
Following the Technical group meeting in Melbourne, Australia, in September 2004, a 

recommendation was put forward for a working group which would assess projects proposed for 

recognition by the CSLF and review the CSLF project portfolio to identify synergies and gaps that 

would then act as input for any future revision of the CSLF Technology Road map. This working 
group was endorsed by the Policy Group at the CSFL meeting in New Delhi in April 2006 and is now 

known as the Projects Interaction and Review Team (PIRT). 

The PIRT has the following tasks:

CSLF Projects Interaction and Review Team (PIRT)

CCS Technology Gaps Analysis 

In order to complete the task of identifying technology gaps where further research and 

development would be required, a comprehensive gap assessment began in 2006. The purpose of 

this was to identify where projects should be encouraged in the CSLF charter, to promote 

synergies and inform on new developments.
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PIRT FORMATION & OBJECTIVES

TECHNICAL GAPS ANALYSIS

•Assess projects proposed for recognition by the CSLF in accordance with the project 

selection criteria approved by the Policy Group.  Based on this assessment, make 

recommendations to the Technical Group on whether a project should be accepted for 

recognition by the CSLF.

•Review the CSLF project portfolio and identify synergies, complementarities and gaps, 
providing feedback to the Technical Group and input for further revisions of the CSLF 

roadmap.

•Identify technology gaps where further RD&D would be required.

•Foster enhanced international collaboration for CSLF projects, both within individual 

projects (e.g. expanding partnership to entities from other CSLF members) and between 

different projects addressing similar issues.

•Promote awareness within the CSLF of new developments in CO2 Capture and Storage by 

establishing and implementing a framework for periodically reporting to the Technical Group 

on the progress within CSLF projects and beyond.

•Organize periodic activities to facilitate the fulfilment of the above functions and to give an 

opportunity to individuals involved in CSLF recognized projects and other relevant 

individuals invited by the CSLF, to exchange experience and views on issues of common 
interest and provide feedback to the CSLF.

•Perform other such tasks that may be assigned to it by the CSLF Technical Group.

The aim of this poster session is to highlight aspects of projects that currently or plan to fill these gaps, 

as well as promote discussion of the areas that are not being addressed by CSLF projects.

If any non-CSLF projects wish to consider applying to be recognised as  CSLF project, the submission  

forms are available at http://cslforum.org/documents/ProjectSubmissionForm.doc

Single well injection test- Alberta Enhanced Coal-bed 
Methane Recovery Project

Poster 1 of 3

The CSLF Technical Group Gap Analysis work was divided into 

three components: 1) Capture, 2) Storage and 3) Monitoring and 

Verification. These were initially instigated by completion of three 

taskforces examining these topics: Task Force to Identify Gaps in 
C02 Capture and Transport, Task Force to Identify Gaps in 

Measurement, Monitoring and Verification in Storage and the Task
Force to Review and Identify Standards for C02 Storage Capacity

Measurement. From the results of these taskforces and by scoping 

out other gaps from within the Core Group and Floating Group 

within the PIRT, a list of technology barriers to the CCS 

deployment were identified and are listed in the adjacent table.

These technology gaps were assembled at a high level so that more 

detailed gaps could be addressed underneath key topics.

The 17 projects recognised within the CSLF were then asked to 

identify if any of their project outcomes would encompass these 

issues. Many projects were able to respond in time for this poster 

and the details of their responses are shown in light green. Those 

in dark green are taken from the projects descriptions on their 

websites and information sheets An interactive spreadsheet of 

these responses is available at 

http://www.cslforum.org/documents/PIRTGapAnalysis.xls



In Salah
Being assessed at natural CO2 leakage sites

NANone
Implications of these on formulating regulation of 

sites

Identify thresholds of leakage 

that can be measured 
M17

In SalahImprovements in CoalbedMethane 
and Enhanced Coalbed Methane 
Reservoir Simulators, W.D. Gunter, 
D.H.-S. Law and Matt Mavor, 
Proceedings of the 2005 International 
Coalbed Methane Symposium, 
University of Alabama, Tuscaloosa, 
Alabama, 20p (2005)

Project has allowed for comparative 
analysis related to reservoir 

simulators

NANone

Improvements in CoalbedMethane 
and Enhanced CoalbedMethane 
Reservoir Simulators, W.D. Gunter, 
D.H.-S. Law and Matt Mavor, 
Proceedings of the 2005 International 
Coalbed Methane Symposium, 
University of Alabama, Tuscaloosa, 
Alabama, 20p (2005)

Project has allowed for comparative 
analysis related to reservoir 

simulators

Results of the application of these techniques
Improved integration of 

monitoring techniques 
M16

In Salah
NANone

To provide guidance in the determination of 

hydrodynamic isolation of the proposed 

injection zone

Determination of effective 

pre-injection surveys
M15

Guideline 
Development

In Salahwww.co2geonet.orgAirborne surveys over natural CO2 seeps

Not public yet
See "Direct Detection of CO2 and 

Methane" above

To allow identification of increased CO2

fluxes at surface that might be from deeper 

sources

Improved remote sensing to 

identify souces of CO2
M14

In Salahwww.co2geonet.orgMarine and terestrial floras being 

investigated at natural CO2 seeps and 

deliberate release labs. 
NANone

Determine optimal times for surveys in 

different climatic zones, a better 

understanding of the influence of soil type

Use of vegetational changes 

by hyperspectral surveys 

changes to identify gas levels 

in the vadose zone 

M13

In Salahwww.co2geonet.orgLaser techniques being tested on natural 
CO2 leaks

Not public yet

The "Direct Detection of CO2 and 
Methane" study has tested an aerial 

application over the RMOTC 

engineered leak site.  

Air surveys to be undertaken as part 

of  CSEMP multi-well pilot

Develop techniques that can measure low 

flux increases
Remote sensing of CO2 flux M12

Potable water and soil testing of CO2 
and other gases.

In Salahwww.co2geonet.orgConsiderable effort being made on natural 

seeps into lacustrine and marine field labsNANone
Groundwater monitoring to be 
undertaken as part ofCSEMP multi-

well pilot

Improved methods, particularly dissolved 

CO2

Detecting CO2 seeps into 

subaqueous settings
M11

Surface and near-
surface leaks

In Salah
NANoneTo determine leakage into overlying zones

Evaluation of permanent or 

semi-permanent sampling 

points in an observation well

M10

In Salahwww.co2geonet.orgLower cost seismic techniques being 

developed
NANone

Reduced costs for survey and data 

interpretation
Seismic, cost reductionM9

Estimate of 2,500 tonnes of leakage 
to an overlying formation as 

detection limit.

In Salah

NANoneImproved vertical resolutionSesimic, resolutionM8

Leaks in the 
subsurface

some attempts to use seismic and 
High Resolution Aeromagnetics to 

assess nature of faults in the region.

In Salahwww.co2geonet.orgIntegrated geophysical, petrographic and 

geochemical techniques being developedNot public yetSee "ECBM" Monitoring" above
With seismic, non-seismic or the 

combination of techniques

Improved recognition and 

interpretation of the nature of 

faults and fractures 

M7

In Salahwww.co2geonet.orgGround penetrating radar being tested on 
natural  CO2 seepage systems

Not public yet

The "ECBM Monitoring" study 

models the utility of non-seismic and 
sesimic applications to fault 

identification in coal systems.

tiltmeters deployed at surface and 
below surface for current multi-well 

project (CSEMP). 

Improvements in resolution
Non-seismic geophysical 

techniques
M6

2D and 3D seismic to identify faults. 

Reprocessing of older seismic lines 
to improve interpretation.

In Salah plans to run several seismic 
options

www.co2geonet.orgNatural analogues where CO2 migration is 
occuring along fractures being seismically 

appraised

NANone
Geophysical program associated 

with current multi-well project 
(CSEMP)

Regarding identification of open fractures 

that might be intersected by an expanding 

CO2 plume

Use of seismicM5

Identification of faults 
and fractures

as above
www.co2geonet.orgWellbore materials integrity being assessed

Not public yet
See "Well Integrity Field Study" 

above

physical or chemical changes 

to cement
M4

as above

www.co2geonet.orgVariety of subsurface and above surface 

monitoring techniques being tested in 

terrestrial and aquatic settings
Not public yet

See "Well Integrity Field Study" 

above

To allow interpretation of activity outside the 

casing, but in the immediate wellbore area

Improved wellbore monitoring 

techniques 
M3

as aboveNot public yet
See "Well Integrity Field Study" 

above

To determine potential activity outside the 

casing or identification of problems with 

cement bonding

Improved interpretation of 

cased hole logs 
M2

www.ptrc.ca
Limited work to this point, final 
phase will undertake more evaluation

In Salah is testing a portfolio of tools

Not public yet

Integrated "Well Integrity Field 
Study" includes assessment (well 

condition),  sampling & analysis, 

model building and history 

matching, forward simulation and 
engineering solutions.  A completed 

study " Well-Based In Situ Detection" 

tested the threshold detectability of 

CO2 using Schlumbergers RST tool 
in a pressurized vessel.

Identification of logging tools that have 

applicability to the monitoring of CO2 

storage sites

Functionality and resolution of 

available logging tools
M1

Well bore Integrity

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues they will 

address under the relevant gaps and document 

the levels at which issues are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Examples; 

Will your project outcomes 

encompass any of these 

issues?
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17)  IEA GHG Weyburn-Midale CO2 Monitoring & Storage Project13)  Geologic CO2 Storage Assurance at In Salah, Algeria10)  China Coalbed Methane Technology/CO2 Sequestration Project5)  CO2 GeoNet4)  CO2 Capture Project1)  Alberta Enhanced Coal-bed Methane Recovery ProjectMONITORING
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Being assessed at natural CO2 leakage sites

NANone
Implications of these on formulating regulation of 

sites

Identify thresholds of leakage 

that can be measured 
M17

In SalahImprovements in CoalbedMethane 
and Enhanced Coalbed Methane 
Reservoir Simulators, W.D. Gunter, 
D.H.-S. Law and Matt Mavor, 
Proceedings of the 2005 International 
Coalbed Methane Symposium, 
University of Alabama, Tuscaloosa, 
Alabama, 20p (2005)

Project has allowed for comparative 
analysis related to reservoir 

simulators

NANone

Improvements in CoalbedMethane 
and Enhanced CoalbedMethane 
Reservoir Simulators, W.D. Gunter, 
D.H.-S. Law and Matt Mavor, 
Proceedings of the 2005 International 
Coalbed Methane Symposium, 
University of Alabama, Tuscaloosa, 
Alabama, 20p (2005)

Project has allowed for comparative 
analysis related to reservoir 

simulators

Results of the application of these techniques
Improved integration of 

monitoring techniques 
M16

In Salah
NANone

To provide guidance in the determination of 

hydrodynamic isolation of the proposed 

injection zone

Determination of effective 

pre-injection surveys
M15

Guideline 
Development

In Salahwww.co2geonet.orgAirborne surveys over natural CO2 seeps

Not public yet
See "Direct Detection of CO2 and 

Methane" above

To allow identification of increased CO2

fluxes at surface that might be from deeper 

sources

Improved remote sensing to 

identify souces of CO2
M14

In Salahwww.co2geonet.orgMarine and terestrial floras being 

investigated at natural CO2 seeps and 

deliberate release labs. 
NANone

Determine optimal times for surveys in 

different climatic zones, a better 

understanding of the influence of soil type

Use of vegetational changes 

by hyperspectral surveys 

changes to identify gas levels 

in the vadose zone 

M13

In Salahwww.co2geonet.orgLaser techniques being tested on natural 
CO2 leaks

Not public yet

The "Direct Detection of CO2 and 
Methane" study has tested an aerial 

application over the RMOTC 

engineered leak site.  

Air surveys to be undertaken as part 

of  CSEMP multi-well pilot

Develop techniques that can measure low 

flux increases
Remote sensing of CO2 flux M12

Potable water and soil testing of CO2 
and other gases.

In Salahwww.co2geonet.orgConsiderable effort being made on natural 

seeps into lacustrine and marine field labsNANone
Groundwater monitoring to be 
undertaken as part ofCSEMP multi-

well pilot

Improved methods, particularly dissolved 

CO2

Detecting CO2 seeps into 

subaqueous settings
M11

Surface and near-
surface leaks

In Salah
NANoneTo determine leakage into overlying zones

Evaluation of permanent or 

semi-permanent sampling 

points in an observation well

M10

In Salahwww.co2geonet.orgLower cost seismic techniques being 

developed
NANone

Reduced costs for survey and data 

interpretation
Seismic, cost reductionM9

Estimate of 2,500 tonnes of leakage 
to an overlying formation as 

detection limit.

In Salah

NANoneImproved vertical resolutionSesimic, resolutionM8

Leaks in the 
subsurface

some attempts to use seismic and 
High Resolution Aeromagnetics to 

assess nature of faults in the region.

In Salahwww.co2geonet.orgIntegrated geophysical, petrographic and 

geochemical techniques being developedNot public yetSee "ECBM" Monitoring" above
With seismic, non-seismic or the 

combination of techniques

Improved recognition and 

interpretation of the nature of 

faults and fractures 

M7

In Salahwww.co2geonet.orgGround penetrating radar being tested on 
natural  CO2 seepage systems

Not public yet

The "ECBM Monitoring" study 

models the utility of non-seismic and 
sesimic applications to fault 

identification in coal systems.

tiltmeters deployed at surface and 
below surface for current multi-well 

project (CSEMP). 

Improvements in resolution
Non-seismic geophysical 

techniques
M6

2D and 3D seismic to identify faults. 

Reprocessing of older seismic lines 
to improve interpretation.

In Salah plans to run several seismic 
options

www.co2geonet.orgNatural analogues where CO2 migration is 
occuring along fractures being seismically 

appraised

NANone
Geophysical program associated 

with current multi-well project 
(CSEMP)

Regarding identification of open fractures 

that might be intersected by an expanding 

CO2 plume

Use of seismicM5

Identification of faults 
and fractures

as above
www.co2geonet.orgWellbore materials integrity being assessed

Not public yet
See "Well Integrity Field Study" 

above

physical or chemical changes 

to cement
M4

as above

www.co2geonet.orgVariety of subsurface and above surface 

monitoring techniques being tested in 

terrestrial and aquatic settings
Not public yet

See "Well Integrity Field Study" 

above

To allow interpretation of activity outside the 

casing, but in the immediate wellbore area

Improved wellbore monitoring 

techniques 
M3

as aboveNot public yet
See "Well Integrity Field Study" 

above

To determine potential activity outside the 

casing or identification of problems with 

cement bonding

Improved interpretation of 

cased hole logs 
M2

www.ptrc.ca
Limited work to this point, final 
phase will undertake more evaluation

In Salah is testing a portfolio of tools

Not public yet

Integrated "Well Integrity Field 
Study" includes assessment (well 

condition),  sampling & analysis, 

model building and history 

matching, forward simulation and 
engineering solutions.  A completed 

study " Well-Based In Situ Detection" 

tested the threshold detectability of 

CO2 using Schlumbergers RST tool 
in a pressurized vessel.

Identification of logging tools that have 

applicability to the monitoring of CO2 

storage sites

Functionality and resolution of 

available logging tools
M1

Well bore Integrity

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues they will 

address under the relevant gaps and document 

the levels at which issues are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Examples; 

Will your project outcomes 

encompass any of these 

issues?

MONITORING

17)  IEA GHG Weyburn-Midale CO2 Monitoring & Storage Project13)  Geologic CO2 Storage Assurance at In Salah, Algeria10)  China Coalbed Methane Technology/CO2 Sequestration Project5)  CO2 GeoNet4)  CO2 Capture Project1)  Alberta Enhanced Coal-bed Methane Recovery ProjectMONITORING

N/A

Study application of CLC combustion to 

refinery boilers. Study potential and critical 

issues for CO2 capture from FCC 

regenerators through oxyfiring.

Steel, cement, refineries, etc.
Capture from non-power 

industrial processes
C20

Industrial 
applications

No- although in Phase II of ENCAP 
valuable data will become available 
related to oxy-fuel coal PF plants 
through the data aquisition planned for 
the Vattenfall pilot in Schwarze Pumpe
Plant

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C19

Planned to co-operate the phase II of 
ENCAP with Vattenfalls Schwarze
Pumpe oxy-fuel pilot of 30 MWth.

Demonstration and/or testing key 

components or integrated systems on a 

scale of MWs to tens of MWs

CO2 capture pilot plantC18

Conceptually for all kind of variations.
Process optimization, heat integration, 

integration of ASU with process

Power plant concepts to 

integrate CO2 capture
C17

Testing in both gaseous oxy-fuel 
burners and coal fired burners. Mapping 
of heat release as function of axial 
distance and emissions, simplified 
models developed and tested against 
commercial combustion codes. Oxy-fuel 
is not well represented in commercial 
CFD codes.

Investigation of combustion chemistry, 

heat transfer and kinetics to improve 

design, scale-up

Combustion scienceC16

No - benchmarking of oxy-fuel CC has 
been condusted with very favourable 
results.

Develop, design and demonstrate 

components, modules and engines
Oxy-fuel gas turbinesC15

Both high temperature oxygen sorbents, 
ceramic OTM membarnes and ceramic 
membranes for syn gas production has 
been investigated. The CAR process has 
been focused and tested and a specific 
plan has been made to conduct a more 
comprehensive test programme and up-
scaling.

Ceramic membranes, polymeric 

membranes, others

Improved air separation 

processes
C14

Research has been condusted on both 
CFB and PF type oxy-fuel coal firing for 
large scale greenfield plants. The 
systems presumes external 
recirculation.

See: Applicability limits of Fe, Cu and Ni 

based oxygen carriers in Chemical Looping 

Combustion by Abad et al., presented at 

GHGT-8, Trondheim, 2006. See: Chemical 

Looping Combustion Technology Summary 

by Hurst and Miracca in Results from the 
CO2 Capture Project  Vol. 1 (ed. D. Thomas) 

Elsevier, 2005.

Develop Chemical Looping Combustion 

technology for natural or fuel gas boilers 

through solid carrier development and 
optimization, lab and bench CFB testing, 

hydrodynamic studies for optimization of 

internals.

Optimize, CFB-type units, PC without 

external recirculation
Boiler designC13

Oxyfuel
Combustion

No

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C12

N/A

See: CO2 Capture and hydrogen production 

from gaseous fuels "CACHET": A new 

project in EU FP6 (2006-2008) by Forsyth -

presented at GHGT-8, Trondheim, 2006.

Develop integrated process schemes for co-

production of power and hydrogen (fuel cell 

quality) in the same frame described above 

for power generation.

Co-production of H2, methanol, ethanol, 

synthetic fuels, etc. in combination with 

electricity

Polygeneration optimizationC11

A complete process for integration in 
the pre-combustion scheme is 
researched and developed. This 
includes the oxygen production and all 
the steps necessary to realise pre-
combustion both for coal and natural 
gas. Focus is put on both commercial 
and future applications. 

See: Development of a hydrogen mixed 
conducting membrane based CO2 capture 

process by Vigeland and Aasen, in Results 

from the CO2 Capture Project, Vol. 1 (ed. D. 

Thomas), Elsevier, 2005. See: CO2 Capture 

and hydrogen production from gaseous 

fuels "CACHET": A new project in EU FP6 

(2006-2008) by Forsyth - presented at GHGT-

8, Trondheim, 2006.

Develop integrated process schemes using 

either combined shift and separation or 
hydrogen ceramic membranes integrated in 

the reforming scheme or hydrogen metal 

reforming  membranes. Develop integrated 

novel schemes to produce power through 

hydrogen from gaseous fuels using novel 

hydrogen production and CO2 capture 

technologies. Lab testing, process 

optimization, technical/economical 
evaluations.

Combined shift and separation, hot gas 

clean-up technology, process optimization, 

heat integration

Power plant concepts to 

integrate CO2 capture
C10

N/A

See: S. Duan, T. Kouketsu, S. Kazama, K. 

Yamada, Development of PAMAM dendrimer

composite membranes for CO2 separation, 

J. Membrane Sci. 283 (2006) 2-6
Also: S. Kazama, T. Kai, T. Kouketsu, S. 

Duan, H. Oku, F. A. Chowdhury, K. Yamada, 

Molecular gate functionalized dendrimer

membrane for CO2 capture, paper presented 

at 8th International Conference on 

Greenhouse Gas Control Technologies 

(GHGT-8), Trondheim, Norway (2006)

Development of CO2 permselective
molecular gate membrane for CO2/H2 

separation and its test at an elevated 

pressure  

See: GRACE - Development of supported 

Palladium Alloy Membranes by Klette et al. 

In Results from the CO2 Capture Project -

Vol. 1 (ed. D. Thomas) - Elsevier, 2005. See: 

Development of the Sorption Enhanced 
Water Gas Shift Process - by Allam et al. In 

Results from the CO2 Capture Project - Vol. 

1 (ed. D. Thomas) Elsevier, 2005. See: 

Development of a hydrogen membrane for 

the HMR process concept by Vigeland and 

Aasen - presented at GHGT-8 - Trondheim, 

2006.

Develop improved Pd-membranes for 

hydrogen separation and solids selectively 

adsorbing CO2 at water gas-shift conditions. 
Develop metal membranes for hydrogen 

separation that may be used in steam 

reforming conditions. Develop ceramic 

membranes 100% selective to hydrogen at 

high temperatures.

Improved solvents, membranes
Improved H2/CO2 

separation
C9

N/A

See: GRACE - Development of supported 

Palladium Alloy Membranes by Klette et al. 

In Results from the CO2 Capture Project -
Vol. 1 (ed. D. Thomas) - Elsevier, 2005. See: 

Development of the Sorption Enhanced 

Water Gas Shift Process - by Allam et al. In 

Results from the CO2 Capture Project - Vol. 

1 (ed. D. Thomas) Elsevier, 2005.

Develop improved water gas shift 
technology incorporating hydrogen 

permeable membranes or selective CO2 

adsorbents to push reaction to completion 

and facilitate capture of CO2. Membrane and 

adsorbent developments, lab testing, 

techno/economical evaluations

Improved catalystsImproved water-gas shiftC8

Both high temperature oxygen sorbents, 
ceramic OTM membarnes and ceramic 
membranes for syn gas production has 
been investigated. The CAR process has 
been focused and tested and a specific 
plan has been made to conduct a more 
comprehensive test programme and up-
scaling.

High temperature ceramic membranes
Improved air separation 

processes
C7

In general- more info can be found on 
the ENCAP website at: 
http://www.encapco2.org/ : For open 
publications, see below list, they can 
ususlly be downloaded from sites after 
"googling" for the title or author:

Implement new high pressure hydrogen 
kinetics in CFD codes, validate through 
experimental testing of reference type 
combustors. In parallel investigate the 
hydrogen operational limit of 
commercial low Nox type combustors, 
both by numerical simulations and 
through hign pressure testing. Explore 
design alterations to achieve near 100% 
H2 operation.

Develop, validate and demonstrate 

optimised-low emission hydrogen-rich 

combustion technology for gas turbines 

including basic tools and data (CFD codes 

and kinetics)

Hydrogen-rich turbinesC6

Pre-Combustion

4 tonne per day plant capable of extended 

running periods for degradation studies etc. 

Used primarily for understanding heat rates, 
process efficiency.

N/A

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C5

pilots at 1 tonne per day CO2 and 4 tonees

per day CO2 (500,000 scf/day of flue gas 

from a lignite fired electrical generating 
station) - one quarter to one third megawatt 

electricty equivalent

N/A

Pilot plant at Esbjerg Power Station operated 

by DONG Energy 1ton CO2 / h - Launched in 

Jan 06

Demonstration and/or testing key 

components or integrated systems on a 

scale of MWs to tens of MWs

CO2 capture pilot plantC4

Limited work on integration at this point 

although some underway with E.on
N/A

See: CO2 removal from Power Plant Flue 

Gas - Cost Efficient Design and Integration 
Study (Choi et al.) in Results from the CO2 

Capture Project -Vol. 1 (ed. D. Thomas) -

Elsevier , 2005.

Develop optimized integrated process 

schemes for power generation with CO2 
capture, including Exhaust Gas Recycle and 

lean combustion. Process studies and lab 

lean combustion experiments

Process optimization, Heat integration

Process optimization, heat integration, 

capture readiness

Power plant concepts to 

integrate CO2 capture
C3

Volume 45, no. 8 I&EC Research - special 
report on CO2 Capture. 

Http://pubs.acs.org/IECR  (American 

Chemical Society for Applied Chemistry and 

Chemical Engineering)

Some membrane work - membranes as 

contactors not separators. Work on 

wettability of membranes.
N/A

Membrane contactors
Membranes, solid sorbents, physical 

separation techniques, bio-minetic

approaches

Advanced capture systemsC2

www.co2-research.ca

New solvents being developed - individual 

solvents and mixed solvents. Degradation 

studies. Corrosion studies, development of 

corrosion inhibitors. Viscosity. Predictability 

of properties.

N/A

www.CO2castor.comLess energy-intensive, reduced degradation, 

reduced corrosion, improved operability, 

new solvent typesLess energy-intensive, reduced 

degradation, reduced corrosion, improved 

operability, new solvent types

Improved solvent systemsC1

Post-
Combustion

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Examples; 

Will your project outcomes 

encompass any of these 

issues?

CAPTURE

14)  ITC CO2 Capture with Chemical Solvents11)  ENCAP6)  CO2 Separation from Pressurized Gas Stream4)  CO2 Capture Project3)  CASTORCAPTURE 

N/A

Study application of CLC combustion to 

refinery boilers. Study potential and critical 

issues for CO2 capture from FCC 

regenerators through oxyfiring.

Steel, cement, refineries, etc.
Capture from non-power 

industrial processes
C20

Industrial 
applications

No- although in Phase II of ENCAP 
valuable data will become available 
related to oxy-fuel coal PF plants 
through the data aquisition planned for 
the Vattenfall pilot in Schwarze Pumpe
Plant

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C19

Planned to co-operate the phase II of 
ENCAP with Vattenfalls Schwarze
Pumpe oxy-fuel pilot of 30 MWth.

Demonstration and/or testing key 

components or integrated systems on a 

scale of MWs to tens of MWs

CO2 capture pilot plantC18

Conceptually for all kind of variations.
Process optimization, heat integration, 

integration of ASU with process

Power plant concepts to 

integrate CO2 capture
C17

Testing in both gaseous oxy-fuel 
burners and coal fired burners. Mapping 
of heat release as function of axial 
distance and emissions, simplified 
models developed and tested against 
commercial combustion codes. Oxy-fuel 
is not well represented in commercial 
CFD codes.

Investigation of combustion chemistry, 

heat transfer and kinetics to improve 

design, scale-up

Combustion scienceC16

No - benchmarking of oxy-fuel CC has 
been condusted with very favourable 
results.

Develop, design and demonstrate 

components, modules and engines
Oxy-fuel gas turbinesC15

Both high temperature oxygen sorbents, 
ceramic OTM membarnes and ceramic 
membranes for syn gas production has 
been investigated. The CAR process has 
been focused and tested and a specific 
plan has been made to conduct a more 
comprehensive test programme and up-
scaling.

Ceramic membranes, polymeric 

membranes, others

Improved air separation 

processes
C14

Research has been condusted on both 
CFB and PF type oxy-fuel coal firing for 
large scale greenfield plants. The 
systems presumes external 
recirculation.

See: Applicability limits of Fe, Cu and Ni 

based oxygen carriers in Chemical Looping 

Combustion by Abad et al., presented at 

GHGT-8, Trondheim, 2006. See: Chemical 

Looping Combustion Technology Summary 

by Hurst and Miracca in Results from the 
CO2 Capture Project  Vol. 1 (ed. D. Thomas) 

Elsevier, 2005.

Develop Chemical Looping Combustion 

technology for natural or fuel gas boilers 

through solid carrier development and 
optimization, lab and bench CFB testing, 

hydrodynamic studies for optimization of 

internals.

Optimize, CFB-type units, PC without 

external recirculation
Boiler designC13

Oxyfuel
Combustion

No

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C12

N/A

See: CO2 Capture and hydrogen production 

from gaseous fuels "CACHET": A new 

project in EU FP6 (2006-2008) by Forsyth -

presented at GHGT-8, Trondheim, 2006.

Develop integrated process schemes for co-

production of power and hydrogen (fuel cell 

quality) in the same frame described above 

for power generation.

Co-production of H2, methanol, ethanol, 

synthetic fuels, etc. in combination with 

electricity

Polygeneration optimizationC11

A complete process for integration in 
the pre-combustion scheme is 
researched and developed. This 
includes the oxygen production and all 
the steps necessary to realise pre-
combustion both for coal and natural 
gas. Focus is put on both commercial 
and future applications. 

See: Development of a hydrogen mixed 
conducting membrane based CO2 capture 

process by Vigeland and Aasen, in Results 

from the CO2 Capture Project, Vol. 1 (ed. D. 

Thomas), Elsevier, 2005. See: CO2 Capture 

and hydrogen production from gaseous 

fuels "CACHET": A new project in EU FP6 

(2006-2008) by Forsyth - presented at GHGT-

8, Trondheim, 2006.

Develop integrated process schemes using 

either combined shift and separation or 
hydrogen ceramic membranes integrated in 

the reforming scheme or hydrogen metal 

reforming  membranes. Develop integrated 

novel schemes to produce power through 

hydrogen from gaseous fuels using novel 

hydrogen production and CO2 capture 

technologies. Lab testing, process 

optimization, technical/economical 
evaluations.

Combined shift and separation, hot gas 

clean-up technology, process optimization, 

heat integration

Power plant concepts to 

integrate CO2 capture
C10

N/A

See: S. Duan, T. Kouketsu, S. Kazama, K. 

Yamada, Development of PAMAM dendrimer

composite membranes for CO2 separation, 

J. Membrane Sci. 283 (2006) 2-6
Also: S. Kazama, T. Kai, T. Kouketsu, S. 

Duan, H. Oku, F. A. Chowdhury, K. Yamada, 

Molecular gate functionalized dendrimer

membrane for CO2 capture, paper presented 

at 8th International Conference on 

Greenhouse Gas Control Technologies 

(GHGT-8), Trondheim, Norway (2006)

Development of CO2 permselective
molecular gate membrane for CO2/H2 

separation and its test at an elevated 

pressure  

See: GRACE - Development of supported 

Palladium Alloy Membranes by Klette et al. 

In Results from the CO2 Capture Project -

Vol. 1 (ed. D. Thomas) - Elsevier, 2005. See: 

Development of the Sorption Enhanced 
Water Gas Shift Process - by Allam et al. In 

Results from the CO2 Capture Project - Vol. 

1 (ed. D. Thomas) Elsevier, 2005. See: 

Development of a hydrogen membrane for 

the HMR process concept by Vigeland and 

Aasen - presented at GHGT-8 - Trondheim, 

2006.

Develop improved Pd-membranes for 

hydrogen separation and solids selectively 

adsorbing CO2 at water gas-shift conditions. 
Develop metal membranes for hydrogen 

separation that may be used in steam 

reforming conditions. Develop ceramic 

membranes 100% selective to hydrogen at 

high temperatures.

Improved solvents, membranes
Improved H2/CO2 

separation
C9

N/A

See: GRACE - Development of supported 

Palladium Alloy Membranes by Klette et al. 

In Results from the CO2 Capture Project -
Vol. 1 (ed. D. Thomas) - Elsevier, 2005. See: 

Development of the Sorption Enhanced 

Water Gas Shift Process - by Allam et al. In 

Results from the CO2 Capture Project - Vol. 

1 (ed. D. Thomas) Elsevier, 2005.

Develop improved water gas shift 
technology incorporating hydrogen 

permeable membranes or selective CO2 

adsorbents to push reaction to completion 

and facilitate capture of CO2. Membrane and 

adsorbent developments, lab testing, 

techno/economical evaluations

Improved catalystsImproved water-gas shiftC8

Both high temperature oxygen sorbents, 
ceramic OTM membarnes and ceramic 
membranes for syn gas production has 
been investigated. The CAR process has 
been focused and tested and a specific 
plan has been made to conduct a more 
comprehensive test programme and up-
scaling.

High temperature ceramic membranes
Improved air separation 

processes
C7

In general- more info can be found on 
the ENCAP website at: 
http://www.encapco2.org/ : For open 
publications, see below list, they can 
ususlly be downloaded from sites after 
"googling" for the title or author:

Implement new high pressure hydrogen 
kinetics in CFD codes, validate through 
experimental testing of reference type 
combustors. In parallel investigate the 
hydrogen operational limit of 
commercial low Nox type combustors, 
both by numerical simulations and 
through hign pressure testing. Explore 
design alterations to achieve near 100% 
H2 operation.

Develop, validate and demonstrate 

optimised-low emission hydrogen-rich 

combustion technology for gas turbines 

including basic tools and data (CFD codes 

and kinetics)

Hydrogen-rich turbinesC6

Pre-Combustion

4 tonne per day plant capable of extended 

running periods for degradation studies etc. 

Used primarily for understanding heat rates, 
process efficiency.

N/A

Demonstration of long-term operational 

availability, reliability, technical and 

environmental performance on a 

commercial scale using relevant fuels 

(e.g., coal)

Fully integrated 

demonstration plant
C5

pilots at 1 tonne per day CO2 and 4 tonees

per day CO2 (500,000 scf/day of flue gas 

from a lignite fired electrical generating 
station) - one quarter to one third megawatt 

electricty equivalent

N/A

Pilot plant at Esbjerg Power Station operated 

by DONG Energy 1ton CO2 / h - Launched in 

Jan 06

Demonstration and/or testing key 

components or integrated systems on a 

scale of MWs to tens of MWs

CO2 capture pilot plantC4

Limited work on integration at this point 

although some underway with E.on
N/A

See: CO2 removal from Power Plant Flue 

Gas - Cost Efficient Design and Integration 
Study (Choi et al.) in Results from the CO2 

Capture Project -Vol. 1 (ed. D. Thomas) -

Elsevier , 2005.

Develop optimized integrated process 

schemes for power generation with CO2 
capture, including Exhaust Gas Recycle and 

lean combustion. Process studies and lab 

lean combustion experiments

Process optimization, Heat integration

Process optimization, heat integration, 

capture readiness

Power plant concepts to 

integrate CO2 capture
C3

Volume 45, no. 8 I&EC Research - special 
report on CO2 Capture. 

Http://pubs.acs.org/IECR  (American 

Chemical Society for Applied Chemistry and 

Chemical Engineering)

Some membrane work - membranes as 

contactors not separators. Work on 

wettability of membranes.
N/A

Membrane contactors
Membranes, solid sorbents, physical 

separation techniques, bio-minetic

approaches

Advanced capture systemsC2

www.co2-research.ca

New solvents being developed - individual 

solvents and mixed solvents. Degradation 

studies. Corrosion studies, development of 

corrosion inhibitors. Viscosity. Predictability 

of properties.

N/A

www.CO2castor.comLess energy-intensive, reduced degradation, 

reduced corrosion, improved operability, 

new solvent typesLess energy-intensive, reduced 

degradation, reduced corrosion, improved 

operability, new solvent types

Improved solvent systemsC1

Post-
Combustion

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Reference to relevant work ; Publication 

or website

Project to expand on the specific issues 

they will address under the relevant gaps 

and document the levels at which issues 

are being examined

Examples; 

Will your project outcomes 

encompass any of these 

issues?

CAPTURE
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2
Royal Institute 

of Technology, Sweden 
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CO2 capture using chemical looping 
combustion for gas turbine application 
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2
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