
Issues Identification 
WORKSHOP

NEAR-TERM 
OPPORTUNITIES
FOR CARBON 
DIOXIDE CAPTURE 
AND STORAGE 
SU

M
M

A
RY

 R
EP

O
RT

INTERNATIONAL ENERGY AGENCY

CARBON SEQUESTRATION 
LEADERSHIP FORUM

In support of the G8 Plan of Action



INTERNATIONAL ENERGY AGENCY

The International Energy Agency (IEA) is an autonomous body which was established in 
November 1974 within the framework of the Organisation for Economic Co-operation and 
Development (OECD) to implement an international energy programme.

It carries out a comprehensive programme of energy co-operation among twenty-six of 
the OECD thirty member countries. The basic aims of the IEA are:

n  To maintain and improve systems for coping with oil supply disruptions.

n  To promote rational energy policies in a global context through co-operative relations 
with non-member countries, industry and international organisations.

n  To operate a permanent information system on the international oil market.

n  To improve the world’s energy supply and demand structure by developing alternative 
energy sources and increasing the efficiency of energy use.

n  To assist in the integration of environmental and energy policies.

The IEA member countries are: Australia, Austria, Belgium, Canada, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Republic of Korea, 
Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, 
Turkey, United Kingdom and United States. The Slovak Republic and Poland are likely to 
become member countries in 2007/2008. The European Commission also participates in 
the work of the IEA.

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

The OECD is a unique forum where the governments of thirty democracies work together 
to address the economic, social and environmental challenges of globalisation. The OECD 
is also at the forefront of efforts to understand and to help governments respond to new 
developments and concerns, such as corporate governance, the information economy 
and the challenges of an ageing population. The Organisation provides a setting where 
governments can compare policy experiences, seek answers to common problems, identify 
good practice and work to co-ordinate domestic and international policies.

The OECD member countries are: Australia, Austria, Belgium, Canada, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Republic 
of Korea, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak 
Republic, Spain, Sweden, Switzerland, Turkey, United Kingdom and United States.
The European Commission takes part in the work of the OECD.

© OECD/IEA, 2007

International Energy Agency (IEA), 
Head of Communication and Information Office,

9 rue de la Fédération, 75739 Paris Cedex 15, France.

Please note that this publication is subject 
to specific restrictions that limit its use and distribution. 

The terms and conditions are available online at 
http://www.iea.org/Textbase/about/copyright.asp

http://www.iea.org/Textbase/about/copyright.asp


 1

       

 

 

 

In support of the G8 Plan of Action 
 

 

NEAR-TERM OPPORTUNITIES FOR 

CARBON DIOXIDE CAPTURE AND STORAGE 
 

Summary Report of the  
Issues Identification WORKSHOP 

 
 

This document contains the summary report of the workshop on issues identification 
for near-term opportunities for carbon dioxide capture and storage (CCS), which took 
place on 22-23 August 2006 in San Francisco, California. It provided an opportunity 
for direct dialogue between concerned stakeholders in the global effort to accelerate 
the development and commercialisation of CCS technology. This is part of a series of 
three workshops on near-term opportunities for this important mitigation option that 
will feed into the G8 Plan of Action on Climate Change, Clean Energy and 
Sustainable Development. The ultimate goal of this effort is to present a report and 
policy recommendations to the G8 leaders at their 2008 summit meeting in Japan. 
 
The workshop was co-sponsored by the International Energy Agency and the Carbon 
Sequestration Leadership Forum. Participants were invited experts from industry, 
government, academia and civil society from around the world. Sponsors included 
Chevron, Shell, Schlumberger, Anglo Coal and Rio Tinto. 
 
 
 
Disclaimer 

�The contents of this document represent the various views presented by the participants at 
the workshop, and do not necessarily represent the views of all participants or those of their 
companies, organisations, the International Energy Agency or its member countries.� 
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distribution. The terms and conditions are available online at: 
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NEAR-TERM OPPORTUNITIES FOR  
CARBON DIOXIDE CAPTURE AND STORAGE 

 
Summary Report of the Issues Identification Workshop 

 

 
1. Overview and Summary 

Overview 

Today, fossil fuels provide about 80% of global energy demand and the outlook is that they 
will remain the dominant source of energy for decades to come. Consequently global energy-
related CO2 emissions increase 55% between 2004 and 2030 in a business-as-usual 
outlook.  1 It is increasingly clear that this development path is not sustainable. 
 
Carbon dioxide capture and storage (CCS) is a critical technology to significantly reduce CO2 

emissions. CCS in power generation, industry and fuel transformation could account for 20% 
of CO2 savings (6.5 Gt of CO2 captured and stored annually in 2050). 2   Accelerating 
investment in R&D and demonstration projects will be needed if CCS is to make a significant 
contribution. CCS along with other mitigation measures could significantly reduce the costs 
of stabilising greenhouse gas concentrations and increase the flexibility to achieve that goal.  
 
 

Relative Contributing Factors to Bring CO2 Emissions to 2003 levels  

in 2050 by Technology Area, ACT-MAP Scenario 
 

 

 

                                                        
1
 International Energy Agency (IEA), World Energy Outlook, OECD/IEA, Paris 2006.  

2
 IEA, Energy Technology Perspectives: Scenarios & Strategies to 2050, OECD/IEA, Paris, 2006. 
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Carbon Dioxide Capture and Storage in the G8 Process 

The leaders of the Group of Eight (G8) countries addressed the serious and long-term 
challenges of secure and clean energy systems, climate change and sustainable 
development at their Gleneagles Summit in 2005. Agreeing to act with resolve and urgency, 
they adopted a Plan of Action and launched a dialogue with other significant energy 
consumers. In the Plan of Action, the G8 leaders agreed that they would work to accelerate 
the development and commercialisation of carbon capture and storage by:  
 
 � inviting the International Energy Agency to work with the Carbon Sequestration 

Leadership Forum to hold a workshop on short-term opportunities for CCS in the fossil fuel 

sector; including from enhanced oil recovery and CO2 removal from natural gas production.  
 
The IEA and Carbon Sequestration Leadership Forum (CSLF) responded favourably to the 
G8 request and in fact have expanded the notion to a co-ordinated series of three workshops 
in 2006 and 2007 which will lead to recommendations to the G8 for their summit in 2008 in 
Japan.  
 
The objective of the workshops is to facilitate the G8 goal of accelerating the near-term 
opportunities for development and commercialisation of CCS. Near-term opportunities are 
defined as those opportunities for CCS that are technically and economically viable or ready 

for demonstration or commercialisation in the near term and include both sources and sinks 

and all fossil fuels.  Examples of near-term opportunities include: 

! enhanced oil recovery; 

! high concentration sources; 

! �capture ready� electricity generation plants and other facilities, with suitable storage 
sites; 

! natural gas production; 

! hydrogen production; 

! early demonstrations 
 
Today, a low cost opportunity might include CO2 capture in natural gas processing or 
ammonia or hydrogen manufacturing where the CO2 is already separated in combination with 
a short transport distance and storage option that can generate revenue such as enhanced 
oil recovery. 
 
The three international workshops will raise relevant policy and technical issues, facilitate a 
dialogue among stakeholders and provide the basis for specific recommendations to the G8 
leaders to facilitate the acceleration of CCS technology as a key CO2 mitigation option. The 
workshops are integrated in the following progression. 

! Near-term Opportunities for CCS - Issues and Opportunities Identification Workshop 
(August 2006, San Francisco, California). 

! Global Assessment Workshop to assess the specific issues and opportunities set out 
in the first workshop (June 2007, Oslo, Norway). 

! Recommendations Workshop will lay out the technical, economic, regulatory and 
fiscal conditions necessary for near-term deployment of CCS and provide policy 
recommendation on how to create these conditions (November 2007, Calgary, 
Canada). 

! Report and recommendations to the G8 at its 2008 summit.  
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Summary  

The purpose of this report is to identify the key issues related to near-term opportunities in 
carbon dioxide capture and storage resulting from the first workshop. Its aim was to identify 
issues. The workshop was not meant to address the options for accelerating deployment of 
the near-term opportunities, timetables for implementing the options or policy measures 
needed. These are meant to be addressed at the succeeding workshops.  
 
Realising the promising potential of CCS depends on tackling the economic, legal and 
regulatory, technical and other challenges were the main message arising from the workshop. 
Some 130 participants and stakeholders from the public and private sectors actively 
contributed to five thematic break-out group discussions and a number of plenary sessions, 
which are highlighted in the specific sections of this report. Categories of issues can be 
grouped under the four �Ps� suggested by a keynote speaker: 
 

! Policy: government polices are needed to encourage, not inhibit CCS deployment, 
e.g. efficient permitting processes; project incentives; long-term liability for stored CO2. 

 
! Price: a price will have to be established for CO2 if CCS is to be deployed widely; the 

cost of CCS will need to come down significantly. 
 

! Partnerships: arrangements between CO2 producers, transporters, storage providers, 
host communities and governments to enable CCS raise challenges. This may require 
new forms of partnerships. 

 
! Public Acceptance: awareness of CCS is almost non-existent. Gaining public 

acceptance is critical to widespread CCS deployment.  
 
 
Several elements underscore the rationale for early action on CCS: 

! Climate science is compelling and implies urgent action. 

! CCS costs must be reduced. Cost-cutting innovations come from accumulating 

field experience, i.e. learning-by-doing. 

! Retrofitting power plants for CCS is much more costly than for new plants. 

! Delay brings significant risks of carbon lock-in. 

 
The CCS process chain has three stages: (1) capturing CO2 from fuel and industrial 
processing, electricity generation plants; (2) transporting the CO2 by pipeline or tanker; (3) 
injecting the CO2 into a suitable geological formation for long-term isolation from the 
atmosphere. The necessary technologies have been in use for decades, albeit not in an 
integrated fashion with the intent of CO2 emissions reduction.  
 
CCS technology needs to move forward. In the near-term there needs to be an intensification 
of public and private research, development and demonstration effort to get to the market 
deployment stage. In addition, large-scale deployment of CCS will require appropriate 
remuneration of investors for the additional capital and operating costs of CO2 control 
facilities. Companies need clear indications that CO2 emission reductions will be sufficiently 
compensated over a long period to support the rollout of CCS. 
  
CO2 separation is a common application in natural gas and other industrial processing. 
However, there is limited experience with its use to separate CO2 emissions in electricity 
generation. There are several capture technologies that could be used, but their application 
for commercial-scale power plants needs to be demonstrated. Captured CO2 must be 



 6

pressurised to 100 bar or more for transport and storage, which adds to the energy intensity 
of CCS. A number of demonstrations for coal and natural gas-fired power plants are in 
various stages of planning in Europe, Australia and North America. 
 
A list of full-scale (>100 MW) CCS projects for power generation is presented in Annex 1. 
Major commercial and R&D storage projects are listed in Annex 2. 
 
CO2 can be stored underground in geological formations (onshore and under the sea bed) 
such as deep saline aquifers, depleted oil and gas reservoirs or un-mineable coal seams. In 
some cases, there is a positive commercial value. For instance, CO2 has been used for three 
decades by the oil and gas industry for enhanced oil recovery (EOR) and it can be used for 
coal-bed methane recovery. Monitoring technologies allow for the tracking of CO2 in sub-
surface layers. Initial findings show that favourable geological sites are widely available and, 
taken together, represent a large and geologically diverse potential storage capacity.3  More 
research is needed on identifying suitable formations and long-term interactions between the 
CO2 and underground minerals and fluids. The prospects for ocean storage, within the water 
column, are hampered by environmental concerns. 
 
One of the main challenges for wide deployment of CCS is high costs. CCS technologies will 
not make a major impact without lasting economic incentives to reduce CO2 emissions. 
However, the same reasoning applies to other low carbon electricity production options with 
high costs. There are also non-economic challenges of public acceptance and legal issues of 
storage. The high priority issues identified in each are summarised in Box 1. 

 

 

Box 1 
HIGH PRIORITY ISSUES IDENTIFIED  

 
Technical Issues: 

! Address long-term liabilities. 

! Facilitate commercialisation through the provision of incentives, insurability and reasonable 
permitting processes. 

! Accelerate capture technology RD&D. 
 

Commercial and Financial Issues: 

! Create value for CO2 and a global market. 

! Governments need to create a framework for business value. 
 

Legal and Regulatory Issues: 

! Establish regulatory framework. 

! Develop monitoring and remediation procedures. 
 

Public Awareness Issues: 

! Prioritise key messages on CCS and prepare communication strategy.  

! Ensure effective education and outreach activities with early CCS demonstration projects. 
 

International Mechanisms Issues: 

! Need an economic incentive for CO2 capture and storage. 

! Ensure an effective international framework to support CCS development.  

 

                                                        
3
 Intergovernmental Panel on Climate Change (IPCC), Carbon Capture and Storage, Special Report, 

Cambridge University Press, 2005. 
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One of the aims of the expert discussions was to identify what studies or activities would be 
useful to pursue in the course of this series of workshops leading to recommendations to the 
G8 in 2008. A summary of those actions are in Box 2.  

 
 

 

Box 2 
SUGGESTED ANALYSES OR ACTIVITIES  

TO SUPPORT FUTURE WORKSHOPS 
 

! Catalogue national and international incentives and models for CCS. 

! Identify forms of incentives that address risks in CCS investment due to uncertainties in 
the incentives. 

! Prepare a compendium of what has been done related to incentives and a status report 
of on-going processes. 

! Prepare a status report on topics related to post 2012 uncertainty including any 
proposals for inclusion of CCS during climate negotiations and how far they go in 
meeting near-term CCS objectives. 

! Monitor World Bank activities for new funding mechanisms. 

! Review existing financial models that fund technology demonstrations in other 
industries, e.g., Coal 21 Fund in Australia. 

! Prepare a status report to inventory/compare/contrast regulatory models including a 
discussion of how close they are to enabling CCS in the near term. 

! Prepare a status report of CSLF, AP6 and other relevant organisations� work 
programmes on CCS. 

! Conduct a thorough stakeholder analysis. 

! Prepare a summary of CCS activities that are underway. 

! Conduct a global review of existing public outreach activity related to specific CCS 
projects.  

! Provide an analysis of recent media coverage on CCS and results from focus group 
surveys.  

! Prepare an accident scenario simulation.  
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In the process of identifying issues and then assessing them in the next series of workshops 
to lead to recommendations for G8 leaders, topics for the forthcoming workshops were set 
out as summarised in Box 3.  

 
 

 

Box 3 
SUGGESTED TOPICS FOR FUTURE WORKSHOPS 

 
Technical: 

! Priority areas should be to address long-term liability issues and measures to facilitate 
commercialisation. 

! Complete as many of the key action analysis or activities as possible. 

! Separate CO2 capture from transport/storage issues in the technical discussion. 

! Include power system vendors and utilities as participants.  

 

Commercial and financial: 

! Appropriate role of government. 

! Building commercial expertise. 

! How to ensure that first-movers are not penalised. 

! Intellectual property. 

! Linking near-term opportunities with long-term options.  
 

Legal and regulatory: 

! Regulatory treatment. 

! Ownership and liability issues. 

! Monitoring and remediation. 

! Property and intellectual property rights. 

! Offshore jurisdictional issues. 

! Creating a market for carbon dioxide. 
 

Public awareness: 

! Assessment of issues identified at San Francisco workshop. 

! Prioritise key messages on CCS. Dialogue with communication specialists to understand how 
key messages are best conveyed. 

! Draft a communication strategy. 

! Expand the dialogue to include more NGOs, delegates from India and China, political champions 
and sceptics. 

! Ensure continuity of G8-IEA-CSLF process and greater interaction between the breakout groups.  
 

International mechanisms: 

! Sharing of stakeholders perspectives. 

! Perspectives from financiers. 

! Challenges for implementation of current CCS activities. 

! Clean Development Mechanism Executive Board�s perspective on the success of he programme.  

! Update on the European Union Emissions Trading System.  

! Perspectives from project proponents.  
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2. Early Markets for Carbon Dioxide                             
Capture and Storage:  Plenary Sessions  

Setting the Stage 
 
Near-term Opportunities and Developed Economies 
 
Near-term Opportunities and Emerging Economies 
 
 

All the presentations and speeches made during the plenary sessions are available on 
www.usea.org/G8-IEA-CSLF-Workshop.htm and www.cslforum.org/aug222006.htm. 
 
During the opening plenary session, speakers from public, private and civic organisations 
presented a variety of perspectives on carbon dioxide capture and storage (CCS). These 
perspectives set out the structure and main themes of the workshop in the context of a focus 
on near-term opportunities as a pathway to technology development and deployment with 
long-term benefits.  
 
The speakers emphasised unavoidable domination of fossil fuels in the energy supply mix in 
the decades ahead, urgency of climate change concerns and the need to reduce carbon 
dioxide emissions. They also pointed to clear mandate from G8 leaders to accelerate CCS 
development and deployment. Business as usual means carbon lock-in and the CCS has the 
potential to be a significant mitigation measure. 
 
Global energy-related CO2 emissions will increase by 55% between 2004 and 2030 - half of 
which is from power generation - and by 97% between the 1990 level and 2030, in the 
reference scenario based on policies in place.4 Power generation contributes half of the 
increase in global CO2 emissions over the period. Coal overtook oil in 2003 as the leading 
contributor to global energy-related CO2 emissions and consolidates this position through to 
2030. CO2 emissions are projected to grow slightly faster than primary energy demand � 
reversing the trend of the last two-and-a-half decades � because the average carbon content 
of primary energy consumption increases. Even in the World Energy Outlook�s alternative 
policy scenario � which analyses the impact of additional mitigation policies to 2030 � 
energy-related CO2 emissions would be 66% higher than in 1990. 
 
Carbon dioxide capture and storage can be a major element of a low carbon energy 
economy. It is viewed as a medium term technology (2020 -2030) that is important for power 
generation and for the deployment of hydrogen technologies. Issues to be resolved relate to 
business risk; uncertainty of legal and regulatory frameworks; monitoring, liability and long-
term ownership; and public acceptance. Most importantly, measures are needed to bridge 
the economic gap between CCS costs and the lack of a carbon price signal in many markets. 
 
The Clean Development Mechanism (CDM) was highlighted as one of the best existing 
mechanisms to provide incentives for greenhouse gas mitigation. There are, however, many 
barriers associated with CDM. The foremost hurdle for carbon dioxide capture and storage is 
that it has not explicitly been accepted as an eligible mitigation technology.5 Key among the 

                                                        
4
 IEA, World Energy Outlook 2006, OECD/IEA, 2006.  

5
 Decisions taken in late 2006 in the UNFCCC context mean that the issue of CCS in CDM will not be 

decided before late 2008. 
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barriers analysed are financial matters of profitability and fund raising capacity. Possible 
solutions presented are public � private partnerships, capital market vehicles and 
international collaboration.  
 
In the United States, the 500 largest carbon dioxide point sources are overwhelmingly coal-
fired power plants. They account for 82% of annual emissions from large stationary CO2 point 
sources. Of these facilities, fully 95% are within about 80 kilometres of at least one candidate 
geologic storage reservoir. An atlas of carbon sequestration in the United States and Canada 
has recently been generated by the National Energy Technology Laboratory. Coal-fired 
plants accounted for 50% of electricity generation in the United States in 2004 and 
government sources project that this share will increase to 57% by 2030. A US Government 
outlook foresees steady price rises for natural gas and petroleum after 2015 with power 
producers increasingly relying on lower-cost coal. The incremental capital cost of CCS 
technologies is a key issue as the least expensive technology options are likely choices for 
new capacity. Strategies to acceleration the uptake of CCS technologies in the United States 
include demonstration plants, e.g. Weyburn and FutureGen projects, public-private 
partnerships, both regional and international, and clean coal tax incentives. 
 
Near-term CCS opportunities in Australia are for gas processing with some potential offered 
by coal to liquids. Near-term opportunities can facilitate wider deployment through successful 
demonstrations, public-private partnerships and improved economics. Policies needed to 
implement near-term opportunities are favourable and consistent regulations as well as 
financial instruments.  
 
Commercial and  financial issues are addressed by policy and programmes such as 
Australia�s �Low Emissions Technology Development Fund� (LETDF) which offers Australian 
dollar (AUD) 1 for every AUD 2 spent by industry for projects that demonstrate new low 
greenhouse gas emissions technology (total fund = AUD 0.5 billion over 15 years). In 
November 2006, the Gorgon project in Western Australia was awarded AUD 60 million 
making it the largest CCS project funded anywhere. The project will store CO2 stripped from 
natural gas 2.5 kilometres underground in a saline reservoir geologic with long-term 
monitoring.  
 
Australia is a leader in the science and technology of geosequestration and perhaps the 
most advanced in terms of legislation. One of the lessons from current projects is that 
regulatory trail-blazing is difficult and time consuming.  There are co-operative research and 
demonstration activities such as �Coal 21�, a partnership between state and federal 
governments, the coal and electricity industries and the research community to advance 
technology developments. CO2CRC is an international research programme with public and 
private funding that focuses its efforts on the development and application of technologies to 
more effectively capture and geologically store CO2. Similar to the United States, Australia is 
active in international collaborations such as the Carbon Sequestration Leadership Forum 
and the Asia Pacific Partnership, but the Kyoto Protocol based mechanisms are not available.  
 
The issues for near-term opportunities in emerging economies are generally the same as for 
developed countries. Economic viability depends upon three aspects: 1) a concentrated low-
cost CO2 source; 2) access to a suitable injection site or sink; 3) a cost offset through 
enhanced resource recovery or emission reduction policy incentives. The scope for 
replication of early CCS projects in emerging economies is broadened by the fact that low-
cost CO2 sources are well known, natural gas resources containing CO2 are widely 
distributed, and coal syngas CO2 sources are concentrated in economies such as China and 
South Africa. The scope for CCS opportunities in emerging economies currently is 
constrained by lack of storage mapping and source-sink matching, technical expertise, and 
emission reduction incentives. 
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A presenter from Brazil pointed out that emerging economies should not be expected to bear 
the additional costs of a low carbon economy. Brazil has an electricity system that is 
overwhelmingly based on hydro power and expects to remain so. The Brazilian fossil fuel 
industry sees needs to develop and adapt clean coal technologies and CCS suitable for local 
conditions and to enhance knowledge, research centres and RD&D. Pilot projects on 
EOR/CCS and feasibility studies for CCS projects are underway in Brazil. It was emphasised 
that partnerships, new trade models, technical and financial assistance are needed for 
developing countries to apply clean coal and CCS technologies.  
 
Energy industries and transport make up the bulk of CO2 emissions from fuel combustion in 
Mexico. Petróleos Mexicanos (PEMEX), the state-owned petroleum company, has identified 
75 potential CCS projects that could be submitted to the Clean Development Mechanism and 
has undertaken pilot CO2 injection for resource recovery projects in several fields. 
 
China�s energy structure is dominated by coal which accounts for 69% of total energy 
consumption, about twice the world average level. Scenarios to 2050 foresee coal at 50% of 
total primary energy. Current CCS activities include very preliminary estimates of CO2 

storage potential, some research on pre and post combustion capture technologies by 
academic institutes, EOR and an enhanced coal bed methane recovery (ECBM) project.  
 
Near-zero emission coal and CCS are the focus of co-operation on climate change with 
China, the European Union and the United Kingdom based on memorandums of 
understanding. The goals are to: 1) assess the potential for near-zero emissions coal use 
through CCS; 2) develop capacity, expertise and knowledge in CCS in China; 3) design, 
construct and operate a demonstration project with CCS by 2020. China will continue to seek 
more CCS co-operation opportunities with other partners that are funded by foreign 
governments and international organisations. 
 
CCS was integrated into China�s National Medium and Long-term Science and Technology 
Development Plan to 2020 as a leading-edge technology. The Chinese Government will 
support CCS research, however, the near-term scope and scale of CCS activities in China 
mainly will depend on funds from the international community. In the near-term, China will 
pay special attention to capacity building, e.g. information sharing, exchange of professional, 
introduction of tools and models, and focus on areas that can bring direct economic returns, 
such as enhanced oil recovery.  
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3. Key Technical Issues 

Key Technical Challenges: 

! Insufficient demonstration of integrated carbon dioxide capture, transport 
and storage, particularly in power generation. 

! Perceived uncertainty of long-term retention of storage. 

! Reduce the costs of CO2 capture. 
 

High Priority Issues: 

! Address long-term liabilities. 

! Facilitate commercialisation through the provision of incentives, 

insurability and reasonable permitting processes. 

! Accelerate capture technology RD&D. 
 

 
The pursuit of near-term opportunities paves the way for future large-scale deployment. It 
was noted that putting near-term opportunities in place would foster the learning systems 
needed to facilitate CCS for the power generation and industrial sectors. Therefore, selection 
criteria for near-term projects need to account for how they increase the knowledge base and 
build up of CCS infrastructure, not limited to physical plant. 
 

3.1 Characteristics 

Characteristics of near-term opportunities were identified as: 

! concentrated CO2 sources: large point sources can achieve the economies of scale 
that are needed to make CCS a cost-effective mitigation measure;  

! by-product benefits such as enhanced resource recovery;  

! use of existing infrastructure for transport; 

! proximity of CO2 source to a suitable geological storage reservoir.  
 
There is a need to identify available concentrated CO2 sources as they are key aspects for 
early opportunities to gain experience and reduce the high costs of CO2 capture. Low cost 
capture possibilities include natural gas processing and hydrogen and ammonia manufacture 
in which CO2 is already separated.  
 

3.2 Issues 

Near-term opportunities for CCS were identified as enhanced oil recovery with storage and 
emerging oil and gas and electricity generation projects. A variety of issues - that are both 
technical and cross-cutting in nature � affect these opportunities. The highest priority was 
placed on addressing long-term liabilities and related storage permanence, and on facilitating 
commercialisation to spur development of near-term options. These will strengthen the 
platform from which CCS can fulfil a role as a critical CO2 mitigation measure. These issues 
were identified and categorised as follows.  
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External Cross-cutting Issues 

! Financial 
- address long-term liabilities 
- facilitate commercialisation 

! Communication  
- address long and short-term possible risks  
- develop and disseminate standards  
- evaluate costs and benefits 

! Need for efficient permitting processes; 

! Need for international and public/private cost sharing and co-operation. 
 
 
Technical Cross-cutting Issues 

 
! Permanence of stored CO2: Currently, there is very little experience with long-term CO2 

storage and no proof that storage can be safely guaranteed over a period of centuries. 
Based on analogues and modelling, the IPCC report suggests that in appropriately 
selected and managed geological reservoirs it is very likely (90-95% probability) that the 
fraction of the CO2 retained would exceed 99% over 100 years and is likely to exceed 99% 
over 1 000 years; 

! Standard costing methodology; 

! Value chain characterisation;  

! Sustainable development � water use and overall environmental impact. 
 
 
Technical Issues - CO2 Capture 

! Lower capture costs and increase availability; 

! System integration / optimisation 
- compatibility between power generation units and CCS installations; 
- match between sources and storage sites. Large point sources of CO2 are 

concentrated in proximity to major industrial and urban areas. Many of them are 
within 300 km of areas that potentially hold geological formations suitable for 
storage (IPCC, 2005). 

 
 
Technical Issues - CO2 Storage 

! Sufficient subsurface characterisation and assessment of storage integrity in relation to  
reservoir ability to store CO2 for a long time without incurring damage and deterioration; 

! Credible leakage risk assessments; 

! Best practice for monitoring and verification; 

! Well bore integrity; 

! Comparison of field data and results of modelling. 
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3.3 Key Actions for Near-Term Opportunities 

A number of key actions that can help to better understand and overcome the technical 
challenges were identified. 
 
! Address long-term liabilities: develop information on relevant analogues, types of 

liabilities and models for leakage. Examine the overall impact of CCS on the 
environment through life-cycle analysis. Survey technologies and regional impacts of 
power plants with water constraints. 

 
! Facilitate commercialisation: provide efficient incentives; examine financing structures of 

analogous large projects; develop case studies; support focussed collaborative 
international RD&D; engage studies on standard costing methodology; survey existing 
permitting processes and best practices from oil and gas frameworks; consider 
intellectual property issues related to making best technology widely available. Assess 
which projects are eligible for the Kyoto Protocol�s Clean Development Mechanism 
(CDM). (Update - Decisions taken in the context of the United Nations Framework 
Convention on Climate Change (UNFCCC) in late 2006 mean that the issue of CCS in 
the CDM will not be decided before late 2008).6 

 
! Develop technical, credit and risk assessment standards on an international rather than 

a regional basis; develop cost and performance benchmarks; study the fundamental 
properties of CO2 related to transport issues; assess whether there are vanishing 
opportunities in oil and gas fields approaching depletion and heavy oil developments, 
also possibly for enhanced gas and coal-bed methane recovery; develop consensus 
definitions for �acceptable risk� and �capture ready plant�; evaluate the sufficiency of 
trained personnel; support focussed international RD&D.  

 
! Reduce cost of CO2 capture: Evaluate matches between sources and storage options; 

conduct reliability, availability, maintainability and operability studies and dynamic 
simulations; study capture system integration and economic optimisation along the value 
chain; assess how to encourage new plants to be capture ready, while minimising the 
cost of doing so. 

 
! Urgently develop a standard methodology for subsurface characterisation in order to 

assess tonnage, risk and ranking as for oil reservoirs; evaluate increasingly important 
low permeability reservoirs; improve the understanding of co-sequestration with NOx, 
SOx and other acid gases, and trace elements; review data requirements for 
understanding the leakage mechanisms; review what existing projects are doing for 
intervention and remediation strategies; review Sleipner and Weyburn and other studies 
to contribute to a best practice manual; build on already completed and ongoing work on 
well integrity to refine results of laboratory studies and modelling versus field data. 

 

                                                        
6
 A decision of the UNFCCC COP/MOP2 in November 2006 called for further input form governments 

and others on whether CCS technologies should be eligible as CDM projects. Following a workshop 
on the issue in May 2006, many Parties (to the UNFCCC) felt that developing countries were not the 
right proving ground for emerging CCS technologies. The COP/MOP called for submissions on a 
range of technical issues, including leakage, levels of risk, boundary issues, monitoring, liability and 
accounting options. International organisations and NGOS are invited to provide the CDM Executive 
Board with information on these issues by 31 May 2007. Parties are invited to make submissions by 
21 September 2007. These are to be considered by the Subsidiary Body on Scientific and 
Technological Advice, which is asked to make recommendations at COP/MOP 3 (December 2007) 
with a view to taking a decision at COP/MOP4 (late 2008).  
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Stakeholders Identified 

Oil and Gas Industry 

Power Generation Industry 

Coal Industry 

Technology & Service Suppliers 

Public in Affected Area 

Regulators 

Policy-makers 

Environmental NGOs 

R&D & Academic Communities 

Other CO2 Emitting Industries, e.g. Cement Industry 

Insurance Industry 

Financial Institutions 

International Organisations 

 

 
 

3.4 Suggested Topics for Next Workshop 

! Priority areas should be to address long-term liability issues and measures to facilitate 
commercialisation. 

! Complete as many of the analysis or activities mentioned in the key action section as 
possible. 

! Separate CO2 capture from transport/storage issues in the technical discussion. 

! Include power system vendors and utilities as participants.  
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4. Key Commercial and Financial Issues 

Key Commercial and Financial Challenges: 

! There is a lack of a global and long-term value for CO2. 

! Investment risks are significant as CCS requires large capital investments in 

an unstable operating and fiscal environment with long-term uncertainty. 

 
High Priority Issues: 

! Create value for CO2 and a global market. 

! Governments need to create a framework for business value. 

 

 

4.1 Characteristics 

A scene setting presentation emphasised that CCS is not economic as there is no value 
chain: �CCS is not a commercial activity � it is an environmental technology in need of a 
market�. CCS faces significant barriers, such as uncertainty in regulatory frameworks, cost 
improvements and revenue potential. Another barrier is the fact that the cost of alternative 
carbon mitigation options, such as purchasing credits, are lower than CCS cost. Unless 
these barriers are addressed jointly by government and industry, progress on CCS will be 
very limited. Examples of new technology commercialisation from the history of crude oil and 
the telephone to the internet illustrated that technology uptake and advancement can be led 
by either the private or public sector. As CCS has the characteristics of an immature market, 
greater involvement by governments could advance adoption. 
 
Another presentation identified enhanced oil recovery (EOR) as one of the earliest, high 
value markets for industrial CO2. It elaborated five actions that would help make near-term 
EOR with CO2 storage more economically viable and attractive to investors: 
 

1) Establish near-term markets for industrial CO2. 

2) Identify �EOR ready�, affordable sources of CO2, e.g. natural gas processing, refinery 
hydrogen, ammonia, cement plants. 

3) Facilitate the development of CO2 pipelines � lack of CO2 gathering systems and 
pipelines is a major barrier. 

4) Formulate supportive policies and incentives.  

5) Prioritise CO2   EOR in oil and gas companies� portfolios of investments. 

 

4.2 Issues 

Enhanced oil recovery and other early opportunities for CCS are affected by a variety of 
issues that are commercial and financial as well as cross-cutting in nature. The highest 
priority was placed on value creation to develop a viable market for CCS. These issues were 
identified and categorised as follows.  
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Value Creation 

! Deciding who pays what, when and why. 

! How to create and link together a viable value chain. 

! Risk and return for players in the value chain. 

! How to enable viable commercial arrangements. 

Government Role Issues 

! Question of the government�s role in creating a positive regulatory regime and market 
incentives, fostering technology development and deployment, and providing certainty to 
minimise risk. 

! Provide policies and regulatory frameworks to support CCS business models. 

! Provide short-term incentives. 

! Provide a level-playing field for CCS with other climate change mitigation technologies, 
including market-oriented emission trading schemes. 

! Ensure a global approach. 

! Treat CCS as an economic development tool. 

Market Creation Issues 

! Need for a viable market framework for commodity CO2 and CO2 abatement. 

! Global view to ensure that GHG reduction technologies and policies are broadly 
applicable across countries. 

! Link between sources and sinks � physical infrastructure. 

! Long-term commercial framework � how to create certainty over the long life of a CCS 
project. 

! Create a competitive playing field for CSS. 

Risk Mitigation Issues 

! Long-term liability for storage. Will guarantees and caps be needed to cover potential 
liabilities? 

! Investor risk minimisation � insurance, financing, regulatory, public acceptance and first 
of kind project risk. Will some form of short-term liability exemptions or limitations be 
necessary incentives for demonstration projects? 

Cost Reduction Issues 

! How to make projects economically viable by reducing costs. Need to better understand 
the cost structure and profile along the value chain. 

! Provide incentives to �learn by doing�. 

Capacity Building 

! Need capacity building in the financial community. 
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4.3 Key Actions for Near-Term Opportunities 

A number of key actions that can help to better understand and overcome the commercial 
and financial challenges were identified.  

! Explore business analogues from different industries, e.g. renewable energy in Europe; 
Airbus consortium; sulphur dioxide markets; nuclear power; ethanol in Brazil; pipeline 
construction. 

! Share information about commercial experience, demonstrations and costs. 

! Analyse lessons from ongoing projects. 

! Define risks, identify which are the most important ones and how they can be allocated 
along the CCS value chain. 

! Ensure global applicability. 

! Define the capacity competencies needed and possible gaps. Explore how to build 
commercial expertise.  

 
 

Stakeholders Identified 

Oil and Gas Industry 

Power Generation Industry 

Coal Industry 

Technology & Service Suppliers 

Public in Affected Area 

Regulators 

Policy-makers 

Environmental NGOs 

Insurance Industry 

Financial Institutions 
 

 
 

4.4 Suggested Topics for Next Workshop 

!  Appropriate role of government. 

!  Building commercial expertise. 

!  How to ensure that first-movers are not penalised. 

!  Intellectual property. 

!  Linking near-term opportunities with long-term options.  
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5. Key Legal and Regulatory Issues 

Key Legal and Regulatory Challenges: 

! National and international legal frameworks need to reflect scientific and 
technological progress as well as the greenhouse gas reduction objectives 

of the international community. 

! More storage and monitoring projects are needed to further assess long-
term storage risks and establish effective siting, monitoring and 

remediation requirements. 

! There is a need to account for liability along the CCS chain. 

! There is a need to address property rights, e.g., related to geophysical 

trespassing, as well as intellectual property rights. 

! There is a need to distinguish between national and sub-national 

jurisdiction 
for onshore projects and international law for offshore projects. 

 

High Priority Issues: 

! Establish regulatory framework. 

! Develop monitoring and remediation procedures. 

 

 

5.1 Characteristics 

The main focus for this topic was on creating an enabling legal and regulatory framework that 
would protect the environment while not creating unnecessary barriers for near-term CCS 
projects. It was emphasised that legislation and regulations urgently need to be put into place 
in order for CCS projects to go forward. The aim should not be for �perfect� regulation but 
rather to employ appropriate guidelines and to use early movers to help develop regulation.  
 
(Update � in January 2007 the European Commission released An Energy Policy for Europe. 
It stated, �To provide global leadership, the European Union must provide a clear vision for 

the introduction of CO2 capture and storage in the EU, establish a favourable regulatory 

framework for its development, invest more, and more effectively, in research, as well as 
taking international action. The EU Emissions Trading System will also need to incorporate 

capture and storage in the future.� The Commission indicates that communication possibly 
with a legislative proposal on an EU regulatory framework for CCS is planned for the second 
half of 2007.) 
 
Scene setting presentations highlighted that legal and regulatory situations vary considerably 
from one country to another. Countries that have exploited domestic oil and gas deposits 
tend to have much more experience with CCS activities through enhanced oil recovery with 
CO2 than those without such resources. Those CCS activities tend to be governed by 
existing laws for oil and gas activities, mining, pipelines, transport, environmental impact 
assessment, etc. However, carrying out a comprehensive due diligence of the applicable 
framework can be a challenge. Generally, existing frameworks are better suited to the 
capture and transport stages of CCS than to the injection and storage aspects. The largest 
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unknowns are associated with long-term storage and relate to site characterisation, 
monitoring and liability issues. 
 
The international legal framework is relevant primarily to offshore storage. The inventory of 
international treaties and conventions that govern the marine environment include the Law of 
the Sea (UNCLOS), London Convention, OSPAR and other regional treaties. Offshore CCS 
projects face legal uncertainties under the London Protocol and the OSPAR Convention.  
 
(Update - A decision taken 2 November 2006 by contracting parties to the London Protocol 
will have the effect of placing �carbon dioxide streams from carbon dioxide capture 
processes for sequestration into the list of permissible candidates for sea disposal under the 
Protocol subject to three conditions. 7 The next step is for the Scientific Group of the London 
Protocol to develop waste-specific guidance for CO2 sequestration in sub-seabed geological 
formations and submit final text to the 29th Consultative Meeting in November 2007.) 
 
Near-term opportunities for CCS were identified as enhanced oil recovery with storage; 
high concentration industrial sources; gas production with CO2 reinjection; �capture ready� 
power plants and other facilities. Projects in countries with existing CO2 incentives such as 
cap and trade systems or carbon taxes are viewed as early opportunities. Capture of CO2 

from biomass was also identified.  
 
These CCS opportunities are affected by a variety of issues that are legal and regulatory as 
well as cross-cutting in nature. Key areas for regulation include access, ownership and 
property rights, site closure, monitoring and verification and long-term liability. The highest 
priority was placed on regulatory treatment and monitoring for long-term storage. Issues 
were identified and ranked in three categories:  
 

Critical � Progress on near-term opportunities cannot be made unless this issue is 
resolved. 

Important � Progress can be made without fully resolving this issue, but lack of resolution 
could be a hurdle that could slow implementation. 

Other � Resolution of this issue may be helpful, but not necessary at a critical or 
important level.  

 
 

5.2 Issues 

Critical Issues 

Regulatory Treatment of CO2 Issues 

! Compliance with applicable, existing regulation, if any. 

! Use of appropriate guidelines in the absence of specific regulations. In the near-term, 
existing legal frameworks at the national, provincial, or state level may serve for early 

                                                        
7
 The conditions are the �carbon dioxide streams� may only be considered for dumping is: 1) disposal 

is into a sub-seabed geological formation; 2) they consist overwhelmingly of carbon dioxide. They may 
contain incidental associated substances derived from the source material and the capture and 
sequestration processes used; and 3) no wastes or other matter are added for the purpose of 
disposing of those wastes or other matter.� 
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CCS projects. Over time, national frameworks could then be formulated on the basis of 
adequate empirical knowledge about the conditions and risks of long-term storage. 

! Need for clarity if CO2 is to be defined and treated as a waste or commodity. In many 
jurisdictions, waste classification triggers the application of a set of rules that have been 
designed for other substances and might therefore not be appropriate for CO2. 
Classification as a waste always has a strong influence on public acceptability. 

! Regulations need to have an acceptable level of tolerance for contaminants. The degree 
of purity of the stored CO2, particularly the concentration of contaminants of public 
concern, is likely to have a strong influence on the classification of the CO2. 

Ownership and Liability Issues 

! Need to account for liability all along the CSS chain. Need to know performance 
indicators that are to be met. 

! Operational liability issues for CO2 transport and injection are relatively similar to other 
issues in the oil and gas industry and should not raise particular problems. In situ liability 
that is associated with leakage and migration of CO2 from a geologic formation and 
resulting environment or public health impacts is challenging given the time frame for 
storage.  

! Rights to the storage site, be they ownership, lease or other forms of access, need to be 
clearly defined and predictable and give due consideration for the long-term nature of 
the CO2 storage.  

! Need to address retroactive liability; state aid and its limitations. 

! Insurance is needed for early projects, yet there is no established insurance mechanism. 

 

Monitoring and Remediation Issues 

! Need of a system to monitor possible leakage over a long period of time.   

! Need to know the degree of monitoring required, e.g. level of monitoring that will be 
required over the long term, record keeping requirements, responsible entity for the 
monitoring and the costs thereof. 

! Need for remediation strategies.   

! Need to understand any potential threats to public health and safety.  

! Additional monitoring experiences are required to improve scientific knowledge 
concerning monitoring and remediation technologies. 

Property Rights and Intellectual Property Rights Issues 

! Need to address ownership and protection of other resources, e.g. minerals, water, 
surface, pore space. 

! Need for regulation concerning geophysical trespassing.  

! Unitisation of CO2 storage to make clear who the stakeholders are and what are their 
roles. 

! Protection of intellectual property rights. How to make best/appropriate technology 
widely available? 
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Jurisdictional Issues 

! How to deal with competing laws in the case of transboundary issues.  

! Need to distinguish between national and sub-national jurisdictions for on-shore projects 
versus international law for off-shore projects. (Classified as important for national 
jurisdiction and as critical for some off-shore projects.) 

 

Important Issues 

Permitting Issues 

! Need for regulatory efficiency to reduce required number of permits. 

! Regulations should be able to cover site-specific issues. 

! Need to determine the criteria and level of due diligence for storage site characterisation. 

Regulatory Capacity Issues 

! Ability of regulators to incorporate latest state of science. Need for regulation to cover 
technology development and be based on scientific knowledge. 

! Need for tight linkage between regulatory and technical programmes. 

National Institutional Capacity Issues 

! Access to expertise to permit CCS projects and institutional capacity to give credits in 
developing countries. 

! Enforcement of property and contract rights, good governance, transparency in some 
developing countries. 

! Potential for missing opportunities such as CDM/JI projects because of a lack of 
sufficient capacity in some countries. 

! In some countries, CCS regulation can be developed now based on existing regulation. 

International Guidelines and Standards Issues 

! Application of IPCC guidelines for GHG national inventories to enable CCS projects to 
be considered as mitigation projects. 

! Need for an international standard for safety. 
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Stakeholders Identified 

Oil and Gas Industry 

Power Generation Industry 

Coal Industry 

Technology & Service Suppliers 

Public in Affected Area 

Regulators 

Policy-makers 

Politicians 

Environmental NGOs 

Insurance Industry 

Financial Institutions 

Media 
 

 
 

5.3 Suggested Topics for Next Workshop 

! Regulatory treatment. 

! Ownership and liability issues. 

! Monitoring and remediation. 

! Property and intellectual property rights. 

! Offshore jurisdictional issues. 

! Creating a market for carbon dioxide. 
 
 

5.4 Significant Activities since the San Francisco Workshop 

A Workshop on Legal Aspects of Storing CO2 was jointly organised by the IEA�s Working 
Party on Fossil Fuels and the Carbon Sequestration Leadership Forum (CSLF) in July 2004. 
It identified several priority areas for future work.  
 
Building on this work, a 2nd Workshop on Legal Aspects of Storing CO2 was organised by the 
IEA and the CSLF in October 2006. As the issues discussed at that workshop are directly 
relevant to the legal and regulatory discussion in San Francisco, the key summary points are 
presented here. (An IEA publication summarising the 2nd workshop, Legal Aspects of Storing 

CO2, was released in June 2007.) 
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Contractual and Intellectual Property Rights Issues 

1st Workshop Recommendation:  �Increase the number of CO2 storage demonstration 

projects�by ensuring the protection of intellectual property rights.� 

! Key Issues 

� Ownership of stored CO2, plant and equipment. 

� Contractual liability. 

� Intellectual property (IP) 
� Strengthening IP systems in developing countries 
� Harmonising international IP laws relating to CO2 storage. 

! Conclusions 

� IP issues similar to other oil & gas IP issues. 

� Monitor IP legal developments. 

� Locate model contractual language and share.  

� Develop solutions to strengthen IP systems in developing countries. 
 
 

National Legal and Regulatory Frameworks 

1st Workshop Recommendation:  �Governments should ensure that there is an appropriate 

national legal and regulatory framework for more storage demonstration projects.� 

! Key Issues 

� Classification of CO2 as a waste or resource. 

� Access, ownership and property rights. 

� Site closure 
� Monitoring and verification 
� Liability and post-closure responsibilities 
� Financial issues. 

� Role of the regulator. 

! Conclusions 

� This area can serve as an umbrella for most of the other legal issues. 

� Legal developments/case studies need to be monitored. 

� Four key issues for further analysis: 
� Liability (pre- and post-closure; types of damages) 
� Define �closure,� develop monitoring requirements, responsibilities 
� Need to develop streamlined regulatory approaches for demonstration 

projects to facilitate deployment of CCS 
� Capacity building is important. 

 
 

International Environmental Protection Instruments 

1st Workshop Recommendation:  �Contracting parties to international instruments should 

take�a proactive approach to clarify the legal status of carbon storage in the marine 
environment�� 



 25

! Key Issues: 

� Define the appropriate level of purity of CO2. 

� Classification of CO2 as a waste or resource. 

� Amend treaties to clarify CO2 storage activities: 
� London Convention and Protocol 
� OSPAR Convention. 

! Conclusions 

� London Protocol amendment will go into effect into 2007. 
� A legal basis for regulating CCS will now exist for much of the world � 

OSPAR amendment to follow for NE Atlantic. 
� CCS guidelines aim to be developed by November 2007. 
� Important precedent for other legal instruments. 

� Purity levels should not be set in formal convention amendments; instead, use 
guidelines that can evolve and apply on a site specific basis. 

� Classification of CO2 is a national legal and regulatory framework issue. 

� Transboundary liability may need to be addressed; there are models. 
 
 

Level Playing Field 

1st Workshop Recommendation:  �Create a level playing field for CCS with other climate 
change mitigation technologies in the various climate change mitigation instruments.� 

! Key Issues: 

� Carbon accounting 
� Baselines and allocation 
� Monitoring, reporting and verification. 

� Maturity of CCS as mitigation option. 

� Long-term nature of CCS (leakage, etc.). 

! Conclusions 

� IPCC guidelines, CDM Methodological Panel, national legal and regulatory 
frameworks are helping to address these issues. 

� Level playing field issues more technical than legal. 

� Contractual models could be developed and shared for private CCS carbon 
transactions. 

� Future work could focus on cataloguing variety of tax/financial/regulatory flexibility 
incentives. 
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6. Key Public Awareness Issues 

Key Public Awareness Challenges: 

! Very limited public awareness of CO2 capture and storage is a barrier to 
deployment.  

! Public acceptance of and confidence in long-term retention in storage 

needs to be nurtured. 
 

High Priority Issues: 

! Prioritise key messages on CCS and prepare communication strategy.  

! Ensure effective education and outreach activities with early CCS 

demonstration projects. 

 

 

6.1 Characteristics 

The deployment of CCS technologies will require broad understanding and long-term 
commitment by numerous constituencies. 
 
Awareness of the potential for CCS is a first step towards gaining acceptance for its 
deployment. However, at present, public awareness of CO2 capture and storage is very 
limited. Surveys indicate that few people know anything about CCS and most have a poor 
understanding of CO2 sources, drivers of climate change or mitigation options. Current 
outreach and public education efforts are considered to be opportunistic and generally weak 
or non-existent.  
 
(Update: In March 2007, the IEA Working Party on Fossil Fuels published a joint report with 
the CCP-2 project on �Communications Strategy: Public Perception of CCS � Prioritised 
Assessment of Issues and Concerns�.) 
 
An informed public is critical to be able to move forward with near-term CCS opportunities, 
particularly those who may be affected by a CCS project. Therefore, education and outreach 
are essential elements. To ensure the protection of health, safety and the environment, these 
activities need to provide timely information on 1) the state of technology development, 2) 
explanations of the risks and benefits associated with their use and 3) information on how 
monitoring and verification will be employed in CCS projects. Special attention is needed to 
address concerns about long-term retention in geologic storage. 
 
Near-term opportunities for CCS were identified as: 

! high concentration industrial CO2 sources:  

! by-product benefits such as enhanced resource recovery;  

! gas production with CO2 re-injection; 

! �capture ready� power plants and other facilities.  
 
 



 27

6.2 Issues 

These opportunities are affected by a variety of issues that are related to public awareness 
and issues that are cross-cutting in nature. The highest priority was placed on preparing and 
executing effective public education and outreach activities. Relevant issues were identified 
and discussed in five categories of specific opportunities as follows.  
 

Convergence of interest in climate change, energy supply and fuel prices improves 

opportunities for near-term CCS. 

! Global view of the climate change problem: 

� It is a worldwide issue that demands a global solution. 

� The public does not like to see itself as part of the problem. 

� There are more pressing concerns in developing countries than CO2 emissions. 

� Time is of the essence to adapt infrastructure and ensure that building new 
facilities is done in an appropriate manner. 
 

! Growing media interest: 

� Who is prepared with relevant information? 

� How to accommodate different viewpoints from the various CCS industries. 

� More champions who can advocate for CCS are needed. 
 

! CCS should be seen as a critical component in a climate change mitigation portfolio that 
includes energy efficiency and renewables. Primary issues for CCS include: 

� Main issue with the capture element of CCS is the high cost. 

� Health, safety and environment issues at industrial sites.  

� Safety issues related to transport should not be trivialised, but the risks are 
quantifiable and can be addressed by engineering design. 

� Storage issues relate to the consequences of leakage, both catastrophic and 
slow seepage. 

 

Early Demonstrations 

! Test of public opinion: 

� Transparency is a prerequisite to gaining public trust. 

� Ensure that the economic benefits are clear to a host community. 

� NIMBY (not in my backyard) versus PIMBY (please in my backyard) � so select 
sites with this mind. 
 

! CCS has heavy front-end costs which underscores the importance of public-private 
partnerships for advancing near-term CCS opportunities. Cost issues of early 
demonstrations include: 

� Who pays? What will create incentives? Why are government funding/ and/or 
incentives needed? Which incentives are acceptable to the public? Will 
developed countries be willing to pay for CCS demonstrations in developing 
countries? 
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� Politicians may not move unless public opinion appears positive. 

� Corporations need an environment in which earning an economic rent from CCS 
is publicly acceptable. 
 

! What events could permanently damage the prospects for CCS: 

� Inappropriate handling of failures. 

� Impact on aquifers. 

� Impact of CO2 on human health. Is it a concern and what are the existing 
standards in other spheres? 

� Other environmental impacts associated with CO2? 
 

Communication Strategy 

! Who are the credible providers of public information? There is an issue of timely 
responses to peaks in public interest. 

! Who is the key audience: media, policy-makers, financial community, others.  

! Need for openness and transparency, e.g. lessons from ocean disposal tests. 

! Lessons to be learned from communication strategies in other areas, e.g. nuclear, 
biotechnology. 

! What is the role of the Carbon Sequestration Leadership Forum (CSLF)? 

! Education is a long term process. 
 

NGO Engagement 

! Broad NGO representation and participation in the process is needed.  

! This expanded engagement is urgent; it can not wait until 2008.  

! A main concern of environmental NGOs is that CCS is seen as a solution that would 
allow the continued use of fossil fuel resources. 

 

International Architecture 

! Independent monitoring and verification: 

� Will there be international or national standards, agencies, third-party verifiers? 

! How will CCS be treated in UNFCCC processes, particularly for project qualification 
under the flexibility mechanisms?  

! What actions will result from the G8 process, in which G8 leaders agreed to accelerate 
the development and commercialisation of CCS? 

! What is the role of the Carbon Sequestration Leadership Forum?  
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Stakeholders Identified 

Oil and Gas Industry 

Power Generation Industry 

Coal Industry 

Technology & Service Suppliers 

Public in Affected Area 

Media 

Regulators 

Ratepayers 

Policy-makers & Political Leaders 

Environmental NGOs 

Educators & Students 

Financial Institutions 
 

 
 

6.3 Suggested Analyses or Activities Prior to Next Workshop 

! Conduct a global review of existing public outreach activity related to specific CCS 
projects.  

! Provide an analysis of recent media coverage on CCS and results from focus group 
surveys.  

! Prepare an accident scenario simulation.  
 
 

6.4 Suggested Topics for Next Workshop 

! Assessment of issues identified at first workshop. 

! Prioritise key messages on CCS. Dialogue with communication specialists to understand 
how key messages are best conveyed. 

! Draft a communication strategy. 

! Expand the dialogue to include more NGOs, delegates from India and China, political 
champions and sceptics. 

! Ensure continuity of G8-IEA-CSLF process and greater interaction between the breakout 
groups.  
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7. Key International Mechanisms Issues 

Key International Mechanisms Challenges: 

! No incentives for CO2 capture and storage.  

! Insufficient international and national legal/regulatory frameworks 

to support international mechanisms. 

 

High Priority Issues: 

! Need an economic incentive for CO2 capture and storage. 

! Ensure an effective international framework to support CCS development.  

 

 

7.1 Characteristics 

The role, activities and programmes of international bodies involved in CCS were examined 
with a view to identify gaps and needs for further co-ordination of their efforts. Presentations 
highlighted the status and issues of CCS in the Clean Development Mechanism and existing 
instruments of the World Bank, e.g. Global Environment Facility, carbon funds, risk 
instruments and partnerships. 
 
International activities relevant to near-term opportunities were identified as: 

Economic Mechanisms: regulation, e.g., cap and trade; emissions trading; offset 
markets, e.g., Regional Greenhouse Gas Initiative, Chicago Climate Exchange; Assigned 
Amount Units � total greenhouse gas (GHG) emission levels for which developed 
countries have agreed that emissions will not exceed in the first commitment period 
(2008-2012); Kyoto flexibility mechanisms; voluntary markets. 

International Co-operative Fora: Carbon Sequestration Leadership Forum (CSLF); 
International Energy Agency; United Nations Framework Convention on Climate Change 
(UNFCCC); Asia Pacific Partnership on Clean Development and Climate (AP6); European 
Commission; World Business Council on Sustainable Development, regional fora. 

International Development Assistance: Global Environment Facility; international 
financial institutions.  

 
One of the most common gaps identified in international and national frameworks is the need 
to create a level playing field between CCS and other climate change mitigation options. This 
means explicitly allowing CCS in various mitigation mechanisms and reaching an agreement 
on CO2 accounting procedures.  
 
Three mechanisms defined in the Kyoto Protocol are meant to encourage international co-
operation to lead to more rapid and effective deployment of CO2 control strategies. 
 
! Clean Development Mechanism (CDM) allows industrialised countries to undertake 

projects in developing countries to meet their emission reduction targets and contribute 
to the sustainable development needs of the host country. 
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! Joint Implementation (JI) is also a project based mechanism. It allows implementation 
of greenhouse gas reduction activities within countries that have agreed emission 
reduction targets (38 countries). 

 
! Emission Trading Schemes (ETS) is a market-based mechanism that allows buying 

and selling of emission allowances and reduction credits in order to enable countries and 
companies to meet their greenhouse gas emission targets. It provides a price for carbon 
by placing a cost on emissions and a value on reductions. The largest market is the 
European Union Trading System (EU ETS) with the first compliance phase from 2005 to 
2007 and the second phase from 2008 to 2012.  

 
It remains unclear if CCS will be eligible for emissions trading schemes. Discussion about the 
integration of CCS is part of the EU ETS review in 2006-2007.  
 
(Update � in January 2007 the European Commission released An Energy Policy for Europe. 
It stated, �To provide global leadership, the European Union must provide a clear vision for 
the introduction of CO2 capture and storage in the EU, establish a favourable regulatory 
framework for its development, invest more, and more effectively, in research, as well as 
taking international action. The EU Emissions Trading System will also need to incorporate 
capture and storage in the future.�)  
 
Near-term opportunities for CCS were identified as: 

! high concentration industrial CO2 sources:  

! by-product benefits such as enhanced resource recovery;  

! gas production with CO2 re-injection; 

! �capture ready� power plants and other facilities.  
 
 

7.2 Issues 

These opportunities are affected by a variety of issues that are related to international 
mechanisms and issues that are cross-cutting in nature. The high priorities were identified as 
the need for an economic incentive for CCS and an effective international framework to 
support CCS deployment. Issues were identified and ranked in three categories as follows.  
 
 
Top Priority Issues and Underlying Considerations 

! No incentives for CO2 capture and storage: 

� Absence of a carbon price signal. 

� No certainty for capital investment. 

� Commercial disadvantages from higher operating costs. 

� CCS economically disadvantaged, e.g. price of energy fixed by government, 
some times below costs. 

� CCS is not currently recognised in EU ETS, JI or CDM. 

� Stakeholders affected: all, particularly policy-makers, industries that will be 
required to spend (power, oil and gas), NGOs and international bodies. 
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! Uncertainty regarding targets and mechanisms after 2012 under the Kyoto Protocol as 
well as non-Kyoto institutions. 

! Absence of an international framework for the prioritisation, selection and funding of 
CCS RD&D and projects.  

� It is unclear who will pay for CCS given the major upfront investment costs. 

� The limited funding that is available for CCS is spread thin. There is no pool of 
funds to support demonstration projects, in contrast to the International 
Thermonuclear Experimental Reactor (ITER) analogue.8  

� A divergence of objectives hinders near-term CCS deployment. 

� Stakeholders affected: industry, policy-makers and international bodies. 

! Insufficient international and national legal and regulatory frameworks to support 
international mechanisms: 

� There is no organisation to evaluate and qualify projects. 

� Need a level playing field to enable fungibility for credits.  

� Absence of �best practice� standards for how projects should be implemented. 

� Need to ensure credibility by proponents of CCS when dealing with governments 
and stakeholders. 

� Stakeholders affected: regulators, technology suppliers, industry and policy-
makers. 

 
 
Second Rank Priority Issues and Underlying Considerations 

! Need for more outreach and education to policy-makers and the public to build support 
in the international mechanisms and share technical information: 

� There is a lack of examples to build �best practice� standards or case studies 
which could be used to educate policy-makers. 

� There is value in educating NGOs about CCS near-term opportunities. 

� There is a need for more co-ordination of outreach on CSS at the international 
level. 

� Stakeholders affected: international bodies, NGOs and industry.  
 

! Increased costs from CCS could bring competitive disadvantages, particularly across 
regions.  

� Disincentives for early-movers. 

� Stakeholders affected: all, particularly industry and technology suppliers.  
 

! Intellectual property rights (IPR) concerns, particularly for capture technologies. 

� WTO standards must be respected. 

� Need effective way to transfer technology while respecting IPR. 

� Stakeholders affected: industry and technology suppliers. 

                                                        

8
 ITER is a collaborative venture to demonstrate the scientific and technical feasibility of producing 

electrical power from thermonuclear fusion. 
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! There are few incentives for CCS because the �costs� of doing nothing have not been 
assessed.   

� There is an absence of an objective basis for determining the costs of emissions. 

� There is a wide range in the outcomes of studies that have attempted to consider 
�costs�.  

� Costs of adaptation need to be better understood. 

� There is no common strategy for designing incentives with respect to 
international mechanisms. 

� Stakeholders affected: policy-makers and financial institutions. 
 

! Absence of clarity on the implementation of the IPCC 2006 guidelines for CCS to 
national greenhouse gas accounting.   

� Possibility for advising UNFCCC Parties on the use of chapter 5 of the 2006 
guidelines to be used as a basis for national permitting and regulatory processes. 

� Stakeholders affected: policy-makers, regulators, international bodies, industry 
and technology suppliers. 
 

! The CDM approval process is burdensome and slow.  

� There is a need for guidance from the UNFCCC COP12/MOP2 to the CDM 
Executive Board on CCS eligibility.  

(Update � Decisions taken at COP12/MOP2 mean that the issue of CCS in CDM will 
not be decided before late 2008.)9  

� CDM approval process needs to be streamlined. 

� The implication is that near-term CCS actions may not be included under the 
CDM. 

� Stakeholders affected: industry, international bodies and policy-makers. 
 

! There are no established stakeholders for CCS in power generation, so surrogates are 
the sole option.  

� Absence of an established industry and investors hinders CCS development and 
deployment. 

� Lack of established stakeholders limits the dialogue that could produce sound 
mechanisms. 

� Stakeholders affected: industry, technology suppliers and financial institutions.  
 

! There is a need for better co-ordination between international programmes, e.g. CSLF, 
AP6.  

� There is a possibility of duplication across international bodies. 

� There could be a more effective use of funds if efforts are well co-ordinated.   

� Stakeholders affected: international bodies, industry and policy-makers. 
 
 
 

                                                        
9
 See full explanation in footnote 6.  
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Third Rank Priority Issue and Underlying Considerations 

! There is insufficient technical and economic capacity building.  

� There are gaps in skills in the CCS chain. There is a lack of capacity to approve 
projects, handle liability, etc. at the national level. 

� There is a role for international bodies to help fill the gaps. 

� Stakeholders affected: NGOs, industry, policy-makers and international 
organisations. 

 
 

Stakeholders Identified 

Oil and Gas Industry 

Power Generation Industry 

Coal Industry 

Technology & Service Suppliers 

Public in Affected Area 

Media 

Regulators 

Policy-makers  

Environmental NGOs 

Financial Institutions 

 

 

7.3 Suggested Analyses or Activities Prior to Next Workshop 

! Catalogue national and international incentives and models for CCS. 

! Identify forms of incentives that address risks in CCS investment due to uncertainties in 
the incentives. 

! Prepare a compendium of what has been done related to incentives and a status report 
of on-going processes. 

! Prepare a status report on topics related to post 2012 uncertainty including any 
proposals for inclusion of CCS during climate negotiations and how far they go in 
meeting near-term CCS objectives. 

! Monitor World Bank activities for new funding mechanisms. 

! Review existing financial models that fund technology demonstrations in other industries, 
e.g., Coal 21 Fund in Australia. 

! Prepare a status report to inventory/compare/contrast regulatory models including a 
discussion of how close they are to enabling CCS in the near term. 

! Prepare a status report of CSLF, AP6 and other relevant organisations� work 
programmes on CCS. 

! Conduct a thorough stakeholder analysis. 

! Prepare a summary of CCS activities that are underway. 
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7.4 Suggested Topics for Next Workshop 

! Sharing of stakeholders perspectives. 

! Perspectives from financiers. 

! Challenges for implementation of current CCS activities. 

! Clean Development Mechanism Executive Board�s perspective on the success of he 
programme.  

! Update on the European Union Emissions Trading System.  

! Perspectives from project proponents.  
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ANNEX 1 
 

Proposed Full-scale (~100 MWe and above) CCS Projects 
 for Power Generation (Known to IEA Secretariat) 

 May 2007 
 

Company/Project 

Name 

Fuel Plant 

Output/Cost 

Technology Start 

BP/SSE DF1, 
Peterhead/Miller 
Scotland 
(Project cancelled 
May 2007) 

Natural 
gas 

350 MW, 
($600 M) 

Conversion H2/CO2  + 
separation + 
precombustion capture, 
storage in oilfield � EOR 

2010 

BP DF2, Carson  
United States 

Petcoke 500 MW, 
($1 bn) 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture, 
storage in  oilfield � EOR 

2011 

Centrica/Progressive 
Energy, Teeside  
United Kingdom 

Coal 
(petcoke) 

800 MW (+H2 
to grid) 
($ 1.5 bn) 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 

2012 

China Huaneng Group 
(CHNG), GreenGen 
China 

Coal 100 MW Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 

2015 

E.ON, Killingholme, 
Lincolnshire coast 
United Kingdom 

Coal 450 MW  
(£1bn) 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture? 
 (may be capture ready) 

2011 

Ferrybridge, Scottish & 
Southern Energy United 

Kingdom 

Coal 500 MW 
retrofit £250m, 
capture 
£ 100m 

Pulverised Coal  
(supercritical retrofit) + 
post-combustion capture 

2011 

FutureGen  
United States 

Coal 275 MW  
(US$ 1 bn) 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 

2012 

GE / Polish utility 
Poland 

Coal 1000 MW Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 
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Karstø  
Norway 

Natural 
gas 

430 MW Natural Gas Combined 
Cycle + post-combustion 
amine capture, potential 
storage in oilfield � EOR 

2009 

Mongstad  
Norway 

Natural 
Gas       

(see 
footnote)10        

Combined Heat and Power 
with post-combustion CCS   

Phase 
1: 
201011 
Phase 
2: 
201412 

Nuon, Eemshaven  
The Netherlands 

Coal / 
biomass / 
natural 
gas 

1 200 MW Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 

2011 

Powerfuel, Hatfield 
Colliery 
United Kingdom 

Coal ~900 MW Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture 

2010 

RWE  
Germany 

Coal 450 MW 
("1 bn) 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion, capture 
storage in saline reservoir 

2014 

RWE, Tilbury  
United Kingdom 

Coal 1 000 MW 
(£ 800 m) 

Pulverised Coal 
(supercritical retrofit) + 
post-combustion (may be 
capture ready) 

2016 

SaskPower, 
Saskatchewan, 
Canada 

Lignite 
coal 

300 MW Pulverised Coal +post-
combustion capture  or 
oxyfuel, storage in oilfield � 
EOR 

2011 

Siemens  
Germany 

Coal 1 000 MW 
EUR 1.7 bn 

Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion  capture  

2011 

Stanwell, Queensland 
Australia 

Coal 100 MW Gasification (IGCC) ! 
syngas, conversion H2/CO2  
+ separation 
+ precombustion capture, 
storage in saline reservoir  

2012 

Statoil/Shell, Halten 
CO2  
Norway 

Natural 
gas 

860 MW Natural Gas Combined 
Cyle + post-combustion 
amine capture, storage in 
oilfield � EOR 

2011 

 

                                                        
10

 The plant is planned for an electricity output of 280 MW and 350 MW of heat. 
11

 Includes testing of capture facility (100 000 tonnes of CO2, storage site to be determined). 
12

 Full-scale CCS. 
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ANNEX 2 
 

Major Commercial and R&D Projects for Storage of CO2 
(in addition to projects listed in Annex 1) 

 
Project Name and Location Source of CO2 Type of 

Geological 
Formation 

CO2 stored* 

Sleipner  
Norwegian North Sea 

Stripped from 
natural gas 

Saline 
reservoir 

1 Mt/year 
since 1996 

In Salah 
Algeria 

Stripped from 
natural gas 

Gas/saline 
reservoir 

1.2 Mt/year 
since 2004 

K12b  
The Netherlands 

Stripped from 
natural gas 

Gas field -EGR More than 
0.1 Mt/year 
since 2004 

Snohvit 
Norwegian North Sea 

Stripped from 
natural gas 

Gas/saline 
reservoir 

0.75 Mt/year
, starting 
2007 

Gorgon 
Australia �offshore 

Stripped from 
natural gas 

Saline 
reservoir 

129 Mt over 
the life of the 
project, 
starting 
between 
2008-2010 

Weyburn 
Canada/United States 

Coal13 Oil field �EOR 1 Mt/year 
since 2000 

Permian Basin  
United States 

Natural reservoirs 
and industry 

EOR 500 Mt 
stored since 
1972 

Frio Brine  
United States 

 Saline 
reservoir 

3 Kt injected 
in 2005-
2006 

Nagaoka  
Japan 

 Saline 
reservoir 

10.4 Kt in 
2004-2005 

Ketzin 
Germany 

 Saline 
reservoir 

60 Kt total , 
starting  
2006 

Otway, Victoria 
Australia 

R&D project 
http://www.co2crc.com.au/pilot/OBPP
DL/ResearchProjectUpdate_01.pdf 

Stripped from 
natural gas 

Depleted gas 
field 

50 Kt/year, 
starting 
2007 
 
 

Callide,  Queensland 
Australia 

Coal Underground 
sandstone 
formation 

More than 
30 Kt/year, 
starting 
2010 

Monash, Latrobe Valley, Victoria 
Australia 
http://www.monashenergy.com.au/ 

Coal  50 t/day, 
starting 
2008 

 

                                                        
13

 The CO2 used for the EOR project in Weyburn is supplied by the Great Plains Synfuels Plant, a 
coal gasification plant located in Beulah, North Dakota, United States. 
* For comparison, a 500 MW coal-fired power station emits about 3 Mt of CO2 per year. 
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