analysis of plant concepts

• Optimising of CO-shift conversion

• H2-rich combustion

• Development of capture unit 

integration with plant

• Development of overall 

plant outline specification

Pre-Combustion Decarbonisation Technologies
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additional / modified process steps

Air 
separation 

unit
Air

G

CO2

O2

CO-Shift 
conversion

Gas 
cleanup

CO2 capture Gas turbine HRSG

Steam 
turbine

G

Gasification
Reforming

Coal
Flue gasNatural 

gas

Pressurized fuel gas 
> 90% H2

Process outline

Optimised gas processing

Integration of cryogenic oxygen production, CO2 capture, gas and 
steam turbines into functioning power plants

Bituminous coal and lignite

Pre-combustion decarbonisation 
developmentPre-combustion decarbonisation development 
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Bituminous coal and lignite

ENCAP IGCC process verifications
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Lean-Premixed Combustion of H2-rich fuels 
simulations and tests

Pre-combustion decarbonisation
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A common framework is established to define:
• State of the art reference power plants without CO2 capture 

• Boundaries for economic analysis
• Procedure to evaluate power plants with CO2 capture
• Design scenarios for CO2 purity

- Natural gas-fired 400 MWe Combined Cycle Gas Turbine (Statoil / Siemens) 
- Hard coal / pet coke-fired 445 MWe Circulating Fluidised Bed (Alstom) 
- Hard coal-fired 600 MWe PF (Mitsui Babcock) 
- Lignite-fired 1000 MWe IGCC/PF (RWE / Vattenfall) 
- Lignite fired 380 MWe PF (PPC). 

Reference cases and guidelines for ENCAP 
technology concepts

This will enable consistency in the benchmarking of CO2
capture alternatives
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20182017201620152014

R&D
Validation
CO2 Free
Technologies

Pre-Combustion

Post CombustionCASTOR IP

DEMO
? Electricity

CO2 – storage/oil recovery

200-250 MW

DEMO

Electricity + 
Hydrogen

CO2 – storage

250 MWPrep. for Electricity/H2 Demo/Storage

OxyFuel

Chemical looping

IGCC
ENCAP IP

Pilot Plant 30 MW

C
h
o
i
c
e

CO2 (Storage)

Electricity

DEMO
Electricity
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>250 MW

HYPOGEN
Initiative
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On-going projects

Discussed Projects (Design/Operation)

CO2SINK IP

DYNAMIS IP

= ?

ENCAP in relation to other IPs
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Thanks for the attention
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Hydrogen combustion

Hydrogen as fuel behaves very 
different from natural gas 
Hydrogen is extremely reactive, 
a safe design of the combustion 
chamber for a stable flame with 
low nitrogen oxide emissions is 
a genuine challenge
Hydrogen is known as gas 
turbine fuel in cases without 
severe restrictions on nitrogen 
oxide emissions or high 
demands on power plant 
efficiency
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Simulation of temperature 
in combustion chamber

Natural gas

Hydrogen
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© Vattenfall AB 1

Location of the pilot plant

© Vattenfall AB 2

30 MW oxyfuel pilot – preliminary layout

Vattenfall 30 MW PF Oxyfuel Pilot
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