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1. Background 
 
The seminar was the second such event to be organised by CO2NET1, which is a European 
Commission (EC) supported initiative to assist the dissemination of information from EC 
funded projects on CO2 sequestration.  The first seminar, which engaged EC policy makers in 
the discussion on CO2 sequestration, was held in Trondheim in February 2001 and was 
reported in PH4/2, May 2001. 
 
The members of the CO2NET project are currently: Technology Initiatives (UK), GEUS2 
(Denmark), Statoil (Norway) and the IEA Greenhouse Gas R&D Programme (IEA GHG).  
GEUS are the co-coordinators for the EC supported GESTCO3 project whilst Statoil are the 
co-coordinators of the SACS4 project.  Both GEUS and Statoil represent their respective 
projects as participants in CO2NET.  IEA GHG is supporting CO2NET by providing 
expertise and experience in network management and to assist in engaging international co-
operation with the network.  The CO2NET project commenced in December 2000 and ended 
in April 2002.  A proposal for a broader project to establish a European Thematic Network on 
CO2 sequestration has been submitted for consideration to the EC for support for the period 
2002 to 2005.   The EC have agreed to support the Thematic Network and the development of 
the project contract is now underway, ready for project commencement in late 2002. 
 
The aim of the seminar was to review the CO2 sequestration work underway within Europe 
and to identify research gaps and future research needs.   
 
This report provides an overview of the seminar and provides a summary of the key findings. 
  
 
The detailed results from this seminar were used as input to the proposal for the European 
Thematic Network on CO2 sequestration and will be used to guide EC research activities for 
the 6th Framework Programme that is due to commence in 2002.  
 
2. Seminar Summary 
 
The seminar was attended by 40 people and took place on the 6th and 7th June 2001.  The 
delegates were mostly from Europe but also included a number from the USA.  A full 
delegate list is provided in Appendix 1. 
 
The programme began with a welcoming address by Niels Peter Christensen of GEUS, 
followed by an opening address by Lars Stromberg of Vattenfall AB.  The opening address 
discussed the potential and cost for different CO2 emission avoidance options in Europe.  Lars 
expressed the opinion that fossil fuels are a major factor in Europe’s energy supply and 
cannot be replaced in the near future.  For Europe, the fastest and least expensive way to 
reduce CO2 emissions in the energy sector was by increased energy efficiency, replacing old 
plant with new and utilising CHP.   
However, he pointed that you cannot eliminate CO2 emissions this way only reduce them.  
New energy supply systems that remove CO2 can be based on renewable fuels by using fossil 
                     
1 CO2 Sequestration – European Technology Network Development Programme, 2000-2001. 
2 Geological Survey of Greenland and Denmark 
3 European Potential for Geological Storage of CO2 from Fossil Fuel Combustion 
4 Saline Aquifer CO2 Storage Project 
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fuels with sequestration.  He concluded that CO2 sequestration was probably cheaper than 
most of the renewable energy sources available today and, in terms of technology status, was 
many years ahead.  A copy of the presentation is given in Appendix 2 
 
There then followed a series of presentations to set the scene for the meeting, which included: 
 
• Sleipner CO2 injection system and the SACS project – operations overview (how the 

whole thing works), Tore A. Torp, Statoil. 
• CO2 Enhanced Oil Recovery at Weyburn: commercially viable CO2 geo-sequestration 

from a coal based power plant, Nick Riley, British Geological Survey. 
• ICBM Project – technical issues relevant to coal and CO2 sorption, diffusion, flow, well 

bore effects etc., Sevket Durucan, Imperial College. 
• ECBM Potential in the Netherlands: can it be commercial? Harry Schreurs, NOVEM. 
• TotalFinaElf’s Expectations for CO2 Capture, Rodolphe Bouchard, TotalFinaElf  
• Transmission of CO2 – experiences to be gained from CO2-EOR projects, John Gale, IEA 

Greenhouse Gas R&D Programme 
 
Copies of the presentations that are available are given in Appendix 3. 
 
On the afternoon of the first day, 4 breakout groups were formed to consider what gaps were 
present in current research activities on CO2 sequestration.  The groups were: 
 
Group A CO2-ECBM 
Group B CO2-EOR 
Group C CO2 storage in a saline aquifer 
Group D CO2 Capture 
 
The first three breakout groups were required to work through an example case study then 
compile an overview of research gaps and future research needs for each area.  For the capture 
group background information relating to research activities underway on CO2 capture were 
provided.  Following this activity the other break out groups were given the opportunity to 
critique each overview.  Each breakout group then reformed to consider the critique 
comments.  On the second day of the meeting the break out groups reported back on their 
analysis of the cases set. 
 
3. Summary of Break Out Group Activities 
 
Summaries of the reports by the four breakout groups are presented below.  Groups were 
requested to report back in a consistent approach using the following criteria to as a guide: 
 

• Social 
• Technological  
• Economic 
• Environmental 
• Political 
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Group A CO2-ECBM 
 
The key points noted by the group were: 
 
Topic:  Key Points Identified  
Social Not discussed in depth by Group 
Technological CO2-ECBM technology at earlier stage of development than CO2-EOR or 

CO2 storage in aquifers 
 Injection issues to be addressed 

• Well spacing 
• Use of horizontal wells to improve injectivity 
• Use of chemical/mechanical effects to improve permeability 
• Thermal effects of CO2 injection 
• Potential well bore effects 

 Issues relating to the geological setting that need to be resolved: 
• Effect of pressure, temperature, moisture and rank of coal 
• Local hydrology 
• Inherent permeability 
• Seam thickness and density 
• Structural setting 
• Storage capacity of intermediate layers in coal seams 

 Rock and fluid characteristic issues to be resolved: 
• PVT behaviour of CO2 and impact of impurities 
• Matrix swelling/shrinkage effects on permeability and flow 
• Diffusion characteristics of gas mixtures 
• Hydrochemistry 

All need to be considered under representative reservoir conditions 
 Storage capacity and integrity issues to be resolved: 

• Type and integrity of cap rocks 
• Depth criteria for unminable seams in North Sea 
• Migration in and out of reservoir – will it occur? 
• How to prevent mining after storage? 

Economic Comparative costs of CO2-ECBM with other options to be confirmed 
Environmental Produced water could be an issue – needs to be either recycled/reinjected or 

treated and disposed of. 
 Leakage potential – detailed risk assessment needs to be undertaken  
Political Not discussed 

 
The key technical gaps identified were: 
1. Technical understanding of reservoir properties and impacts of CO2 injection on 

permeability, swelling/shrinkage etc., 
2. Knowledge of CO2 leakage potential from coal seams 
3. Modelling tools need to be developed and calibrated against real data 
Research priorities were considered to be: 
1. Development of  detailed understanding of rock and fluid characteristics in coal 

seams 
2. Resolution of injection issues i.e. well spacing, horizontal versus vertical wells, 

methods to improve in-seam permeability 
3. Understand issues relating to storage capacity and CO2 longevity in coal seams – 

detailed risk assessment needed 
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Group B  CO2-EOR 
 
The key points noted by the group were: 
 
Topic:  Key Points Identified  
Social There may be large barriers to the development of CO2-EOR in Europe 
 An onshore demonstration project could assist in lessening opposition allowing 

people to see at first hand advantages of storage. However Offshore CO2-EOR may 
be more acceptable because of NIMBY5 lobby 

 Public may not accept CO2 sequestration unless better understanding of long term 
storage uncertainties could be achieved 

 Environmental pressure groups will oppose CO-EOR in Europe as it is perceived as 
“business as usual” for oil companies 

 Marine law (OSPAR and London Convention) could be used to hinder CO2-EOR 
developments and window of opportunity might be missed 

 There are positive social benefits, such as continued employment in oil industry that 
need to be played up. 

Technological Few perceived technological barriers to offshore CO2-EOR 
 Principal barrier was cost of CO2 capture – cheap sources of CO2 near to oil fields 

were needed 
 New CO2 supply infrastructure in North Sea would be needed – who would bear the 

cost – industry or Governments? 
 Existing infrastructure in North Sea will be decommissioned in next 10 to 20 years –

short deadline for CO2-EOR in North Sea 
 Wells in North Sea are more widely spaced than in Texas – could cause problems 

with sweep efficiency 
 Development of new simulators might be needed to address long term fate of CO2 in 

reservoir – current simulators look at 20-30 year reservoir lifetimes 
 CO2-EOR may not be practical in Chalk reservoirs due to dissolution of host rock. 
Economic Suitable economic climate needed - prime driver being low cost supply of CO2. 
Environmental Important to establish timescales for long term fate of CO2 in reservoir – needs for 

climate change and human health effects due to contamination will be different 
 Old wells could act as fast leakage pathways -  corrosion of liners/cements needs to 

be understood 
 A proven trap for oil may not mean CO2 is secure due to different properties of 

fluids 
 Mineral fixation cannot be ignored but in Europe most reservoirs do not contain 

reactive minerals 
 Long term monitoring strategy needed an important issue – cost of such systems an 

important consideration 
Political Political issues important in development of CO2-EOR 
 Governments need to create market opportunities for CO2 sequestration. 
 Long tern legislative and economic need to be put in place for oil companies to 

consider long term investment plans 
 Profile of CO2 sequestration with policy makers and regulators is needed – onshore 

demo. could help 
 
No key technical gaps were noted and no future research needs were highlighted by the Group 
 

                     
5 NIMBY – NOT IN MY BACK YARD 
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Group C  CO2 Storage in Aquifers 
 
The key points noted by the group were: 
 
Topic:    
Social Gaining public acceptance is an absolute priority 
 CO2 storage needs to be undertaken in a way that is transparent to the 

layman – issues are long term security and local contamination 
 Basic education needs to be improved i.e. getting CO2 storage into the 

school books 
 Issues that need to be debated openly with detractors are: 

What are the consequences of not taking up the technology? 
Where do we get our energy from if we don’t use fossil fuels? 

 Clear definition of CO2 – is it a waste or a byproduct? 
 Regulation needed to gain public acceptance 
Technological Injection of CO2 into an aquifer is a proven technology – issues are linked to 

establishing long term fate of injected CO2. 
 Monitoring issues need to be considered – what is most cost effective 

approach 
 Nature of trapping mechanisms needs to be fully understood 
Economic What are the technology costs in relation to benefits? A life cycle analysis 

could be undertaken 
 Some optimization of costs required e.g. impact of well diameter 
 Macro economic costs of using clean fossil fuels versus renewables needs to 

be determined 
Environmental Will CO2 storage affect potable water? 
 Modelling of escape scenarios related to cap rock needed to understand 

implications of leakage. 
 Will injection offshore be more acceptable than onshore? 
Political What if CO2 accidentally leaks out – what emergency plans are required and 

by whom? 
 How long is long enough to store CO2? – needs to be debated 
 Governments need to establish CO2 market 
 Who will bear extra costs of sequestration (taxation, fuel prices, and 

consumer prices)? 
 Injection into reservoirs may be illegal under National/international law - 

Onshore injection prohibited in Germany, Offshore under OSPAR/London 
Convention 

 
A series of actions were recommended by the group.  High priority actions to gain public 
acceptance were considered to be: 

1. An onshore demonstration project in Europe 
2. Long term coupled monitoring and modelling was required at Sleipner 
3. Expanding the EU mapping work to the whole of Western and Eastern Europe 
4. CO2NET to debate how long CO2 should be stored for. 

 
Low priority actions were: 

1. Further research work on natural analogues 
2. Testing of gravity surveying onshore 
3. Development of safety assessment methods 
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Group D CO2 Capture 
 
The CO2 capture group focused its activities on reducing the costs of CO2 capture, which is 
seen as the key economic barrier.  Three CO2 capture technology areas were reviewed and 
ways of reducing the costs for each area outlined.  The results are summarised below: 
 
Capture Area Key technology issues/actions to reduce costs 
Precombustion Development of Mixed Conductive Membranes (MCM) for oxygen 

production for use in partial oxidation or steam reforming processes 
 Hot gas cleaning – overcome challenges from gasification of solid 

hydrocarbon fuels 
 Develop H2/CO2 membranes to simplify process 
 Develop designs that maximise H2 content in gas turbine (GT) fuels 
Oxyfuel MCM development 
 Development of GT materials for low oxygen environments 
 Consideration of effects of excess O2 on separation process and 

corrosion 
 Is it possible to achieve complete burnout without oxygen excess? 
 Design of exhaust gas cycle needs to be considered 
 Effects of exhaust gas mixture composition on boiler heat transfer 

needs to be examined 
Post Combustion Multi-purpose treatment of off-gas i.e. simultaneous removal of CO2 

and SO2 
 New solvents need to be developed with high efficiency and low 

degradation rates 
 Reduce volume flow to reduce costs 
 Amines: will they work at high (10%) O2 contents? 
 Handling of waste streams – degraded solvents 
 What impurities can be tolerated at the scrubber? 
General issues What value can be placed on CO2? 
 What are the CO2 pipeline purity requirements? 
 What are the purity requirements for CO2 injection? 
 Corrosion information needed for CO2 transportation needed 
 Costs are a function of capture, sources, transmission and storage 
 
High priority issues for future research were considered to be: 
 
Pre-combustion capture  Development of MCM O2 production 

Overcoming issues for hot gas cleaning for solid fuels in 
gasifiers 

Oxyfuel combustion  Development of MCM O2 production 
    Understanding effects of excess O2 on separation process 
    GT Materials – effects of low O2 contents 

Understanding of stoichiometric combustion in low O2 
atmospheres 

Post Combustion capture Development of multipurpose deSOx/CO2 systems 
    Development of low cost solvents 
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4. Summary 
 
1. With regard to the activities on geological storage the Group discussions clearly show that 

CO2-ECBM is at a much earlier stage of technical development than CO2-EOR and CO2 
storage in aquifers.  The focus of the CO2-ECBM discussion was weighted on the 
technical uncertainties that still exist around this storage option, whilst for the other two 
groups the discussion focused more on socio/political and public acceptance issues 
relating to implementation of the technology.  It would appear that there is much to be 
learnt from CO2 injection projects in coal seams planned or underway in the USA, 
Canada and Poland.  These projects need to be effectively monitored so that a decision 
can be made whether CO2-ECBM can be promoted as a safe and secure CO2 storage 
option.  However, such information may not be available for several years and in essence 
the jury on CO2-ECBM is still out.  

 
2. Both the CO2-EOR and aquifer storage groups thought that gaining public acceptance of 

the technology was a high priority.  One of the key issues that needed to be addressed was 
considered to be the effectiveness of CO2 storage both from a short term environmental 
perspective and long term in relation to climate change.  Both groups advocated research 
to understand the potential for CO2 leakage from reservoirs was needed as well as an 
understanding of the effects (i.e. environmental) that might occur as a result. Such 
research would be fundamental to gaining public acceptance for the technology. 

 
3. Both the CO2-EOR and aquifer storage groups promoted the idea of an onshore 

demonstration project in Europe as a way of overcoming the political and social barriers 
to geological storage.  The idea behind this is that politicians and the public can visit the 
site and (hopefully) gain confidence that there are no significant environmental issues 
with CO2 injection.  Such a demonstration site would need to be well considered, but also 
should be representative.  A demonstration project of this type might also attract the 
attention of the environmental lobby against sequestration during its planning stage and a 
lengthy consultation period might be required that will need strong Government support. 

 
4. A regulatory system was also required as a component to gain public acceptance for CO2 

storage.  The regulatory system needs to be clear who is responsible in the event of a leak 
and what emergency plans are needed.  The long term monitoring of storage sites needs to 
be carefully considered.   

 
5. The CO2-EOR and aquifer storage groups both considered that some form of Government 

intervention was necessary to develop a market for CO2.  They also questioned who will 
bear the costs of establishing the necessary infrastructure for offshore CO2 injection, will 
these be Governments (through taxation etc.,) or industry and what market incentives 
might be provided (CO2 credits, increased consumer prices etc.,).  In the case of CO2-
EOR in the North Sea there appears to be a window of opportunity, after which time the 
current extraction infrastructure will be decommissioned and the cost to establish new 
facilities will be significantly increased.  

 
6. The cost of CO2 capture was recognised as an impediment to the introduction of the 

technology; hence the CO2 capture group focused its activities on identifying ways of 
reducing capture costs.  The group identified a number of areas where new technology 
developments could make an impact on reducing the cost of capture. 
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APPENDIX 3 
 

PRESENTATION MATERIAL PROVIDED 
 
 
 

Sleipner CO2 injection system and the SACS project, Tore A. Torp, Statoil. 
 

ICBM Project, Sevket Durucan, Imperial College. 
 

ECBM Potential in the Netherlands, Harry Schreurs, NOVEM. 
 
TotalFinaElf’s Expectations for CO2 Capture, Rodolphe Bouchard, TotalFinaElf  

 
Transmission of CO2 – experiences to be gained from CO2-EOR projects, 
 John Gale, IEA Greenhouse Gas R&D Programme 
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