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USE OF THE CLEAN DEVELOPMENT MECHANISM FOR CO2
CAPTURE AND STORAGE
Background to the Study
The Kyoto protocol includes project mechanisms whereby countries with green house gas emission
commitments are able to offset these by jointly implementing emission reduction projects with other
countries. If the host country has its own emission commitments such projects are Joint Implementation
projects. If the host country does not have emission commitments they are Clean Development
Mechanism projects. These latter are intended to assist in transfer of emission reduction technologies to
developing countries whilst at the same time promoting their sustainable development. A number of such
projects have been proposed under these mechanisms and are in different stages of development. Many
of these projects are quite small in terms of emission abatement. Carbon dioxide capture and storage
(CCS) is not represented in this project portfolio and it is uncertain to what extent such projects would be
acceptable. On the other hand the CCS technology has much greater potential for CO2 emission reduction
and could be far more effective than the other types of project which are being undertaken. Because of
their potential size they could also have a considerable effect ondevelopment and technology transfer to
host countries.. It was against this background that this study was undertaken. Questions to be answered
were;
• How might CCS projects fare under the clean development mechanism
• What is the potential for such projects and which countries have the best opportunities
• What are the main barriers to implementing such projects.

Approach adopted
The contract for this study was awarded to GCSI Natsource who have main offices in Ottawa and
NewYork as well as a number of regional offices spread around the world.
In order to answer the questions both general and specific issues were included in the scope. An
overview of the agreements, processes and practices used in CDM projects was specified to provide a
source of information as well as a background to more in depth study. As well as the general descriptions
of the processes the contractor was asked to formulate a template outlining the main steps and
responsible parties in a typical CDM project.
It was considered impractical to develop a detailed quantitative assessment of CCS potential under CDM
since this requires compilation of an extensive database of sources and potential storage sites. This work
is ongoing in several developed countries but developing such information for developing countries will
be a major undertaking and the geological data on which such assessments rely is probably incomplete.
GCSI was thus asked to perform a screening exercise to identify countries most likely to be hosts for
CDM and JI projects. Factors were to include technical ones such as those relating to likely storage
capacity for such projects as well as non-technical issues relating to the willingness of countries to
participate.
There are many potential barriers to execution of CCS projects using the CDM mechanism and
the scope of the study included a general analysis of the barriers to gain a better understanding of them
and how they might be overcome. GCSI was also asked to select three countries with significant CCS
CDM potential, representing a cross-section of developing countries and to perform an in depth analysis
of potential barriers. This analysis was to include gathering of first hand information from staff and
officials in the countries chosen.
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Results and Discussion
The review of Kyoto protocol and related documentation with respect to treatment of CCS is not
conclusive. CCS is mentioned only once as a future technology to be encouraged by signatories. In
general CCS is in line with the general aims and it could at this stage be considered as “not excluded”.
In the agreements relating to project based mechanisms two other classes of technology have received
specific attention. Nuclear Power has been specifically excluded as an eligible technology whilst CO2
sequestration in land, by land use change and in forestry (collectively given the acronym LULUCF) has
specific mention and definition. However there is nothing preventing the presentation of projects based
on CCS. It might take considerable time to develop and agree more specific recognition of CCS with an
uncertain outcome. Also there are many issues surrounding CCS projects in general which might make
an all encompassing agreement difficult. This is a developing technology which can be applied in many
different situations so that seeking approval project by project seems at present to be a better way to
proceed.
CDM rules allow three basic ways of establishing baselines for the emission reduction achieved by a
project. For complete green field projects comparison with the most likely alternative process without
CO2 capture appears appropriate. For retro fit of capture technology to existing facilities comparison with
the existing emission levels appears appropriate. In the absence of any CCS projects the third method,
which is comparison with top performing facilities built in the previous 5 years, is not appropriate. If
CCS became the norm for certain types of facility this third method could phase in over time. Thus in the
end carbon dioxide capture from certain types of facility could start to influence the baseline and there
would then be reduced incentive for such projects under the CDM. However this is unlikely to occur for
several decades. However this principle can be expected to apply to all abatement technologies
implemented under the CDM as they start to be routinely applied. Wide spread use of any abatement
technology will ultimately affect the selection of baselines.
Once a baseline is established it is still necessary for a CDM project to develop and have
approved a methodology for measuring the emission reduction. Additionality has to be established, in
other words it has to be shown that there is an overall reduction in GHG emissions as a result of
implementing the project. This includes consideration of changes to emissions which occur outside the
immediate project boundary. There are some issues with CCS which complicate this. Most capture
technologies cause a significant increase in fuel consumption with potential emission consequences
outside the project boundary as a result for example of producing and transporting the extra fuel.
However examination of methodologies for other types of project which are proceeding through the
approval process would suggest that there should be no difficulty in formulating acceptable project
emission accounting methods.
Apart from demonstrating overall CO2 emission reduction CDM projects need to show that they
contribute to sustainable development. However it is the host country which is required to determine the
effects on sustainability and this will be dependent on the situation in which the country finds itself and
the importance which is attached to different elements of sustainability. CCS projects do offer substantial
contributions to sustainability in several areas, for example:
• Development of natural resources
• Development of infrastructure
• Development of technical capability
• Provision of employment
However set against these positive contributions is the substantial increase in fuel consumption required
to implement CCS. This will detract from or even negate the other benefits depending on how the host
country weighs all the factors
Several examples of CDM projects and their methodologies which have progressed through the system
are included in the study. Collectively these help to illustrate the sort of methodologies which CCS
projects might be able to apply with success.
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Potential for CCS JI or CDM projects was assessed at the country level on a qualitative basis. As
mentioned earlier accurate qualitative assessment of geological storage capacity is a major task. Oil and
gas reservoir records provide the best defined data but for deep saline aquifers the range of uncertainty is
very large. It is considered that those CCS projects which generate some compensating income from
enhanced oil or gas recovery would be the first to be implemented. Thus significant presence of oil/gas
and coal deposits are a key screening criteria. Also given that not every reservoir or seam is amenable to
CO2 storage the presence of extensive reserves gives a better chance that some will be suitable for CCS.
Screening on the basis of technical considerations gives shortlists of countries.
CDM list
Chile
China
Colombia
India
Mexico

JI list
Canada
Germany
Japan
Netherlands
United Kingdom

With a view to refining the list to select three countries for deeper investigation criteria based on the
willingness of countries to participate in Kyoto project based mechanisms were added. Being a ratified
signatory of Kyoto and showing active participation in CDM/JI projects were amongst additional criteria
which lead to the selection of India, China and Columbia for more detailed study. India and China are
obvious choices based on their size, extent of reserves and major emission sources as well as showing
active interest. The choice of Columbia was more controversial and certainly swayed by the fact that the
contractor had good contacts within the country. However apart from concerns about the security
situation Columbia does have large deposits of both oil and coal which it is actively exploiting. It is also
a country representing a distinctly different geographical region.
The report concludes that the most pervasive barrier to CCS CDM projects is the low value of emission
reduction credits. Within the current time period prices for these are expected to lie far below the costs of
CO2 emission abatement even when the value of extra oil or gas production is taken into account. It is
possible that some niche EOR projects with additional economic benefits, such as delayed field
abandonment, or avoidance of job losses could be attractive. There is also a general perception amongst
the countries studied that CCS is an expensive and uneconomic option at present. Other barriers are more
country specific and include high bureaucratic load, difficulties with acceptance of foreign investment
and ownership and concerns about security. However these are not specific barriers for CCS projects.
There do not appear to be any significant barriers in respect of mining law, ownership laws or
government policies. The issue of permanence of storage has still to be resolved but the longer times
scales for leakage out of geological formations are expected to make this easier than was the case for
LULUCF. The permanence issue can be expected to form a significant barrier to early implementation of
CCS projects using the CDM but longer term the prospects for overcoming this barrier are good.
The report includes a template which sets out the steps which would have to be taken to implement a
CCS project under CDM. It delineates which parties within the host country or partner country have
prime responsibility for each of the steps and where supporting input is required from the other party.
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Expert Reviewers’ Comments
Extensive comments were received from reviewers. Some felt that too much emphasis was placed upon
the effect of low prices for credits as a barrier to implementation. However this is a harsh commercial
reality and the true cost of emission reductions will be clearly exposed during development of a CDM
project making it less easy for such projects to be approved on policy rather than commercial grounds.
Reviewers felt that the screening process was rather coarse and the choice of countries for deeper
investigation biased towards those in which GCSI had more access and presence. This is to some extent
inevitable since the choice of contractor was based partly an assessment of the extent of their country
experience. Other contractors CDM experience tended to be in countries even less likely to be hosts for
CCS projects. The report contains quite a lot of detail and some reviewers felt that the report could have
been considerably shortened by omitting some of this. Most was retained as it was felt to be useful
material and not all would necessarily draw the same conclusions from it. Most reviewers felt that draft
report said little about JI projects and with the choice of countries for in depth review falling under the
CDM it was decided to concentrate on CDM only with only passing reference to JI opportunities. GCSI
also concluded early on the there seemed to be little scope for CCS JI projects in the near future.

Major Conclusions
The spirit of the Kyoto protocol and the project mechanisms is generally encouraging for CCS activities.
There are many issues which have to be addressed before a CCS project could be implemented through
the CDM. It is considered preferable to address these issues by proposing specific projects using the
mechanisms which are already in place. The low value of emission credits is the major barrier to such
projects at present. A number of countries have potential to host CDM projects involving CCS but the
true potential can only be assessed when a detailed mapping of the eligible underground storage
resources has been made.

Recommendations
Despite the significant barriers of development of CCS projects under CDM there is much interest and a
few possibilities are being explored. It is thus recommended that the progress of any such projects are
followed by the programme.

iv

FINAL REPORT

Use of the Clean Development
Mechanism for CO2 Capture and Storage

Prepared for:
International Energy Agency
Greenhouse Gas R&D Programme
July 15, 2004

Global Change Strategies International
150 Isabella Street, Suite 305
Ottawa ON K1S 1V7 Canada
Tel: (613) 232-7979 Fax: (613) 232-3993 Email: info@gcsi.ca

www.gcsi.ca

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

Table of Contents
Executive Summary ...................................................................................................... 1
1 Introduction .............................................................................................................. 3
1.1 Objective and Organization of the Report .................................................................. 3
2 Overview of Carbon Dioxide Capture and Storage (CCS) .................................... 5
2.1 CO2 Capture ................................................................................................................... 5
2.1.1 Post-Combustion Capture........................................................................................... 6
2.1.2 Pre-Combustion Capture ............................................................................................ 6
2.1.3 Oxy-fuel Combustion .................................................................................................. 7
2.2 Transport of CO2 ........................................................................................................... 7
2.3 CO2 Utilization and Storage.......................................................................................... 7
3 Eligibility of CCS Projects Under the Clean Development Mechanism............. 11
3.1 Review of CCS in Existing International Climate Change Agreements................. 11
3.1.1 CCS and project-based mechanisms......................................................................... 12
3.1.2 Precedents and Interpretations................................................................................. 12
3.1.3 Legislation and Support ............................................................................................ 13
3.1.4 Progress Toward the Development of Policy and Agreements................................. 14
3.2 CDM Executive Board Approval Processes .............................................................. 16
3.2.1 Executive Board ........................................................................................................ 17
3.2.2 Baseline and Monitoring Methodologies for Standard CDM Projects .................... 20
3.2.3 Criteria for Review and Approval of Projects .......................................................... 22
3.2.4 Additionality.............................................................................................................. 23
3.2.5 Assessment of How CCS Projects May Fare Under CDM Approval Process.......... 26
3.3 Baseline and Monitoring Methodologies ................................................................... 27
3.3.1 Baseline Requirements for All Project Types ........................................................... 27
3.3.2 Baseline Considerations for CCS Projects ............................................................... 29
3.4 Validation and Verification......................................................................................... 33
3.5 Contribution of CCS to CDM Host Country Sustainable Development ................ 33
3.5.1 Sustainable Development Indicators ........................................................................ 34
3.5.2 Potential of CCS to Promote Sustainable Development........................................... 35
4 Economic Factors.................................................................................................. 38
4.1 Abatement Costs .......................................................................................................... 38
4.2 Transaction Costs......................................................................................................... 39
4.3 Project Financing and Risk Management ................................................................. 42
4.3.1 Delivery risk reduction techniques ........................................................................... 42
4.3.2 Impact of Crediting Period on Risk .......................................................................... 43

i

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

4.3.3 Allocation of Residual Risk....................................................................................... 44
4.4 Carbon Market Overview ........................................................................................... 45
4.4.1 Structure of the Global GHG Market ....................................................................... 45
4.4.2 Key Market Trends.................................................................................................... 45
5 Identification of Prospective Host Countries ...................................................... 51
5.1 Screening Methodology ............................................................................................... 51
5.1.1 Basis for Evaluation Against Criteria....................................................................... 52
5.2 Candidate Countries.................................................................................................... 54
5.3 Potential Sequestration Amounts ............................................................................... 55
5.4 Readiness of Countries to Engage in CCS CDM and JI Projects ........................... 57
6 Country Case Studies............................................................................................ 59
6.1 Colombia....................................................................................................................... 59
6.1.1 Host Country Approval Process ............................................................................... 59
6.1.2 Country Awareness of CCS....................................................................................... 61
6.1.3 Policy and Practice Alignment with CCS ................................................................. 63
6.1.4 Effect of Regulations and Laws................................................................................. 66
6.1.5 Promotion of CCS in Policy and Practice ................................................................ 69
6.2 China ............................................................................................................................. 70
6.2.1 Host Country Approval Process ............................................................................... 70
6.2.2 Country Awareness of CCS....................................................................................... 74
6.2.3 Policy and Practice Alignment with CCS ................................................................. 76
6.2.4 Effect of Regulations and Laws................................................................................. 78
6.2.5 Promotion of CCS in Policy and Practice ................................................................ 81
6.3 India .............................................................................................................................. 81
6.3.1 Host Country Approval Process ............................................................................... 81
6.3.2 Country Awareness of CCS....................................................................................... 83
6.3.3 Policy and Practice Alignment with CCS ................................................................. 86
6.3.4 Effect of Regulations and Laws................................................................................. 89
6.3.5 Promotion of CCS in Policy and Practice ................................................................ 92
7 Summary and Conclusions ..................................................................................... 93
Glossary of Key Terms ............................................................................................... 96
Bibliography .............................................................................................................. 100
Appendix 1. Sustainability Profile of Generic CCS Projects ................................. 110
Appendix 2. Country Screening ............................................................................... 115
Appendix 3. Assessment Framework..................................................................... 119

ii

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

Executive Summary
Carbon dioxide capture and storage (CCS) in underground reservoirs, such as depleted oil
reservoirs, deep unmineable coal seams, and saline aquifers, represents one of the most
promising for sequestering significant quantities of CO2 emissions. The worldwide potential for
CCS is large. However, there are barriers to the widespread introduction of CCS, including high
costs and an insufficient understanding of the permanence of storage.
Sales of approved credits under the Kyoto Protocol’s flexibility mechanisms could make CCS
technology more economically attractive. This study tests the potential for CCS to make use of
the Kyoto Protocol’s Clean Development Mechanism (CDM), and analyzes the barriers to
implementation of such projects. The study concentrates on opportunities for CO2 removal from
exhaust streams with low CO2 concentrations and follows a previous IEA Greenhouse Gas R&D
Programme study that identified attractive early CCS opportunities from high-concentration CO2
sources. The report provides a summary of the international regulatory process and assesses how
CCS projects may be able to address approval criteria. There are needs to address risks around
permanence of CO2 storage and local environmental risks around sudden release.
The CDM requires that a project’s greenhouse gas (GHG) reduction technology helps meet the
sustainable development priorities and initiatives of host countries (for example poverty
alleviation, efficient use of indigenous energy sources, or reduction of environmental impacts of
power generation). CCS projects can provide new capital for future generations without
unacceptable or irreversible environmental consequences. Knowledge from CCS technologies
can be transferred to other industrial processes and economic activities that may contribute to the
sustainable development of CDM host countries. The report describes hypothetical, generic CCS
projects that appear to satisfy criteria associated with sustainable development.
Financial and economic factors in CDM projects include abatement costs, transaction costs,
project financing and risk management, and state of the carbon market. It is important to note
that there currently exists a significant gap between international carbon price levels and the unit
costs associated with carbon capture and storage activities.
Nineteen countries were identified with a high potential to host CCS projects, following a
screening process for physical, economic, and political characteristics. From that group, five
countries were identified as also having high interest in hosting CDM projects: Chile, China,
Colombia, India, and Mexico. These countries each have established a Designated National
Authority and have hosted projects whose emission reductions have been traded in the
international GHG market.
From that group, three countries were selected for an in-depth analysis of their project approval
process, their awareness of CCS, and the potential effects of other national policies. The
countries selected were Colombia, China and India. Each presents an interesting and favourable
set of circumstances for CCS under the CDM. Their economies are growing rapidly and coalfired electricity generation in China and India is continuing to expand. Both Chinese and Indian
governments have acknowledged the need to continue including coal in their sustainable
development strategies due to its abundance and cost-effectiveness. Oil and gas and mining
1
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sector activity are expected to increase in Colombia, which is also a major coal exporter with
significant unexploited reserves.
An in-depth analysis of the effects of national polices, regulations and laws was conducted in
collaboration with local partners in each country. Barriers to CCS implementation include lack of
security and political instability in Colombia, China’s recent concern with over-investment and
inflation, and India’s political uncertainty and bureaucratic load. Existing legal frameworks
would have to be revised to address the legal aspects of CO2 capture, transportation and storage
in geological formations and to govern rights and title to the emission reduction credits.
The report develops a template of information that would be required for a determination of
eligibility of a CCS project under the CDM. The template is applied to two generic projects, for
illustrative purposes.
Reducing CCS costs to the prevailing market prices for CDM credits may only become feasible
after 2012. However, it may be advantageous for high-emitting developing countries to conduct
preparatory work on CCS in case they adopt emission targets for a second commitment period
under the Kyoto Protocol. It is expected that GHG market prices will rise over time, since lowcost emission reduction opportunities tend to be exploited first. In this case, CCS projects might
be competitive during a second commitment period due to higher market prices for GHG
commodities as well as to CCS cost reductions. The best prospects for the long term may be
fossil fuel energy projects, such as Integrated Gasification Combined Cycle (IGCC) plants or
enhanced fossil fuel recovery operations that can be retrofitted with CCS technology at an
appropriate time.
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1 Introduction
To date, international efforts to reduce emissions of greenhouse gases (GHGs) have focused
primarily on opportunities for avoiding the generation of such emissions through, for example,
energy efficiency enhancements, switching to less emissions-intensive fuels, and increasing
reliance on renewable sources of energy. Less emphasis has been placed on capture of GHGs
after their creation.
Demonstration projects have shown that CO2 emissions from industrial point sources can be
captured and then injected into geological reservoirs for long-term storage.1 Carbon dioxide
capture and storage (CCS) in underground reservoirs represents one of the most promising for
sequestering significant quantities of emissions. Examples of geological reservoirs that are
amenable to CO2 storage include depleted oil, heavy oil, and gas reservoirs, deep un-mineable
coal seams, and deep saline aquifers. The worldwide potential for sequestering CO2 is very large
in comparison to other GHG reduction options2.
The Kyoto Protocol’s mechanisms are designed to allow countries with emissions limitations to
take advantage of the fact that the cost of achieving emission reductions differs across countries.
Two of these mechanisms allow for trading of emission reductions generated by specific
projects. The Clean Development Mechanism (CDM) allows industrialized countries included in
Annex B to the Kyoto Protocol to achieve part of their required reductions by undertaking
projects in developing countries not included in Annex B3. Joint Implementation (JI), allows
industrialized countries included in Annex B to the Kyoto Protocol to achieve part of their
required reductions in projects located in other industrialized countries, also included in Annex
B. However, the Protocol contains no specific mention of physical CO2 sequestration under
CDM and/or JI and it is unclear how CCS will be treated under these project-based flexibility
mechanisms.
1.1 Objective and Organization of the Report
The overall objective of this study is to test the potential for CCS projects to make use of CDM
and JI and to analyze the barriers to the implementation of such projects. The report addresses
the following specific topics:
Section 2 provides an overview of the processes involved in CCS indicating the possible
sources for capturing, means for transportation and suitable geological formations for
storage of CO2.
1 Ocean storage is another option, but it involves considerable uncertainties as the science of monitoring deep ocean
storage is at a primitive state. See Caldeira, K., 2002, Monitoring of Ocean Storage Projects, IPCC’s Workshop on
Carbon Dioxide Capture and Storage, 18-21 November 2002, in Regina, Canada. [updated 13 June 2003; retrieved
March 2004]. Available from http://www.nrcan.gc.ca.
2 Total global storage capacity in geological reservoirs is estimated to exceed 1,500 Gt C while in forestry it is
approximately 1.2 Gt C per year. Source: Moomaw, W. R. and J. R.Moreira, 2001, Technological and Economic
Potential of Greenhouse Gas Emissions Reduction, Chapter 3 of the TAR. [retrieved 26 February 2004]. Available from
http://www.ipcc.ch.
3 Annex B to the Kyoto Protocol includes all Annex I Parties to the United Nations Convention on Climate Change
(UNFCCC) and their individual legally binding targets to limit or reduce GHG emissions, except for Belarus and Turkey.
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Section 3 considers the eligibility of CCS projects under the Kyoto Protocol’s CDM. It
begins with a review of the extent to which CCS is addressed by international climate
change agreements. It also examines the process by which projects are evaluated by the
CDM Executive Board (EB) and discusses how CCS projects may be able to address
requirements for earning approval.
Section 4 examines economic factors that affect CCS projects’ suitability for emissions
trading. This section includes discussions of estimated abatement costs, transaction costs,
project-finance and risk considerations, and a brief overview of the market for GHG
commodities.
Section 5 identifies countries with a high potential to host CCS projects that may be
eligible to earn credits under the Kyoto Mechanisms, including JI as well as CDM.
Section 5 uses a screening process to identify countries with a favorable combination of
physical, economic, and political characteristics. Three developing countries, China,
India, and Colombia were selected for an in-depth analysis of relevant country-level
policies
Section 6 contains in-depth analysis of the effects of national polices and practices on
CCS project implementation in the three selected countries. The section recommends
actions to make policies and procedures more favorable to CCS in these countries.
Section 7 contains conclusions and addresses the main barriers that need to be overcome
in order to allow more extensive implementation of CCS projects under the project-based
mechanisms.
Three appendices cover a Sustainability Profile of CCS Project Variations; a Country Screening
matrix (for CCS prospects) and an Assessment Framework. The Sustainability Profile provides
generic examples of CCS-based CDM and JI projects and shows how they may support host
country sustainable development. The Country Screening forms the basis of the selection of
countries in Section 5. The Assessment Framework can be used to identify and organize
information necessary for a project assessment and describes the key steps required to earn
approval. The framework is applied to two generic CCS projects for illustrative purposes.
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2 Overview of Carbon Dioxide Capture and Storage (CCS)
This section provides an overview of the processes involved in CCS outlining the possible
sources and methods for CO2 capture, means for its transportation and suitable geological
formations for its storage.
2.1 CO2 Capture
The first phase in a typical project involves the capture of CO2 from the effluent gases of an
industrial process that is based on the combustion of a fossil fuel (e.g., power generation, cement
manufacture and smelting), or its conversion to a “syn” gas.4
CO2 can be captured from both dilute and concentrated sources. Stack gases of fossil fuel
burning power stations, especially those that are coal-fired, are a primary source for dilute
streams (10-15 percent CO2). Other industrial sources include cement plants, coke-oven underfiring in the iron and steel industry, etc. Some industrial processes, such as natural gas
sweetening, already capture CO2 emissions.5 However, those are generally vented and not
utilized or stored. Fossil fuel electric power plants are the main large point sources and hence
prime targets for CCS.
Some power generation systems have been considered for CO2 capture, including pulverized
coal (PC) fired plants equipped with flue gas desulphurisation facilities and operating with
subcritical or supercritical high temperature steam cycle; PC fired plants that use O2/CO2 flue gas
recycle combustion; natural gas combined cycle power plants; and integrated gasification
combined cycle (IGCC) in which coal is gasified.6
The IEA GHG R&D Programme “PEACS” (Project for Early Application of Carbon dioxide
Storage) study has already identified concentrated CO2 sources (>40 percent by volume) from
such sources as ammonia fertilizer production, natural gas recovery, and hydrogen production at
oil refineries.7 High-purity sources were considered because, in contrast to dilute streams, CO2
can be captured at relatively lower costs.
There are three main capture processes:
1) Post Combustion, the most common case, in which CO2 would be captured from the
stack gases of power stations, cement plants or smelters.
2) Pre-combustion, in which fossil fuel is gasified into synthetic gas containing hydrogen
and CO2 at IGCC power plants. Fuel to electricity conversion efficiency for integrated
Synthesis gas, a mixture of carbon monoxide and hydrogen, C +H2O → CO + H2
Haefeli, S., M. Bosi, and C. Philibert, 2004, Carbon Dioxide Capture and Storage Issues – Accounting and Baselines under the
United Nations Framework Convention on Climate Change (UNFCCC), IEA Information Paper, OECD/IEA, May 2004, p. 9.
Available from http://www.iea.org.
6 McKee, B., 2002, Solutions for the 21st Century, Zero Emissions Technologies for Fossil Fuels, International Energy
Agency Working Party on Fossil Fuels (WPFF), OECD/IEA, Paris.
7 Lysen, E.H. (ed.), 2002, Opportunities for Early Application of CO Sequestration Technology, IEA Greenhouse Gas R&D
2
Programme, Report Number PH4/10, September.
4
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IGCC is high (40 to 52 percent, depending upon turbine design and the availability of
high-temperature fuel gas cleaning techniques).8
3) Oxy-fuel combustion, in which fossil fuels are burned in pure oxygen streams to produce
a high CO2 concentration flue gas, which can be captured easily.
2.1.1 Post-Combustion Capture
CO2 is normally only a small part of the flue gas stream emitted by a power station. The table
below lists other emissions including nitrogen, oxygen and water vapor.
Table 1. CO2 Concentration in Power Station Flue Gas
CO2 concentration in flue gas
(vol percent, approx.)
Pulverized coal fired

14

Coal fired IGCC

9

Natural gas combined cycle

4

Because these gases are present some method of separation is required to capture the CO2. A
variety of techniques are available. The main one in use today is scrubbing the gas stream using
a solution of monoethanolamine (MEA). Amine scrubbing was established over 60 years ago in
the oil and chemical industries for removal of hydrogen sulphide and CO2 from gas streams. After
leaving the scrubber, the amine is heated to release high purity CO2 and the CO2-free amine is
then reused.
The low concentration of CO2 in the flue gas means that a large volume of gas has to be handled,
resulting in large and expensive equipment. A further disadvantage of the low CO2
concentration is that powerful solvents have to be used to capture CO2. Regeneration of these
solvents to release the CO2 requires a large amount of energy.
2.1.2 Pre-Combustion Capture
An alternative way to remove CO2 is to increase the CO2 concentration using pre-combustion
capture through an IGCC system. The process is, in principle, the same for coal, oil, or natural
gas. The fossil fuel is gasified to a CO:H2 mixture (syn gas) and the carbon monoxide is shifted
to more hydrogen and CO2 by means of the Water Gas Shift Reaction.9 The CO2 is separated
after the shift conversion and prior to combustion of the syn gas in the gas turbine.
The conditions for CO2 separation in pre-combustion capture processes will be quite different
from those in post-combustion capture. Physical solvents could be used for pre-combustion
capture of CO2, with the advantage that the CO2 can be released mainly by depressurization,
thereby avoiding the high heat consumption of amine scrubbing processes. However,
8
9

However, this advanced “clean” conversion technology has not yet been widely deployed.
CO + H2O → H2 + CO2
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depressurization of the solvent still results in a significant energy penalty. Physical solvent
scrubbing of CO2 is well established, e.g., in ammonia production. Also, when the CO2 is
extracted under pressure in IGCC processes (pre-combustion), the energy needed to capture and
compress it to pipeline pressure for transport to a storage site are less than would be required for
CO2 scrubbed directly from the more dilute atmospheric pressure flue gases of PF systems.
2.1.3 Oxy-fuel Combustion
Another fossil fuel combustion technology currently under development is oxy-fuel combustion
in which fossil fuels are burned in pure oxygen streams to produce a high CO2 concentration flue
gas, which can be captured easily.
One variant of this concept, O2/CO2 recycle combustion, is being developed in Canada at the
CANMET Energy Technology Centre, Ottawa, through a partnership with the Government of
Alberta, the U.S. Department of Energy, Canadian utility companies, international companies
and the IEA Greenhouse Gas R&D Programme. The goal of this technology is cost-effective
CO2 capture using oxygen firing of the fuel in the boiler, with recycling of the CO2, which also
lowers the flame temperature to acceptable levels. The use of CO2 recycling allows for proper
control of boiler performance in retrofit situations. This technique also shows promise for
suppressing the formation of other pollutants during combustion, including sulphur dioxide,
nitrogen oxides, air toxics and particulates.
2.2 Transport of CO2
After capture, CO2 can be transported to the storage site.10 CO2 is largely inert and easily
handled. Before it is transported, the CO2 has to be desulphurized, dehydrated and compressed.
Large quantities of captured CO2 can be transported in pipelines or in ships. It is already
transported in high-pressure pipelines. More than 2000 km of long distance CO2 pipelines are in
use today. CO2 at the rate of up to 240 million standard cubic feet (SCF) per day is being
pipelined 325 km from a lignite gasification synfuels plant in North Dakota to the Weyburn oil
field in southern Saskatchewan, Canada, for use in an enhanced recovery project (EOR). It is
already transported in ships in North Western Europe with annual capacity around 300,000
tonnes. CO2 tankers are similar to LPG carriers, except for the pressure and temperature, which
have to be higher and lower respectively11.
2.3 CO2 Utilization and Storage
Captured CO2 can be utilized or stored by injection into the following types of geological
reservoirs:
Depleted, disused, and unexploited hydrocarbon (e.g., oil, heavy oil, gas) reservoirs,

10 IEA Greenhouse Gas R&D Programme, 1995, Transport and Environmental Aspects of Carbon Dioxide
Sequestration, ISBN 1 898373 22 1.
11 Haefeli, S. et al, 2004, op. cit., p. 11.
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Depleted hydrocarbon reservoirs that could be used for CO2 enhanced oil recovery (EOR)
operations,
Deep unmineable coal seams that could be used for CO2 enhanced coal bed methane
recovery (ECBM) operations, and
Deep saline reservoirs, both on- and offshore.
THE SLEIPNER PROJECT12

Source: IEA Greenhouse Gas R&D Programme
The Sleipner project is the world’s first commercial-scale CCS project. About 2,800 tonnes of CO2
are captured daily from Sleipner West's gas production and injected 1,000 metres below ground
into the Utsira sandstone formation (saline aquifer) in the Norwegian North Sea. Production from
the Sleipner West gas and condensate field began in August 1996. The project will attempt to
predict the long-term behaviour of the injected CO2 and produce a 'best-practice' manual for
aquifer storage. Statoil has operates this project, which is funded by the European Commission
as well as a number of major energy companies and national governments around the North Sea.
The incremental investment cost for the CCS operation was about US$ 80 million, which was
paid back in less than two years primarily based on carbon tax savings (about US$ 38 per tonne
of offshore vented CO2 as of January 2000).

CO2-EOR is the most common and advanced of these options, with over 70 projects in operation
worldwide, primarily in North America, which use about 60 million cubic meters per day of
CO2.13 For concentrated CO2 sources, the PEACS study identified geological storage
opportunities that were located relatively near to chemical plants (up to 100 km). 409 “early

12 For further information on SACS, refer to the IEA Greenhouse Gas R&D Programme, at
http://www.ieagreen.org.uk/sacshome.htm.
13 McKee, B., 2002, Solutions for the 21st Century, Zero Emissions Technologies for Fossil Fuels, International Energy Agency
Working Party on Fossil Fuels (WPFF), OECD/IEA, Paris.
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opportunity” cases in 15 countries (including 329 in the USA) were identified for CO2-EOR, and
78 cases in 11 countries were identified for CO2-ECBM.
CO2-EOR is an established technique that can enhance oil recovery by 10-15 percent when CO2
is injected into depleted oil reservoirs14, which in turn provides significant revenues. Currently,
74 CO2-EOR projects are in operation, mostly in the United States15, where oil companies are
paying US$ 7 to US$8 per tonne of CO2.
When CO2 is stored in coal seams, which may be deep and uneconomical to mine, methane
adsorbed in the seams is released and can be captured (referred to as CO2-ECBM). For every
mole of CO2 stored, about two moles of methane will be released. Methane, a highly powerful
GHG, can then be used as fuel in the generation of heat and electricity, two essential
infrastructure needs of developing countries. There is currently one active commercial-scale
CO2-ECBM project in New Mexico, with two new demonstration projects in Canada and
Poland.16
Currently, CO2 -EOR is considered a more attractive early opportunity than CO2 -ECBM from
the perspectives of cost-effectiveness and technical maturity.17 Enhanced gas recovery (CO2EGR) has been modeled but not yet physically demonstrated, partly due to concerns about the
impact of CO2 injection on reservoir integrity and on the quality of gas.18
Deep saline aquifers are associated with sedimentary basins. All sedimentary rocks contain
spaces between their constituent mineral grains that are filled with fluid, by far the most common
being formation water. Liquid CO2 can be injected into these aquifers, which must be capped
and at least 800 meters deep so that the CO2 will be in a supercritical state. It is either trapped in
flow systems (hydrodynamic trapping) or converted to carbonate minerals (mineral trapping).
The most important first demonstration of the commercial application of CO2 storage in deep
saline aquifers has been the Sleipner Project (See Box above).
The capacity of deep saline aquifers for CO2 storage is considered to be very large, surpassing
the storage capacity of deep coal seams and depleted oil (and gas) reservoirs. An estimate of the
global storage capacity of deep saline aquifers is given in Table 2 below, which illustrates this
capacity in relation to other geological options.19 In theory, all of the projected global CO2
emissions to 2050 could be accommodated in the world’s deep saline aquifers.

IEA GHG R&D, Putting Carbon Back into the Ground, p. 14.
See Lysen, E.H. (ed.), 2002, op. cit., p. ii.
16 Lysen, E.H. (ed.), 2002, op. cit., p. ii.
17 Lysen, E.H. (ed.), 2002, op. cit., at v.
18 Lysen, E.H. (ed.), 2002, op. cit., at ii.
19 IEA Greenhouse Gas R&D Programme, 2000, Technology Status Report: CO2 Capture and Storage, DTI URN 00/1081,
prepared for the October 2000 meeting of the IEA Fossil Fuel Working Party.
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Table 2. Estimated Global CO2 Storage Potentials for Geological Reservoirs
Storage Option
Deep saline reservoirs

Estimated Global CO2
Storage Potential
(Gt)
400-10,00020

Depleted oil and gas fields

920

Unmineable coal measures

>7021

Captured CO2 can also have other uses as a chemical feedstock for the food industry, fish
farming and agriculture. However, the demand for these markets is very small compared to the
amount of CO2 that can be captured and the markets are already supplied in great part by
naturally occurring CO2 reservoirs.

20
21

Estimates from the early 1990’s; more recent estimates suggest greater capacity
From Table 1.
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3 Eligibility of CCS Projects Under the Clean Development
Mechanism
Renewable energy and energy conservation will continue to grow, but they are unlikely to keep
up with the growing demand for energy. Fossil fuels will remain the primary source of energy
for the foreseeable future. CCS could play a key role in the management of GHG emissions
during the transition from fossil fuels to low-emission energy sources.
The CDM22 could stimulate more extensive implementation of CCS technology in developing
countries and in countries with economies in transition. This Section considers the eligibility of
CCS projects under CDM, including a review of the extent to which CCS is addressed by
international climate change agreements, the process by which projects are evaluated and a
discussion of how CCS projects may be able to address international requirements for approval
of GHG credits.
3.1 Review of CCS in Existing International Climate Change Agreements
Both the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto
Protocol call upon Parties to take precautionary measures to anticipate, prevent or minimize the
causes of climate change in all major GHG emitting sectors, including the energy, transport,
industry, agriculture, forestry and waste management sectors, while recognizing the overall need
to use the resources required to achieve sustainable social and economic development.
The UNFCCC recognizes the role and importance of sinks and reservoirs of GHG,23and all
Parties have committed to promote and cooperate in the conservation and enhancement of sinks
and reservoirs of GHG.24 The Kyoto Protocol encourages industrialized countries included in its
Annex B to research and develop CCS.25 CCS projects that use natural CO2 cannot be used to
offset anthropogenic GHG emissions under the Kyoto Protocol.

The report focuses on the eligibility under the CDM, which requires more stringent criteria than JI.
As per definitions in Article 1 of the UNFCCC: ‘Sink’ means any process or activity which removes a GHG, an
aerosol or a precursor of a GHG from the atmosphere’ and ‘reservoir’ means a component or components of the
climate system where a GHG or a precursor of a GHG is stored’. Available at:
http://unfccc.int/resource/docs/convkp/conveng.pdf.
24 See UNFCCC text page 2 and Article 4.1 (d). United Nations, 1992, United Nations Framework Convention on
Climate Change. Available from http://unfccc.int.
25 See Article 2.1 (a) of the Kyoto Protocol. UNFCCC, 1997, Kyoto Protocol to The United Nations Framework
Convention on Climate Change. Available from http://unfccc.int.
22
23
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3.1.1 CCS and project-based mechanisms
There is no specific activity, except for nuclear energy, that has been identified for exclusion
from CDM and JI.26 CCS is not specifically referred to in the Kyoto Protocol’s language related
to CDM and JI, nor is CCS the subject of any subsequent agreement.27 There exist, however,
specific rules that relate to biological carbon dioxide sequestration activities (See Box below),
which are known as land use, land use change, and forestry (LULUCF) activities. These rules
were adopted at the Ninth Session of the Conference of the Parties to the UNFCCC (COP-9) in
late 2003. It is, however, important to note that biological sequestration differs from the physical
sequestration of CCS because in the former, carbon sequestration is temporary, while in the latter
CO2 is sequestered on a much greater time scale.
It appears that CCS-based projects could become eligible under both project-based mechanisms,
given the Protocol’s language encouraging further development of carbon dioxide sequestration
technologies, and the lack of any prohibition against the use of CCS under the mechanisms.
However, at present it is unclear how policy-makers will consider CCS, since it is currently in
the research and testing phase28.

SEQUESTRATION29
Sequestration is the process of increasing the carbon content of a carbon reservoir other than
the atmosphere. Biological approaches to sequestration include direct removal of carbon
dioxide from the atmosphere through land-use change, afforestation, reforestation, and
practices that enhance soil carbon in agriculture. Physical approaches include separation and
disposal of carbon dioxide from flue gases or from processing fossil fuels to produce hydrogenand carbon dioxide-rich fractions and long term storage in underground in depleted oil and gas
reservoirs, coal seams, or saline aquifers.

3.1.2 Precedents and Interpretations
The eligibility of CCS under CDM could be resolved in a specific agreement similar to that made
for LULUCF activities. Success in that process involved extensive debate, particularly on nonpermanence, accountability, and leakage issues. The risk of non-permanence on LULUCF
projects was dealt with by establishing two new types of reduction credits, a temporary type and

The Bonn Agreement, which was reached at part two of the Sixth Session of the Conference of the Parties to the
UNFCCC (COP6bis) in July 2001, closed the CDM and JI to nuclear power by restricting the use of certified emission
reductions and emission reduction units generated from nuclear facilities to meet the emission limitation or reduction
legally-binding targets. See UNFCCC, 2001a, Decision 5/CP.6, Implementation of the Buenos Aires Plan of Action,
FCCC/CP/2001/L.7. Available from http://unfccc.int.
27 While emissions reduction projects under JI can only take place in industrialized countries included in Annex B to the
Kyoto Protocol, and most likely in those with economies in transition, CDM projects can only take place in developing
countries (non-Annex B countries).
28 IPCC, 2002, Workshop on Carbon Dioxide Capture and Storage, 18-21 November 2002, in Regina, Canada. [updated 13
June 2003; retrieved June 2004]. Available from http://www.nrcan.gc.ca.
29 IPCC, 2001, Climate Change 2001: Synthesis Report. A Contribution of Working Groups I, II, III to the Third Assessment Report of
the Intergovernmental Panel on Climate Change [Watson, R.T. and the Core Writing Team (eds.)]. Cambridge University Press,
Cambridge, United Kingdom, and New York, NY, USA, p. 384.
26
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a long-term type (tCERs and lCERs)30. Leakage and socio-economic and environmental matters
were addressed by requiring project participants to submit an analysis of socio-economic and
environmental impacts, including impacts on biodiversity and natural ecosystems, and impacts
outside the project boundary.
Permanence and leakage issues surrounding CCS involve a rather less complex debate because
of the geological timescale involved. However, permanent containment will have to be clearly
demonstrated before CCS can be formally recognized as a sequestration method. The short-term
storage properties of depleted oil and gas fields are well understood, but a better understanding
of their long-term behavior, as well as of other reservoirs is still needed. There are concerns over
disruption of cap rock sealing by oil and gas drilling and extracting activities, over chemical
interactions between the injected CO2 and underground materials, and over the effects of
geological faults and seismic activities. Further research will be central to reach the necessary
scientific consensus.
3.1.3 Legislation and Support
There is currently no legislation, neither national nor international, that specifically covers CCS.
There are potential conflicts of CCS projects with existing legislation, especially if CO2 is
considered a waste product and is therefore subject to both national and international legislation
on waste disposal and management.31
Most of the legal analysis of CCS activities that has been conducted to date has focused on ocean
storage.32 Based on the existing international treaties aimed to protect the marine environment,
CCS in the ocean may not be allowed.33 Further analysis of legal issues related to terrestrial CCS
would help to facilitate understanding of (or eliminate barriers to) its potential eligibility under
the Kyoto mechanisms.

30 Under the Kyoto Protocol, governments of countries included in its Annex B (Annex I to the UNFCCC) must
balance their domestic emissions against their GHG targets through a combination of domestic action, Emissions
Trading, JI and CDM. Emissions reductions achieved domestically and through each of the three Kyoto mechanisms
have been given their own currency labels. The central currency is the assigned amount unit (AAU). This is how the
Kyoto targets are specified and it is against the sum of AAUs that compliance with the Protocol will be determined.
Emission Trading involves the direct debiting and crediting of assigned amount units (AAUs). JI projects produce
emission reduction units (ERUs) and the Marrakesh Accords produced a further unit, removal units (RMUs) that apply
to sinks projects. CDM projects produce certified emission reduction units (CERs); and tCERs and lCERs that apply to
sinks projects. All units are to some extent fungible and equal to 1 tonne of CO2e. AAUs, ERUs and RMUs are
currencies under a cap while CERs, tCERs and lCERs are baseline-and-credit currencies that actually increase the
quantity of emissions Annex B countries are allowed to emit. For this reason, CDM projects must fulfill the eligibility
criteria and pass all additionality tests.
31 For further discussion on CCS legal issues see Purdy, R. and Macrory, R., 2004, Geological carbon sequestration:
critical legal issues, Tyndall Centre Working Paper 45, Tyndall Centre for Climate Change Research. [updated 30 January
2004; retrieved February 2004]. Available from http://www.tyndall.ac.uk.
32 For a more detailed discussion on legal issues related to carbon sequestration in offshore waters in the UK see Purdy,
R. and Macrory, R., 2004, op. cit.
33 Lenstra, W.J. and B.C.W.van Engelenburg, 2002, Legal and Policy Aspects: Impact on the Development of CO Storage,
2
Workshop on Carbon Dioxide Capture and Storage, Workshop on Carbon Dioxide Capture and Storage, 18-21 November
2002, in Regina, Canada. [updated 13 June 2003; retrieved April 2004]. Available from http://www.nrcan.gc.ca.
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CCS-based emission reduction projects may face criticisms from different interests, based on
observed negative reactions to CCS,34 primarily when injection on deep ocean is involved35. The
precautionary principle has been called upon by NGOs dedicated to protecting marine
environment in order to prevent CO2 injection projects in the ocean.36 No formal studies have
been done to assess the level of public support that CCS has but a few individual initiatives have
been carried out in the Netherlands and in the UK, which indicate that greater awareness of CCS
is central to gaining public acceptance.37
Even though rules may be laid out for treatment of CCS to address, among others, permanence
and leakage issues, there may be still be different interpretations of their effectiveness. For
example, there are interests who are still not in favour of biological carbon sequestration, despite
the LULUCF agreements. The final report on forest related activities of the European Climate
Change Programme, points out the existing uncertainties concerning the longevity of carbon
sinks, and scarcity of reliable data on a number of aspects, including the cost-effectiveness of
such measures.38 Similarly, Climate Action Network Europe (CAN-E) and Climate Action
Network Central and Eastern Europe (CANCEE), have advocated the exclusion of credits
generated by biological sinks projects from the European emission trading system because they
are not permanent.39, 40 Corresponding concerns regarding the permanence of CCS may impede
project eligibility or reduce prices for CCS credits.
3.1.4 Progress Toward the Development of Policy and Agreements
Decision-makers require the necessary scientific basis and clarification on all outstanding
technical, economic, environmental and safety issues in order to consider the application of CCS.
The accepted venue for authoritative work in these areas is the Intergovernmental Panel on
Climate Change (IPCC). 41 The IPCC has acknowledged the importance of issues related to
34 Palmgren, C.; M. Granger Morgan, Wändi Bruine de Bruin, and David W. Keith, 2004, Initial Public Perceptions of
Deep Geological and Oceanic Disposal of Carbon Dioxide. Environmental Science and Technology (forthcoming).
35 In 1999, a proposed CO injection experiment for an area 1.6 miles off Kona's Keahole Point in Hawaii was rejected
2
due to concerns about its impact on marine life. More recently, in 2002, as a result of public hearings, the Pacific
International Center for High Technology Research (PICHTR) ended up withdrawing from a request for a permit to
inject 20 metric tonnes of CO2 into the sea over a two-week period about four nautical miles offshore from Nawiliwili,
Kauai. Pacific Whale Foundation, Conservation Campaigns. Available from http://www.pacificwhale.org.
36 “The Precautionary Principle states that in cases of substantial scientific uncertainty, especially when a project poses a
great risk of harm, there should first be evidence that the activity will not harm the environment before it is allowed to
proceed.” Pacific Whale Foundation, 2002, Pacific Whale Foundation President Gives Testimony, Conservation Campaigns.
[updated 21 May, 2002; retrieved March 2004]. Available from http://www.pacificwhale.org.
37 Lenstra, W.J. and van Engelenburg, B.C.W., 2002, op. cit.
38 FERN, 2003, Carbon Sinks Debated but Big Questions Remain, EU Forest Watch, Issue 73, April. Available from
http://www.fern.org.
39 See Climate Action Network, 2004, Environment Committee Briefing, Monday 9, February 2004. [updated 9 February 2004;
retrieved February 2004]. Available from http://www.cdmwatch.org.
40 The EU ETS Linking Directive, which would allow the use of credits from the Kyoto Protocol project mechanisms,
was adopted in spring of 2004 and excludes sinks at least until 2008.
41 The Intergovernmental Panel on Climate Change (IPCC) is a body that provides decision makers with state of the art
information through periodic assessments of scientific, technical and socio-economic information relating to climate
change. The IPCC was jointly established by the World Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP) in 1998, in charge of assessing available information on the science, impacts and the
economics of climate change and of mitigation options to address it. The Working Group III is responsible for assessing
options for limiting GHG emissions and otherwise mitigating climate change.
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CCS42. These issues were briefly discussed in the IPCC Third Assessment Report (TAR),
published in 2001. The report devotes a few pages to technological progress, costs, and
environmental risks. The absence of a more thorough discussion was due to the limited amount
of published scientific information.43
In 2001, through the Marrakech Accords, a decision was taken regarding further work on CCS
and the UNFCCC invited the IPCC to prepare a Technical Paper on CCS, covering current
information, and to report on it for the consideration of the Conference of the Parties serving as
the meeting of the Parties to the Kyoto Protocol (CoP/MoP) at its second session.44 However, the
IPCC noted that an exercise of the limited scope of a Technical Paper could not bring more light
on the issues than already available in the TAR. Hence, in its 20th Plenary meeting, in February
2003, the IPCC approved the development of a more extensive Special Report on Carbon
Dioxide Capture and Storage by Working Group III.45 The following reasons and
acknowledgements lead to this decision:46
CCS “is an emerging technological option with a very high mitigation potential. It has
been suggested that about half the world’s cumulative emissions to 2050 may be stored at
costs comparable to other mitigation options;
Several leading industrial countries plan to invest in CCS technology development in the
coming years;
Policymakers have a growing need for a reliable synthesis of the available scientific
literature in order to facilitate the decision making process;
A first survey of available scientific and technical literature indicates that there is
sufficient material (including the output of the IEA Greenhouse Gas R&D Program) to
cover the relevant areas.”
The Special Report is due in the first half of 2005. There are about 100 lead authors, 30 percent
of whom are from developing countries or countries with economies in transition.47 Crosscutting
groups were established to ensure a sufficient and consistent discussion of costs, environmental
and safety aspects, legal and regulatory issues, and policy assessment throughout the report.

IPCC, 2002, op. cit.
See IPCC, 2001, Climate Change 2001: Synthesis Report. A Contribution of Working Groups I, II, III to the Third
Assessment Report of the Intergovernmental Panel on Climate Change [Watson, R.T. and the Core Writing Team
(eds.)]. Cambridge University Press, Cambridge, United Kingdom, and New York, NY, USA, 398 pp.
44 See UNFCCC, 2001c, Decision 9/CP.7, Matters relating to Article 3, paragraph 14, of the Kyoto Protocol,
FCCC/CP/2001/13/Add.1. Available from http://unfccc.int. Draft decision -/CMP.1, para 7, page 50.
45 IPCC, 2002a, Scoping Paper IPCC Special Report on Carbon Dioxide Capture and Storage, Workshop on Carbon Dioxide
Capture and Storage, 18-21 November 2002, in Regina, Canada. [updated 13 June 2003; retrieved June 2004]. Available
from http://www.nrcan.gc.ca.
46 Ibid.
47 For a complete list of authors see IPCC Working Group III, 2003, Special Report on Carbon Dioxide Capture and
Storage,Activities WG III. [updated 23 April 2004; retrieved May 2004]. Available from http://www.ipcc.ch.
42
43
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An expert review of the first order draft was scheduled to take place between May 14 and July 9,
2004. The resulting comments will be addressed at the third and fourth lead author meetings in
2004 followed by a combined government and expert review before the final report is finally
produced in 2005.48
Once completed, the Special Report will provide the scientific, technical and economic basis for
negotiations around eligibility under the CDM.
3.2 CDM Executive Board Approval Processes
Article 12 of the Kyoto Protocol establishes the Clean Development Mechanism. The objectives
of the CDM are: (1) to assist developing countries not included in Annex B in achieving
sustainable development − thereby contributing to the ultimate objective of the UNFCCC, i.e., to
stabilize atmospheric GHG concentration at levels that avoid dangerous anthropogenic
interference with the climate system, and (2) to assist industrialized countries included in Annex
B in achieving compliance with their emission limitation and reduction commitments.
If the Protocol enters into force, the CDM would contribute to the latter objective by allowing
industrialized countries included in Annex B to apply Certified Emission Reductions (CERs)
generated by CDM projects in developing countries against developed countries’ emissions
inventories. 49
Figure 1 below illustrates the CDM project cycle from the design phase until issuance of the
resulting CERs in accordance with the UNFCCC CDM modalities and procedures50.

The Third Lead Author meeting is scheduled to take place in Salvador, Brazil, in August 17-19, 2004. See IPCC
Working Group III website: http://www.ipcc.ch.
49 Emissions reductions achieved through CDM projects generate certified emission reduction units (CERs), which can
be used by Annex B countries to help them balance their domestic emissions against their Kyoto targets.
50 UNFCCC, 2001b, Decision 17/CP.7, Modalities and procedures for a clean development mechanism as defined in
Article 12 of the Kyoto Protocol, FCCC/CP/2001/13/Add.2. Available from http://unfccc.int.
48
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Project Design
(PP)

Methodology
Approval
(EB)

Validation
(DOE)
+
Registration
(EB)

Host Country
Approval
(DNA)

Monitoring
(PP)

Verification
+
Certification
(DOE)

CERs
Issuance
(EB)

PP - Project Participants
DNA - Designated National Authority
DOE - Designated Operational Entity
EB - (CDM) Executive Board
CERs - Certified Emission Reductions

Figure 1. CDM Project Activity Cycle
Source: Elaborated by Authors based on the UNFCCC CDM website.
3.2.1 Executive Board
The 2001 Marrakech Accords outline modalities and procedures governing the CDM.51 A tenmember Executive Board was established to supervise the implementation of these modalities
and procedures. The EB held its first meeting on November 10, 2001 and has met a total of
fourteen times as of June 16, 2004.52

51
52

UNFCCC, 2001b, op. cit.
As per UNFCCC CDM website, available from http://cdm.unfccc.int.
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Three of the EB’s key responsibilities relate to baseline methodologies, accreditation of
operational entities, and small-scale CDM project activities. Decisions on these subjects rely
heavily on recommendations from three expert panels established by the EB, which are discussed
in the following three subsections.
3.2.1.1 Panel on Baseline and Monitoring Methodologies
CERs accruing to CDM projects are calculated against a baseline approved by the EB. A
baseline for a CDM project is “the scenario that reasonably represents the anthropogenic
emissions by sources of [GHGs] that would occur in the absence of the proposed project
activity.”53
Project proponents must apply one of three general baseline approaches defined by the EB in
order to determine their project’s unique baseline. The approaches are: (1) existing actual or
historical emissions; (2) emissions from a technology that represents an economically attractive
course of action, taking into account barriers to investment; and (3) the average emissions of
similar project activities undertaken in the previous five years, in similar social economic,
environmental and technological circumstances, and whose performance is among the top 20 per
cent of their category. 54
A baseline methodology is the application of a baseline approach to the circumstances of a
specific project. Once approved by the EB, baseline methodologies are intended to serve as “a
body of ‘case law’ that would be applicable to similar projects.55
EB decisions concerning the baseline and monitoring methodologies rely heavily on
recommendations from its Panel on Baseline and Monitoring Methodologies (“Meth Panel”).
The Meth Panel conducts detailed “desk reviews,” or analyses, of new baseline and monitoring
methodologies submitted to the EB. The reviews rely on the judgment of Panel members and on
analyses conducted by external experts. Following the reviews, the Panel issues comments and
provides a recommendation to the EB on whether or not to approve the methodology. As of June
16, 2004, the EB has approved a total of thirteen baseline and monitoring methodologies.
Further discussion of these recommendations, and the EB’s decisions based on these
recommendations, is contained in Sec. 3.2.2 below.
3.2.1.2 CDM Accreditation Panel
Designated Operational Entities (DOEs) are EB-accredited service providers that conduct
validations56, verifications, and certifications of CDM projects. The EB created the CDM
Accreditation Panel to produce recommendations concerning the accreditation of DOEs. The
UNFCCC, 2001d, Report of the Conference of the Parties on its Seventh Session, Marrakesh from 29 October to 10 November
2001, FCCC/CP/2001/13/Add.2 p. 36. Available from http://unfccc.int.
54 UNFCCC 2001, p. 37
55 UNFCCC, 2003d, Executive Board considers methodologies for Clean Development Mechanism projects, Press
Release. Available from http://cdm.unfccc.int.
56 Validation is the process of independent evaluation of a project activity by a designated operational entity against the
requirements of the CDM. See UNFCCC, 2003a, Glossary of Terms Used in The CDM Project Design Document
(CDM-PDD). Available from http://cdm.unfccc.int.
53
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Accreditation Panel established a procedure for vetting applicant DOEs and monitoring their
performance over time. This process consists of desk reviews of applicant DOEs’ qualifications,
on-site assessments, and verification of ongoing compliance with the conditions of accreditation.
As of June 2004 the EB has accredited four DOEs. These are Det Norske Veritas (DNV), Japan
Quality Assurance Organization (JQA), Société Générale de Surveillance SGS UK Ltd. (SGS)
and TÜV Süddeutschland Bau und Betrieb GmbH (TÜV Süddeutschland)57.
In addition, the EB has granted recognition to certain “applicant entities” (AEs) who may, in the
future, earn accreditation. The EB has solicited public inputs from stakeholders on the suitability
of the following AEs:58
Table 3. Applicant Entities Open for Public Input on Suitability for Accreditation59
Entity

Colombian Institute for Technical Standards and Certification
Lloyd's Register Quality Assurance Ltd.
RWTÜV Systems GmbH
Spanish Association for Standardization and Certification (AENOR)
Conestoga Rovers & Associates Limited. (CRA)
Nexant Inc.
ERM Certification and Verification Services Ltd. (ERM CVS)
British Standards Institution (BSI)
Cloustonne Environmental Sdn.Bhd.
URS Verification Ltd.
KPMG Certification B.V.
TÜV Anlagentechnik GmbH
PricewaterhouseCoopers Certification B.V.( The entity have decided to withdraw its application)
Korea Energy Management Corporation
BVQI Holdings Ltd.
Société Générale de Surveillance UK Ltd. (SGS) )
Asahi & Co.
Japan Consulting Institute (JCI)
Tohmatsu Evaluation and Certification Organization (TECO)
TÜV Süddeutschland Bau und Betrieb GmbH (TÜV Süddeutschland)
ChuoAoyama PwC Sustainbility Research Institute Corporation. (formally, Chuo Sustainability
Research Institute Co. Ltd. (CSRI))
Det Norske Veritas Certification Ltd. (DNV Certification Ltd)
Japan Audit and Certification Organization for Environment and Quality
Japan Quality Assurance Organization (JQA)

3.2.1.3 Panel on Small-Scale Project Activities
The Marrakech Accords mandate that the EB “develop and recommend…simplified modalities
and procedures for the following small-scale clean development mechanism project activities:

As per list of Designated Operational Entities dated June 16, 2004, provided in the UNFCCC CDM website:
http://cdm.unfccc.int.
58 Note that the following list, which is maintained by the UNFCCC, still contains the four entities recently designated as
DOEs.
59 http://cdm.unfccc.int/DOE/CallForInputs
57
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(i) Renewable energy project activities with a maximum output capacity equivalent of up
to 15 megawatts (or an appropriate equivalent);
(ii) Energy efficiency improvement project activities, which reduce energy consumption,
on the supply and/or demand side, by up to the equivalent of 15 gigawatt-hours per year;
(iii) Other project activities that both reduce anthropogenic emissions by sources and
directly emit less than 15 kilotonnes of carbon dioxide equivalent annually;”60
To fulfill this mandate, the EB established a Panel on Small Scale Project Activities (SSC Panel).
The Panel issued its recommendations, which were adopted by the eighth Conference of the
Parties to the UNFCCC (COP-8).61 Having fulfilled its responsibilities, the SSC Panel has not
met since July 2002.
CCS projects will tend to exceed the criteria for qualification as a small-scale activity, so
simplified modalities and procedures are not likely to be applicable to CCS.
3.2.2 Baseline and Monitoring Methodologies for Standard CDM Projects
This section of the paper reviews the EB’s decisions concerning baseline and monitoring
methodologies for standard (i.e., non-small-scale) project activities.
3.2.2.1 Decision Types
The Meth Panel seeks to apply one of the following three summary recommendations for each
proposed baseline methodology:
“Methodology approved/Approved with minor changes…”
“Methodology may be approved, subject to required changes”
“Methodology not approved”
Based largely on the Meth Panel’s recommendations, the EB then chooses from among the same
three options in coming to a decision about the acceptability of the methodologies. In all cases,
the baseline methodologies evaluated by the Meth Panel and EB may be modified and submitted
for re-consideration. In the most favorable category, at most “minor” changes such as improved
formatting are required. Forms used by the Meth Panel describing their recommendations to the
EB contain the following instructions for project proponents whose methodologies fall into the
second category, “may be approved”:
Project participants shall make required changes in the proposed new methodology and
send it back to the Meth panel. The proposed project new methodology [sic] will be
reconsidered by the Meth Panel if changes recommended are correctly prepared by
project participants… [author’s emphasis added].62
UNFCCC, 2001b, op. cit.
Decision 21/CP.8, Annex II.
62 UNFCCC, 2003c, CDM: Proposed New Methodology, recommendation to the Executive Board, Panel on Baseline and
Monitoring Methodologies, F-CDM-NMmp-0015-rev. Available from http://cdm.unfccc.int.
60
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The same forms contain the following instructions for project proponents whose methodologies
fall into the third category, “not approved”:
May be resubmitted in accordance with the procedures for submission and consideration
of proposed new methodologies of the [EB].
3.2.2.2 Decision Outcomes
As of June 16, 2004, thirteen methodologies have received the most favorable EB decision of
“approved/approved with minor changes.” Table 4 summarizes these methodologies and the
countries in which projects associated with those methodologies are located.
Table 4. Approved Baseline and Monitoring Methodologies63
Methodology
Number
AM0001
AM0002
AM0003
AM0004
AM0005
AM0006
AM0007
AM0008
AM0009
AM00XX
AM00XX
AM00XX
AM00XX

Project Name
HFC Decomposition Project in
Ulsan
Salvador da Bahia Landfill Gas
Project
Nova Gerar Landfill Gas to
Energy
AT Biopower Rice Husk Power
Project
El Gallo Hydroelectric Project
Methane Capture and
Combustion from Swine Manure
Treatment for Peralillo
The TA Sugars Cogeneration
and Fuel Switch Project
Graneros Plant Fuel Switching
Rang Dong Oil Field Associated
Gas Recovery and Utilization
Vale do Rosário Bagasse
Cogeneration (VRBC).
Durban Landfill-Gas- toElectricity Project
Onyx Gas Recovery Project
Municipal Solid Waste Treatment
cum Energy Generation

Category of Project Activity as described in
Project Design Document
“Fugitive emissions from production and
consumption of halocarbons and sulphur
hexafluoride”
“Landfill gas emission reduction project “
“Fugitive gas capture and alternative/renewable
energy”
“Renewable energy project: Grid-connected
electricity generation”
“Renewable electricity generation in grid
connected applications”
“Methane recovery”
“Fuel switch from coal lignite to renewable
biomass during the off-season operation of the
cogeneration facility”
“Switching fossil fuels”
“Recovery and utilization of associated gas from oil
field”
“Renewable energy supply side grid-connected
project activity”
“Fugitive gas capture and renewable energy”
“Landfill gas recovery”
“Biomethanation of Municipal Solid Waste
Treatment with Power Generation”

Host Country
Republic of Korea
Brazil
Brazil
Thailand
Mexico
Chile
India
Chile
Socialist Republic of
Vietnam
Brazil
Republic of South
Africa
Brazil
India

As the table indicates, the EB has approved baseline methodologies associated with diverse
project types and host countries.

Based on Approved Baseline and Monitoring Methodologies AM0001 to AM0009 and Methodology Progress Table
(A-cases) posted in the UNFCCC CDM website: http://cdm.unfccc.int
63
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Table 5 summarizes these decisions according to project activity type. Note that the category
names listed below are generic versions of the specific category names listed by individual
project developers in their PDDs. For example, though their PDDs use different wording, four of
the projects above can be grouped as “landfill gas capture.” This grouping is carried out for
convenience and is not meant to imply that there are no material differences between projects
within a grouping.
Table 5. Baseline Methodology Decisions by Project Activity Type
Project type

Number of
Approved
Methodologies

Landfill gas capture

5

Biomass

1

Co-generation

1

Fuel Switch

2

HFC destruction

1

Hydropower generation

1

Oil by-product recovery

1

Fugitive emissions from
fuels

1

3.2.3 Criteria for Review and Approval of Projects
The Meth Panel relies on a standardized reporting format to issue its recommendations to the
EB.64 The criteria that the Meth Panel uses in its evaluations and recommendations include the
following:
whether the documentation explains how the baseline scenario is to be chosen and
identified
adequacy of the basic underlying rationale for algorithms/formulae used
whether the documentation explains how, through the use of the methodology, it can be
demonstrated that a project activity is additional and therefore not the baseline scenario
whether the basis for determining the baseline scenario and for assessing additionality is
appropriate and adequate
whether the methodology has been described in an adequate manner
whether the proposed methodology is appropriate for the referred proposed project
activity and the referred project context
whether the application of the methodology could result in a baseline scenario that
reasonably represents the anthropogenic emissions by sources of GHGs that would occur
in the absence of the proposed project activity
See Appendix 5 of CDM Executive Board, 2004, Procedures for the Submission and Consideration of a Proposed
New Methodology (Version 05), UNFCCC Clean Development Mechanism. [updated June 2004; retrieved June
2004]. Available from http://cdm.unfccc.int.
64
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the spatial scope of data used to determine the baseline and whether the scope is
appropriate
the vintage of data used (in relation to the duration of the project crediting period) and
whether the vintage of data is appropriate, indicating the period covered by the data
whether this project boundary is appropriate
whether the key assumptions are arrived at in a transparent manner
whether the assumptions/parameters are adequate
whether the data used are adequate, consistent, accurate and reliable
whether the methodology includes an assessment of uncertainties regarding: i) The basis
for determining the baseline scenario, ii) Algorithms/formulae iii) Key assumptions, iv)
Data.
whether the uncertainties presented are reasonable
whether the treatment for leakage is appropriate and adequate
whether the baseline methodology was developed in a transparent way
whether the baseline methodology is conservative
how national and/or sectoral policies and circumstances have been taken into account
For monitoring methodologies, the Meth Panel’s evaluation criteria include the following:
whether the key assumptions are arrived at in a transparent manner
whether the assumptions/parameters are adequate
whether the data used are adequate, consistent, accurate and reliable
whether the proposed methodology has been described in an adequate manner
whether the proposed methodology is appropriate for the referred proposed project
activity and the referred project context
whether this proposed monitoring methodology is compatible with the proposed baseline
methodology
3.2.4 Additionality
One of the most controversial baseline methodology criteria has been the determination of
whether projects are “additional” to what would have occurred otherwise. This section examines
in detail the debate regarding this term.
3.2.4.1 Interpreting Additionality
Following negotiations of the Marrakech Accords, several observers noted the absence of the
term “financial additionality” in the text of the Accords. This was interpreted as a rejection of
the concept that projects should only receive approval by the EB if their proponents can prove
that the project would not have been financially viable in the absence of revenues from the sale
of CERs. On the basis of this interpretation, many project proponents and other experts have
come to regard “environmental additionality” as the only additionality criterion that must be met
to gain project approvals.65 Environmental additionality is typically interpreted as demonstration
that the project activity causes actual emissions to be lower than they would be in the absence of
The term “investment additionality” is occasionally used to refer to the uncontroversial requirement that projects not
rely on diverted Overseas Development Assistance (ODA).
65
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the project activity. Several of the proposed methodologies refer to environmental additionality
and contain arguments to prove that their projects meet the standard of environmental
additionality.
In its fifth meeting report, the Meth Panel cautioned that project proponents should not “invoke
terms and concepts such as ‘environmental additionality’ (not included in the Marrakech
Accords) as a substitute for addressing Section 6”66 [of Annex 3 in the PDD.] Section 6 of
Annex 3 is to contain a “Description of how the baseline methodology addresses the calculation
of baseline emissions and the determination of project additionality” [emphasis added by
author].67 In addition to cautioning against the use of terms not contained in the Marrakech
Accords, the Meth Panel questioned the additionality of several proposed project activities,
noting in several cases that project proponents failed to explicitly address “whether the project
activity is not part of the baseline scenario.”68 In effect, these questions imply that the projects
put forth as additional would, in fact, have proceeded whether or not the CDM had existed.
In its tenth meeting report, the EB sought to clarify the concept of additionality by suggesting
tools “that can be used to demonstrate that a project activity is additional and therefore not the
baseline scenario.”69 These tools include flow-charts, assessments of non-project options more
likely to occur than the project itself, assessments of barriers facing the proposed project activity,
and an indication that the project type is not common practice. The Meth Panel has endorsed a
specific interpretation of additionality, but the EB has not addressed this interpretation so far.
3.2.4.2 Additionality in Practice
Of the thirteen methodologies approved by the EB, nine have been completely finalized and are
now posted on the Internet as official documents. The means used to demonstrate additionality
in these projects give an indication of what arguments are regarded by the EB as sufficient for
demonstrating that a project is truly additional. These are summarized in Table 6 below:

UNFCCC, 2003e, Report of the Fifth Meeting of the Methodologies Panel, 21-23 May, Bonn, Germany. [retrieved March
2004]. Available from http://cdm.unfccc.int.
67 UNFCCC, 2002, Clean Development Mechanism Project Design Document (CDM-PDD) Version 01, in effect as
of 29 August 2002. Available from http://cdm.unfccc.int.
68 UNFCCC, 2003b, CDM: Proposed New Methodology, Meth Panel recommendation to the Executive Board, FCDM-NMmp 0001-rev. Available from http://cdm.unfccc.int.
69 UNFCCC, 2003f, Executive Board of the Clean Development Mechanism, Tenth Meeting, Report, July 29. [retrieved March
2004]. Available from http://cdm.unfccc.int.
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Table 6. Additionality Arguments Used in Approved Methodologies70
Methodology

Project

Additionality arguments from the approved methodology

AM0001

HFC Decomposition

“In the absence of regulations requiring HFC 23 destruction it is typically released to
the atmosphere because a destruction facility entails significant capital and operating
costs and the host entity has no direct economic incentive to incur these costs.”

AM0002

Salvador da Bahia
Landfill Gas

The quantity of methane captured and flared under the project is greater than that
required by contract or other law and that the “the quantity of methane required to be
flared during each year (CH4 contract) reflects performance among the top 20
percent in the previous five years for landfills operating under similar social,
economic, environmental and technological circumstances.”

AM0003

NovaGerar Landfill Gas
to Energy

“If the project IRR is clearly and significantly lower than the conservatively acceptable
[internal rate of return] of [an alternative to this project or a comparable project type in
the relevant country], the project is not an economically attractive course of action.
Therefore it can be assumed that the [business as usual] alternative is the most
economically attractive course of action and the most likely baseline scenario, and
that the project is additional.

AM0004

A.T. Biopower Rice
Husk Power

Notes the existence of numerous barriers that could prevent the project from being
undertaken if not for the CDM. These include: (a) investment barriers; (b)
technological barriers; (c) barrier due to prevailing practice; and (d) other barriers.

AM0005

El Gallo Hydroelectric

Identifies the relevant barriers within the relevant sector to the proposed project
activity and demonstrating that they are “indeed prohibitive barriers” that “would
prevent the proposed project from being carried out and coming to completion if the
project were not registered as a CDM activity.”

AM0006

Methane Capture and
Combustion of Swine
Manure Treatment for
Peralillo

It identifies “plausible scenarios” from a “list of possible baseline scenarios for
manure management” and provides “convincing justification for the exclusion of
animal waste management systems as potential baseline scenarios” based on
“exclusion criteria determined by: legal constrains; historical practice; availability of
waste treatment technology; and considerations of developments for manure
management systems.”

AM0007

TA Sugars
Cogeneration and Fuel
Switch

It selects “plausible fuel options for the baseline scenario”; “taking into account the
commercial operations of the project plants as well as national regulations”; and
estimates the profit margin from the sale of electricity using each plausible fuel
(without CER revenue). If the unit margin / net present value (NPV) of the project
scenario is lower than that of other options, the project is not economically attractive
and would not be the most likely future development.

AM0008

Graneros Plant Fuel
Switching

Project participants must demonstrate that there are “no local
regulations/programmes constraining the use of coal/petroleum fuels” and that “the
use of coal and/or petroleum fuels is less expensive than natural gas per unit of
energy.” “The project is additional if the NPV of the project activity is negative. “

AM0009

Rang Dong Oil Field
Associated Gas
Recovery and
Utilization

“The option that is economically the most attractive course of action is considered as
the baseline scenario.” The most likely course of action is determined taking into
account economic attractiveness and barriers of different options for gas treatment at
oil fields. “The project activity can be considered additional, if the internal rate of
return (IRR) of the project activity is lower than the hurdle rate of the project
participants (typically about 10%).”

70Based

on CDM Executive Board, 2004, Approved Baseline and Monitoring Methodologies, UNFCCC Clean Development
Mechanism. [updated 9 February 2004; retrieved 16 June 2004]. Available from http://cdm.unfccc.int.
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3.2.5 Assessment of How CCS Projects May Fare Under CDM Approval Process
The fact that CCS is at a relatively early stage of technological development is both an advantage
and a disadvantage with respect to the CDM approval process. On one hand, proponents of such
projects might face little difficulty in demonstrating the existence of numerous barriers to
implementation, because CCS projects are relatively rare. However, CCS’ relatively low level of
technological maturity and consequent outstanding questions concerning monitoring and
permanence may work against approval at this time. Over the longer term, prospects for approval
of CCS projects should be good. As the technology grows more common and experience
increases with a variety of project considerations at the EB level, answers to these questions will
become apparent and the approval process of CCS projects should be expedited. The findings of
IPCC’s Special Report on CCS (See Sec. 3.1.4 above) will likely help to establish standard
guidelines that will enhance CCS projects’ prospects for earning EB approval.
Once the outstanding environmental and safety concerns are satisfied, proving that a CCS project
is additional may be done through assessments of alternatives more likely to occur than the
project itself, in a similar way to the Rang Dong Oil Field Associated Gas Recovery and
Utilization Project (included in Table 6 above). The additionality argument for this project was
based on the fact that its IRR is lower than the hurdle rate of the project participants and,
therefore, would not be the most attractive course of action7172. Similar arguments may be used
for CCS-based projects associated with EOR and ECBM.73 This argument may, however, lead to
a long discussion about financial additionality, which is not required under the CDM rules. The
only key determinant of additionality is environmental additionality. In this regard, projects
associated with fossil fuel recovery enhancement could also demonstrate that the injection into
the oil or gas field of some substance other than CO2, such as water74, steam or even CO2 from a
naturally occurring source75, would be more likely to occur.
Proof of additionality may fail also when it provides no surplus emission reductions to existing
regulations, for instance when CO2 removal is already required to meet existing technical or
commercial requirements. CO2 is reduced from 9 percent to a maximum of 2.5 percent content in
the natural gas produced from the Sleipner field in Norway (See Sec. 2.3) in order to meet
required export specifications.76 The In Salah natural gas project, carried out by BP and
Sonatrach (Algerian state oil company) in Algeria and scheduled to start operations in the third
quarter of 2004, is expected to be able to capture and re-inject up to 1.15 million tonnes CO2 per
The Meth Panel recommended that the DOE verify the value against which the IRR is compared. Meth Panel
recommendation to the Executive Board F-CDM-NMmp ver 03 - NM0026. Available from http://cdm.unfccc.int.
72 This argument may lead to a long discussion about financial additionality, which is not required under the CDM rules.
The only key determinant of additionality is environmental additionality
73 In June 2004, Repsol YPF launched a CDM pilot project for CCS associated with injection into spent oil wells in
Mendoza, Argentina. It is intended to capture up to 0.5 million tonnes per year once the project is in full operation.
However, the project is not yet clearly eligible for CDM. From Point Carbon On-line News, June 8, 2004. Available
at:http://www.pointcarbon.com.
74 As noted in the project design document for the Rang Dong Oil Field Associated Gas Recovery and Utilization
Project, water injection is expected to be much less expensive and at least 10 percent higher than gas injection in terms
of oil recovery rate. Document is available from http://cdm.unfccc.int..
75 The majority of the existing CO2-EOR projects in the Permian Basin in southwestern USA utilize naturally occurring
CO2, like Shell’s McElmo Dome field in Colorado. EA Greenhouse Gas R&D Programme, CO2 Capture and Storage,
Research and Demonstration Projects. Available from http://www.co2sequestration.info.
76 IEA Greenhouse Gas R&D Programme, SACS Project. Available from http://www.ieagreen.org.uk/sacshome.htm.
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year.77 However, the development is ultimately intended to meet imports from Southern Europe,
which requires CO2 removal to meet customers' specifications.
3.3 Baseline and Monitoring Methodologies
This section examines baseline requirements for CCS projects first by discussing baseline
requirements for all project types and then by discussing specific requirements for potential CCS
baselines.
3.3.1 Baseline Requirements for All Project Types
If a new CDM project is sufficiently similar to another CDM project whose baseline
methodology has already been approved by the EB, the new project may be able to successfully
apply the approved methodology. However, to date no project baselines for CCS project or
similar projects has been submitted to the EB.78 This means that a new baseline methodology is
required, as discussed below.
3.3.1.1 Defining a Baseline
The first step in establishing a new baseline methodology is to select one of the following three
baseline “approaches” (See Sec. 3.2.1.1):79
Existing actual or historical emissions as applicable; or
Emissions from a technology that represents an economically attractive course of action,
taking into account barriers to investment; or
The average emissions of similar project activities undertaken in the previous five years,
in similar social, economic, environmental and technological circumstances, and whose
performance is among the top 20 percent of their category.”
Then it is necessary to define a baseline methodology as an application of the selected approach
to the project.
Further guidance on requirements for the establishment of baselines is contained in the
Secretariat’s CDM Project Design Document (PDD) template.80 Project proponents must
prepare and submit a PDD describing specific features of their project in order for it to be
considered for approval by the EB. Annex 3 of the PDD template identifies the factors that must
be addressed when proposing a new baseline methodology. These include the following:81
77 Driscoll, J. and Smith, M., 2003, Gas Process Facilities Design for Green Operation, Gas Processors Association. Available
from http://www.gasprocessors.com.
78 See list of approved methodologies in Table 1, Section 2.2.2 of this text.. The approved methodology for Rang Dong
Oil Field Associated Gas Recovery and Utilization involves gas capture from oil exploration for processing into dry gas,
LPG and condensate, however the capture process is not part of the project boundary, hence it cannot be considered a
CO2 Capture baseline and monitoring methodology.
79 UNFCCC, 2001b, op. cit., para 48.
80 UNFCCC, 2002, op. cit.
81 A more thorough discussion of how each of these factors applies to CCS projects in particular is contained in the next
section.
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Title of the methodology
Description of the chosen approach (i.e., one of the three approaches listed above
Key parameters/assumptions such as emission factors, activity levels, and data
sources used to calculate emissions under the baseline scenario
Definition of the project boundary. This should encompass all anthropogenic emissions
by sources of GHGs under the control of the project participants that are significant and
reasonably attributable to the project activity
Assessment of key uncertainties
Description of how the baseline methodology addresses the calculation of baseline
emissions and determination of project additionality
Description of how the baseline methodology addresses any potential emission leakage
(i.e. change in indirect GHG emissions)
Criteria used in developing the proposed baseline methodology, including an explanation
of how the baseline methodology was developed in a transparent and conservative
manner
Assessment of strengths and weaknesses of the baseline methodology
Other consideration, such as a description of how national and/or sectoral policies and
circumstances have been taken into account.
All projects, whether they rely on a new or existing baseline methodology, must provide further
baseline information in the main body of their completed PDD. Section B of the PDD template
requests the following information:82
Justification of the choice of the methodology and why it is applicable to the project
activity
Description of how the methodology is applied in the context of the project activity
Description of how the anthropogenic emissions of GHG by sources are reduced below
those that would have occurred in the absence of the registered CDM project activity
(i.e., an explanation of how and why this project is additional and therefore not the
baseline scenario)
Description of how the definition of the project boundary related to the baseline
methodology is applied to the project activity
Details of baseline development including (1) date of completing the final draft of this
baseline section and (2) name of person/entity determining the baseline.
Finally, Annex 5 of the PDD template requests the data used to calculate baseline emissions.
These are to be provided in table format.
3.3.1.2 Submitting a New Baseline Methodology for Approval
The CDM modalities and procedures contained in the 2001 Marrakech Accords “stipulate that if
a [DOE]83 determines that a proposed project activity intends to use a new baseline or
monitoring methodology, it shall, prior to the submission for registration of this project activity,
UNFCCC, 2002, op. cit.
Designated Operational Entities (DOEs) are service providers that conduct validations, verifications, and certifications
of CDM project activities. See Section 2.2.1 for further information.
82
83
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forward the proposed methodology to the [EB] for review…”.In other words, before a DOE can
submit the PDD of a project relying on a new methodology, that methodology must be approved
by the EB, as illustrated in Figure 1 in Section 3.2.
In order to submit a new methodology to the EB through a designated operational entity (DOE)
or an applicant entity (AE) the following steps must be taken:84
1)
2)
3)
4)

5)
6)

The project proponents must prepare a draft PDD by completing as a minimum
sections A to E and relevant annexes including, among other things, the baseline
information outlined in the preceding sub-section
The DOE or AE must complete a “CDM: Proposed New Methodology Form” 85
and forward it together with the draft PDD to the EB for its consideration and
approval, if appropriate
The UNFCCC Secretariat “shall make the proposed new methodology publicly
available on the UNFCCC CDM web site and invite public inputs for a period of
15 working days” at least seven weeks prior to the next meeting of the Meth Panel
Provided that a new methodology has been submitted for consideration at least
seven weeks prior to the next meeting of the Meth Panel (Section 3.2.1) and
provided that not more than ten new methodologies have been submitted in this
timeframe, “the Meth Panel shall analyze [the methodology] and if possible at its
next meeting make a recommendation regarding the approval of the proposed new
methodology to the [EB]” 86
The UNFCCC Secretariat must make the Meth Panel’s final recommendation
publicly available on the UNFCCC CDM web site as soon as it has been received
by the EB
The EB will consider the proposed new methodology at its next meeting
following the receipt of the final recommendation from the Meth Panel.
3.3.2

Baseline Considerations for CCS Projects

3.3.2.1 Baseline Approach
The baseline scenario for CCS projects is one in which CO2 is created and not captured and
sequestered. However, there is no specific guidance regarding the calculation and accounting
modalities for emission reductions from CCS-based projects.87 The choice of which of the three
baseline approaches is best depends upon the specific nature of each CCS project. Of these,
approach one (see Sec. 3.2.1.1) seems most appropriate for retrofit projects in which the process
that creates emissions is already in place, for example the addition of CCS technology to an
existing power plant. Under this approach, the baseline scenario would be continued operation
Based on “Propose a new methodology” posted in the UNFCCC CDM website.
See CDM Executive Board, 2004, Procedures for the Submission and Consideration of a Proposed New Methodology
(Version 05), Appendix 2. [updated June 2004; retrieved June 2004]. Available from http://cdm.unfccc.int.
86 The Meth Panel may request that the project proponents provide them additional relevant information via the DOE
or AE and then forward its preliminary recommendation to the project proponents, again via the DOE or AE. The
project proponents have ten days to submit clarifications to the Meth Panel via the DOE, which will be considered at
the Panel’s next meeting for its final recommendation..
87 Haefeli, S. et al, 2004, op. cit.
84
85
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of the power plant without capturing and storing any of its CO2 emissions. However, any
additional emissions resulting from the need to compensate for the reduced power generation at
the plant would have to be accounted for in the calculation of the project’s net emissions, for
instance by employing grid-based emission factors in the baseline methodology.88
Approach two seems most appropriate for projects involving the construction of new emission
sources. For example, the most “economically attractive course of action” for the developers of
a new fossil-fired power plant would likely be construction of the plant without CCS technology,
since the installation of this technology typically involves a net increase in project construction,
operation and maintenance costs. Approach two could also be applicable to CCS projects
associated with enhanced recovery of fossil fuels (e.g. EOR, ECBM) operations. However, as
discussed in Sec. 3.2.5, it may be difficult to prove additionality unless it can be demonstrated
that using anthropogenic CO2 instead of water, steam, or CO2 from a naturally occurring source
would not be most economically attractive course of action.
Approach three is not a likely choice, although it could in principle apply to a CCS project that
increases capture and storage from an already-operating CCS facility.
3.3.2.2 Key Parameters
The Marrakech Accords stipulate that quantity resulting from the comparison between the
emissions under the baseline scenario and the emissions under the project scenario must be
adjusted to account for “leakage”.89 This term is defined as:
“the net change of anthropogenic emissions by sources of [GHGs] which occurs
outside the project boundary, and which is measurable and attributable to the
CDM project activity.”90
The Marrakech Accords also stipulate that the project boundary:
“shall encompass all anthropogenic emissions by sources of [GHGs] under the
control of the project participants that are significant and reasonably attributable
to the CDM project activity.”91

Ibid.
UNFCCC, 2001, op. cit., para. 50.
90 UNFCCC, 2001, op. cit., para. 51. It is important to distinguish the definition of leakage in the Marrakech Accords
from the technical definition that refers to the escape of CO2 from the reservoir due to imperfections on its integrity.
The use of the former definition will be noted as “change in indirect GHG emissions” throughout in this report.
91 UNFCCC, 2001, op. cit., para 52.
88
89
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Taken together, these stipulations define the quantity of emission reductions attributable to a
CDM project activity. This includes the change in emission levels within the project boundary
plus changes in emissions outside the project boundary that are measurable and attributable to
the project activity. Thus:
Baseline Emissions – Project Emissions – Leakage = Project Emission Reductions
For CCS projects,
1) Baseline Emissions are obtained by:
The source’s emissions intensity
X
(i.e., tonnes of GHG emissions per unit output)

The level of output expected during the
crediting period of the project

2) Project Emissions are the sum of all associated emissions taking into consideration the whole
processing chain from the capture activity until the storage phase, including the following
parameters:
Capture

Compression
and
Transport
Injection and
Storage

o Emissions resulting from the energy used to run the capture
equipment as well as to cover the resulting parasitic load (lost
power), in the case of capture in a power plant;
o Emissions resulting from the energy used to produce material lost
during the capture process (e.g., amine);
o Fugitive emissions from the capture process.
o Emissions resulting from the additional energy used to compress the
CO2 to a pressure suitable for transportation and injection;
o Emissions that escape into the atmosphere during transportation to
the reservoir.
o Emissions resulting from the energy used to inject the CO2;
o Fugitive emissions from the injection process;
o Emissions that escape from the reservoir over time due to imperfect
site integrity.

3) Leakage An example of positive leakage would be a market shift from low-emitting fuel to
higher-emitting oil products made more accessible or less expensive by a CCS-EOR activity.
Conversely, reductions in GHG emissions resulting from a market shift from coal to oil, due to a
CCS-EOR activity, would be a negative leakage.
3.3.2.3 Emission Measurements
Though the baseline and project emissions scenarios are conceptually straightforward,
monitoring emissions from CCS projects is likely to be particularly difficult and costly in
practice. This is because there remain significant uncertainties about how to measure the key
parameters identified above. For example, to date, scientists have accumulated relatively little
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experience with the long-term behavior of CO2 in underground reservoirs,92 although natural
analogs (e.g. oil and gas fields) have remained secured for millions of years and their leakage
levels are negligible.
Accurate low-cost verification techniques already exist for storage of CO2 in depleted oil and gas
fields and deep saline reservoirs.93 A recent study shows that monitoring costs vary between
US$0.05 to US$0.09 per tonne of CO2, depending on the level of monitoring chosen and
assuming a 10 percent discount factor.94 However, long-term monitoring of quantities stored in
geological reservoirs is needed because after 50 or more years, outflow rates of only one percent
per year could amount to more than a billion tonnes of carbon released worldwide to the
atmosphere annually.95 This quantity could be a significant share of the global annual emissions
budget. Also, long-term monitoring would provide long-term assurance of storage.96 CO2 could
escape from an oil field or coal seam through or around the injection well, behind poorly
cemented casings, or by escaping along stratigraphic bedding or fault planes within the reservoir.
Storage of CO2 in depleted oil fields will require the monitoring of its reactions with the
formation and formation fluids and its movement within the reservoir. Although, injection of
CO2 for enhanced oil recovery, also known as CO2 flooding, has been carried out since the
1970s, the long-term effects on the integrity of the reservoir rock and the quality and recovery of
reservoir oil are poorly understood.97 The monitoring of leakage of CO2 from deep (2000 m)
coal seams may be more difficult. The CO2 is adsorbed onto the surface of the coal and
considered to be locked up permanently because the coal seams are too deep to be disturbed by
conventional coal mining. This may not always be the case for depleted oil fields because more
oil could be recovered after the CO2 has been stored, if oil prices were to rise in the future.
Several research programs (e.g., the Carbon Mitigation Initiative (CMI) at Princeton University,
Sandia and Los Alamos National Laboratories) are underway, simulating conditions in
underground reservoirs to better understand how gases behave. Ongoing successful results from
pioneer commercial projects are already contributing to confidence in CO2 storage in suitable
reservoirs. One example is the Coal-Seq project involving CO2 sequestration in coal seams using
ECBM recovery technology in the San Juan Basin, in the U.S. Another well-known example is
the saline aquifer CO2 storage (SACS) project in the Sleipner field offshore Norway, where
nearly one million tonnes of CO2 per year have been injected in the reservoir (See Sec. 2.3).
92 There are known sites where CO leakages occur from the earth., one being the Mammoth Mountain in the U.S.
2
Johnston, P. and Santillo, D., 2004, Carbon Capture and Sequestration: Potential Environmental Impacts, Workshop on
Carbon Dioxide Capture and Storage, 18-21 November 2002, in Regina, Canada. [updated 13 June 2003; retrieved June
2004]. Available from http://www.nrcan.gc.ca.
93 IEA Greenhouse Gas R&D Programme, 2000, op. cit.
94 Benson, S., 2004, Overview of Monitoring Requirements for Geologic Storage Projects, PH4/29 prepared by LBNL to be
published by IEAGHG R&D programme in mid 2004.
95 Edmonds, J.A., Freund, P., and Dooley, J.J., 2000, The Role of Carbon Management Technologies in Addressing
Atmospheric Stabilization of Greenhouse Gases, 5th International Conference on Greenhouse Gas Control
Technologies, Cairns, Australia.
96 Further guidance will be available with the results of monitoring injected CO2 at the Sleipner Field underway through
the Saline Aquifer CO2 Storage Project (SACS), which will attempt to predict its long-term behaviour and produce a
'best-practice' manual for aquifer storage. For further information o SACS, refer to IEA Greenhouse Gas R&D
Programme, SACS Project. Available from http://www.ieagreen.org.uk/sacshome.htm.
97 Lysen, E.H., 2002, op. cit., p.74.
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DOEs can presently offer little guidance that would reduce the risk of non-validation, since no
formal opinions concerning appropriate monitoring techniques have yet been issued by any
scientific body associated with the UNFCCC. The IPCC Special Report on CCS to be released
in the first half of 2005 (See Sec. 3.1.4) will provide key advice on technologies for monitoring
injection rates and pressures, subsurface distribution of CO2, injection well integrity, and on
long-term monitoring.98 This advice should facilitate the development of widely accepted,
scientifically sound monitoring methodologies for CCS projects, as well as estimates on
associated monitoring costs.
3.4 Validation and Verification
Once the baseline methodology is approved by the EB, the DOE may proceed with the validation
of the project activity and submit the project design document for registration (See Figure 1 in
Section 3.2). Registration is the prerequisite for the verification, certification and issuance of
emissions credits related to the project activity (CERs).
Thereafter, the actual GHG emission reductions that occur as a result of the registered CDM
project activity must be monitored for verification, which consists of a periodic independent
review and ex post determination by a DOE of the monitored reductions during the verification
period.99 The DOE then certifies in writing that, during a specified time period, the project
activity achieved the reductions as verified,100 and requests the EB to issue the corresponding
CERs.
A given DOE may carry out verification and certification of a project or validation of a project,
but the same entity may not carry out verification, certification, and validation.101 The two DOEs
that have been accredited to submit requests for project registration, Japan Quality Assurance
Organization (JQA) and Det Norske Veritas Certification Ltd. (DNVcert) are qualified in
specific sectors. The former is qualified in manufacturing industries, chemical industry,
construction, transport, fugitive emissions from fuels, fugitive emissions from production and
consumption of halocarbons and sulphur hexafluoride, and solvents use. The latter is qualified in
energy industries, energy distribution, energy demand, and waste handling and disposal. CCSbased projects would require DOEs qualified in energy industries, such as the DNVCert.
3.5 Contribution of CCS to CDM Host Country Sustainable Development
As indicated in Section 3.2, the objectives of the CDM include assisting in the sustainable
development of developing countries. While fulfilling the present needs of host countries, CDM

Approved outline for the IPCC Special Report on Carbon Dioxide Capture and Storage, provided in the IPCC
website: http://www.ipcc.ch.
99 The Marrakesh Accords, UNFCCC, 2001, op. cit., para. 61.
100 Ibid.
101 Upon request, the EB may however allow a single DOE to perform all these functions within a single
CDM project activity.
98
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projects must provide for future generations of developing countries without degrading the
environment to an unacceptable or irreversible extent. 102
It is the prerogative of CDM host countries to determine whether individual CDM projects meet
this requirement. The host country’s Designated National Authority must provide the project
proponents with a letter of approval that confirms the requirement is met.
3.5.1 Sustainable Development Indicators
CDM projects impact social, economic and environmental dimensions of sustainable
development. Sustainable development CDM criteria identified by some host countries include
poverty alleviation, local environmental health benefits, employment generation and economic
growth prospects.103 Eligibility criteria used by host countries such as India104 and Brazil105
encompass a relatively limited set of sustainable development indicators. However, these
indicators capture a broad range of impacts. The basic features of these indicators are described
below.
3.5.1.1 Environmental Sustainability
CDM project activities must result in real, measurable, and long-term GHG mitigation. However,
impacts should be assessed on resource availability and/or degradation, if applicable; on
biodiversity; on human health; and on the reduction of levels of local pollution (solid wastes,
liquid effluents, atmospheric pollutants, etc.).
3.5.1.2 Social sustainability
The project should contribute to poverty alleviation by generating employment. The project’s
commitment to social and labor responsibilities, health and education programs and defense of
civil rights should be indicated. The resulting improvement in amount and type of employment
(direct and indirect) should also be assessed.
Furthermore, the project should contribute to poverty alleviation by minimizing inequities and
improving quality of life. The direct and indirect effects on the quality of life of low-income
populations must be assessed.

Cain, D., Out of the Cul-De-Sac and on with the Future, the EU-Australia Coal Conference: Coal Opportunities in the 21st
Century, Aachen, Germany, 2001, p.33-43. In: Harris, D.J. and Roberts, D.G., Clean Coal Technology in Australia: Industry
and Policy Initiatives.
103 UNEP, 2003, CDM Information and Guidebook, [Myung-Kyoon Lee (ed.)], 2nd ed, p.17. Available from
http://www.cd4cdm.org.
104 Climate Change Division of the Indian Ministry of Environment and Forests (MoEF), Clean Development MechanismInterim Approval Criteria. Available from http://envfor.nic.in.
105 Based on Brazil’s guidelines for CDM project candidates to obtaining host country’s approval. Intermininsterial
Commission on Global Climate Change, 2003, Resolution # 1 of September 11, as published in the Official Gazette on
December, 2, 2003. Available from http://www.mct.gov.br/clima/
102
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3.5.1.3 Economic Sustainability
Investment in the CDM project should be additional and consistent with the needs of the local
communities. The contribution to regional development can be further measured in terms of the
integration of the project with other socio-economic activities in the region where it is
implemented.
3.5.1.4 Technological Sustainability
The project’s contribution to sustainable development is also determined by the degree of
technological innovation and by the environmental safety and soundness of the technologies used
in the project. Moreover, the possibility of reproduction of the technologies used should also be
assessed, taking account of their demonstration effect, the origin of the equipment, the existence
of royalties and technology licenses and the need for international technical assistance.
3.5.2 Potential of CCS to Promote Sustainable Development
Developing countries face a variety of economic circumstances including current account
deficits, limited foreign exchange reserves and poverty, which constrain their energy policy
options. Given these pressures and the comparative cost advantage of indigenous energy
resources such as coal, the use of fossil fuels for electricity generation will expand in the
developing world over the foreseeable future. Hence, the path towards sustainable energy
supplies will require a gradual transition phase from fossil to alternative fuels. The transition can
be bridged with the assistance of CCS, which mitigates the environmental impacts of fossil fuel
combustion.
A wide-ranging environmental assessment process will be useful for demonstrating CCS
projects’ contribution to sustainable development. CCS can provide a net contribution to
sustainable development if it includes appropriate mitigation measures and contingency plans in
the event of accidental releases. Sustainable development benefits include air pollution control
technology transfer and local economic development. Table 7 below provides an assessment of
how CCS projects may perform against the sustainable development indicators outlined above.
Table 7 – Sustainability Assessment of CCS-Based CDM Projects
Sustainability
Indicators
Environmental

Assessment of CCS-based CDM Projects
The potential environmental impacts of CCS are largely associated with the possibility of leakage. CO2
is an asphyxiant. There are concerns about the safety of its underground storage106.
Even though natural analogs have shown long-term containment, there are concerns that the
cap rock sealing could be disrupted by oil and gas drilling and extracting activities, chemical
interactions between the injected CO2 and underground materials, or the effects of geological
faults and seismic activities.107 Recent research suggests that leakage rates below 0.1

Davison, J.; P. Freund, and A. Smith, 2001, Putting Carbon Back into the Ground. IEA GHG R&D, February.
See Section 3.3.2.3. And Johnston P.; Santillo, D., 2002. Op. Cit. See also Benson, A.M. and Myer, L., 2002, Monitoring
to Ensure Safe and effective Geologic Sequestration of Carbon Dioxide, Workshop on Carbon Dioxide Capture and Storage, 18-21
106
107
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Sustainability
Indicators

Assessment of CCS-based CDM Projects
percent would ensure safety and permanence; however, attainment of such low rates has not
been demonstrated so far.108 Ongoing research and development on low-cost monitoring
techniques and on simulating conditions in underground reservoirs are expected to minimize
leakage concerns.109
CCS knowledge can contribute to the host country’s capacity to reduce local air pollutants such as
sulphur dioxide (SO2).
For example, post-combustion capture of CO2 is similar to the flue gas desulphurization
(FGD) process used on coal-and oil-fired power stations to reduce SO2 emissions.110 The
technique of combusting fuel in oxygen rather than air in order to increase the concentration
of CO2 for capture also shows promise for the capture of other emissions such as nitrogen
oxides (NOx), SO2, and particulates.111 This multi-pollutant capture also has the significant
benefit of allowing these other emissions from the combustion of fossil fuels to be removed
more cheaply.
CCS can reduce overall environmental impact per unit of product in the case of CO2-EOR and CO2ECBM projects. While CCS may increase local environmental impacts on soil, water and biomass, fuel
production increases may be proportionally greater.

Social

CCS can generate employment opportunities and hence help alleviate poverty and improve the quality
of life.
Investment in electricity infrastructure can be increased with associated benefits in terms of
employment generation and improved quality of life, hence helping reduce poverty in
developing countries.

Economic

CCS can indirectly promote local development by increasing access to modern sources of heat and
electricity from fossil fuels (e.g., enhanced recovery of energy resources) and transferring technologies
and knowledge to other economic activities.
Injection of CO2 can provide access to otherwise unavailable energy resources needed for
domestic energy supply or foreign exchange earnings from exports., Increased production
can reduce dependency on imports and improve current accounts. Opportunities with
substantial economic advantages exist to enhance recovery of oil, coal bed methane, and
possibly natural gas reservoirs112.
Investments in CCS also provide expenditures on locally procured goods and services, and taxes and
royalties as sources of government revenue.
Developing countries could gradually become less dependent on external sources of finance for CCS
by using revenues from enhanced oil and methane recovery as a source of capital. CDM could play an
initial critical role in transferring knowledge and technology.

November 2002, in Regina, Canada. [updated 13 June 2003; retrieved March 2004]. Available from
http://www.nrcan.gc.ca.
108 Gale, J., 2003, Geological Storage of CO2: What's Known, Where are the Gaps and What More Needs to be Done. In Greenhouse
Gas Control Technologies: Proceedings of the 6th International Conference on Greenhouse Gas Control Technologies,
1-4 October 2002, Kyoto, Japan, Vol. 1, pp. 207-212.
109 Ibid.
110 Davison, J. et al, 2001, op. cit., p.8.
111 Reeve, D.A., 2000, The Capture and Storage of Carbon Dioxide Emissions – A significant opportunity to help Canada meet its
Kyoto targets. Office of Energy Research and Development, Natural Resources Canada, p. 9.
112 Governments of developing countries would welcome those opportunities as valid means of extending their
indigenous resources while contributing to climate change mitigation at the same time, and hence of sustainable
development,. However, NGOs and other stakeholders may not agree that such opportunities would add to
sustainability.
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Sustainability
Indicators
Technological

Assessment of CCS-based CDM Projects
CCS can introduce innovative and replicable technologies to the research and development capacity of
host countries.
CCS techniques can improve developing countries’ capacity in related industries. For
example, gasification technologies proposed for the pre-combustion capture of CO2 from
power plants have already been established for hydrogen production for use in ammonia
manufacture. 113 Also, amine-scrubbing technology was developed decades ago in the oil and
chemical sectors for the post-combustion removal of hydrogen sulphide and CO2 from gas
streams. 114 CCS may also increase capacity to control other air pollutants, as described
above.
Examples of R & D capacity needs related to CCS include delineation of aquifers, capacity of
oil reservoirs, etc; analysis of drilling effects on the integrity of depleted oil and gas caps; field
testing to determine the fate of injected CO2 and reactions between CO2 and underground
minerals; impact assessment of seismic activity on storage sites; and solvent regeneration
technologies.

Appendix 1 assesses the potential contribution to host country sustainable development of
several generic examples of CCS projects.

113
114

IEA GHG R&D, Putting Carbon Back into the Ground, p. 9.
IEA GHG R&D, Putting Carbon Back into the Ground, p. 10.
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4 Economic Factors
This Section examines economic factors that affect CCS projects’ suitability for consideration
under project-based mechanisms. It includes discussions of estimated abatement costs,
transaction costs, project-finance and risk considerations, and a brief overview of the market for
GHG commodities.
Utilization of the CDM, as well as JI, by a seller involves a number of costs. These relate to the
following activities:
(1) implementing a project activity that reduces emissions;
(2) fulfillment of the requirements necessary to transform the project’s reductions into a
saleable GHG commodity such as CERs or ERUs115; and
(3) marketing and selling the commodity.
In order for a project to be financially attractive, the aggregate cost of carrying out these
activities must be less than the value of the GHG commodity created. Costs related to
implementing an emissions reducing project are defined as “abatement costs”. Costs related to
the second and third categories above are referred to as “transaction costs”. Abatement costs for
CCS projects are discussed in section 4.1 below. Transaction costs are discussed in Section 4.2
below.
4.1 Abatement Costs
Abatement costs for CCS projects are comprised of costs associated with capturing CO2 that
would otherwise be emitted, compressing that CO2 for transportation, transporting it from the
capture site to the reservoir, and storing it in the reservoir. Estimates indicate that the cost of
CO2 capture, including compression for transportation, represents about two thirds of the total
abatement costs for CCS projects per tonne of CO2 emissions avoided 116, 117. These estimates
assume high scales of operation (>5 million tonnes CO2 per year) and a distance limited to 100
km between source and storage site.118 Hence, substantial reductions on CCS abatement costs
can only be achieved through reductions in costs of capture methods, by improving, for instance,
the heat rate of electric power generation when considering CO2 capture from power plants.119
In order to compare the magnitude of CCS abatement costs to that of other abatement options
and to the magnitude of potential revenues from GHG sales, it is useful to convert aggregate
Emission Reduction Units (ERUs) are generated as a result of GHG emission reductions from JI projects.
McKee, B., 2002, op. cit., pp. 23-26.
117 The cost per tonne of CO captured would be lower than the cost per tonne of CO emissions avoided because
2
2
capturing requires additional energy, which in turn results in additional CO2 emissions.
118 While transportation in pipelines of captured CO from a 500 MWe coal power plant (i.e., 5 Mt of CO per year)
2
2
costs about US$1,1 per tonne of CO2 per 100km, smaller sources of CO2, (e.g., an ammonia production plant) imply
much higher costs: US$13/t/100km. Freund, P. and J. Davison, 2002, General Overview of Costs, Workshop on
Carbon Dioxide Capture and Storage, 18-21 November 2002, in Regina, Canada. [updated 13 June 2003; retrieved June
2004]. Available from http://www.nrcan.gc.ca.
119 McKee, B., 2002, op. cit., p. 23.
115
116
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abatement costs into abatement costs per tonne abated, net of leakage (see Sec. 3.3.2.2). In its
Third Assessment Report, the IPCC estimated net CCS abatement costs to be $40 to $60 per
tonne of CO2.120 121 Another recent report estimated these costs to be $21 to $108 per tonne of
CO2.122 Cost reductions are likely to be achieved in the future through technical developments
and wider application.
4.2 Transaction Costs
Transaction costs encompass those costs associated with the regulatory processes that transform
the environmental benefits of a CCS project (i.e., GHG emission reductions) into a saleable
commodity (e.g., CERs or ERUs) and the financial and legal processes of marketing and selling
that commodity. Several studies have identified and quantified the various expenses that make
up these transaction costs. The following table summarizes the findings of these studies and
indicates the corresponding project development steps within the CDM project cycle, the JI
project development and the CCS project negotiation process provided in the Assessment
Framework (Appendix 3).
Table 8. Estimates of Transaction Costs

Activity or Service

Description

Preparation of
baseline study and
PDD/other project
descriptions

A baseline study identifies the counterfactual "without project"
emissions scenario that the "with project" emissions scenario is
compared against in order to quantify the emission reductions
resulting from a project. A project design document (PDD),
which describes individual projects and their baseline and
monitoring methodologies, is used by the CDM EB to evaluate
projects' claims to Certified Emission Reductions (CERs).
Though such documents are not formally required for JI
projects’ claims to Emission Reduction Units (ERUs), in practice
they are used by project developers to promote their projects to
potential buyers. Many project developers hire consultants to
prepare baseline studies and PDDs. 123

Project
Development
Steps
Step 2 of CDM
Project Cycle
and of JI Project
Implementation

Estimated Cost
(US$)
26,00064,000124;
20,000125;
22,00028,000126

Intergovernmental Panel on Climate Change, 2001, op. cit.
All quotes are in US$.
122 McKee, B., 2002, op. cit.
123 In the current market, PDD developers are sometimes compensated for their efforts with a share of the tonnes
generated by the project, since many project owners in developing countries are unwilling or unable to put capital at
risk—even the modest capital associated with PDD costs. Given the sizable number of competing firms specializing in
PDDs, this is quickly becoming a common practice in many jurisdictions (Latin America, India, South Africa, Eastern
and Central Europe). The shares of the reductions that are provided to firms providing such services range widely,
depending on many factors. Related to this dynamic, the governments of Germany, the Netherlands, Canada, Japan and
others are also making funding available for PDDs in order assist those project owners that otherwise might not develop
the GHG related aspect of the project.
124 Danish Energy Authority, 2002, Manual for Project Developers, Joint Implementation and Clean Development Mechanism Projects,
May. Figures converted from EUR using exchange rate reported by the Federal Reserve Bank of New York on January
12, 2004 (1EUR = US$1.28).
125 Prototype Carbon Fund, 2000, Learning from the Implementation of the Prototype Carbon Fund, Prototype Carbon
Fund Occasional Paper, Washington, DC: The World Bank.
120
121
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Activity or Service

Description

Project
Development
Steps

Estimated Cost
(US$)

Preparation of
monitoring and
verification plan

A monitoring and verification plan (MVP), or protocol, describes
how a project's actual emissions performance will be assessed
over time. Many project developers hire consultants to prepare
MVPs.

Step 3 of CDM
Project Cycle
and Step 2 of JI
Project
Implementation

9,000-19,000127

Assess non-GHG
environmental
impacts128, invite
stakeholder
comments, secure
host government
support

In addition to demonstrating that a project results in GHG
reductions, project developers must also provide an
assessment of the project’s other environmental impacts, must
invite, respond to, and report on stakeholder comments on the
project, and secure the support of the national government in
the country where the project is located.

Steps 5 and 6 of
CDM Project
Cycle and Step
3 of JI Project
Implementation

6,000-32,000129

Validation

"Validation is the process of independent evaluation of a project
activity by a designated operational entity [DOE] against the
requirements of the CDM…"130 DOEs must be accredited by
the CDM EB.

Step 7 of CDM
Project Cycle

19,00038,000131;

Monitoring and
Verification

“Verification is the periodic independent review and ex post
determination by the [DOE] of the monitored reductions in
anthropogenic emissions by sources of [GHGs] that have
occurred as a result of a registered CDM project activity during
the verification period.”132

Steps 9 and 10
of CDM Project
Cycle and Step
4 of JI Project
Implementation

3,800-19,000
per audit;133

Marketing refers to costs associated with the search for a
suitable buyer, often by means of a broker. Brokerage fees are
usually based on a percentage of the sale revenue and range
according to the volume of reductions. Because CCS projects
would involve great volumes of CO2 captured and stored the
lower end of the fee range is most likely to be applicable.

Step 3 of Project
Negotiation

Marketing

9,000 per
audit134
3-15percent of
sale revenue;135
5-15percent of
sale revenue136

This category also encompasses costs associated with
preparation of responses to buyers’ requests for proposals to
sell.

126 Ecosecurities, 2002, Clean Development Mechanism (CDM): Simplified Modalities and Procedures for Small-Scale
Projects, Report for UK Department for International Development, Oxford. Figures converted from GBP using
exchange reported by the Federal Reserve Bank of New York on January 12, 2004 (1GBP = US$1.85).
127 Ecosecurities, 2002, op. cit.
128 Because assessments on non-GHG environmental impact are likely to be a legal requirement for CCS
implementation, the associated costs are likely to be incurred for CCS projects regardless of CDM.
129 Danish Energy Authority, 2002, op. cit., combines estimate for validation as well as assessment of environmental
impacts, etc.
130 UNFCCC, 2001b, op. cit.
131 Ecosecurities, 2002, op. cit.
132 Ibid.
133 Danish Energy Authority, 2002, op. cit.
134 Ecosecurities, 2002, op. cit.
135 Danish Energy Authority, 2002, op. cit.
136 Ecosecurities, 2002, op. cit.
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Activity or Service

Description

Project
Development
Steps

Estimated Cost
(US$)

Legal

Legal services are required to prepare and review contracts,
among other things.

Steps 1 to 7 of
Project
Negotiation

28,00046,000137

Adaptation levy

Two percent of CERs from all CDM project activities are
retained by the CDM EB to generate revenue that will be used
to assist developing countries in adapting to the adverse effects
of climate change.

CERs Issuance
- Step 14 of
CDM Project
Cycle

2 percent of
CERs for CDM
projects; not
applicable to JI
projects

Administrative levy

An unspecified share of CERs retained by the CDM EB to cover
its administrative expenses.

CERs Issuance
- Step 14 of
CDM Project
Cycle

Not yet specified
for CDM
projects; not
applicable to JI
projects

TOTAL

Estimates at right do not all cover the same categories of
transaction costs and do not include transaction costs that are
expressed as a percentage of volumes or sales.

100,000200,000138;
38,000147,000139;
40,000500,000140

In order to allow these costs to be compared to the abatement costs discussed above, it is
necessary to convert them from aggregate values into unit values (i.e. per tonne of CO2 avoided).
A project generating 5 million tonnes of avoided CO2 per year, a CO2 price of US$5.00/tonne
and a 10-year crediting period are assumed for illustrative purposes. In this case, the transaction
costs total from US$ 120,000 to US$ 389,000, for costs other than marketing and the adaptation
levy, plus US$ 12.5 million to US$ 17.5 million for a 3 – 5% marketing fee and the 2%
adaptation levy. Total transaction costs for this project would range from US$ 0.36 to US$ 0.51
per tonne of CO2.
Based on these estimates, transaction costs are much lower than abatement costs, which remain
the key economical challenge to widespread implementation. In addition, transaction costs are
likely to decline substantially over time as procedures are streamlined and standardized.
Competition among providers of project development, monitoring, validation, verification, legal,
brokerage, and other project services will also reduce transaction costs. Early in markets’
development, when rules and procedures are not yet fully understood and fewer service providers
exist, service fees tend to be relatively high. Over time, as more service providers compete to
provide services, market discipline will force those service providers to reduce their fees, further
Ecosecurities, 2002, op. cit.
Prototype Carbon Fund (2000) op cit.
139 Danish Energy Authority, 2002, op. cit.
140 Walsh, M., 2001, Simplified CDM. In M. Bosi, 2001, Fast-Tracking Small CDM Projects: Implications for the
Electricity Sector, Paris: OECD and IEA.
137
138
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reducing transaction costs for project developers. Greater clarity regarding approval processes
will also lead to reduced costs on these services.
4.3 Project Financing and Risk Management
The simplest type of transaction structure for GHG emission reductions involves an immediate
settling trade for reductions that have already been generated and verified. Many early
transactions involving non-Kyoto compliance instruments have been of this sort. A more
common structure in recent transactions involves reductions that will be generated over the
course of several future years. For the CDM in particular, projects can earn CERs for reductions
generated from 2000 through 2012. Transactions involving reductions generated during several
future years are said to involve “forward streams” of reductions or compliance instruments.141
For example, a CDM project developer might engage in a contract to sell a forward stream of
reductions that will be generated during 2005-12.
Forward streams can benefit both buyers and sellers. Buyers gain rights to what is usually a
fixed quantity of reductions at a fixed price. For buyers that acquire such rights in order to
comply with emission reduction obligations, forward streams reduce uncertainty about
compliance costs. Sellers also receive a steady source of financing for their projects, since fixedprice forward streams protect them against the potential loss of revenue associated with a future
fall in the price of emission rights. Sellers of forward streams also benefit from having a
guaranteed buyer of their project’s emission reductions, instead of having to find a new buyer for
each year’s reductions.
Contracts for forward streams of reductions also involve risks for both buyers and sellers. Most
relate to “delivery risk”, i.e. the possibility that the reductions scheduled for transfer from the
seller to buyer might fail to be generated or might fail to earn recognition as a CER or ERU.
Other things being equal, buyers prefer and are willing to pay higher prices for forward streams
of reductions involving low delivery risk compared to those involving high delivery risk.
Therefore it is in the interest of both the buyer and the seller to minimize delivery risk to the
extent that this can be done cost-effectively. The remainder of this section discusses possible
techniques by which sellers of reductions from CCS projects (and other projects) may be able to
reduce delivery risks associated with their reductions.142
4.3.1 Delivery risk reduction techniques
Under-selling. Sellers can offer to sell less than 100 percent of the reductions that their projects
are projected to generate. This reduces the possibility that the seller will be unable to fulfill its
delivery obligations, since a shortfall in reductions relative to the level projected would not
necessarily prevent the seller from delivering the quantity agreed in a GHG trade.

Compliance instruments are often known as “credits,” “permits,” “allowances,” and “quotas,” among other things.
See Section 4.3.3 below.
142 Note that other techniques available to buyers are not discussed here, since the focus of this report is on prospects
for selling reductions generated by CCS under the Kyoto Protocol emissions trading framework.
141
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Escrow Agreements. Sellers may place a percentage of uncommitted ERs in escrow and to make
these ERs available if less than 100 percent of contracted ERs are delivered.
Diversification or bundling. Sellers could offer to deliver reductions generated not by a single
CCS project, but rather by a set of CCS projects. Delivery risk could be reduced in comparison
to a single project, since an unexpected delivery shortfall from one project would not necessarily
affect the other projects in the bundle. Excess tonnes from those other projects could be used to
make up the shortfall from the under-performing project, such that the buyer incurs no net
delivery shortfall. However, bundling is not likely to be an applicable risk management
technique because of the large volumes involved in each individual CCS project.
Credit insurance. Buyers are naturally more willing to transact with a financially sound seller
than with a smaller, less viable company with a lower rating. The creditworthiness of the seller
has played an important role in negotiations involving future delivery of emissions reductions by
serving as a proxy for the sellers’ ability to perform its contractual obligations. This is because a
company with good credit will typically have an easier time mobilizing the resources necessary
to fulfill its contractual obligations in case reductions generated by its own projects are lower
than expected, or if they fail to meet certification requirements. Many buyers have chosen only
to transact with companies of investment grade rating (~BBB) or higher. There are now
insurance products that effectively reduce delivery risk.143 As the carbon market evolves, it is
likely that this type of insurance will be more widely available.
Call options. A call option is a contract that confers the right of one party (the buyer) to require
that the other party (the seller) sell a fixed quantity of a commodity at a fixed price at a future
date. The amount paid for the option is called the “premium”. For example, in return for a
premium of $0.60 per tonne CO2e, one might purchase the option to buy 100,000 tonnes CO2e at
$2.00 on December 15, 2005. While call options are most commonly purchased by entities
facing binding emissions restrictions, they may also serve as a form of insurance against underdelivery for developers of GHG-reducing projects.
4.3.2 Impact of Crediting Period on Risk
Crediting periods of a CDM project activity refer to the period for which emission reductions
from the baseline are verified and certified for the purpose of issuance of CERs, and cannot
exceed the operational lifetime of the project activity. There are two options for its length under
the CDM: (i) fixed or (ii) renewable, as defined in paragraph 49 (a) and (b) of the CDM
modalities and procedures.144
Fixed crediting period: an owner can choose to obtain a non-renewable ten-year baseline
period; or
Renewable crediting period: an owner can opt for a seven-year crediting period that may
be renewed at most two times (maximum total of twenty-one years).

143 Insurance products for country carbon and project carbon risks are already available on a case-by-case basis at
tailored terms and conditions, which are not publicly available.
144 UNFCCC, 2001b, op. cit.
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A fixed crediting period offers relative certainty regarding delivery. However, there is delivery
risk with respect to a renewable crediting period. For example, the EB may require modifications
to the baseline or consider it invalid for the second and third periods.
The selection of crediting periods requires high quality screening, project evaluation, and
delivery risk assessment. For example, a fixed crediting period may be appropriate for renewable
energy and landfill gas projects. In the case of renewable energy and a renewable crediting
period, assumed baseline emissions could be reduced by the EB over time if the emission
intensities from new fossil fuel-fired power plants decline as a result of efficiency gain. In the
case of landfill gas and a renewable crediting period, a regulation could be imposed requiring
reductions of methane from landfills.
For CCS projects, renewable crediting periods seem preferable, since it is relatively unlikely that
changes in projects’ circumstances would cause a significant reduction in the quantity of CERs
accruing to such projects. CCS projects are likely to be able to continue earning significant
quantities of compliance instruments beyond a ten-year fixed crediting period.
4.3.3 Allocation of Residual Risk
Parties to GHG contracts must agree how to allocate risk, which remains after risk reduction
methods, such as, described in Sections 4.3.1 and 4.3.2, have been applied. This sub-section
contains a discussion of contractual provisions for doing so.
Most buyers of GHG commodities seek to acquire credits, permits, allowances, or quotas that are
used for regulatory compliance. Residual risk is especially important when the buyer buys for
compliance purposes, as the costs to the buyer of non-delivery − namely a substitute means of
compliance or a penalty − are greatest in this case.
Allocation of residual risk varies widely among contracts. For example, all residual risk is
allocated to the seller if the contract specifies that the seller will pay to the buyer a high (enough)
per-tonne financial penalty to the extent that the seller under-delivers or fails to earn regulatory
approval for the project and its emission reductions. Payment of that penalty could be used by
the buyer to acquire substitute compliance instruments through other means, or to pay a noncompliance penalty. Alternatively, for example, the World Bank’s Prototype Carbon Fund (PCF)
assumes the risk that the reductions it buys will fail to be approved as CERs by the CDM EB.
Sellers need only deliver verified emission reductions, and would still receive all agreed
payments from the PCF even if the EB declines to grant them CERs. In other contracts, sellers
are guaranteed the full agreed purchase price for verified reductions up until the point at which
the EB issues a final determination of whether the project will earn CERs. If the project is
approved, payments continue; if the project is rejected, payments cease. Another compromise
approach is for sellers to guarantee delivery of CERs but with a moderate or low penalty for nondelivery. In this case, revenues from payment of the penalty might partially offset the cost to the
buyer of having to acquire substitute compliance instruments or pay a penalty.
In all cases, it is to be expected that the price of the carbon commodity will be higher
(respectively lower) if the seller (respectively buyer) incurs more residual risk.
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4.4 Carbon Market Overview
As early as 1996, some entities had already begun to engage in voluntary trades in anticipation of
an international agreement that would impose emissions limitations and the development of a
system of international trade in GHGs. These early trades were driven by a variety of objective
such as buyers’ interest in demonstrating the viability of emissions trading; achieving voluntary
emission reduction commitments; learning by doing; informing the public policy debate; and
demonstrating leadership. Sellers shared many of the same objectives and also stood to gain
from an additional source of revenue generated by emissions mitigation projects. More recently,
some governments have imposed regulated emission limits and allow regulated firms to utilize
emissions trading for compliance.
4.4.1 Structure of the Global GHG Market
The global GHG market is comprised of several distinct sub-markets. The market for precompliance project-based emission reductions (ERs) is by far the largest sub-market as measured
by transacted volumes. The market for UK allowances, which exists under the UK Emission
Trading Scheme, has accounted for the largest number of transactions of any sub-market to date,
though the total volumes traded are small relative to the pre-compliance ER market.
Other smaller sub-markets include those for the following GHG commodities: (1) European
Union Allowances (EUAs) in anticipation of the EU Emissions Allowance Trading Scheme,
which is scheduled to begin operation in 2005; (2) Oregon project-based offsets, which are
purchased by developers of new fossil fueled power plants that are required to offset a portion of
a new unit’s emissions; (3) AAUs, in anticipation of the Kyoto Protocol’s entry into force; (4)
Chicago Climate Change (CCX) allowances, under a voluntary program involving mostly North
American companies; and (5) Danish allowances under the now-expired 1999 CO2 Quota Act.
Three types of GHG commodities are traded in the GHG sub-markets described above. These
include the following.
Compliance Instruments: Compliance instruments are issued by a regulatory authority
and are used to comply with binding GHG emission reduction requirements;
Emission Reductions: ERs were the first GHG commodity to be traded. ERs that
conform to evolving rules for generation of "compliance instruments" may, in the future,
be usable for compliance against binding emission limitations. Within this category,
Verified ERs are ERs that have been verified by an independent third party (i.e., not the
buyer or seller);
Financial Derivatives: Financial derivatives, which are contracts involving rights and
responsibilities between two parties regarding the terms of potential future trades of GHG
compliance instruments or ERs.
4.4.2 Key Market Trends
Key trends in the GHG market are described below and illustrated with figures.
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4.4.2.1 Traded Volumes are Increasing
Traded volumes have significantly increased, more than doubling in each of the past two years.
In 2004, traded volumes could once again double if the rate of market activity seen in the first
four months of the year continues. Figure 2 below illustrates that traded volumes increased from
28.8 million tonnes in 2002 to almost 80 million tonnes in 2003. In the first four months of
2004, approximately 64 million tonnes were traded.
Figure 2. Total Traded Volume 2001-2004

Source: "State and Trends of the Carbon Market 2004", Franck Lecocq, Development
Economics Research Group, World Bank, based on data and insights provided by
Natsource LLC and PointCarbon, June 7, 2004.
4.4.2.2 Buyers are Purchasing Higher Quality Reductions
Buyers are purchasing a greater volume of potential compliance instruments in anticipation of
binding emission reduction requirements. Figure 3 below illustrates that approximately 95
percent of the purchased project-based reductions in 2004 can be considered pre-compliance
instruments. The purchase of such reductions at current prices works as a hedging mechanism
against potential higher prices in the future, when greater demand for compliance instruments
may be expected. In the past, most trades involved reductions that did not conform to emerging
rules for the creation of compliance instruments, as they were undertaken to achieve a variety of
non-compliance related objectives.
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Figure 3: Volume of Kyoto Pre-Compliance Instruments 1996-2004

Source: "State and Trends of the Carbon Market 2004", Franck Lecocq, Development
Economics Research Group, World Bank, based on data and insights provided by
Natsource LLC and PointCarbon, June 7, 2004.
4.4.2.3 Price and Quality of Project-Based Emission Reductions Are Correlated
As shown in Figure 4 below, prices for project-based emission reductions have ranged from $3
to $6.50 for candidate Certified Emission Reductions (CERs) from CDM projects and from
$4.70 to $6.50 for candidate Emission Reductions Units (ERUs) from JI projects. The higher
ends of those price ranges reflect cases where the seller accepts greater liability for underdelivery.
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Figure 4: Prices of 2004 Traded Volumes

Source: "State and Trends of the Carbon Market 2004", Franck Lecocq, Development
Economics Research Group, World Bank, based on data and insights provided by
Natsource LLC and PointCarbon, June 7, 2004.
4.4.2.4

Almost 80 Percent of the Volume of Traded Reductions Has Been Created in
Asia and Latin America.
Figure 5 below shows that half of the reductions traded were generated in projects located in
Asia and almost one third from projects in Latin America.
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Figure 5: Percentage of 2004 Traded Volume by Host Region

Source: "State and Trends of the Carbon Market 2004", Franck Lecocq,
Development Economics Research Group, World Bank, based on data and
insights provided by Natsource LLC and PointCarbon, June 7, 2004.
4.4.2.5 Outlook
In the near term, trading volumes and market activity are likely to grow in anticipation of
binding GHG emission reduction requirements and the start of the European Union Emissions
Trading Scheme in January 2005. Russia's decision regarding its ratification of the Kyoto
Protocol will determine the pace of market development (See Box below).
Should the Protocol not come into force, other approaches are expected to resume and, in any
case, the tools that have been developed and the investments that have been made since the
inception of the UNFCCC are not likely to be wasted. The experience gained with emissions
trading since the mid 1990s and the promise that it holds for helping achieve environmental and
economic objectives suggest it will be a key component of the international community's
response to the threat of global climate change.
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KYOTO ENTRY INTO FORCE DEPENDS ON RUSSIA145
The Protocol has already been ratified by the required 55 percent of Parties to the UNFCCC,
but there is a second requirement that needs to be fulfilled before the Protocol enters into force.
The total number of countries must include industrialized countries included in Annex I to the
UNFCCC representing 55 percent of 1990 Annex I GHG emissions. As of the end of June 2004,
121 countries representing 44.2 percent of qualifying 1990 GHG emissions have ratified. With
the refusal of the United States and Australia to join the Protocol, Russia’s ratification is
essential since it represents 17.4 percent of the total. The other Annex I parties that have not
yet ratified do not collectively represent enough emissions to reach the 55 percent mark.

145

Based on the UNFCCC Kyoto Protocol Thermometer. Available from http://unfccc.int.
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5 Identification of Prospective Host Countries
This Section uses a screening process to identify countries with a favorable combination of
physical, economic, and institutional characteristics for hosting CCS projects under the Kyoto
Mechanisms.
5.1 Screening Methodology
The first step employs the ten screening criteria shown in Table 9 below:
Table 9. Criteria for Screening Developing and Industrialized Countries for CCS Project Capability
Screening Criteria

Description

1. Early opportunities for CO2-EOR from concentrated
sources

Countries identified in the “PEACS” study; maximum
CO2 transportation distance 100 km

2. Early opportunities for CO2-ECBM from concentrated
sources

Countries identified in the “PEACS” study, maximum
CO2 transportation distance 100 km

3. Existence of power generation facilities that emit CO2

Countries identified with substantial fossil-fuel fired
power generation facilities which would allow CO2
capture

4. Existence of coal-fired power stations

Countries identified with substantial operating coal-fired
power stations which would allow CO2 capture

5. Proximity to coal reserves

Countries which have coal fields, or which are close to
coal fields in neighbouring countries, which could be
used for CO2 storage, or for ECBM (including countries
already identified in criterion 2)

6. Existence of crude oil production facilities

Countries which have oil fields which could be used for
CO2 storage, or for EOR (including countries already
identified in criterion 1)

7. Production of natural gas

Countries which have natural gas fields, including offshore, which could be used for CO2 storage, or for EOR
(including countries already identified in criterion 1)

8. Existence of any commercial or demonstration CCS
projects

Countries in which CCS knowledge capacity already
exists

9. For developing countries, CO2 sources available from
neighbouring countries

Countries which could consider CCS projects using CO2
captured at facilities in neighbouring countries

10. Assessment of the country’s capability to host CCSbased CDM or JI projects or to receive foreign
resources for CCS development

Qualitative assessment for countries based on country
credit risk rates, which reflects among others the
necessary institutional framework to receive foreign
funds.

11. Signatory country to the Kyoto Protocol

Countries that have signed the Kyoto Protocol or
acceded to it, thus considered either Annex B or nonAnnex B countries
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5.1.1 Basis for Evaluation Against Criteria
Countries’ capacities with respect to the first two criteria were assessed on the basis of the
PEACS study (see Section 2.1). Countries that have CO2-emitting power generation facilities
(criterion 3) were identified from the IEA GHG R&D Programme “Building the Cost Curves for
CO2 Storage” study.146 The source of information for the existence of coal-fired power stations
(criterion 4) was “World Coal-Fired Power Stations” published by IEA Coal Research – The
Clean Coal Centre.147 The existence of coal-fired power stations, as major dilute CO2 emitters,
was selected as a criterion essentially as a sub-set of the third criterion, which includes all fossil
fuels.
Proximity to major coal fields (criterion 5) was determined by reference to “Major Coalfields of
the World”, also published by IEA Coal Research – The Clean Coal Centre.148 Bituminous coal
fields were considered to be more likely candidates for CO2 storage (i.e. deep unmineable coal
beds for ECBM projects) than sub-bituminous or lignite deposits, which are usually surface
mined. It was assumed that these potential ECBM CO2 sinks would be close enough to the
sources that the cost of pipeline transportation would not be prohibitive. Major coal producing
countries of the world are shown in Table 10 below, with annual production in millions of
tonnes:
Table 10. Major Coal Producing Countries of the World149
Country

Annual Production
(millions of tonnes)

China

1.171

United States

899

India

310

Australia

238

South Africa

225

Russian Fed.

169

Poland

102

Ukraine

81

Indonesia

79

Kazakhstan

71

Hendriks, C., et al, July 2002, Building the Cost Curve for CO2 Storage, Part 1: Sources of CO2, IEA Greenhouse Gas R&D
Programme, Report Number PH4/9.
147 Mannini, A., M. Daniel, A. Kirchner, and H. Soud, 1990, World Coal-Fired Power Stations, IEA Coal Research, Report
IEACR/28.
148 Walker, S., 1993, Major CoalFields of the World, IEA Coal Research, Report IEACR/51
149 Source: the World Coal Institute
146
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Table 11 below provides a list of top-ranked basins for CO2 storage in unmineable coal seams
based on key reservoir characteristics, which include homogeneity, structure simplicity, adequate
permeability, gas saturation, depth and coal geometry150.
Table 11. CO2-ECBM Storage Potential of Major Coal Basins151
Estimated CO2
Coal Basin

Location

Storage
Potential
(Gt)

San Juan

Southwestern United States

8.6

Bowen/Sydney

Eastern Australia

19.0

Cambay

Western India

3.8

Kuznetsk

South-Central Russia

13.6

Western Canada Sedimentary

Mainly Alberta

20152

Ordos/NE China

North-Central China

Substantial

Other coal basins in these countries may also offer significant storage potential. Several
countries in Europe (e.g., Poland, France and others), southern Africa (South Africa, Zimbabwe),
and Indonesia may also possess such potential.
Criteria 6 and 7 were assessed using the IEA Oil Gas and Coal Supply Outlook and the World
Energy Council Survey of Energy Resources. These criteria were considered to be important
because of opportunities for storage in depleted oil fields and because of the possibility of CO2
recovery from natural gas production facilities and its subsequent storage in deep saline
reservoirs, as is being done in the North Sea Sleipner project (See Sec. 2.3) and the Natuna LNG
project in the South China Sea.
No database of deep saline aquifers could be found, although the APEC (Asia Pacific Economic
Cooperation) Expert Working Group on Clean Fossil Energy is embarking on an assessment of
the geological storage potential of carbon dioxide in the APEC region, including deep saline
aquifers.153 However, these aquifers are associated with sedimentary basins, such as the Western
Canadian Sedimentary Basin, which are also associated with the occurrence of other fossil fuel
resources.154

IEA Greenhouse Gas R&D Programme, 1999, CO2 Sequestration in Deep Coal Seams. Greenhouse Gas Issues,
Number 40, January.
151 Ibid.
152 Gunter, W.D., et al, 1998, Large CO2 Sinks: Their Role in the Mitigation of Greenhouse Gases from an International,
National (Canadian) and Provincial (Alberta) Perspective, Applied Energy, Volume 61, Issue 4, p.209-227.
153 APEC Expert Working Group on Clean Fossil Energy, 2003, Request for Proposal on the Assessment of Geological Storage
Potential of Carbon Dioxide in the APEC Region, EWG 06/2003
154 Hitchon, B., 1996, Aquifer Disposal of Carbon Dioxide. Hydrodynamic and Mineral Trapping – Proof of Concept,
Alberta Research Council, Geoscience Publishing Ltd., Sherwood Park, Alberta, Canada.
150

53

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

Information from the IEA GHG R&D website was used to ascertain the existence of commercial
or demonstration CCS projects (criterion 8).155 Commercial-scale and R&D-scale CO2 capture
projects are reported in the USA, Japan, Brazil, China, Malaysia and Norway. Geological
storage demonstration and R&D projects were reported in the USA, Australia, Canada, Japan,
France, Poland, New Zealand, China, United Arab Emirates and Norway156. In addition, interest
in ECBM recovery has been shown in India and the Japan Coal Energy Centre has carried out
fundamental studies and pilot tests on CO2 storage in coal seams, coupled with coal-bed methane
recovery in the Ishikari coal basin157.
Criterion 9 was included to allow for the situation where a potential CDM project would include
CO2 storage in a developing country with transport of the CO2 from a CO2 capture facility in a
developing country.
Criterion 10 was assessed on the basis of the country’s capacity to host CCS projects, whether by
having the necessary means in place (industrialized countries) or by providing favorable
financial and legal framework to receive foreign funds (developing countries). CCS
implementation in developing countries will strongly depend on foreign investment, at least as an
initial phase, because of CCS’ high capital intensity. Those countries most likely to attract
foreign investors for innovative technologies, such as CCS, are those with a low overall
investment risk, which requires an appropriate financial and legal framework among other
factors.
Finally, countries that have signed the Kyoto Protocol or acceded to it are identified (criterion
11).158 Industrialized countries that have signed or acceded to the Kyoto Protocol are included in
its Annex B, which in turn includes all Annex I Parties to the UNFCCC (except for Belarus and
Turkey) and their individual legally binding targets to limit or reduce GHG emissions.
5.2 Candidate Countries
Using the criteria discussed above as a guide, countries were screened qualitatively using
combinations of criteria in order to identify those that were thought to present the most favorable
circumstances in which to implement CCS projects. Appendix 2 contains a spreadsheet that
illustrates how countries were scored against these criteria.
For industrialized countries, this screening exercise suggests that the following countries would
be good candidates for CCS JI projects.

IEA Greenhouse Gas R&D Programme, CO2 Capture and Storage, Research and Demonstration Projects. Available
from http://www.co2sequestration.info.
156 Ibid.
157 Ibid.
158 "Accession" is the act whereby a state accepts the offer or the opportunity to become a party to a treaty already
negotiated and signed by other states. United Nations, United Nations’ Treaty Reference Guide. [retrieved June 2004].
Available from http://untreaty.un.org.
155
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Table 12. CCS JI Project Candidates
Country159
Australia
Belgium
Canada
France
Germany
Japan
Netherlands
Norway
Poland
Russian Federation
Ukraine
United Kingdom
United States

Similarly, for developing countries the candidates for CDM projects were identified as shown
below.
Table 13. CCS CDM Candidate Countries
Country
Chile
China
Colombia
India
Indonesia
Mexico

5.3 Potential Sequestration Amounts
The Carbon Dioxide Information Analysis Center at the Oak Ridge National Laboratories of the
U.S. Department of Energy publishes data on national CO2 emissions from fossil fuel burning,
cement manufacture and gas flaring.160 For fossil fuel burning, CO2 emissions per year from
159 Although Australia and the United States are signatory countries to the Kyoto Protocol, both countries have indicated
that they will not ratify the Protocol. Ratification from Russian Federation is still pending (See Sec. 4.4.2.5).
160 Marland, G. ;T. Boden and R.J. Andres, 2003, National CO Emissions from Fossil-Fuel Burning, Cement Manufacture, and
2
Gas Flaring: 1751-2000, Carbon Dioxide Information Analysis Center. [retrieved March 2004]. Available from
http://cdiac.esd.ornl.gov.
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gaseous fuels, liquid fuels and solid fuels are provided. Table 14 below contains information for
solid fuels, expressed in thousands of tonnes of carbon (tonnes C).
Table 14. CO2 Emissions from the Burning of Solid Fuels for Candidate Countries, 2000
Industrialized Countries

Emissions from
Solid Fuels (1000
tonnes C)

Developing
Countries

Emissions from
Solid Fuels
(1000 tonnes C)

Australia

55,494

Chile

3,888

Belgium

8,682

China

498,658

Canada

29,466

Colombia

France

15,624

India

Germany

79,117

Indonesia

Japan

105,927

Netherlands

8,079

Norway

1,112

Poland

60,291

Russian Federation

99,157

Ukraine

45,391

United Kingdom

38,173

United States
Total

Mexico

2,641
213,477
14,326
5,598

567,899
1,114,441

Total

738,588

Assessment of the quantity of CO2 that could be sequestered in candidate countries would require
an analysis of the magnitude of the emissions from point sources for each country and the
relationship of these point sources to potential geological reservoirs, similar to the analysis
carried out for the “PEACS” study. For example, an inventory of Dutch CO2 sources suggests
that 3.4 megatonnes (Mt) per year can be captured from chemical sources and a further 55 Mt
from electricity generating facilities, and that there is sufficient storage capacity in Dutch deep
coal seams to store 40 years’ worth of CO2 emissions. 161 Similar estimates are being generated
in Australia, Canada, Europe, the United States and Japan.162 The Australian GEODISC project,
for instance, has indicated a realistic annual potential to store up to between 100 and 115 Mt
CO2, which corresponds to approximately 25 percent of Australia’s total annual net CO2
emissions. 163

Hamelinck, C.N., et al, 2001, Potential for CO2 Sequestration and Enhanced Coal bed Methane Production in The
Netherlands, NOVEM Programme Number 234.1.
162 See Gale, J., 2002, Overview of CO Emission Sources, Potential, Transport and Geographical Distribution of Storage Possibilities.
2
Workshop on Carbon Dioxide Capture and Storage, Proceedings, 18-21 November 2002, in Regina, Canada. Available
from http://www.ipcc.ch.
163 Ibid.
161
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While such specific analyses are beyond the scope of the present study, it is clear that geological
reservoirs possess the theoretical capacity to store the majority of CO2 emissions from both
concentrated and dilute sources in the developing and industrialized candidate countries and that
technical and economical factors will ultimately dictate the practical limits and determine the
actual storage potential.
5.4 Readiness of Countries to Engage in CCS CDM and JI Projects
Project approval can most easily be conferred in countries that have established a specific
government entity with responsibility for evaluating CDM or JI projects. Parties participating in
the CDM must have such a Designated National Authority (DNA), in accordance with the
Marrakech Accords.
Countries that have established DNAs as of June 4, 2004 are shown in Table 15 below:
Table 15. Designated National Authorities164
Country

164

Antigua and Barbuda

Denmark

Lebanon

Saint Lucia

Argentina

Ecuador

Madagascar

Serbia and
Montenegro

Armenia

Egypt

Malaysia

Sri Lanka

Austria

El Salvador

Maldives

Switzerland

Azerbaijan

European Community

Mali

Syrian Arab Republic

Bangladesh

Fiji

Mauritius

Thailand

Bhutan

Georgia

Mexico

Trinidad and Tobago

Bolivia

Germany

Monaco

United Kingdom

Brazil

Honduras

Morocco

Uruguay

Cambodia

India

Nepal

Viet Nam

Canada

Israel

Netherlands

Yemen

Chile

Italy

Nicaragua

Zambia

China

Jamaica

Pakistan

Zimbabwe

Colombia

Japan

Panama

Costa Rica

Jordan

Peru

Cuba

Lao People's
Democratic Republic

Republic of Moldova

See list of DNAs on UNFCCC CDM website. Available from http://cdm.unfccc.int.
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Table 16 below shows the CCS candidate countries identified in Tables 12 and 13 that also have
DNAs. None of the JI countries in Table 16 is regarded as likely to host large numbers of JI
projects because the countries will need to use all domestic emissions reductions to meet their
own Kyoto targets165.
Table 16. Countries with High CCS Potential and Established DNAs
JI Countries

CDM Countries

Canada

Chile

Germany

China

Japan

Colombia

Netherlands

India

United Kingdom

Mexico

A country is also more likely to be interested in participating in CDM or JI if it has already
participated in an international GHG trade. No single record of all GHG trades exists because
participants in the GHG market are under no obligation to report their trades. However, to our
knowledge, none of the JI countries in Table 14 have hosted a JI project and all of the CDM
countries have hosted a CDM project. f this latter group, only Chile is not a member of the
Carbon Sequestration Leadership Forum.166 Hence, based on our screening, China, Colombia,
India and Mexico would be favorable candidates for an in-depth assessment. Within Latin
America, we have selected Colombia over Mexico because of Natsource’s established contacts
in Colombia. Together with China and India, these three countries are analyzed further.
Each of these three countries presents an interesting and favorable set of circumstances for CCS
CDM project implementation. Economic growth is increasing rapidly in these countries and coal
use for electricity generation in China and India is continuing to expand. Colombia has become a
major exporting country of both thermal and metallurgical coals and has great tracts of reserves
that have yet to be exploited. Natsource’s local contacts in these countries have provided
assistance to assess policy and practice alignment with CCS, the effect of regulations and laws,
and the promotion of CCS in policy and practice as discussed in the next Section.

Canada and Japan each have committed to reduce their emissions to 6 percent below 1990’s levels from 2008-12.
Germany, the Netherlands and the United Kingdom have committed to reduce 21, 6 and 12.5 percent, respectively,
under the European Union’s “burden-sharing” system.
166 The CSLF consists in an international climate change initiative, launched in 2003, that is focused on development of
improved cost-effective technologies for the separation and capture of carbon dioxide for its transport and long-term
safe storage. The CSLF is expected to promote the appropriate technical, political, and regulatory environments for the
worldwide development of CCS. See CSLF website at: http://www.cslforum.org.
165

58

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

6 Country Case Studies
Section 5 provides the basis for selection of Colombia, China, and India for in-depth analysis of
potential to host CCS-based CDM projects.
The assessment presented in this Section first evaluates each country’s CDM-readiness in terms
of institutional infrastructure, project experience and the approval process. This is followed by an
analysis of relevant national polices and practices, focusing on monetary policies, economic and
energy demand growth, energy dependence, sustainability, and foreign investment. Relevant
regulations and laws in each country are also considered, in particular those related to ownership
and exploitation of the subsurface, environmental emissions, foreign investment and ownership,
and internal transport of CO2 (if it becomes defined as “waste”). The views of local officials
have been solicited with respect to perceived potential for CCS projects, safety and
environmental aspects, and the relative cost competitiveness of renewable energy and CCS
projects. Finally the Section outlines key steps and policy changes needed to make the countries
more favorable to CCS-based projects under the CDM.
6.1
6.1.1

Colombia
Host Country Approval Process

6.1.1.1 Project Approval Process
The Colombian Climate Change Mitigation Office (OCMCC), established in August 2002, has
developed guidelines that cover tools and capacities for CDM project evaluation and approval;
capacities to build a high-quality CDM project portfolio; and strategies to place the Colombian
projects in the GHG emissions market. 167
The National Council for Economic and Social Policy passed an “institutional strategy for sale of
environmental services to mitigate climate change” in August 2003. The strategy covers:
development of a CDM project portfolio; definition of the approval process; creation of an intersectoral committee on climate change mitigation (consisting of the Ministry of Environment,
National Planning Commission, and the Colombian Institute for Science and Technology as
permanent members); a capacity building plan by the Ministry of Environment (Colombia’s
Designated National Authority); and a marketing strategy by the Ministry of Environment,
Foreign Ministry, and Ministry of Trade, Industry and Tourism. Also in August 2003, Colombia
hosted a meeting of Latin American Designated National Authorities.
The official criteria and procedures for the approval process of CDM project candidates have
been drafted in consultation with representatives of both the private and the public sectors.
Projects’ contributions to sustainable development will be evaluated according to principles of
efficiency, transparency, stability and participation.168
OCMCC: Colombia Country Briefing, Chapter 3. Oficina Colombiana para la Mitigación del Cambio Climático, 2003,
Colombia Country Briefing, Chapter 3. Available at http://www.cecodes.org.co/cambio_climatico/ocmcc.htm.
168 OCMCC: Colombia Country Briefing, Chapter 3, op. cit.
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The OCMCC has already prepared a portfolio of selected GHG emission reduction and capture
projects.169 The portfolio totals 26.5 Mt CO2e. A standard format to present CDM projects
covers basic information on the project activity, proponents, and estimated emission reductions.
6.1.1.2 Types of Projects
According to the National Strategy Study (NSS) for the Implementation of CDM in Colombia,
the country has a reduction potential of 22.9 Mt of CO2 per year in the electricity, cement, brown
sugar blocks, and agro-forestry sectors.170
As mentioned above, the current OCMCC project portfolio of selected GHG emission reduction
and capture projects includes nine projects, comprising 8 Mt CO2e from reductions in the energy
and waste sectors and 18.4 Mt CO2e from sequestration projects in the forestry sector. Colombia
has strongly supported the inclusion of land use change and forestry (LULUCF) projects in the
CDM.
Over thirty-five CDM project candidates are currently under consideration in Colombia,
including five projects in renewable energy, one in energy efficiency, one in transport, two in
waste management, one umbrella project in fuel switching, and four in afforestation and
reforestation activities.
The World Bank’s Prototype Carbon Fund has signed an emissions reductions purchase
agreement of US$3.20 million for 800,000 t CO2e from the Jepirachi wind power project that
displaces electricity generated from coal and natural gas. The baseline and monitoring
methodology for the Jepirachi project is currently under consideration by the Meth Panel of the
CDM Executive Board. Methodologies for the La Herradura and La Vuelta hydroelectric power
project and for the Transmilenio Urban Mass Transportation System in Bogota have been
submitted to the CDM EB for approval and are currently under consideration by the EB’s Meth
Panel.171
Memoranda of Understanding (MoUs) for long-standing CDM co-operation have been signed
with Canada, the Netherlands and France. While the MoUs with Canada and with France do not
specify amounts of credits, the Dutch MoU specifies an emissions reduction target of 25 million
CERs for the period 2002 through 2012.172 Sectoral strategies have been elaborated in the
energy, transport, and forestry sectors in response to Colombia’s commitment under those
agreements.
Colombia’s NSS was undertaken by the national government with support from the World Bank
in order to assess the county’s potential for emission reductions and the strategies needed in
Oficina Colombiana para la Mitigación del Cambio Climático, 2003b, Colombian Portfolio of Projects of the
Reduction and Capture of GHG Emissions: Project Eligible for the Clean Development Mechanism of the Kyoto
Protocol, March 2003.
170 National Strategy Study for Implementation of CDM in Colombia, Final Report, August 2000.
171 UNFCCC – Clean Development Mechanism Methodologies. As of June 16th, 2004.
172 MoU between the Netherlands and Colombia on CDM co-operation. Text in Spanish available at: Consejo
Empresarial Colombiano para el Desarrollo Sostenible. Available from http://www.cecodes.org.co.
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order to maximize the potential benefits of the CDM in Colombia. The study also establishes an
Action Plan for national CDM implementation, defining activities to strengthen capacities to
negotiate and develop projects.
The Canadian Energy Research Institute (CERI) and the Colombian Ministry of Environment
(MMA), built upon the recommendations of the NSS study to create the CDM CERI/Colombia
project.173 The work was supported by the Canadian International Development Agency
(CIDA). The project team included MMA, CERI, TransAlta Corporation and Optimum Energy
Management Inc. The project’s objectives were to provide companies and government
departments in Colombia with knowledge to address climate change through promoting foreign
investment for CDM projects. As part of the tasks established within the project, CDM project
templates have been designed including Project Proposal Guidelines, which will allow project
proponents to inform potential investors about their projects and a Project Screening Tool for a
preliminary analysis of projects.
In addition, the Colombian Government has held workshops covering technical issues such as
baseline determination, quantification methodologies, and design of forestry projects. The
World Bank and the Swiss Government also organized a series of awareness-raising and
technical training workshops in 1999 and in 2000. The Ministry of Environment, together with
the Colombian Academy of Exact, Physical and Natural Sciences (ACCEFYIN) and the German
Technical Cooperation Agency (GTZ), have organized seminars on mitigation strategy and scope
building during 1998. The GHG working group of the Colombian Academy of Sciences also
organized a series of workshops involving the assessment of mitigation options in Colombia
during the 1990’s.
6.1.2 Country Awareness of CCS
CCS has not been included among the key CDM opportunities identified for Colombia.174
Colombia has not had any experience in the implementation of CCS technologies and there is
little awareness of such technologies or the mitigation opportunity, even in the oil industry.
Colombia is, however, a member of the recently formed Carbon Sequestration Leadership
Forum, which is expected to promote the appropriate technical, political, and regulatory
environments for the development of CCS.
According to Víctor Eduardo Pérez, former Vice President of Exploration and Production with
the state-owned oil company, Ecopetrol, there are no specific studies or experiences related to
CO2 sequestration or storage. The experts interviewed175 indicated that Colombia has not studied
Canadian Energy Research Institute, Clean Development Mechanism (CDM) Project, Overview of the CERI CDM
Colombia Project. Available from http://www.ceri.ca/cdm/.
174 The Ministry of the Environment released a National Strategy for Implementation of the CDM in Colombia in 2000,
where 25 different types of projects and four economic sectors (cement, power, brown sugar and forestry) were
evaluated. See The World Bank Group, 2000, The National Strategy Study for Implementation of the CDM in
Colombia. [retrieved February 2004]. Available from http://lnweb18.worldbank.org.
175 Interviews were carried out with Víctor Eduardo Pérez, former Vice President Exploration and Production with the
state-owned oil company, Ecopetrol; Nelson Navarrete Hernández, current Vice President of Exploration and
Production, with Ecopetrol; Eduardo Cristancho, in charge of coordinating the ECOGAS (1999) study; Francisco
Bendeck, geologist and lead consultant of the ECOGAS study; Javier Blanco, Colombia’s lead negotiator for the CDM
173
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its potential for CCS due to the uncertainties associated with the approach, limited resources and
the novelty of the CDM in general.
Understanding the potential for geological storage of surplus natural gas may lead to interest in
CCS. Mr. Pérez indicated that a few studies have been carried out to evaluate the potential to
capture and store natural gas in geological reservoirs in different areas of Colombia, including a
feasibility study prepared for ECOGAS of Colombia in 1999.176 The objective of the ECOGAS
study was to evaluate the storage potential of 60 depleted oil reservoirs near Bogota, the main
market for natural gas in Colombia, in order to have a readily available buffer supply of natural
gas near the city. Even though this type of study did not involve CO2 specifically, its technical
and economic findings could be used as a basis to pursue other analysis aimed at assessing the
potential of CCS in geological formations in Colombia.
Eduardo Cristancho, who coordinated the study within ECOGAS, indicated that of the 60
reservoirs tested, 5 were identified as feasible for long-term storage of methane gas, taking into
account impermeability of the reservoirs and the cost per unit stored, among other variables.
However, underground storage was never attempted or carried out because two alternative were
implemented: increased production of natural gas at Cusiana, a major oil field relatively close to
Bogota; and additional gas compression stations.
The ECOGAS study concluded that fully sealed reservoirs that might permanently store gases
such as methane, exist in Colombia. Both Mr. Cristancho and Mr. Perez believe that these
reservoirs would be fully suited to CO2 storage because of common properties between the
gases. Mr. Cristancho also indicated that the potential might be greater than suggested by the
ECOGAS study, since other depleted oil fields farther away from Bogota were not analyzed..
Estimation of the overall CO2 storage potential would require a new study.177
Based on the existence of many depleted reservoirs, local experts believe that there is potential
for CCS in Colombia. Francisco Bendeck, a lead consultant in the ECOGAS study, believes that
a majority of the older depleted oil reservoirs in Colombia could be viable candidates for CO2
injection and storage. He explained that the natural storage systems of these reservoirs are
characterized by natural “traps” and geological faults that maintained millions of gallons of
petroleum and natural gas in a stable fashion over millions of years. Many of the depleted
reservoirs have natural seals that may still be effective. These reservoirs could be tested, one by
one, to determine whether these seals are still intact or have been fractured by industrial practices
or natural forces. Measurement of leakage potential could be based on continuous monitoring of
reservoir pressure.
According to Mr. Bendeck, another key aspect lies on the distance of these reservoirs from the
CO2 emitting sources and whether original extraction infrastructure still exists in the old depleted
oil fields, which could reduce costs significantly. The area that he believes might be a good
in UNFCCC negotiations; with Gloria Sanclemente, Chief Attorney for the Legal Division of the Ministry of
Environment; and, with Ismael Concha, Technical Director for the Mining and Energy Planning Unit (UPME).
176 Technical and Economic Viability of a Subterranean Storage of Natural Gas in Colombia (1999), commissioned by
ECOGAS (Colombian Gas Company) and carried out by a Spanish specialist firm, Aurensa.
177 ECOGAS cannot release the study on the basis of confidentiality.
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candidate for CO2 storage is the Magdalena Medio region, including the La Cita, Infantes, Galán,
Casave, and Canta Gallo oilfields.
In addition to depleted oil reservoirs, Colombia has various kinds of geological structures and
conditions that could be appropriate for CCS. However, these sites would have to be carefully
analyzed and tested. There is concern about the degree to which these underground structures are
sealed. According to Mr. Perez, 60 to 70 percent of Colombia’s geology can be considered as
“very fractured” because of recent tectonic disturbances of the three Andean mountain ranges.
This has led to discontinuities in many deposits that were once impermeable. Therefore, specific
analyses of each potential deposit must be performed in order to evaluate permanence.
Moreover, the analysis would have to consider the types of rock formation, how well sealed the
reservoir structures are, and their capacity.
Mr. Perez highlighted that the existence of batholiths178 in Colombia should be taken into
consideration. The cores of the Central and Western mountain ranges are composed of these
structures that could be candidate sites for CO2 storage. One of the projects that was under
consideration in Ecopetrol involved drilling activities in order to find caves - or artificially
forming caves through explosions - inside this crystalline rock which could become a potential
site for gas storage. The idea was never developed further because of the high costs involved.
Other potential areas for CCS include sites that currently have high contents of CO2 in existing
fossil reservoirs, such as the oilfields in the Putumayo region, according to Nelson Navarrete
Hernandéz, Vice President of Production with Ecopetrol. He explained that current legislation
allows for oil to be extracted only from oilfields that contain natural gas below a certain level,
and that this natural gas has to be flared, which is less expensive than its capture and utilization.
He points out that extraction of natural gas has not been carried out in the Putumayo area
because of the high CO2 content in the oil reserves. However, it might become feasible to capture
CO2 from the flared gas from these deposits and re-inject it back into the same reservoir, once the
technology is in place and the costs become accessible. However, the permanence of this
sequestration would have to be evaluated.
6.1.3 Policy and Practice Alignment with CCS
Colombia is the third most populous country in Latin America, with a population of about 43.8
million179 and a growth rate of approximately 1.68 percent.180 Although the growth rate has
slowed over the past few decades, from 3 percent in the 1950’s, it is not expected to be lower
than 1 percent before the 2025,181 when the population is likely to exceed 70 million.182 As
indicated previously, the economy is expected to pick up in 2004 and 2005, averaging 3.4
percent, as strengthening domestic and external demand broadens the recovery beyond the
178Large

intrusions of igneous coarse-grained rocks, which may be impermeable.
U.S. Energy Information Administration, 2004b, Colombia Country Analysis Brief. [updated 12 June 2004; retrieved
June 2004]. Available from http://www.eia.doe.gov.
180 Instituto de Hidrología, Meteorología y Estudios Ambientales (IDEAM), 2001, Socio-economic indicators: Population growth
rate (in Spanish). [updated 7 June 2004, retrieved 16 June 2004]. Available from http://www.ideam.gov.co.
181 IDEAM, 2001. op. cit.
182 Colombia's First National Communication to the UNFCCC. See UNFCCC, Table of National Communications. Available
from http://unfccc.int.
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sectors currently driving growth. In this context, energy demand is expected to grow 3.5 percent
per year through 2020.183
Fossil fuels have accounted for over 80 percent of energy production during the early 90’s.184
Although hydropower increased to 70 percent of the grid energy mix in the latter half of the
decade, future energy demand will likely continue to be fulfilled primarily with fossil fuel-based
energy. This results from its abundance in Colombia and the existing policy to promote balance
between hydropower and fossil fuel use for power generation. The country has the largest coal
reserves in Latin America, as well as significant, mostly untapped natural gas reserves and
productive petroleum reserves. Colombia’s estimate of natural gas reserves level decreased from
2001’s estimate of about 6.9 trillion cubic feet (tcf) to 4.3 tcf in 2002.
Colombia is the largest coal producer in Latin America and ranks as one of the largest coal
exporters in the world. Colombia had 7.3 billion tonnes of proven reserves in 2001, which could
last over 170 years at today’s production rate.185
Colombia produces crude oil of a better quality than the oil from most of its Latin American
neighbours and appears to have vast untapped oil reserves. The government has announced
further investments in oil production because the few giant oil fields are now in rapid decline and
the existing productive oil reserves of less than 2 billion barrels could provide only for
approximately eight years of self-sufficiency under current consumption rates.186 Ecopetrol has
raised its production target for 2010 to 1 billion barrels per day in an effort to maintain the
country's self-sufficiency in petroleum.187
The Colombian government has introduced several policies to encourage economic development
and greater private sector involvement in the energy sector. In the natural gas sector, the
government has committed to give new impetus to its Natural Gas Mass Consumption Plan,188
supporting the use of compressed natural gas (CNG) in the transportation sector and in the
industrial sector (electricity), among other actions. To this end, the government has sought to
make the necessary corrections to avoid inappropriate pricing signals, which have inhibited
initiatives in the sector by private entities in recent years.
Furthermore, the Ministry of Mines and Energy, through its Energy and Gas Regulatory
Commission (EGCC), has recently released a series of incentives for promoting development of
U.S. Department of Energy, 2004, An Energy Overview of Colombi, Office of Fossil Energy. [updated 12 June 2004;
retrieved June 2004]. Available from http://www.fe.doe.gov.
184 Coal accounted for 1/3 of the energy production in the early 1990, natural gas accounted for less than 10 percent and
oil for over 40 percent. Colombia's First National Communication to the UNFCCC, op. cit.
185 U.S. Energy Information Administration, 2004b, op. cit., and Colombia's First National Communication to the
UNFCCC, op. cit.
186 Colombia's First National Communication to the UNFCCC, op. cit. Oil reserves declined from 2.6 million to 1.8
billion barrels between 1997 and 2001. See also Departamento Nacional de Planeación, 2003, Plan Nacional de
Desarrollo 2002 – 2006: Hacia un Estado Comunitario. [retrieved February 2004]. Available from
http://www.dnp.gov.co.
187 Wilkinson, S., 2001, Good Prospects and Terms Lure Foreign Firms, World Oil, August.
188 See National Energy Plan, Energy Strategy 2003-2020. Ministerio de Minas y Energía, 2003, Plan Energetico Nacional,
Unidad de Planeacion Minero Energetica. http://www.upme.gov.co.
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natural gas.189 The new plan provides more competitive transportation charges,190 allows export
agreements for projects with reserves that will last at least six years, and allows producers to sell
gas conjointly. Lower transportation charges are expected to provide incentives for a more
efficient transport infrastructure, particularly through the connection of the major production
areas along the Atlantic Coast with the countryside, and to increase use of natural gas from the
Cusiana-Cupiagua fields in the regional markets.
Changes to laws related to hydrocarbon exploration since 2000 have helped Colombia secure
more exploration contracts with foreign companies. In July 2002, the government introduced a
law cutting its share of royalties on recent discoveries of oil fields producing less than 125,000
barrels per day to between 8 percent and 20 percent (depending on daily output), instead of the
usual long-standing flat rate of 20 percent.191 Another important recent change was the reduction
of Ecopetrol's share of the field, from 50 percent to 30 percent.
More recently, the National Development Plan (2002-2006) sets a goal of establishing oil
reserves of 1 billion barrels during the period from 2002 through 2006. To this end, the
government announced its intentions to survey 10,000 km2 using two-dimensional seismic
exploration, to drill 150 exploration wells, and to expedite the environmental licensing process
for hydrocarbon exploration activities.192
In the coal sector, the Colombian government has recently increased its investments and has
promoted exports. In 2003, the Colombian Mining Association and the Colombian government
launched a campaign to promote coal exports to other Central and South American countries.
The government also announced $320 million for infrastructure development to facilitate access
to the country's ports.
The government has announced a series of initiatives through its 2002-2006 National Plan for
Mining Development.193 Among those initiatives is the implementation of a national mining
information system (SIMCO); improvements in subsurface knowledge and resources
management with compilation of selected information within the Geo-scientific Information
System (SINGEN); and establishment of a mining-environmental policy framework together
with the Ministry of Environment, Housing and Territorial Development.194 The subsurface
exploration plan involves physical, geological and chemical analyses, and is expected to cover
and systematize 120,000 km2 (at a 1:100,000 scale). Further investments have been announced
by the private sector that operates most of Colombia’s coal mines.195
Ministerio de Minas y Energía, 2004, Subsector Gas. [updated 17 February 2004; retrieved February 2004]. Available
from http://www.minminas.gov.co.
190 The CREG plan eliminates the $0.10-per-million Btu pipeline transport charge previously levied; instead, gas
producers will now pay a separate transportation fee for shipping natural gas through Colombia's gas pipelines.
191 US DOE, “An Energy Overview of Colombia”. op. cit.
192 Plan Nacional de Desarrollo 2002-2006: Hacia un Estado Comunitario. op. cit.
193 National Plan for Mining Development 2002-2006. Ministerio de Minas y Energía, 2002, Plan Naciona de Desarrollo
Minero 2002-2006, Unidad de Planeacion Minero Energetica. Available from http://www.upme.gov.co.
194 “Tabla 7 – Líneas Estratégicas de Desarrollo Minero”, in National Plan for Mining Development 2002-2006, Op cit.
195 The consortium of South Africa's Anglo-American, the UK/Australian BHP Billitonne, and Switzerland's Glencore
who owns the Cerejón Zona Norte project had plans to invest $130 million and intended to duplicate its production (19
million tonnes per year). U.S.-based Drummond also had plans to invest $1 billion over five years in order to increase
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Increased use of natural gas and coal has been prompted by the electricity sector, as the
government has encouraged the construction of coal and natural gas-fired power plants to avoid
future power rationing.196 Droughts have threatened the power supply since the sector is heavily
dependent on hydropower, with a typical share of 70 percent of generation.
Although these measures would not directly promote the implementation of CCS technologies,
they are expected to increase investments in the oil and gas industry as well as in the mining
sector and, thereby, provide the technological capacity for future CCS activities.
6.1.4 Effect of Regulations and Laws
There are no current regulatory limitations to CCS in Colombia. Ismael Concha, Technical
Director for the Mining and Energy Planning Unit (UPME), and other Colombian experts agree
that the CCS initiatives are consistent with national policies and regulations.
Gloria Sanclemente, Chief Attorney for the Legal Division of the Ministry of Environment and
the National Environmental System (SINA) indicated that geological sequestration of CH4 or
CO2 emissions is not a regulated activity in Colombia, and that the environmental authority does
not control GHG emissions from the oil sector.
Javier Blanco, Colombia’s current lead negotiator on CDM at the Conference of the Parties
(COP) of the UNFCCC and chief economist at the Ministry of Environment, also considers CCS
activities to be consistent with national energy, infrastructure and environmental policies and
programs. However, since current CDM rules may not be sufficient to approve and register CCS
projects, Mr. Blanco stated that new and specific rules would have to be negotiated under the
Kyoto Protocol to control geological sequestration in CDM because of the leakage and
permanence issues.197.
6.1.4.1 Subsurface Regulations
There are no specific regulations governing the activity of re-injection and geological storage of
gases in Colombia. It will be important, however, to evaluate the legal treatment of ownership
and exploitation of the subsurface/subterranean areas in Colombia.
The Colombian Constitution states that there is public ownership of the subsurface. The
Colombian Mining Code of 2001 grants exclusive ownership of all mineral resources, from the
surface and subsurface, to the government regardless of the ownership of the corresponding
land.198 The Mining Code provides for exceptions in line with previous legislation. Colombian
coal exports. Sources: U.S. Energy Information Administration: Colombia Country Analysis Brief 2003 (op cit.); and
News from ProExplo 2003 Conference held in Lima, Peru, April 22-25, 2003. Available at:
http://www.proexplo.com.pe/cont/news/noticia62.htm.
196 U.S. Energy Information Administration: Colombia Country Analysis Brief 2003. op. cit..
197
He indicated that CCS is conceptually similar to CO2 sequestration through forestry activities. Thus, the temporary
CER (tCERs) or long-term CER (lCER) framework developed for forestry could be used as a basis, because it is
conceptually appropriate. However, new rules would necessarily have to be negotiated for geological sequestration.
198 See Article 5 of the Mining Code, Colombian Law n. 685 of 2001. Unidad de Planeacion Minero Energetica, Ley 685
de Agosto 15 de 2001. [retrieved in February 2004]. Available from http://www.upme.gov.co.

66

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

Law n. 20 of 1969 established a set of requirements for accreditation of exceptional private
property of mining and oil subsurface for oil discoveries prior to December 22, 1969.199
Government authorization for exploration, development or production of mining resources is
granted to interested parties through concession contracts for up to 30 years, as set out in the
Mining Code.
Legal terms and definitions would have to be revised in order to accommodate activities such as
re-injection and permanent storage of gases. Moreover, the legal framework would have to be
modified to address transfer of title of the emission reduction credits generated from CCS-based
projects under the CDM. Currently, exploitation of non-renewable natural resources generates
royalties as a compulsory compensation.200 This consists of a percentage, fixed or progressive,
of the exploited gross product, object of the mining title, and its sub-products, calculated or
measured on the mine head.201 Besides payment of royalties, a surface fee based on the land
extension is also applicable in mining concessions.202
Taking into consideration that the sale of emission reduction credits from CCS-based CDM
projects will provide further exports revenues203 it could be expected that similar compulsory
charges would be applicable as a percentage of the sales revenue.
6.1.4.2 Environmental Regulations
Environmental legislation in Colombia has been governed by the National Code for Renewable
Resources and Environment Protection since 1974.204 The Constitution of 1991 includes the
environmental dimension in the national development plans, placing environmental policies at
the same level as economic and social policies.205 In 1993, a new system and methodology was
established to reduce the discharge of pollutants into the environment through retributive and
compensatory pollution charges for the direct and indirect use of the atmosphere, of waters and
of the subsurface.206 However, until now, only charges on the use of water have been
regulated.207

Restated by Law n. 97 of 1993. Secretaria del Senado, Ley 97 de 1993. Available from
http://www.secretariasenado.gov.co.
200 The royalties are collected and distributed in conformity with the dispositions of Act 141 of 1994. In the case of
private owners of the subsoil, those should pay no less than 0.4percent. See Article 227 of the Mining Code and in
conformity with Articles 58, 332 and 360 of the Constitution.
201 20 percent of the value of the production for hydrocarbon, 10percent for coal (over 3 million tonnes per year) and
5percent for coal (below 3 million tonnes per year). See Article 16 of Act 141 (Chapter III), Comisión Nacional de
Regalías. [updated 20 November 2000; retrieved February 2004]. Available in Spanish from: http://www.cnr.gov.co.
202 The surface fee varies from one daily minimum salary per hectare annuity fee for area not exceeding 2,000 hectares to
three daily minimum salaries per hectare if the area exceeds 5,000 hectares. See Article 230 of the Mining Code.
203 The National Strategy Study for Implementation of the CDM in Colombia estimated the export value of CERs could
rival that of bananas and cut flowers sectors. The World Bank Group, 2000, op. cit.
204 Act 2811 of 1974 as stated in Colombia's First National Communication to the UNFCCC, op. cit.
205 Colombia's First National Communication to the UNFCCC, op. cit.
206 See Article 42 of Act 99 of 1993. Instituto Humboldt, 1993, Ley 99 de 1993, Instituto Humboldt, Available from
http://araneus.humboldt.org.co.
207 Decree 901/1997. Instituto de Hidrología, Meteorología y Estudios Ambientales, 1997, Decreto 901. Available from
http://www.ideam.gov.co.
199
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Air protection and quality control have been governed by Decree 948 of 1995, which
distinguishes first grade contaminants (e.g. ozone depleting substances, carbon monoxide,
particulate matter, nitrous dioxide, sulphur dioxide and lead) from second grade contaminants,
which include GHGs.208 As stated in the Decree, the Ministry of Environment would define
maximum emission standards for all controlled substances. However, those standards have not
been announced so far.
Also, the Ministry of Environment established rules for handling solid waste in 2002 and
2003209, but there is no regulation on transportation of CO2.
Based on this review, it appears that CCS activities would not be impacted by current
environmental regulation. However, one could presume that the government would want to
include CCS activities in its list of controlled activities, since industrial activities that involve
fossil fuel combustion or that use or generate substances included in the Montreal Protocol are
already included.210 In any case, CCS activities would likely be seen as having a net positive
environmental impact, provided that the appropriate safety tests are carried out.
Mr. Blanco believes there probably would be no local environmental or social impacts from CCS
activities, but a community consultation process should be undertaken on a project-by-project
basis to evaluate potential risks. He believes that CCS could be an important GHG mitigation
activity, although there might be concerns with the cost of CCS activities in comparison to
alternatives.
6.1.4.3 Foreign Investment
Foreign investment has received special attention in Colombia’s National Development Plan
2002-2006,211 where foreign resources are referred to as a key means of access to technological
innovation and capacity building. In the previous development plan, the government of
Colombia had announced its intention to promote the establishment of foreign companies aiming
at increasing Colombia’s exports and promoting the country’s development through an open
economy model. In 2000, through its Decree n. 2080,212 the government simplified and
consolidated the legal framework for foreign investment in Colombia. In October 2001, a
guideline for intentional negotiations of Bilateral Investment Agreements (BITs) was issued, but
only a BIT with Peru has been signed so far, which is awaiting ratification.213 Since then,
negotiations have been underway with France, China, Finland and Spain.
Article 3 of Decree 948 of 1995. Instituto de Hidrología, Meteorología y Estudios Ambientales, 1995, Decreto 948.
Available from http://www.ideam.gov.co.
209 See Instituto de Hidrología, Meteorología y Estudios Ambientales, 2003a, Decreto 1505. Available from
http://www.ideam.gov.co.
210 The Montreal Protocol substances include man-made ozone-depleting substances (e.g., chlorofluorocarbons, halons,
carbon tetrachloride, and methyl chloroform). The Montreal Protocol has sought to reverse past damage done to the
ozone layer through international agreement and efforts to eliminate their production and use. UNDP, 2003, MPU
Brochure October 2003, Montreal Protocol Unit. Available from http://www.undp.org
211 Plan Nacional de Desarrollo 2002-2006: Hacia un Estado Comunitario, op. cit.
212 Banco de la República Colombia, 2000, Régimen General de Inversiones de Capital del Exterior en Colombia y de
Capital Colombiano en el Exterior. Available from http://www.banrep.gov.co.
213 Ministerio de Comercio, Industria y Turismo (Ministry of Trade, Industry and Tourism), 2003, Negociaciones y
Diplomacia Económica. [updated 12 April 2003; retrieved February 2004]. Available from http://www.mincomercio.gov.co.
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In 2001, the Ministry of Trade also launched a Special Export Zone Project (Zonas Económicas
Especiales de Exportación), whereby four special export economic zones (Buenaventura, Cúcuta,
Ipiales and Valledupar) were defined for special labor, fiscal and tariff treatment.214 The project
aims to provide favorable conditions for the development of investment plans in those areas,
through reductions in foreign investment requirements in exchange for a minimum of 80 percent
of the production being exported. In order to provide further incentives in those areas, the
financial requirements for the first three years of establishment of a foreign company in those
areas were reduced in late 2003.215
Moreover, Colombia is a member party of the International Centre for Settlement of Investment
Disputes (ICSID) and has signed agreements with non-commercial risk management institutions
such as the Overseas Private Investment Corporation (OPIC) and the Multilateral Investment
Guarantee Agency (MIGA).216
Due to the high costs involved in CCS, primarily in CO2 capture, implementation of CCS in
developing countries may likely rely on foreign investments to be put in place. The positive
approach to foreign investment in Colombia should allow flow of international resources for
CCS research, development and demonstration.
6.1.5 Promotion of CCS in Policy and Practice
Colombia’s current regulatory framework for subsurface activities, as well as for environmental
and foreign investment issues, is not likely to impede implementation of CCS. Nonetheless, the
regulatory framework would have to be revised to accommodate the necessary rules regarding
the ownership rights and title to the emission reduction credits resulting from CCS-based
projects under the CDM.
Current policies and practices in Colombia are expected to increase investments and activities in
the oil and gas industry as well as in the mining sector. This would indirectly promote CCS
implementation, through improved technological capacity and capital resources. There are,
however, important factors, which might hinder the expected flow of investments and
development in these areas. For instance, current diesel subsidies result in a disincentive to
increased use of natural gas. Moreover, an effective program to promote natural gas would
require a high level of coordination and no institution has been designated so far.

214 Among other benefits: they do not have to pay income tax, sales taxes on equipment, money transmission taxes, and
flexibility on extra labor surcharges. See Colombia’s Law n. 677, available in Spanish at:
http://www.secretariasenado.gov.co/leyes/L0677001.HTM#1.
215 For the first two years of establishment the minimum capital requirement was reduced from US$ 1 million to US$
200 thousand; US$ 1.5 million to US$ 1 million in the third year and for the forth year it remained at US$ 2 million. See
Decree n. 2484 of 2003. Instituto de Hidrología, Meteorología y Estudios Ambientales, 2003b, Decreto 2484. Available
from http://www.ideam.gov.co.
216 Ministerio de Comercio, Industria y Turismo (Ministry of Trade, Industry and Tourism), Negociaciones y Diplomacia
Económica, op. cit.
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Also, the demand for fossil fuel and, therefore, fossil fuel exports could decline as a result of the
emissions reduction commitments of countries included in Annex B to the Kyoto Protocol.217
Exports of coal, oil and by-products accounted for 30 percent of Colombia’s total exports in the
period 1997-2001. Reduced export volumes would reduce export revenues and increase domestic
supply, lowering internal prices, making it more difficult to attract further investments in
hydrocarbons exploration and production.
Other problems that remain to be addressed to safeguard investments in the energy sector and,
consequently to pave the way for CCS implementation, are those related to security, which
continue to plague the Colombian oil industry. Oil production has declined not only as a result
of the maturity of its oil fields but also due to repeated attacks on the oil infrastructure, as rebel
groups continue to target the oil industry.218 Oil disputes have also included several strikes and
labor unrest, with repeated cases of abductions and killings of oil union workers.
Security problems have also delayed privatization in the electricity sector. Privatization
progressed throughout the late 1990s, but the increase in guerrilla attacks on the system has put
privatization plans on hold. Grid interconnections have been blown up, leaving the country
divided into several, smaller grids and preventing repair crews from reconnecting the
fragments.219
In fact, the most compelling risk to private investment in Colombia is the political instability
caused by the decades-long guerrilla activity and by the rise of paramilitary groups. Therefore,
current policies and practices to develop the oil and gas industry and the coal sector may not be
fruitful, let alone promote CCS in Colombia, if the lack of security and stability is not gradually
reversed.
6.2
6.2.1

China
Host Country Approval Process

6.2.1.1 Project Approval Process
The Chinese government has been working to define and develop programs to reduce CO2 in
cooperation with international partners under the CDM emissions reductions trading program.220
China has also sought funding from numerous multilateral and international donors for capacity
building and technical programs related to the CDM program.
The National Development and Reform Commission (NDRC), the Ministry of Science and
Technology (MOST), and the Ministry of Foreign Affairs (MFA) will be the key governmental
217 Colombia oil exports to the United States in 2002 were 13.5 percent lower than in 2001 (256,000 bbl/d down from
296,000 bbl/d). See U.S. Energy Information Administration, 2004b, op. cit.
218 The Cano Limón pipeline was bombed 170 times in 2001, holding in more than 24 million barrels of crude oil,
according to Ecopetrol estimates. Bombings in 2002 fell to 41. See U.S. Energy Information Administration, 2004b, op.
cit.
219 U.S. Energy Information Administration, 2004b, op. cit.
220 U.S. Embassy Beijing, 2003, January 2003 Report, The American Embassy in China. [retrieved March 2004].
Available from http://www.usembassy-china.org.cn.
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actors in all CDM projects, forming an inter-ministry CDM Project Review Board, which will be
the decision-making body for CDM projects and policy. Chinese provincial or local government
bodies will not be allowed to clear or approve CDM projects independently. The national CDM
Board will be composed of working-level (Office Director or Bureau Director General level)
officials. 221 The MOST, NDRC and MFA jointly issued the “Provisional Management Methods
for Clean Development Mechanism Project Operation” on May 31, 2004, which established the
Chinese CDM regulations, effective as of June 30, 2004.
According to officials, it is hoped that the national CDM Board will review each proposal within
thirty days, before forwarding each project to Ministers or Vice Ministers of the NDRC, MOST
and MFA for final approval. The senior official approving each project will be responsible for
issuing approval letters to project participants.
A “Cost Recovery Approach,” using a flat commission rate, would be considered in order to
enable the government to recover its expenses used for monitoring and evaluating CDM projects.
This rate would be set somewhere between 1 and 5 percent, but most likely at 2 percent.
6.2.1.2 Types of Projects
According to the Chinese Energy Research Institute, over 300 Mt CO2e could be avoided in the
next decade through economical restructuring, efficiency technologies, fuel switching, and
renewable energy.222
The Chinese Government feels the current GHG market prices are too low and have questions
about DOEs and the issue of who will pay for preparation of projects.223 Chinese interlocutors
emphasize that independent entities should be made responsible for objectively monitoring and
assessing CDM projects. They also apparently feel that domestic bodies should be equipped to
play this role, in order to keep project implementation costs to a minimum. China has also been
an opponent of so-called unilateral CDM projects and a supporter of a strict financial
additionality criterion, which contrasts with the likely interpretation of Article 12.5(c) of the
Kyoto Protocol, whereby projects that would have taken place anyway are not eligible for CERs
under the CDM.
Nonetheless, China has recently shown interest in hosting CDM projects. China hosted four AIJ
pilot projects in cooperation with Japan (3 projects) and Norway (1 project), which provided a
practical opportunity for addressing methodological issues, such as baseline setting,
additionality, system boundaries and leakage, and building up AIJ project management
experience.224 CarbonBank is currently involved in preparing the monitoring protocols and
developing the baseline methodology for several large CDM projects in China.
Ibid.
Chandler, W., R. Schaeffer, Z. Dadi, P.R. Shukla, F. Tudela, O. Davidson, S. Alpan-Atamer, 2002, Climate Change
Mitigation in Developing Countries: Brazil, China, India, Mexico, South Africa, and Turkey, Pew Center on Global
Climate Change, October 2002. Available from http://www.pewclimate.org.
223 U.S. Embassy in Beijing - January 2003 report.
224 Ministry of Foreign Affairs of the People’s Republic of China, 2002, Views on Experience with the Pilot Phase of Activities
Implemented Jointly, Submitted by China. Available from http://www.ccchina.gov.cn.
221
222
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According to the CDM regulations established in June 2004, CDM project development will aim
primarily at energy efficiency improvement; development and use of new and renewable energy;
and recovery and use of methane and coal bed methane. China is also assessing the modalities
and procedures for small-scale afforestation and reforestation CDM project activities and
preparing the ground for their implementation.225
The Chinese Government intends to use Canadian ECBM recovery technology to tap the
country's 33,000 billion cubic meters of coal bed methane (CBM) resources.226 CO2 from nearby
energy production and industries will be injected 2,000 meters underground into the coal beds.
The project's budget includes Canada's contribution of $3.1 million and China's contribution of
$3 million. In the next three years, the project will perform pilot tests.
Canada's International Development Agency (CIDA) has used $11.5 million to fund six projects
related to capacity building and technology transfer, in order to help China start its CDM
process. Among other activities involved in the Canadian projects are capacity building on
awareness and outreach, national communications, impacts and adaptation; enhancing China's
capacity for carbon sequestration (capacity building in terrestrial carbon cycle monitoring and
modeling) and CBM technology (capacity building in a technology with potential to be
associated with CO2 sequestration – CO2-ECBM).
Canada has made an additional $3.2 million available for Chinese projects, to be implemented
through the Canada Trust Fund on Climate Change (CTFCC) managed by the Asian
Development Bank (ADB). ADB and CIDA have so far used $750,000 from the CTFCC to
implement a handful of small-scale renewable energy and energy efficiency projects in Gansu
and Guangxi. The Gansu projects will focus on small-scale hydroelectric and solar energy
facilities, while the Guangxi projects will focus on energy efficiency, animal waste, biomass and
industrial innovation. In addition to these activities, there is strong interest in the promotion of
renewable energy, as well as the development of CBM resources, where there is growing
potential for implementation of CO2 sequestration (CO2-ECBM).
The ADB is pursuing China CDM-related activities in cooperation with CIDA, GTZ, the
Netherlands, Italy, the World Bank, and the United Nations Development Program (UNDP).
ADB implements small-scale CDM projects in China. ADB has provided US$176 million in
loans for coal-fired power plants and US$0.75 million in grants for CDM opportunities. The
bank has also provided funds for several technical assistance projects, involving clean coal
technology227, including:
Liaoning Environmental Improvement Project, construction of new district heating
plants, coal bed methane projects and tow gas distribution projects, with total ADB loan
of US$ million;

On July 3, 2004, the State Forest Administration Carbon Sequestration Office and US Natural Protection Association
launched the second training workshop on climate change and afforestation/reforestation carbon sequestration.
226 China emits 6 billion cubic meters of methane from mines a year. China Daily, “Coal project gets Canadian aid,”
March 29, 2002.
227 Novem, 2003, Quick scan on clean coal technology collaboration between OECD and China
225
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Construction of a new district heating plant, a gasification plant, and coal bed methane
plant (ADB funding US$102 million);
Feasibility study for the IGCC demonstration plant in Yantai;
Preparation of a CBM demonstration project (funding US$0.6 million)
Improvement of environmental policy and development of capacity in Anhui (ADB
funding US$1 million);
The development of management and training skills within state power corporations
(funding US$0.7 million).
The World Bank has provided assistance on CDM capacity building in China.228 It has also
promoted clean coal technologies through loans for physical investments; grants for technical
assistance (often provided by bilateral partners and administered by the World Bank), and nonfinancial services in the form of analytical reports, policy advice, workshops, and training.229 The
World Bank has completed 15 energy-related projects that were approved from 1981-2000,
seven of which were coal-fired power plants. There are 14 energy-related projects still in the
implementing phase, five of which are coal-fired power plants. After 2000, however, the Bank
did not approve any coal-fired power plants.
The World Bank’s Prototype Carbon Fund has signed emissions reductions purchase agreements
(ERPAs) from two projects under development in China. One for emission reductions of 3 Mt
CO2e from a CBM project for a total of US$12.75 million and another for emission reductions of
2 Mt CO2e from a hydro power project for a total of US$8.50 million.230 However, no baseline
and monitoring methodologies for these projects have been sent to the CDM EB. As of June
16th, 2004, there was only one methodology from Chinese project under consideration by the
EB’s Meth Panel.
Other international organizations and foreign governments are also active in CDM activities in
China. The United Nations Development Program, United Nations Foundation, governments of
Norway and Italy jointly launched a study project in late 2003 with a US$1.8 million
endowment, aimed at building CDM capacity in China. 231
The U.S.-China Working Group on Climate Change has agreed on a broad range of climate
change science and technology activities, which will enable China to pursue further similar
projects under the CDM: non-CO2 gases, economic/environmental modeling, integrated
assessment of potential consequences of climate change, adaptation strategies, hydrogen and fuel
cell technology, carbon capture and sequestration, observation/measurement, institutional
228 In 2001, the World Bank, together with the governments of Germany and Switzerland, launched a study project
“CDM study in China”, with a US$0.60 million grant, directed to studies on CDM theory and methodology; CDM
project case studies; assessment of GHG emission reduction potential in China and policy study. The project was
completed in early July 2004.
229 Novem, 2003. op. cit..
230 Prototype Carbon Fund (PCF) Projects. Available at PCF website at: http://prototypecarbonfund.org.
231 The project will be implemented during 2004-2006. The main project components include: 1) preparation of three
CDM demonstration projects; 2) CDM training; 3) policy study; and 4) construction of a CDM website. In June 2004,
the CDM website was launched (http://cdm.ccchina.gov.cn).
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partnerships, energy/environment project follow-up to the World Summit on Sustainable
Development (WSSD), and existing clean energy protocols/annexes.232
6.2.2 Country Awareness of CCS
The knowledge of CCS technologies has been introduced to key Chinese stakeholders, from both
the public and the private sector, through several workshops. Like Colombia, China is also a
member of the recently formed Carbon Sequestration Leadership Forum. However, there has not
been much experience gained in carbon dioxide capture from industrial sources and in storing the
captured CO2 in geological reservoirs within the country.
Some experience with CO2 storage has been gained through steam and 12-13 percent CO2 boiler
flue gas injection into an oil reservoir for EOR at the Liaohe Oil Field in Northeast China.233 The
double injection tests have been carried out since 1998 and a next phase had been planned. In
this phase, the project would further investigate CO2 separation via membrane technology and
enriching CO2 levels in combustion flue gas through the use of re-circulation technology.234
Enhanced coal bed methane activities provide a promising area for CCS development. China’s
coal bed methane reserves are estimated at about 30,000 to 35,000 billion cubic metres, located
about 2,000 meters underground.235 The Chinese government considers coal bed methane
production a distinct industry and has granted several tax and financial incentives for investment
in this type of project activity.236 The China United Coal Bed Methane Co. (CUCBM) was
established in 1996 and was granted the exclusive right to undertake the exploration,
development and production of coal bed methane in co-operation with overseas partners.237 The
potential for coal bed methane development in China has attracted much international attention.
From 1998 to 2003, the CUCBM had signed twenty Production Sharing Contracts (PSC’s)
(US$80 million). with international oil and gas companies, mainly from the United States and
Australia. Each PSC involves a 20 to 30-year term, a modest sign-on fee and a negotiable 50
percent return to the foreign contractor, who is responsible for the operations.238 It also requires
commitment to training and technology transfer at the foreign investor’s expense. CUCBM
provides liaison with local and government bodies; facilitates local approvals; and holds
ownership rights to all data.

U.S. Department of State, 2003, Joint Statement of the U.S. – China Working Group on Climate Change, Media
Note, Office of the Spokesman, {updated 21 January 2003; retrieved February 2004]. Available from
http://www.state.gov/r/pa/prs/ps/2003/.
233 Zhou, J. et al., 2001, An EOR Application @ Liaohe Oil Field in China, National Energy Technology Laboratory.
[retrieved March 2004]. Available from http://www.netl.doe.gov.
234 The IEA GHG database of R&D project. IEA Greenhouse Gas R&D Programme, CO Capture and Storage, Research
2
and Demonstration Projects. Available from http://www.co2sequestration.info.
235 Joint Global Change Research Institute, op cit.
236 Ibid.
237 The State Council also granted favourable policies to CUCBM, including tax reduction, duty exemption and
independence in investment and import and export decisions. CUCBM is the national CBM corporation. CUCBM is not
associated with any commission, ministry, or bureau.
238 Opportunities for Australian CBM Companies in China, CSM Conference, December 4, 2003, op cit.
232
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Foreign cooperation in the evolving coal bed methane activities has provided the opportunity for
injection of CO2 to enhance output.239 In 2002, a joint program was announced between the
CUCBM and a North American consortium led by the Alberta Research Council (ARC), for a
demonstration project of enhanced coal bed methane recovery.240 Through this project, industrial
emissions of CO2 would be captured and injected into deep unmineable coal beds to enhance
CBM recovery and production rates.
There is a common concern among local experts that CCS-based CDM projects might not be
cost-effective.241 In fact, according to these experts, no specific studies on CCS have been
commissioned or are underway as the Chinese regard this project between CUCBM and the
North American consortium strictly as a coal bed methane technology cooperation project.
Nevertheless, even though this project is only at its initial stage, it is conceivable that it could
become the first CCS project in China.242
In view of the current stage of CCS awareness in China, with no general CCS studies nor studies
on specific CCS opportunities, there is no information available regarding safety and
environmental issues surrounding CCS projects. No specific concerns on CCS implementation
have been expressed by any major environmental non-governmental organizations in China.
Overall, whether CCS will be seen as a safe and environmental acceptable technology will
depend on future studies on the risk of physical leakage. It is interesting to note, however, that
the CBM locations where activities are underway through PSC’s have low permeability
compared to the Sydney and Bowen Basins in Australia.243 Other environmental issues related
to enhanced fossil fuel or to coal bed methane recovery activities have not been discussed so far.
Further activities in understanding and demonstrating CCS technologies are still needed for
Chinese authorities to decide whether the benefits of implementing CCS-based projects outweigh
its disadvantages. If the economics proves appropriate, there seems to be considerable potential.
The first CCS-based CDM projects are very likely to be associated with enhanced fossil fuel
operation and enhanced coal bed methane activities, based on the positive results of steam and
flue gas injection for enhanced oil recovery at the Liaohe Oil Field and the increasing
participation of international companies in coal bed methane operations. Of these two areas, the
more promising seems to be enhanced coal bed methane, as there are already several projects
underway and government incentives are available. Use of CO2 for tertiary oil recovery could
Joint Global Change Research Institute, 2004b, Foreign Funds Fuel Methane Sector, China E-News, Pacific
Northwest National Laboratory. [updated May 2004; retrieved February 2004]. Available from http://www.pnl.gov. And
Joint Global Change Research Institute, 2004a, Companies Cooperate to Develop Methane Resources, Pacific Northwest
National Laboratory. [updated 12 February 2004; retrieved February 2004]. Available from http://www.pnl.gov.
240 The IEA GHG database of R&D projects, op. cit. And the China Council for International Cooperation on
Environment and Development, 2000, Energy for Sustainable Development in China. [updated March 2000; retrieved
February 2004]. Available from http://www.zhb.gov.cn/english/SD/energy/.
241 Interviews were conducted with Chinese officials of the State Development and Reform Commission, the Ministry of
Science and Technology, as well as with representatives of the SDRC Energy Research Institute, the Tsinghua University
Climate Change Research Institute, and China Coalbed Methane Co. Ltd.
242 According to Mr. Zhu Chao, local environmental expert and consultant.
243 BHP Billiton, 2003, Opportunities for Australian CBM Companies in China, CSM Conference, December 4, 2003.
Available from http://www.bhpbillitonne.com.
239
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become an option in China’s oil fields provided the technology used to capture the CO2 is
economically viable.244 On the other hand, the likelihood of a supply of CO2 being available for
enhanced recovery within an economically viable distance is low because most natural gas fields
are located in remote areas.
6.2.3 Policy and Practice Alignment with CCS
China is the world's most populous country with a population of about 1.3 billion245 and growing
at 0.9 percent annually since 2000. The exponential population growth seen 30 years ago has
been effectively controlled with China's compulsory birth-control policies in place since the
1970’s246 when the population annual growth rate reached 14.4 percent. 247 Although the growth
rate has been almost stabilized over the last years, the Chinese population is expected to total 1.4
billion by 2050.248
The Chinese gross domestic product (GDP) grew at a rate of 9.1 percent in 2003, up from 8.0
percent in 2002.249 After the economic slowdown from 1999 to 2001, demand for energy in
China has rebounded and is expected to grow at about 5.5 percent per year through the year
2020.250 Growth in Chinese electricity consumption is projected to grow at an average of 4.3
percent per year through 2025.251 Even though China has made major strides in energy efficiency
and electricity capacity has seen a 5.4-fold increase between 1980 and 2002, almost 20 million
people still do not have electricity.252
China’s rapid recent growth has raised the government’s concerns with over-investment and
inflation. China’s investment rate has been around 40 percent of national income and is
growing.253 China's monetary policy is based on preventing inflation keeping the economy from
244 In the oil recovery process a fluid is injected under pressure in the oil well, replacing the oil in the pore and pushing
out the oil. During the secondary recovery phase, water is injected to induce a driving force to move out the oil (water
flooding). To increase the recovery rates, new processes have been developed and provided for tertiary recovery,
involving the injection of miscible gases (e.g. carbon dioxide, nitrogen, methane) to recover oil found in pores between
rock particles.
245 U.S. Energy Information Administration, 2004a, China Country Analysis Brief. [updated 6 June 2004; retrieved June
2004]. Available from http://www.eia.doe.gov.
246
Since the late 1970s China has restricted urban couples and many rural families to just one child to reduce the strain
on food production and other resources. A few exceptions are allowed. See China Internet Information Center, 2002,
Family Planning Law and China’s Birth Control Situation. [updated 18 October 2002; retrieved February 2004].
Available from http://www.china.org.cn.
247 Wendell Cox Consultancy, 2000, China Population from 1952, Demographia, Available from
http://www.demographia.com.
248 U.S. Bureau of the Census, International Data Base. Available from http://www.census.gov.
249 U.S. Energy Information Administration, 2004a, op. cit. The Economist Intelligence Unit forecasts that the Chinese
economy will grow by 8.4 percent in 2004 and 7.8 percent in 2005.
250 CSLF, 2004, An Energy Summary of China. [updated 8 March 2004; retrieved April 2004]. Available from
http://www.cslforum.org.
251 See Table A9. World Net Electricity Consumption by Region, Reference Case, 1990-2025 of U.S. Energy
Information Administration, 2003, International Energy Outlook 2003, May 2003. [retrieved March 2004]. Available from
http://www.eia.doe.gov.
252 Zhesheng, J., 2003, China’s Restructuring Policies For Fossil-Fuel-Fired Generation to Promote Sustainable Development of Power
Industry, in Energy for Sustainable Development, Vol. VII, No. 4, Dec 2003. International Energy Initiative, [retrieved
March 2004]. Available from http://www.ieiglobal.org.
253 The Economist, 2004a, Inflated Fears, Deflated Hopes, January 22.
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overheating.254 The government has curtailed lending through several new regulations to prevent
China's economy from becoming derailed. Despite these interventions, China has striven to meet
legal, trading, and financial system requirements as a condition of membership in the World
Trade Organization. Recent Chinese government interventions in the economy, as discussed
above, are expected to be temporary.
Fossil fuels constitute approximately 93 percent of China’s overall energy use.255 Future growth
will rely on fossil fuels, particularly coal because of its abundance256 and low cost, and because
the infrastructure for its use as an energy source is well developed. Its share of overall Chinese
energy consumption is projected to fall, but its consumption will still increase in absolute terms.
China has about 126 billion short tons of proven, recoverable coal reserves, which is about 17
times greater than Colombia’s reserves. 257 Several projects are in place for the development of
coal-fired power plants co-located with large mines, so-called "coal by wire" projects. However,
China may face long-term coal shortages due to maturity of its mines258 and to slow exploration
efforts. In order to prevent long-term coal shortages, a plan on the construction of large
coalmines is in place to increase China’s new coal production capacity by 1.0 billion tonnes per
year by 2020.
China does not rely heavily on natural gas and obtains only about 3 percent of its primary energy
supply from natural gas.259 In view of the environmental benefits of using natural gas, China has
ambitious plans for quadrupling its gas production by the year 2010, with major new pipelines to
bring the gas to population centres in the eastern part of the country.260 By the end of 2002,
China had proven reserves of 3.4 trillion m3, of which, 2.22 trillion m3 were recoverable.261
China was the world's second largest consumer of petroleum products in 2003. Despite having
proven oil reserves estimated at 24 billion barrels, China might have to import more than 80
percent of its annual demand by 2030.262 Chinese officials announced a policy decision in
February 2003 to support the creation of a strategic petroleum reserve. 263
The challenge of supplying future energy demand in China is huge, especially with growing
environmental concerns, mainly low air quality. In its tenth Five-Year-Plan 2001-2005, the
government is paying great attention to the development of science and technology. The Plan
calls for: continuing the active and reasonable use of foreign preferential loans; taking on various
means to encourage and direct foreign investment to improve the environment with focus on
See Zhu, R., 2004a, Understanding China’s Monetary Policies, The Bulletin, Hong Kong General Chamber of Commerce,
[updated January 2004; retrieved February 2004]. Available from http://www.chamber.org.hk.
255 Chandler et al., 2002, op. cit.
256 China is both the world’s largest coal consumer and producer. U.S. Energy Information Administration, 2004, op. cit.
257 CSLF, 2004, op. cit.
258 Only 20 percent of China's 390 mining townships retain long-term production potential, according to Li Rongrong, a
Minister in the State Economic and Trade Commission. The Economist, 2003, Tonnenes of problems”, April 17.
259 CSLF, 2004, op. cit.
260 Most of China's gas fields are located in the western and north-central parts of the country. Ibid.
261 2003 China Energy Development Report.
262 CSLF, 2004, op. cit.
263 U.S. Energy Information Administration, 2004a, op. cit.
254
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introducing advanced technologies; and making great efforts in using foreign capital to promote
sustainable economic growth.264
Despite the fact that cogeneration plants and power plants co-fired with coal and waste materials
have been encouraged, the Chinese government has placed some constraints on the coal industry.
For instance, “the government of Shanghai has promised to reducing primary coal consumption
by 60 percent in 2005 and has implemented policies to restrict new development of coal-fired
power plants”265, in particular new small plants (less than 135MW). The Ministry of Science and
Technology and the State Environmental Protection Administration launched a City Clean
Energy Action in 2002, aimed at promoting the use of cleaner energy, such as natural gas and
LPG, in Chinese cities. These constraints are unlikely to change the overall trend of coal use,266
but they are likely to promote investments in environmental-friendly practices.
Although there is no policy on CCS development, the existing support to introduce advanced
technologies and use foreign resources to help promote sustainable development is likely to set
up a favorable institutional environment for CCS in China.
6.2.4

Effect of Regulations and Laws

6.2.4.1 Subsurface Regulations
The Chinese government controls all mineral resources and air rights, as stated in the Mineral
Resources law of The People’s Republic of China. According to this law, “the State’s ownership
of mineral resources, either near the earth’s surface or underground, shall not change with the
alteration of ownership of land or right to use the land which the mineral resources are attached
to”. Land use rights can be transferred but do not involve extended rights to subsurface and
above surface activities.267
Mineral resources management in China is governed by the above law, as amended in 1996,
together with three regulations issued in 1998 - regulation for Registering to Explore for Mineral
Resources Using the Block System, regulation for Registering to Mine Mineral Resources and
regulation for Transferring Exploration Rights and Mining Rights.
There are no specific regulations governing re-injection and storage of gases in China. The
injection of inert gases, such as CO2, is recommended to prevent spontaneous combustion and
explosions in coalmines. The Underground Coal Mine Safety Regulations of China (revised as of
2001) stipulate that injection of inert gas is the key measure for fire prevention and this should be

264

China Daily, 2004, Introduction to Foreign Investment in Environmental Protection, Industry Overview,
Environment. [updated June 2002; retrieved February 2004]. Available from http://bizchina.chinadaily.com.
265 James & James Science Publishers, 2001, Gas Development and New CHP in China, in Cogeneration and On-Site
Power Production, Volume 2 Issue 5, September-October 2001, Available from http://www.jxj.com.
266 Coal will remain critical for China’s energy mix until 2050. Battocletti, L and Z. Li, 2000, Geothermal Resources in
China, Bob Lawrence and Associates, Inc. Bob Lawrence and Associates, Inc. Prepared for Idaho National Engineering
& Environmental Laboratory. [updated April 2000; retrieved February 2004]. Available from http://www.bl-a.com.
267 Randolph, P.A., 2003, Joint Congressional Executive Committee on China, February 3, Property Rights Roundtable.
Available from http://dirt.umkc.edu/ceccstatement020303.htm.
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practiced in the gob area behind mechanized roof and caving coal faces susceptible to
spontaneous combustion.
6.2.4.2 Environmental Regulations
Environmental issues are governed by the Environmental Protection Law of China, which was
promulgated on December 26, 1989.268 Local governments are responsible for the
environmental quality of areas under their jurisdiction and are required to take measures to
improve the environmental quality.
There are eight systems for environmental control in China, namely: the pollution discharge fee
(PDF) system, the Environmental Impact Assessment (EIA) system; the “three synchronization”
system; the environmental protection target responsibility system; the quantitative examination
for comprehensive urban environmental repairs; the pollution discharge permit system; the timelimit system for pollution reduction; and the centralized pollution control system.269 There are
also three environmental policies, namely “Prevention first, prevention is combined with
control”; “Who pollutes, who treats”, and “Enhancing environmental management”.
Near the end of 2003, China issued eight environmental laws, nine resources laws and twentynine environmental regulations, including “ Environmental Protection Law of the People’s
Republic of China”, “Offshore Environmental Protection Law of The People’s Republic of
China”, ‘Water Pollution Control Law of The People’s Republic of China”, “Air Pollution
Control Law of The People’s Republic of China”, and “Environmental Impact Assessment Law
of the People’s Republic of China”. In September 2002, the State Council approved the “Tenth
five-year-plan for acid rain and SO2 emission control in two control areas”, which will affect the
use of coal, especially high-sulphur coal.
Major concerns for CCS activities would be the environmental protection of geological
structures of scientific and cultural value and of famous regions where karst270 caves and fossil
deposits are distributed.271 The Law on Prevention and Control of Water Pollution and the
Standards on Ground Water Quality must be followed.272
CCS development in China would likely not be hindered by the national environmental
legislation currently in place. However, different local laws and regulations still remain that must
also be examined. Local governments have the right to intervene on environmental regulations
Egate2china, 2001, Environmental Protection Law of China. [updated 2001; retrieved February 2004]. Available from
http://www.egate2china.com.
269 Mao, W. and S. hang, 2003, “Impacts of the Economic Transition on Environmental Regulation in China”, Journal of
Environmental Assessment Policy and Management, Vol. 5, No. 2, pp.183-204. Available from http://www.worldscinet.com.
270 Karst is a geological topography in which the landscape is marked by underground drainage patterns and there may
be no surface drainage at all. This is usually the result of the effect of mildly acidic rainfall caused by carbonic acid on
limestone and dolomite. Source: Word IQ Dictionary & Encyclopedia, 2004, Word IQ. Available from
http://www.wordiq.com.
271 Article 17 of the Environmental Protection Law of China. Egate2china, 2001, op. cit.
272 UNEP, 2004, Water Pollution Prevention and Control: China’s Policies and Successful Experiences, Eighth Special Session of the
Governing Council/Global Ministerial Environment Forum, Jeju, Republic of Korea, 29-31 March 2004. Available from
http://www.unep.org.
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when those are deemed to hinder local economic growth.273 In the context of CDM project
approvals, overlapping jurisdictional authorities and competing priorities at local vs. federal
levels may have to be resolved on a case-by-case basis. One approach to deal with this situation
would be to require local sign-off on environmental clearance as part of the documentation
needed to obtain letters of approvals from the Designated National Authority.
6.2.4.3 Foreign Investment
As with Colombia, implementation of CCS-based projects in China will most likely depend on
foreign investments to handle the high costs associated with CCS technologies. Foreign
businesses may be granted tax breaks depending on the level of technology introduced, the
length of the investment project, the economic sector into which the project falls, and its
location.274
The legal ground for foreign investments in China is based on the Law of the People's Republic
of China on Sino-Foreign Contractual Joint Ventures, introduced in 1979. In 1988, China issued
the Foreign Funded Enterprise Law of the People’s Republic of China, which was revised in late
2000. Several regulations have been introduced to govern the relationship of China and foreign
investors. There are two types of joint ventures, Equity Joint Venture (EJV) and Cooperative
Joint Venture (CJV), which are likely to be the types of investments involved in CCS activities.
While CJV does not require a minimum contribution, a minimum of 25 percent of foreign capital
is required by EJV, whether in cash, in kind or in industrial property rights.275
In any case, in order to be approved by the Ministry of Commerce, the foreign investment must
use advanced technology or equipment.276 Such a joint venture may be entitled to a reduction of
or exemption from income tax for the first two to three profit-making years. Also, partial refund
of incurred income taxes is applicable upon reinvestment of the net profit in China.
Moreover, the invested industry should be listed in the category of encouraged industry for
foreign investment, which is revised on a regular basis.277 Coal bed methane exploration and
development, risk exploration and development of oil and gas, and exploration and development
of coal and associated minerals have been included in the category.
In general, the Chinese government has attempted to attract foreign investors to help develop
innovative solutions to fulfill the country’s demands in a sustainable manner. Entry to the World
Trade Organization increases foreign investors’ opportunities to bring advanced technologies to
China. CCS projects could classify as environmental projects open to foreign investment. There
are several special investment zones and regions throughout the country that offer favourable
terms to foreign investors, such as tax concessions. China also encourages foreign investment in
Ibid.
The Hongkong and Shanghai Banking Corporation Limited, 2001, China Business Profile. [updated March 2001;
retrieved February 2004]. Available from http://www.hsbc.com.
275 China Today, The Law of The People’s Republic of China on Chinese- Foreign Joint Ventures, (Adopted by the Second Session
of the Fifth National People's Congress on July 1, 1979 and Promulgated on and Effective as of July 8, 1979), China
Today. [retrieved February 2004]. Available from http://www.chinatoday.com.
276 China Today, op. cit.
277 The latest category was revised in March 2002.
273
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interior regions through additional tax breaks intended to develop these areas and narrow the
severe regional income inequities. The number of tax privileges is being progressively reduced
as China moves towards providing equal treatment for both domestic and foreign firms. The tax
system is currently being reviewed and a new round of tax reform will be implemented in stages
to minimize the impact on businesses.278
6.2.5 Promotion of CCS in Policy and Practice
Although CCS specifically has not been included among the recent projects using clean coal
technologies, the development of CBM, IGCC, and other related technologies will ultimately
make CCS development easier in China. CCS implementation is not expected to be held up by
the policy framework in place, as long as the required measures for environmental protection are
taken into consideration and water and air quality standards are fulfilled. The approval process of
CCS-based CDM projects may face potential conflicts, however, as a result of competing
environmental priorities at different government levels. However, ways to minimize such
conflicts can be established, for instance, by requiring local sign off on environmental clearance.
Current regulation on foreign investment is not likely to prevent CCS research and development.
In fact, investments in CBM have been increasing since the creation of CUCBM in the late
1990’s and have been responsible for the introduction of the first CCS related technology in
China, namely the injection of CO2 to enhance the recovery of CBM. Nevertheless, the extent to
which further deployment of this type of technology will materialize, in particular for CCS-based
CDM projects, will depend on the country’s ability to maintain its open approach to foreign
investments and to expand existing financing structure, such as the PSC’s, and to create new
ones.
Although injection of CO2 has already been carried out through CBM activities, there might be a
need to revise legal terms and definitions in order to accommodate this type of activity.
Modifications to legislation will be required to address the legal aspects of storage of gases in
geological formations. Finally, as is the case for Colombia, the existing legal framework would
have to be revised to cover rights and title to the emission reduction credits resulting from CCS
projects under the CDM.
6.3
6.3.1

India
Host Country Approval Process

6.3.1.1 Project Approval Process
The Government of India has initiated the National Communication (NATCOM) project for
communicating with the UNFCCC Secretariat. Winrock International India is the facilitating
agency. The NATCOM project comprises scientific and technical exercises for estimation of
sectoral GHG emissions and identification of country-specific emission factors. It also includes
278 China generally overhauls its tax system every decade, with past reforms taking place in 1983 and 1994. Zhu, R.,
2004b, China Tax Reforms Underway, The Bulletin, Hong Kong General Chamber of Commerce, [updated February 2004;
retrieved February 2004]. Available from http://www.chamber.org.hk.
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an assessment of the adverse impacts of climate change and development of strategies for
adapting to these impacts. The GHG inventory for the country is being prepared for the base year
1994 and will cover five sectors: energy, industrial processes, agriculture, forestry, and waste.
The proper assessment of local emission coefficients will provide CDM developers with more
adequate data for baseline determination.
India has developed interim criteria for CDM projects. The eligibility criteria encompass
demonstration of emissions, financial, and technological additionalities as well as sustainability
indicators, which indicate the project’s contribution towards improvement of local social,
economic, environmental and technical well being.279 The approval process will also rely on
demonstration of overall implementation feasibility, from technological reliability to solid
financial assessments (e.g., IRR without and with CERs, cost/benefit analysis, cash flow,
liquidity, etc) and clear risk analysis (e.g., funding structure, guarantees, Memoranda of
Understandings, Power Purchase Agreements, etc).
To ensure the emissions additionality (i.e. real, measurable and long-term GHG mitigation
resulting from the project activity) the government requires a clear and transparent description of
the methodology used to determine the baseline. Baselines will be needed on a project-byproject basis, except for small-scale projects, and must describe all associated leakages.
6.3.1.2 Types of Projects
According to Indian experts, 120 Mt CO2e reductions could be achieved between 2002 and 2012
primarily through demand-and-supply-side efficiency measures, fuel switching, afforestation and
improved power transmission.280
An Activities Implemented Jointly (AIJ) Task Force was established in 1996. It consisted of
representatives of several government departments and non-governmental organizations. The
purpose of the task force was to consider AIJ proposals and to act as an effective interface
between investing and host parties and their governments.
The World Bank’s PCF has signed two emissions reduction purchase agreements (ERPAs) for
emission reductions from projects under development in India: 1.5 Mt CO2e from a municipal
solid waste energy project for a total value of US$5.6 million and 4 Mt CO2e from off-season
bagasse use in a sugar co-generation plant for a total value of US$12 million.281 The CDM
Executive Board has approved the baseline and monitoring methodologies that had been
proposed for these two projects.282 As of June 16th, 2004, there were eight other methodologies
from Indian projects under consideration by the EB’s Meth Panel.
India has undertaken capacity-building activities including workshops, studies and briefing
meetings with the stakeholders. In 1997, the Government of Switzerland and the World Bank

Detailed criteria are available at http://envfor.nic.in/cc/cdm/criteria.htm.
Chandler et al., 2002, op. cit.
281 Prototype Carbon Fund (PCF) Projects. Available at PCF website at: http://prototypecarbonfund.org.
282 See Table 2 with all Approved Methodologies in Section 2.2 above.
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launched the National Strategy Study for CDM in India, conducted by The Energy and
Resources Institute (TERI), in New Delhi, with Swiss consultants providing inputs as required.
Among other initiatives to improve understanding of climate change and to comply with the
requirements of the UNFCCC, the Government has supported the Asian Least-Cost Greenhouse
Gas Abatement Strategy (ALGAS) study.283 Since 1991, the National Physical Laboratory had
been coordinating an extensive methane measurement campaign to measure emissions from
paddy cultivation. The ALGAS study has estimated country-specific emission factors for
methane emissions from paddy cultivation and for CO2 emissions from Indian coal, developed a
national inventory of GHG sources and sinks, and identified potential GHG mitigation options.
6.3.2 Country Awareness of CCS
Like Colombia and China, India is a member of the recently formed Carbon Sequestration
Leadership Forum. However, according to local experts,284 policy makers in India are not aware
of CCS technologies, although a few organizations have knowledge of CCS and of its
importance. The Energy and Resources Institute (TERI) and the National Environmental
Engineering Resources Institute (NEERI) are the two environmental institutes involved in CCS
technology development for organizations like the National Thermal Power Corporation (NTPC)
and the Oil and Natural Gas Corporation (ONGC).
TERI organized a workshop about CCS in India on February 2004, focused on identifying CO2
sequestration R&D issues.285 There were 55 participants from the oil & gas, coal, and power
sectors, national research entities, and government representatives.
NEERI and ONGC have signed a memorandum of understanding (MOU), whereby NEERI
provides technical support to ONGC in various areas.286 Among those are: environmental impact
and risk assessment for seismic surveys; exploratory and developmental drilling of oil/gas fields;
processing and transportation of hydrocarbons; and sustainability assessment of ONGC’s
policies, plans and programmes for exploitation and management of hydrocarbon bearing
formations.
Under the MOU between NEERI and ONGC, environmental impact assessment studies have
been conducted for the exploration of CBM in Bokaro and the North Karanpura blocks, in the
Jharia and Ranigunj coalfields. The Central Mine Planning & Design Institute (CMPDI) has

283 The Government of India, Ministry of Environment and Forests: India and UNFCCC. Available at
http://www.envfor.nic.in.
284 Interviews were conducted with: Dr. Y. P. Abbi, former Technical Director R&D with Bharat Heavy Electricals
Limited; Mr. S. K. Chand, former General Manager with Coal India Limited; Dr. A. R. Sihag, Director for the Ministry
of Petroleum and Natural Gas; Mr. B. Basu, Deputy General Manager with Oil and Natural Gas Corporation (ONGC);
Mr. Ajay Shankar, Joint-Secretary for the Ministry of Power; and Mr. Sudhakar Shukla, Director for the Ministry of
Power.
285 "DST-TERI Inter-sectoral CO2 Sequestration Interaction Meet", held on February 28, 2004.
286 Valid until December 2008: NEERI NEWS - December 2003, ONGC Extends MOU with NEERI, available at:
http://www.neeri.nic.in/Newitems.html.
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delineated blocks for prospecting and exploitation of CBM in a total area of 1924.42 km2 in
Jharia, Raniganj, East Bokaro, West Bokaro, North Karanpura and the Sohagpur coalfields.287
Based on the results provided by CMPDI, the Ministry of Petroleum and Natural Gas (MoPNG)
intends to invite international bids for exploration/exploitation of CBM in India. The MoPNG
has been entrusted with the responsibility of framing the policy for the development and use of
CBM in India. In the period 1997–2000, the ONGC drilled some test holes and found substantial
amounts of gas in Bihar in the Parbatpur block.288 The United Nations Development Programme
(UNDP) granted $9.19 million (US) to the Ministry of Coal for the investigation of CBM in
Bihar–Bengal coalfields, in a project that is expected to be completed in 2005.
The CMPDI is also implementing a demonstration project to recover methane during mining
activities and to use the recovered methane for power generation and/or as fuel (CNG) for dump
trucks.289 This project is a joint-collaboration between the Department of Coal, India’s Ministry
of Mines and Minerals, and Global Environment Facility (GEF)/United Nations Development
Programme (UNDP).290 Recovered methane will be used as a fuel in a 1 MW internal
combustion generator and in 50-tonne mine dump trucks that are powered by converted bi-fuel
engines. Demonstration projects were carried out at the Moonidih and Sudamdih coalmines
located in the Jharia coalfield, Dhanbad, Bihar.
Another CBM project, allowing 100 percent foreign participation, has been launched, which
includes an initial exploration phase in the shallow coal beds of the Lower Gondwanas of the
eastern and central parts of India. Seven blocks were offered, with several fiscal and other
incentives for the bidder.291 In January 2002, 5 blocks were awarded. Eight more blocks were
offered and a result was expected for February 2004.292
India is endowed with rich deposits of coal and lignite, which could host vast quantities of
CBM.293 These resources have been estimated at 850 to 1,533 billion cubic meters.294 The bulk
of the Indian coal resources are located in the Gondwana basin and large deposits of lignite are
known to occur in the State of Tamil Nadu, Gujarat and Rajasthan.295 As with the recent Chinese
Central Mine Planning & Design Institute Limited – CMPDI, CMPDI’s Contribution in Development of Coal Bed
Methane in India. [updated May 2000; retrieved February 2004]. Available from http://www.cmpdi.nic.in.
288 Chand, S.K., 2001, Status of Coal-Bed Methane in India, The Energy and Resources Institute, TERI Newswire VII (14),
16-31 July 2001. Available from http://www.teriin.org.
289 Project’s sites: Moonidih Mine and Sudamdih Mine of Bharat Coking Coal Limited (BCCL) in Jharia Coalfield, Bihar.
CMPDI's Contribution in Development of Coalbed Methane in India, op cit.
290 CMPDI's Contribution in Development of Coalbed Methane in India, op cit.
291 No signature bonus; no upfront payments; no import duties; non-incorporated joint ventures allowed; no limitation
on cost recovery; securitization of participating interests allowed for raising project finance; no bank guarantee required
for work programme at development stage; 7-year tax holiday; liberal set-off and accelerated deductions for income-tax
purposes; among others. Chand, S.K., 2001, op. cit.
292 Chaudhri, G., 2004, Future of Gas, The Indian Story, Gas Summit, GAIL India Limited, [2 February 2004; retrieved
February 2004]. Available from http://www.gailonline.com.
293 Directorate General of Hydrocarbons, Coal Bed Methane (CBM) Prospects and Opportunities. [retrieved February
2004]. Available from http://www.dghindia.org.
294 ONGC, 2000, Presentation on coal-bed methane exploration in India, New Delhi: Oil and Natural Gas Corporation.
Cited in Chand, S.K., 2001, op. cit.
295 Chand, S.K., 2001, op. cit.
287
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experience with injection of CO2 to enhance CBM, the development of CBM activities in India
could also lead to the introduction of this CO2 storage technology.
So far, however, except for some experience gained with EOR projects at a conceptual stage,296
India has not gained any experience in CCS. Despite the lack of specialized research on CCS
technologies in India, local experts297 believe that they are safe and environmentally acceptable
technologies that in the long run will outweigh the disadvantages of fossil fuel use. Mr. S. K.
Chand, former General Manager with Coal India Limited, emphasizes however that these
technologies must be fully demonstrated, in particular in coalmines. He further indicates that
there is not much awareness in the coal industry and that CCS knowledge would be welcomed in
this industry.
Dr. Y. P. Abbi, former Technical Director R&D with Bharat Heavy Electrical Limited, indicates
that there has been no assessment carried out in India with respect to specific CCS potential,
feasibility and/or costs. Therefore, at this stage, it is not known how CCS costs would perform
in comparison to renewable energy additions to the country’s electrical power supplies.
However, in view of the high costs known from other international CCS projects, especially to
capture CO2, it is likely that this project activity will require financial assistance from foreign
resources.
Mr. Ajay Shankar and Mr. Sudhakar Shukla, Joint-Secretary and Director for the Ministry of
Power indicated the need to carry out a study on the economic viability of CCS in India.
Dr. A. R. Sihag, Director for the Ministry of Petroleum and Natural Gas (MoPNG), believes that
CDM could provide the means to make CCS projects viable in India. He further indicates that
the Government of India would engage in CCS technologies once CDM becomes operational. In
any case, introducing CCS-based CDM projects in India will require extensive research and
development work, including pre-injection risk assessment and post-injection monitoring of CO2
storage sites (both sub-surface and at the surface).
Integrated Gasification Combined Cycle (IGCC) and Pulverized Fluidized Bed Combustion
(PFBC) technologies have been recognized as project activities with strong potential to become
CDM candidates.298 The mitigation potential for IGCC has been estimated to be 14.6 Mt CO2 at
US$ 30 per tonne, and PFBC 8.2 Mt CO2 at US$1 per tonne.299 Currently in India, the efficiency
of coal-fired power plants is being increased with super-critical steam cycle technology, which is
expected to be followed by the adoption of ultra super-critical steam cycles in the next 5 to 10

296 ONGC has taken up 15 existing oil fields for implementing Enhanced Oil Recovery (EOR)/Improved Oil Recovery
(IOR) schemes with the aim of accelerating oil production from these fields. See Project Monitor, 2001, Enhanced Oil
Recovery Scheme, [updated 16 December 2001; retrieved February 2004]. Available from http://www.projectsmonitor.com.
See also presentation from Mr. S.K. Singh, Chief Manager for ONGC’s Institute of Reservoir Studies, given at the
workshop organized by TERI on February 28, 2004: “Research Issues in EOR using CO2”.
297 As per interviews with Dr. Y. P. Abbi, Mr. S. K. Chand, and Dr. A. R. Sihag.
298 A pre-feasibility report for an IGCC-based CDM project reveals that the technology can reduce GHG emissions
from 0.81 kg/kWh to 0.77kg/kWh. See TERI, 2002, Clean Development Project Opportunities in India, Pembina
Institute, [retrieved Match 2004]. Available from http://www.teriin.org.
299 TERI, 2002, op. cit.

85

Use of the Clean Development Mechanism and Joint Implementation for CO2 Capture and Storage

years.300 However, IGCC has been seen as a better alternative to improve energy efficiency of
coal-fired plants.301, 302
6.3.3 Policy and Practice Alignment with CCS
India is the world's second most populous country with 1 billion people and is expected to
become the most populous country before 2050.303 Nonetheless, the population growth rate has
been declining.304
India’s economy grew at almost 6.6 percent per year during the 1990’s,305 then at less than 5
percent on average from 2000 to 2003306. The Tenth Five Year Plan (2002-2007) aimed at
achieving an average annual growth rate of 8 percent over the period 2002 to 2007.307 It has also
sought to create the conditions for a further increase in the growth rate over the Eleventh Plan
period (2007-12) in order to double the country’s per capita income by 2012. During the third
quarter of 2004, India’s economy had already grown 8.4 percent.308
Energy use has grown even faster than the economy in India. Total energy consumption
increased 208 percent between 1980 and 200.309 Annual per capita energy consumption in India
is expected to rise from 243 kgoe (kilograms of oil equivalent) to around 450 kgoe by 2010.
India faces a huge challenge to meet the growing energy demand resulting from the population
growth and the rapid urbanization increase. Electricity capacity is plagued by shortages, with
frequent blackouts and poor reliability. India’s government has encouraged the states to
undertake in-depth power sector reforms. The states’ reforms have involved distancing the
states’ government from operation of the power sector, establishing an independent regulatory
framework for the sector, progressively reducing subsidies and restoring the creditworthiness of
the utilities through financial restructuring and cost-recovery based tariffs, and divesting existing
distribution assets to private operators.310
Pre-Feasibility Report on a 492MW Refinery Residue-based IGCC CDM Project in India. TERI, 2002, op. cit.
Ibid.
302 IGCC technology can improve the efficiency of power production, as it requires 0,46 kg of coal per unit of power
generated, while conventional power plants consume 0,60 kg/kWh. See TERI, 2002, op. cit.
303 United Nations Population Fund, 2003, UNFPA State of World Population 2003. Available from http://www.unfpa.org.
And Worldwatch Institute, 1999, India Reaching 1 Billion on August 15: No Celebration Planned, Press Release, August 13,
1999. [retrieved February 2004]. Available from http://www.worldwatch.org.
304 Kataria, S., 1997, India Succeeding in Slowing Population Growth, [updated 06 Feb 1997; retrieved February 2004]. Available
from http://www.bohra.net.
305 Chandler et al., 2002, op. cit.
306 The Economist, 2004b, Country Briefings: India. [updated 25 May 2004; retrieved June 2004]. Available from
http://www.economist.com.
307 The Tenth Five Year Plan (2002-2007), Chapter 2, Macroeconomic Dimension. Planning Commission Government
of India, 2002a, The Tenth Five Year Plan (2002-2007), August, Planning Commission. Available from
http://planningcommission.nic.in.
308 See Tenth Five-Year-Plan (2002-2007), Overview, op cit.
309 This is still below the energy consumption per capita of Germany (14.35 quads), Japan (21.92 quads), China (39.67
quads), and the United States (97.05 quads). U.S. Energy Information Administration, 2004c, India Country Analysis
Brief. [updated 24 June 2004; retrieved June 2004]. Available from http://www.eia.doe.gov.
310 The World Bank Group, 1999, Fueling India’s Growth and Development: World Bank Support for India’s Energy Sector, South
Asia Brief – India. Available from http://lnweb18.worldbank.org.
300
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Coal is the primary source for India’s commercial energy demand, accounting for 63 percent of
the country's energy need.311 Electricity accounts for 70 percent of coal consumption,312 which is
projected to increase from 360 to 431 million short tons between 2001 and 2010.313 Coal is
expected to continue to play a significant role in India 's energy scenario, considering its great
abundance compared to other conventional sources and geopolitical restrictions to nuclear
power.
India is the world's third largest coal producer.314 India’s hard coal reserves in January 2003 were
reported to be approximately 240 billion tonnes, of which 90 billion tonnes were proven.315 Coal
India Ltd., a state-owned company, accounts for about 90 percent of the country's coal
production. Foreign collaboration schemes have been established with Canada, France, United
Kingdom, Russia, China and Australia. However, the coal sector is the only energy sub-sector
that is not open for foreign investment and there is strong opposition from labour unions to
liberalization. Current policy allows private mines only if they are "captive" operations, which
supply a power plant or factory. Nevertheless, the few international partnerships have provided
India with new technologies, skill development and training. The introduction of technologies to
improve combustion efficiency has been an important government priority. India’s Tenth Five
Year Plan (2002-2007) has the development of IGCC technology, for instance, as an R&D
priority.316
India is endowed with numerous, large sedimentary basins that can be tapped for oil and natural
gas, providing a hydrocarbon resource base of almost 28 billion tonnes.317 Oil and gas represent
38 percent of India’s primary energy consumption318 The Government’s “India Hydrocarbon
Vision - 2025”, sets out the framework for the next 25 years in the oil and gas sectors.319
India proven oil reserves are roughly 5.4 billion barrels,320 with oil production levels since 1990
at around 33 million tonnes.321 Imports have increased over 65 percent since 1995.322 Oil

Indian Ministry of Coal & Mines, Coal: Choice for Indian Energy, Department of Coal. Available from http://coal.nic.in.
U.S. Energy Information Administration, 2004c, op. cit.
313 See Table A6 – World Coal Consumption by Region, Reference Case, 1990-2025 in U.S. Energy Information
Administration, 2003, op. cit. The Working Group on Coal & Lignite for formulation of Tenth Five Year Plan (20022007), has assessed the country's coal demand in 2006-07 at 453 million tonnes. See Indian Ministryy of Coal & Mines,
Annual Report 2002 – 2003 – Chapter V, Planning, Coal Sector, Department of Coal. Available from http://www.coal.nic.in.
314 U.S. Energy Information Administration, 2004c, op. cit.
315 Indian Ministry of Coal, Inventory of Coal Reserves of India, Department of Coal, Available from http://coal.nic.in.
316 See Tenth Five-Year-Plan (2002-2007), Power, op cit.
317 TERI, Indian Energy Sector, New Exploration Licensing Policy: Will it strike oil? [retrieved Match 2004]. Available
from http://www.teriin.org.
318 ABN-AMRO India, Sectoral Report: Oil and Gas. [updated 3 September 2003; retrieved February 2004]. Available from
http://www.abnamroindia.com.
319 Planning Commission Government of India, 2001, Approach Paper to the Tenth Five Year Plan (2002-2007), Planning
Commission. Available from http://planningcommission.nic.in.
320 U.S. Energy Information Administration, 2004c, op. cit.
321 See Table-10: Production of Crude Oil and Natural Gas of the Indian Ministry of Petroleum and Natural Gas, Annual
Report 2002-2003. Available from http://petroleum.nic.in/oil.htm.
322 ABN-AMRO India, op. cit.
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accounts for over 30 percent of India's total imports and of its total energy consumption,323
which was expected to grow 60 percent between 2002 and 2010.324
Indian authorities are attempting to limit the country’s dependence on oil imports by expanding
domestic exploration and production.325 Since 1999, the Indian government has been pursuing
the New Exploration Licensing Policy (NELP), which allows foreign investments in oil
exploration, traditionally restricted to Indian public-owned companies. The government has
increased its capital expenditure for the oil sector from 4.4 percent of total public sector
expenditures in its Sixth Plan (1980-1985) to 8.6 percent in its Ninth Plan (1997-2002). Further
development in the oil upstream activities has been pursued, especially with activities of the
domestic upstream companies being focused on improving recovery from existing fields.
The ONGC has announced that it plans to spend 22 percent more on exploration in the year to
March 2005 than in 2003-2004.326 It has also indicated its intention to spend approximately
US$2.1 billion on oil field redevelopment programs, including improved and enhanced oil
recovery projects through 2007.327
In the beginning of 2004, India’s cabinet approved underground facilities to store oil that can be
used in case of shortages caused by global uncertainty. The government will initially spend
approximately US$ 360 million to build three rock cavern storage areas in southern India to hold
5 million tonnes of oil, enough to meet the country's needs for 15 days.328
These immediate investments in EOR and oil storage may promote CCS activities and further
developments of similar CCS technologies, which are expected to be applicable for CDM project
activities in India.
As with its oil production, India's domestic natural gas supply is not likely to keep pace with the
growing demand. While natural gas accounted for only 7 percent of the total energy consumption
in 2002,329 its consumption has risen faster than any other fuel in recent years, from 0.6 trillion
cubic feet (Tcf) per year in 1995 to nearly 0.8 Tcf in 2000; and is projected to double in 2010.
Production has increased from 18 million cubic meters to an estimated 31.4 million cubic meters
in 2002-2003.330 However, the demand is 1.5 times the current level of domestic production.

ABN-AMRO India, op. cit. And U.S. Energy Information Administration, 2004c, op. cit.
U.S. Energy Information Administration, 2004c, op. cit.
325 India imports 70 percent of its crude oil requirement and output from its main fields is declining. Watts, H., 2004,
Indian Oil Firms to Drill More, Expect More Finds, Reuters, Yahoo! Asia News, March 2004. Available from
http://asia.news.yahoo.com.
326 Watts, H., 2004, op. cit.
327 Security and Exchange Board of India, Offer for Sale by the President of India, Final Sale. [updated 19 March 2004;
retrieved March 2004]. Available from http://www.sebi.gov.in.
328 Oil-gas-energy law, 2004, India to Build Up Oil Reserves to Cushion Against Global Uncertainties, Gas & Oil
Connections, Volume 9, Issue #2 - Thursday, January 29. [updated 29 January 2004; retrieved February 2004]. Available
from http://www.gasandoil.com.
329 ABN-AMRO India, op. cit.
330 Ministry of Petroleum and Natural Gas, Annual Report 2002-2003, Table-10: Production of Crude Oil and Natural
Gas, op. cit.
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Among other key initiatives taken by the Indian government to increase the supply of natural
gas, were a few contracts awarded for the exploration of CBM.331 Overall, with deregulation of
the oil sector and with control of natural gas prices by the government (kept at a low price of 55
percent of international fuel oil prices) investors are prone to seek other energy development
alternatives. These circumstances may favour the introduction of CCS associated with EOR and
ECBM activities.
6.3.4

Effect of Regulations and Laws

6.3.4.1 Subsurface Regulations
Mining activities and development of all minerals other than petroleum and natural gas are
governed by the Mines and Minerals (Regulation and Development) Act, 1957,332 amended in
1994; by the Forest Conservation Act, 1980; and by the Environment Protection Act, 1986.333 In
coal mining, operators have to comply with inspection and conservation measures established by
the Coal Controller under the Coal Mines (Conservation and Development) Act, 1974.334
Prospecting and mining leases require prospecting fees, royalties, and dead rent as regulated by
the Mines and Minerals (Regulation and Development) Act. Payment for the surface area used
for mining operations is also required, at a rate not exceeding the land revenue, specified by the
State Government in the Mining Lease.335 Similar charges could be applicable to CCS activities.
6.3.4.2 Environmental Regulations
Environmental awareness and activism increased significantly in India after the 1984 Bhopal
disaster, when a toxic leak from the city's Union Carbide chemical plant caused the deaths of
more than 3,000 people. In 1986 the Environment Protection Act336 was passed, creating the
Ministry of Environment and Forests (MoEF) and strengthening India's commitment to the
environment.
The MoEF established the importance of integrating environmental strategies into all
development plans for the country. The Government has introduced initiatives that discourage
firms from generating electricity using older, inefficient coal-fired plants, and it has reduced
subsidies on low-quality coal, in order to satisfy growing energy demand without further
straining the environment. Moreover, the government has used fiscal incentives (i.e. customs
waivers, soft loans) to encourage the installation of pollution abatement equipment. Further

ABN-AMRO India, op. cit.
Indian Bureau of Mines, 2004, The Mines and Mineral (Development & Regulation) Act, 1957. [updated on 14 March 2004;
retrieved March 2004]. Available from http://ibm.nic.in.
333 Singh, K. and K. Kalirajan, 2003, A Decade of Economic Reforms in India: the Mining Sector, EPrint Repository. [updated 28
November 2003; retrieved February 2004]. Available from http://eprints.anu.edu.au.
334 Ibid.
335 Indian Ministry of Coal & Mines, Overview of Indian Tax Laws, Department of Mines. Available from
http://www.mines.nic.in.
336 Law No. 29/1986. Center for Environmental Law Education Research and Advocacy, The Environment (Protection) Act,
1986. Available from http://www.ceeraindia.org.
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initiatives being contemplated are likely to consist of market mechanisms, such as user charges,
deposit refund systems, marketable permits and taxes for implementing pollution measures.337
Industries must comply with environmental standards, provide environmental impact statements
in certain areas, and run environmental audits in order to meet current environmental regulations.
Although greenhouse gases have not been included in the national ambient air quality standards,
in force since 1994, S activities would require measurement and reporting of other air pollutants,
such as SO2, NOx, CO and ammonia. Measures to protect the environment may need to be
implemented because CCS activities involve the utilization of natural resources.
The main environmental concerns for CCS activities would be protection of geological structures
of scientific and cultural value, and of famous regions. Provided these issues are addressed, the
environmental legislation in place would not be an impediment to CCS development in India. On
the other hand, CCS-based projects could face some resistance from NGOs as well as the risk of
not obtaining environmental clearance from SPCBs (State Pollution Control Boards). A wasteto-energy project in Tamil Nadu, for instance, has been facing resistance from ‘green’ NGOs and
the Tamil Nadu Pollution Control Board has refused clearance, claiming the project was not
safe.338
6.3.4.3 Foreign Investment
Since the mid-1990s, India has implemented a number of policy changes to simplify and
streamline foreign investment and technology transfer in almost all sectors, except those of
strategic concern.339 Incentives include lower or eliminated tariffs on imported capital goods
(subject to fulfillment of certain export obligations), liberalization of external borrowing, tax
holidays, and favorable tax treatment for certain sectors. In addition, several state governments
offer incentives, such as subsidy on fixed capital, loans at lower rates, and attractive electricity
rates.
Private Indian companies setting up or operating power projects as well as coal or lignite mines
for captive consumption are allowed foreign direct investment (FDI) up to 100 percent.340
Foreign investment is freely allowed in all sectors except when there are sectoral ceilings, or an
industrial license is required, or the foreign collaborator has a previous venture in India.341

U.S. Energy Information Administration, 2004c, op. cit.
Deodhar, V. et al., 2003, Financing Structures for CDM Projects in India and Capacity Building Options for EU-Indo
Collaboration, HWWA Discussion paper 247, HWWA Hamburg, http://www.hwwa.de.
339 FDI is not permitted in the following sectors: arms and ammunition, atomic Energy, railway transport, coal and
lignite, mining of iron, manganese, chrome, gypsum, sulphur, gold, diamonds, copper, zinc.
340 Foreign Direct Investment (FDI) is permitted through financial collaborations, through joint ventures and technical
collaborations, through capital markets, through private placements or preferential allotments.
341 Foreign equity is limited only in production of defense equipment (26 percent), oil marketing (74 percent) and
government owned petroleum refineries (26 percent). Most of the mining sectors are similarly on the 100 percent
automatic route, with few foreign equity limits such as on coal & lignite (74 percent) and on oil exploration (51 percent
to 74 percent). Planning Commission Government of India, 2002b, The Report of the Steering Group on Foreign
Direct Investment, Government of India, August. Available from http://planningcommission.nic.in..
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Otherwise, foreign investments need government approval through the Foreign Investment
Promotion Board (FIPB).342
Coal processing plants are allowed to receive 100 percent FDI provided coal mining is not
included and the coal from the processing plants is not washed or sized in the open market. Up
to 74 percent FDI is allowed for exploration or mining of coal or lignite for captive consumption.
Investment in the exploration and production of oil and gas fields is open to the private sector as
well as for foreign participation under production sharing contracts. Foreign investment is
permitted up to 100 percent in small-sized oil fields, up to 60 percent for unincorporated joint
ventures, up to 51 percent for incorporated joint ventures, and up to100 percent for exploration
and production of blocks identified under the new Exploration Licensing Policy.343 The level of
FDI in the oil-refining sector under automatic approval has been raised from 49 percent to 100
percent for refineries.
For gas fields developed in the private sector, promoters are free to market the gas at market
prices. For the petroleum products and pipeline sector, FDI is permitted up to 51 percent. 100
percent wholly owned subsidiary is permitted for purpose of market study and formulation, and
100 percent wholly owned subsidiary is permitted for investment or financing. For actual trading
and marketing, minimum 26 percent Indian equity is required over 5 years.
Although economic reforms to attract foreign capital were introduced and several foreign
companies have established some presence in India,344 these reforms do not seem to have been
really effective. Foreign capital attracted to India in 2001-2002 was only US$3.9 billion and the
Indian government estimated a FDI level of US$8 billion per year in 2002-2007.345 Even this
higher estimate is much lower than in China, which attracts approximately US$ 40 billion in
foreign investment every year. Political uncertainty, bureaucracy and complex regulatory
systems, religious violence, shortages of power and other infrastructure deficiencies have had an
adverse effect on foreign investments in India. For instance, labour laws discourage the entry of
greenfield FDI because of the fear that it would not be possible to downsize if and when there is
a downturn in the economy. Likewise, weak credibility of regulatory systems and multiple and
conflicting roles of government agencies have greater impact on foreign than domestic investors.
Despite all efforts, foreign investment has been slow in key areas, particularly in the energy
sector,346 where foreign resources are much needed. Therefore, foreign investments in those
areas, and particularly in areas involving advanced technologies such as CCS, will strongly
depend on improvements in the domestic policy framework in such a way that barriers to
investment are minimized.
342 Investment proposals involving greater than 51percent equity or involving products not in the promoted category
also require approval from the Foreign Investment Promotion Board. Automatic approval is granted to foreign
technology agreements up to certain ceilings covering the same high priority areas.
343 Indian Investment Centre, Foreign Direct Investment Policy & Business Opportunities. Available from http://iic.nic.in.
344 220 of the Fortune 500 companies have some presence in India, according to the Report of the Steering Group on
Foreign Direct Investment, Planning Commission, op cit.
345 Report of the Steering Group on Foreign Direct Investment, Planning Commission, op cit.
346 U.S. Energy Information Administration, 2004c, op. cit.
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CCS activities associated with CBM are likely to be the first area of foreign investment in CCS
since CBM is one of the principal sectors for foreign direct investment in India.347 India wants to
attract private companies for the exploration and commercial exploitation of CBM resources at
specific underground coal mines. Contracts will be similar to the "concession" concept in oil and
gas exploration offering fiscal and other incentives. Existing laws governing CBM exploration
and production in India would govern those CCS activities.348
6.3.5 Promotion of CCS in Policy and Practice
The current policy framework in India does not contain great obstacles to CCS implementation.
The Indian government has acknowledged the abundant resources for CBM and has introduced
incentives for CBM exploitation. As with the recent Chinese experience with injection of CO2 to
enhance CBM, the development of CBM activities in India could also lead to the introduction of
this CO2 storage technology.
The existing regulatory framework for CBM could further encompass CO2 injection. However,
there might be a need for minor amendments to accommodate the specific issues related to this
type of activity. CBM activities are already highly capital-intensive, even before advanced
technologies such as CCS are considered. Therefore, these activities will strongly depend on
foreign capital flow, which has been constrained by political uncertainty, bureaucratic load,
complex regulations, violence, and weak infrastructure.
Further legislative modifications could be required, as in China and Colombia, to include rules
and procedures regarding the rights and title to the emission reduction credits.
Finally, in order to avoid the risk of not obtaining environmental clearance from Indian
environmental authorities for any type of CCS-project, it will be important to provide responses
to the environmental and safety concerns associated with CCS and raise public awareness and
support for this technology.

Ontrack Systems Limited, 2004, Coal-bed Methane Exploration and Recovery, IndiaOneStop. Available from
http://www.indiaonestop.com.
348 Regulation and Development Act of 1948; Petroleum and Natural Gas Rules of 1959; Environment Protection Act
of 1986; Arbitration and Conciliation Act of 1996; Income Tax Act of 1961; Customs Act of 1962; Perspective National
Environment Plan; and the White Paper on Preventive Environmental Policy for industry in India. See Chand, S.K.,
2001, op. cit.
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7 Summary and Conclusions
Despite efforts to reduce their use, fossil fuels will continue to play a significant role in the
world’s energy system for the foreseeable future. Carbon capture and storage (CCS) in
underground reservoirs is a promising technology to reduce greenhouse gas emissions while
allowing continued use of fossil fuels. However, CCS is a new technology that faces a number of
barriers.
Extensive research and demonstration is needed to resolve questions of permanence of storage
and to address safety and stability concerns. To date, there is not sufficient understanding of the
long-term storage properties of potential reservoirs. Permanent containment will have to be
addressed before CCS can make significant penetration in the CDM market.
High cost is currently a major barrier. Costs per tonne of CO2 emissions avoided will have to
come down before CCS is competitive in the emerging global market for GHG commodities.
The most cost-effective applications occur where the CO2 is used to enhance recovery of coalbed methane or crude oil, thereby increasing the productivity of those fossil fuel sites.
The high levels of investment pose a greater challenge to developing countries and countries
with economies in transition. These countries will have to rely on foreign cooperation to be able
to develop CCS projects. The Kyoto Protocol’s mechanisms, which allow industrialized
countries to achieve emission reductions by undertaking projects in developing countries (Clean
Development Mechanism (CDM) and countries with economies in transition (Joint
Implementation (JI)), may therefore help alleviate the investment challenge.
The Kyoto Protocol encourages development of CO2 sequestration technologies and there is no
restriction to geological CO2 sequestration under its project-based mechanisms. At present it is
unclear how CCS will be dealt with in practice. The eligibility of CCS under CDM could be
resolved in a specific agreement similar to that for land use, land use change and forestry
activities. As with biological sinks, there will be legal issues as well as concerns with
permanence and “leakage”, or emissions outside a system boundary. Albeit, CCS involve a
rather less complex debate because of the geological timescale involved.
An in-depth independent Special Report on technical, economic, environmental and safety
questions surrounding carbon dioxide capture and storage issues is being prepared by the
Intergovernmental Panel on Climate Change (IPCC) and is due during the first half of 2005. The
Special Report’s findings may help to overcome existing barriers and to facilitate negotiations on
Kyoto’s project approval requirements. The Special Report will also help to establish standard
guidelines for CCS monitoring. It is suggested that it may be useful for the IEA Greenhouse Gas
R&D Programme to submit the present report to the IPCC for consideration as they prepare their
Special Report.
New CCS baseline methodologies will need to take into account the specific nature of each type
of project. On the one hand, a baseline approach based on existing or historical emissions would
be applicable to retrofit projects, in which the process that creates emissions is already in place.
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On the other hand, an approach based on the most “economically attractive course of action”
would be applicable to new fossil-fired power plant projects and CCS projects associated with
enhanced oil recovery or enhanced coal bed methane operations.
CCS can help meet national sustainable development priorities of host countries, as required
under the CDM. CCS projects can provide investment for future generations without undue
environmental impact. CCS can help alleviate poverty through increased investments in the
energy sector; transfer of CCS technologies and knowledge to other economic and pollution
control activities; and contribution to the scientific research and development capacity of host
states. CCS-based CDM projects associated with enhanced recovery of fossil fuels could
improve the capacity of developing countries to meet domestic energy needs, reduce dependency
on imports, and improve current accounts. However, even with clear rules and definitions in
place under the Kyoto Protocol, key stakeholders and decision makers may not be in favour of
CCS. Credits generated from CCS projects may command lower prices than those generated by
reductions from other sources because of scientific or political uncertainties.
CCS project development will require consideration of abatement costs, transaction costs,
financial risk management and the state of the GHG commodity market. In order for CCS
projects to be economically attractive as CDM projects, total costs would have to be no more
than current prices. Today, project-based emission reductions that conform to emerging CDM
and JI rules trade in the range between US$3.00 and US$6.50 per tonne of CO2 equivalent,
substantially lower than for CCS applications.
Reducing CCS costs to the prevailing market prices for CDM credits may only become feasible
after 2012. However, it may be advantageous for high-emitting developing countries to conduct
preparatory work on CCS in case they adopt emission targets for a second commitment period
under the Kyoto Protocol. It is expected that GHG market prices will rise over time, since lowcost emission reduction opportunities tend to be exploited first. In this case, CCS projects are
likely to be competitive during a second commitment period due to higher market prices for
GHG commodities as well as to CCS cost reductions. The best prospects for the long term may
be energy projects, such as Integrated Gasification Combined Cycle (IGCC) plants or enhanced
fossil fuel recovery operations that can be retrofitted with CCS technology at an appropriate
time.
CCS-based CDM projects would be of interest to countries with the appropriate industrial
infrastructure and geophysical resources, and with a high interest in hosting CDM projects in
general. Five countries − Chile, China, Colombia, India, and Mexico − appear to stand out, based
on a screening process that covers both aspects. Significant factors that indicate interest in
hosting CDM projects include the existence of a Designated National Authority and a history of
at least one project whose emission reductions were successfully traded in the international
greenhouse gas market.
Colombia, China and India were further selected for an in-depth assessment. Aspects examined
include the CDM project approval process, CCS awareness and interest, activity in related fossil
fuel industries and infrastructure, geophysical resources, relevant national polices, and the
regulatory and legal situation.
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Colombia was the first one to establish its Designated National Authority. Approval criteria for
CDM projects have been defined in all three countries.
Economic growth is significant in all three countries and fossil fuels are expected to continue
playing an important role in their energy mixes. Coal use for electricity generation in China and
India is continuing to expand. Both Chinese and Indian governments have acknowledged the
need to continue including coal in their sustainable development strategies due to its abundance
and cost-effectiveness. Investments and activities in the oil and gas industry are expected to
increase in Colombia, which is also a major coal exporter in Latin America with significant
unexploited reserves.
There are no CCS developments in any of the three countries. However, investments in
environment-friendly practices associated with fossil fuel exploration and use have been strongly
encouraged, especially in China and India.
The economic potential for CCS in a country depends on its geological structures and industrial
make-up. Thorough assessments must be carried out on a case-by-case basis. CCS in Colombia
may tend to enhanced oil or natural gas recovery operations, while in India and China the most
promising area is enhanced coal bed methane.
Current energy and environment policies are not likely to impose great obstacles to CCS in any
of the three countries. However, there are other concerns, including concerns about security and
political instability in Colombia. CCS prospects in China will strongly depend on the country’s
ability to maintain an open approach to foreign investments and to expand the current financing
structure. China’s ability to deal with rapid economic growth − avoiding over-investment and
inflation without damaging investment risk − will also be important. India needs less political
uncertainty, less bureaucratic load, simplified regulations and better infrastructure. In all three
countries, existing legal frameworks would have to be revised to address aspects of CO2 capture,
transportation and storage in geological formations, and to determine rights and title to the
associated emission reduction credits.
In conclusion, it is clear that CCS technology can make a significant contribution to the global
effort to address climate change. A strong case can be made for inclusion of CCS projects under
the Kyoto mechanisms, and the creation of Certified Emissions Reductions and Emissions
Reduction Units. The largest barrier at this time to significant penetration of CCS technologies
under the CDM is the relatively low prices being paid in the market. All indicators are that for
the period until 2012, these prices will remain relatively low. At the same time, the costs per
tonne for deployment of CCS technology are currently high but are expected to decrease with
further research and demonstration projects. Thus, we conclude that there is significant potential
for commercially viable CCS projects under the Kyoto mechanisms over the longer term. At this
stage, continued emphasis on deployment of CCS demonstration projects in high-emitting
developing countries would be beneficial to the realization of significant penetration of CCS in
the global carbon emissions market.
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Glossary of Key Terms
Abatement Costs: Costs of implementing a project activity that reduces emissions relative to
some baseline
Additionality: A measure of whether CDM or JI projects are “additional” to what would have
otherwise occurred
Amine scrubbing: Capture of CO2 from stack gases by scrubbing the effluent stream using a
solution of monoethanolamine (MEA)
Annex B countries: Industrialized countries included in Annex 1 of the UNFCCC (as amended
in 1998)
Baseline: A baseline for a CDM or JI project is the scenario that reasonably represents the
anthropogenic emissions by sources of GHGs that would occur in the absence of the proposed
project activity
CER: Certified Emission Reduction Unit. CERs result from CDM projects and are equivalent to
1 tonne of CO2
CCS: Carbon dioxide (CO2) capture and storage
CDM: Clean Development Mechanism. The objectives of the CDM for emission reductions
under Article 12 of the Kyoto Protocol are two-fold: (1) to assist developing country Parties (not
included in Annex B) in achieving sustainable development - thereby contributing to the ultimate
objective of the UNFCCC, i.e., to stabilize atmospheric GHG concentration at levels that avoid
dangerous anthropogenic interference with the climate system, and (2) to assist industrialized
country Parties included in Annex B in achieving compliance with their quantified emission
limitation and reduction commitments
CDM Executive Board: Established under the 2001 Marrakech Accords to supervise the
implementation modalities and procedures governing the CDM.
CoP: Conference of the Parties (of the UNFCCC)
CO2-ECBM: Enhanced Coalbed Methane Recovery. When CO2 is stored in coal seams, which
may be deep and uneconomical to mine, methane adsorbed in the seams is released and can be
captured
CO2-EOR: Enhanced Oil Recovery. A technique that can enhance recovery when CO2 is
injected into depleted oil reservoirs
CSLF: Carbon Sequestration Leadership Forum
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DNA: Designated National Authority. Governmental entity with responsibility for evaluating
potential CDM or JI projects
DOE: Designated Operational Entity. DOEs are service providers that conduct validations,
verifications, and certifications of CDM project activities
ERU: Emission Reduction Unit. ERUs are produced by CDM projects and are equivalent to 1
tonne of CO2
Flue Gas Desulphurization: Process used in coal- and oil-fired power stations to reduce sulphur
dioxide (SO2) emissions
GHG: Greenhouse Gas
IGCC: Integrated Gasification Combined Cycle. An electricity generating process in which coal
is gasified in a limited amount of air or oxygen, and usually steam, to produce a raw fuel gas that
is subsequently cleaned and fired in a gas turbine to generate power. Waste heat from the turbine
is used to generate steam for a steam turbine, which produces additional power
IPCC: Intergovernmental Panel on Climate Change. Jointly established by the World
Meteorological Organization (WMO) and the United Nations Environment Programme (UNEP)
in 1998 to provide decision makers with state of the art information through periodic assessments
of scientific, technical and socio-economic information relating to climate change
JI: Joint Implementation. A market-based implementation mechanism defined in Article 6 of
the Kyoto Protocol allowing Annex 1 countries, or companies within those countries, to
implement projects jointly that limit or reduce emissions, or enhance sinks, and to share the
Emissions Reduction Units.
Leakage: Leakage is defined in the Marrakech Accords as the net change of anthropogenic
emissions by sources of greenhouse gases which occurs outside the project boundary, and which
is measurable and attributable to the CDM project activity. Leakage as technically defined refers
to the escape of CO2 from the reservoir due to imperfections on its integrity.
LULUCF: Land use, land use change, and forestry
Marrakech Accords: Decisions and other actions adopted by the Conference of the Parties at its
seventh session held in Marrakech, Morocco, 2001
Monitoring: Monitoring refers to the collection and archiving of all relevant data necessary for
determining the baseline and includes measuring anthropogenic emissions by sources of
greenhouse gases within the project boundary of a CDM project activity and leakage (i.e. change
in indirect GHG emissions), as applicable.
Natural Gas Reforming: Process for the manufacture of hydrogen by reacting together steam
and natural gas
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Oxy-Fuel Combustion: Combustion process in which fossil fuels are burned in pure oxygen
streams to produce a high CO2 concentration flue gas, which can be captured easily
Panel on Baseline and Monitoring Methodologies: This panel, known as the “Meth” Panel,
conducts detailed ‘desk reviews’ or analyses of new baseline and monitoring methodologies
submitted to the Executive Board
PDD: Project Design Document
PEACS Study: IEA Greenhouse Gas R&D Programme, Report Number PH4/10 entitled
“Opportunities for Early Application of CO2 Sequestration Technology”, September 2002
Pre-Combustion CO2 Removal: Separation of CO2 after gasification of the fossil fuel and prior
to combustion of the synthesis gas in the gas turbine
Post-Combustion CO2 Removal: Separation of CO2 from the stack gases after combustion of
the fossil fuel
Registration: The Project Design Document (PDD) is submitted by the Designated Operational
Entity (DOE) to the Executive Board for registration prior to verification, certification and
issuance of emissions credits related to the project activity
Reservoir: A component or components of the climate system where a GHG or a precursor of a
GHG is stored
Saline Aquifers: Aquifers usually associated with sedimentary basins. The sedimentary rocks
contain spaces between their constituent mineral grains that are filled with fluid, by far the most
common being formation water
Sequestration: The process of increasing the carbon content of a carbon reservoir other than the
atmosphere. For example, the separation and disposal of carbon dioxide from flue gases and long
term storage in underground depleted oil and gas reservoirs, coal seams, and saline aquifers.
Sink: Any process or activity that removes a GHG, an aerosol or a precursor of a GHG from the
atmosphere
Supercritical Steam Generation: Heat recovered from the combustion of pulverized coal is
used to generate steam for electricity generation in a steam turbine. High thermal efficiencies
can be achieved by using elevated pressures at which water exists as a supercritical fluid, i.e.
when vapour and liquid are not distinguishable
Syn Gas: Synthesis gas, a mixture of carbon monoxide and hydrogen from the gasification of
fossil fuels
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Transaction Costs: Costs related to participation in the regulatory processes that transform the
environmental benefits of a CCS project (i.e. GHG reductions) into a saleable commodity and
the financial and legal processes of marketing and selling that commodity
UNFCCC: United Nations Framework Convention on Climate Change. Its ultimate objective is
“the stabilization of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system”
Validation: The process of independent evaluation of a project by a DOE against the
requirements of the CDM
Verification: The periodic independent review and ex-post determination by a DOE of
monitored reductions in anthropogenic emissions of by sources of greenhouse gases that have
occurred as a result of a registered CDM project activity during the verification period
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Appendix 1. Sustainability Profile of Generic CCS Projects
This Appendix provides generic examples of CCS-based CDM and JI projects that would assist
host countries to achieve sustainable development. They are designed with the needs of specific
countries, or groups of countries in mind. However, it must be emphasized that these examples
represent theoretical projects and that they bear no relation to existing or planned projects.
Sustainable Development Indicators
Drawing on the sustainable development indicators discussed above in Section 3.1, the following
indicators are used to assess the contribution of each of the representative projects to a host
country’s sustainability development:
Contribution to environmental sustainability;
Contribution to social sustainability;
Contribution to economic sustainability, e.g. other infrastructure needs;
Contribution to technological sustainability.
Representative Projects
Case 1: Hydrogen production from coal and coal bed methane, using the by-product CO2 for
enhanced methane recovery with storage of the CO2 in a coal bed349
In this example, ammonia is made from hydrogen produced from coal using an oxygen-blown
gasifier located near a CBM recovery site. The ammonia is used to make fertilizer. All of the
by-product CO2 is available for injection into the deep coal seams if ammonium nitrate
(NH4NO3) is the product from the ammonia manufacture although about a half of the CO2 would
be used in the fertilizer manufacture if urea (NH2CONH2) were the product. The CDM or JI
project would involve injection of the CO2 into the coal seam and subsequent use of the released
methane.
All of the CO2 from the fertilizer plant is stored in the coal seams and the adsorbed coal bed
methane is captured in recovery wells at the rate of two moles of methane for one mole of CO2
injected. The number of injection wells would be similar to the number of recovery wells.
The CBM would then be used to generate electricity, preferably in a gas turbine/steam turbine
combined cycle power plant. It could also be used to produce additional hydrogen for
ammonium nitrate and urea manufacture. In addition, this additional hydrogen could be used to
make other chemicals, such as methanol and olefins. At a later date, this CBM-derived hydrogen
could be used in fuel cells for transportation services, e.g., as the power source for buses.

349 Williams, R.H., 1998, Hydrogen Production from Coal and Coal Bed Methane, using By-Product CO for Enhanced Methane
2
Recovery and Sequestering the CO2 in the Coal Bed, 4th International Conference on GHG Control Technologies, Interlaken,
Switzerland
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The base case to which to compare this scheme would be the production of electricity and
hydrogen in a thermal power plant (steam cycle) from coal only, with the venting to the
atmosphere of the excess CO2 generated in hydrogen manufacture.
This scenario could apply in China, for example. Because of a scarcity of natural gas, coal is
used extensively to manufacture hydrogen as an intermediate step in fertilizer production. China
already has oxygen-blown gasifiers in operation for chemical process applications, mainly
ammonia production. It also has large CBM resources.
Application of the sustainability development indicators is summarized in Table A1-1 below.
Table A1 - 1. Sustainability Indicators, Case 1
Sustainable Development
Indicators
Environmental
sustainability

Storage of all by-product CO2 from the coal gasification
Use of methane to extend coal resource; methane combustion yields approximately one
quarter the CO2 emissions as compared to coal.
Reduced local air pollutant emissions as gas fired combined cycle plants have lower
emissions than coal fired electricity generation plants
Extending the fertilizer feedstock resource base with CBM, although increased fertilizer
availability will lead to increased GHG emissions from the agricultural sector

Social sustainability

A more extensive plant will demand higher employment
Training and capacity building will be required for hydrogen production and enhanced
methane recovery

Economic sustainability

Increased hydrogen production, leading to more fertilizer (ammonium carbonate and urea)
production than the base case
Cost of hydrogen production would be lower than in the base case
Additional “clean” electricity generation, at low cost because of the combined cycle plant
Delivered cost of the CO2 would be low because of the concentrated source
Value of the recovered methane
Help meet the need for transportation services in areas of high population density if fuel cell
buses are introduced

Technological
sustainability

Coupling of advanced gasifier technology with a second fuel, i.e. methane from deep coal
seams
CBM as a source of hydrogen for fuel cells

Case 2: Stack gas scrubbing to capture CO2 at a large (~300 MW) coal fired power station using
advanced clean coal technology, with CO2 storage in a deep coal seam
Amine CO2 capture technology is added to an existing coal fired electricity generating station
using local coal. A modern facility is chosen because accommodation has already been made in
the design for add-on CO2 capture facilities and older power plants may be reaching the end of
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their operating life (usually about 40 years). The CO2 is injected into a deep coal seam, but no
recovery wells are drilled and the methane remains trapped in the coal seam.
Because of the scale of operations, a larger amount of CO2 would be stored than in Case 1 but
the delivered cost of the CO2 at the storage site would be higher and there would be no energy or
economic benefit derived from storing the gas.
Interest in CBM projects in India, for example, coupled with the increasing use of coal for
electricity generation, could create the conditions required for a candidate CDM project. The
base case would be an inefficient and poorly maintained coal fired power station using unwashed
local coal as fuel.
Table A1 - 2. Sustainability Indicators, Case 2
Sustainable Development
Indicators
Environmental
sustainability

Storage of all CO2 from the combustion of coal in a large power station
Reduced local air pollutant emissions because of the use of an advanced clean coal power
plant

Social sustainability

Power plant will require washed coal as opposed to run-of-mine coal
Operation of CO2 injection facilities
Advanced clean coal technology will require specialization and specific skills.

Economic sustainability

Increased supply of lower cost electricity, contributing to decrease in poverty levels

Technological
sustainability

Modern power plant will require more sophisticated maintenance and computer control
Maintenance of the scrubber systems will be needed
Opportunity to develop local capability rather than relying on foreign contractors

Case 3. Capture of CO2 from a gasifier fuelled with refinery bottoms and/or petroleum coke, or a
refinery natural gas reformer, and use of the CO2 for enhanced oil recovery
In this case, asphalt and materials from the “bottom of the barrel” are gasified to make hydrogen
for use in refinery unit operations. Petroleum coke may also be a gasifier feedstock. The byproduct CO2 is removed in a concentrated stream and pipelined to a producing oil reservoir
where it is injected to increase the recovery of the reservoir.
The base case would be combustion of the heavy ends and petroleum coke to make steam for
refinery use, with hydrogen being generated by the steam reforming of natural gas in a separate
operation.
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TableA1 - 3 Sustainability Indicators, Case 3
Sustainable Development
Indicators
Environmental
sustainability

Social sustainability
Economic sustainability
Technological
sustainability

Storage of CO2 refinery operations that would be vented to the atmosphere in the base case
Steam reforming of natural gas not needed
Cleaner disposal of heavy ends and reduction of SO2 emissions as the sulphur in the heavy
ends and in the petroleum coke would be captured in the gasification process
Replacement of natural gas, which may be scarce and increasingly expensive
Obviate need for petroleum coke stockpiling
Operation of reservoir injection facilities
Training and specific capacity building will be required in enhanced oil recovery.
Value from use of refinery bottoms and petroleum coke
Additional revenues form increased oil reservoir recovery
Extension of the gasifier technology to other applications and industries
CO2 flooding technology development for the specific reservoir

Case 4. Capture of CO2 from the gasification of wood waste, co-fired with coal, with CO2 storage in a
geological reservoir
Biomass resources are collected from a wide area and fed to a gasifier. Heat from combustion of
the gasifier products is used to generate steam for local industrial use and for the heating of
buildings. A portion of the steam would also be used in CHP mode to generate electricity for the
associated industry and any spare electricity would be fed to the grid. The gasifier biomass fuel
is supplemented by coal, which is co-fired. CO2 is removed as a concentrated steam and at
relatively low cost. It is transported to a geological reservoir, possibly a deep saline aquifer,
where it is injected and stored.
The base case would be combustion of the biomass in a boiler to provide heat.
Table A1 - 4. Sustainability Indicators, Case 4
Sustainable
Development Indicators
Environmental
sustainability

Storage of CO2 from combustion of the biomass and coal gasification products (although CO2
from the biomass portion of the feed would be regarded as a zero-GHG source, there would
be displacement of fossil fuel use for grid electricity generation)
Drastically reduced local air pollutant emissions, including elimination of high particulates
emissions associated with biomass combustion
Co-firing with coal would reduce the dependency on labor-intensive biomass collection and
allow the use of untapped coal resources

Social sustainability
Economic sustainability

Electricity generating facilities will require trained staff and improve working skills
Operation of CO2 injection facilities
Local electricity requirements generated at site and electricity fed to the grid

Technological
sustainability

Knowledge from small-scale electricity generation could be transferred to other applications
CO2 flooding technology development for the specific reservoir
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Case 5. Substitution of coal for oil in a district heating system, capture of the CO2, and use of
methane from an ECBM operation for electricity generation
The base case would be an oil-fired hot-water boiler, with the hot water being piped around the
neighborhood for heating purposes.
The oil fired unit would be replaced with an efficient small coal-fired fluidized bed boiler fitted
with carbon capture facilities. Hot water would still be piped into the district heating system.
The captured CO2 would be pipelined to an ECBM operation and the recovered methane used as
fuel to generate electricity in combined cycle generating facilities.
Table A1 - 5 Sustainability Indicators, Case 5
Sustainable
Development Indicators
Environmental
sustainability

Storage of CO2 from the fluidized bed combustion of coal; CO2 from the oil-fired boiler all
would have vented to the atmosphere in the base case
Elimination of emissions from the oil-fired unit. Sulphur in the coal captured with limestonnee
during combustion in the fluidized bed
Removal of the oil storage facilities and elimination of hazards from oil leaks

Social sustainability

Electricity generating facilities will require staff
Operation of CO2 injection facilities

Economic sustainability

Substitution of expensive and possibly imported oil with a locally-available fuel
Value of the recovered methane
Electricity generation using a “free” fuel

Technological
sustainability

Knowledge of operation of fluidized beds could be transferred to other applications
Knowledge from small-scale electricity generation could be transferred to other applications
CO2 flooding technology development for the specific reservoir
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Appendix 3. Assessment Framework
This Appendix draws together key findings from our analysis of international and national
factors affecting CCS projects’ potential to make use of CDM. These findings are synthesized in
an “assessment framework,” that can help the assembly of key information necessary for an
assessment of their eligibility under the project-based mechanisms. It includes a template that
delineates the key steps required to earn approval so that major impediments and risks can be
identified at the outset. Two generic CCS projects illustrating how CDM projects can contribute
to sustainable development in the host country are used to illustrate the utility of this assessment
framework.
Much remains to be done in terms of capacity building for CCS awareness in countries that could
host CCS-based projects. Also, as discussed already, establishment of specific rules under the
Kyoto Protocol that relate to CCS CDM projects is still required, together with confirmation of
technical issues such as the permanence of reservoir storage. Nevertheless, in order to conduct at
least a preliminary examination and assessment of candidate CCS projects, a framework would
be a useful aid in identifying relevant project data, the responsibilities and obligations of the
project stakeholders, and where major difficulties and risks may occur. These are set out in the
table below.
Table A3 - 1 Assessment Template for CCS CDM Projects
Project Assessment
Parties Involved

Responsibility

Project participants

Project participants

Project participants

Project participants

Project participants,
Operators of enhanced fossil fuel
recovery operations

Project participants,
Operators of enhanced fossil fuel
recovery operations

Project participants
Project participants

Project participants
Project participants

Project participants Operators of
enhanced fossil fuel recovery
operations

Project participants

Technological Criteria
State of development of the
technology (is it available
commercially or is it still at the
demonstration stage?) - High risk
area
CO2 transportation requirements,
energy to compress gas
Effect of CO2 injection on enhanced
fossil fuel recovery
Carbon Criteria
Percentage of CO2 in exhaust stream
Tonnes of GHG emissions per unit
output and the level of output
expected during the crediting period
of the project
Permanence of CO2 storage in
reservoir – Area of risk
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Project Assessment
Parties Involved
Project participants

Responsibility
Project participants

Project participants
Local stakeholders
Project participants
Local stakeholders

Project participants

Project participants
Local stakeholders
Project participants

Project participants

Project participants

Project participants

Project participants,
Buyers of credits

Project participants,
Buyers of credits

Role of other stakeholders, such as
other government departments,
agencies, NGO’s, etc.

Other stakeholders
DNA (Designated National Authority)
Project participants

DNA
Project participants

Assessment of legal issues, including
proof of ownership titles and other
regulatory barriers (e.g., whether CO2
is regarded as waste)
Assessment and action plan to
minimize delivery risk of credits to the
extent that this can be done costeffectively

Project participants,
DNA,
Host country regulatory agencies

Host country regulatory agencies

Project participants

Project participants

Other anthropogenic GHG emissions
under the control of the project
participants that are significant and
reasonably attributable to the project
activity
Sustainability Criteria
Impacts on resource availability
and/or degradation, if applicable
Project’s commitment to social and
labor responsibilities, health and
education programs and defense of
civil rights
Contribution to regional development
Degree of technological innovation
and its potential for replication

Project participants

Project participants

Economic Criteria
Overall sequestration costs, including
capture, transportation and storage
Potential revenues from GHG sales Area of difficulty
Legal Criteria

For the purposes of illustration, key issues that would need to be considered for two of the
representative CDM projects presented in Appendix 1 are shown in general terms in the table
below. The two representative projects chosen are as follows (Cases 2 and 3):
Case 2. Stack gas scrubbing to capture CO2 at a large coal fired power station using
advanced clean coal technology, with CO2 storage in an adjacent deep coal seam
Case 3. Capture of CO2 from a gasifier used to make hydrogen and fuelled with refinery
bottoms and/or petroleum coke, and use of the CO2 for enhanced oil recovery.
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Table A3 - 2 Key Issues for Assessment of Representative CDM Projects
Project Assessment

ISSUES TO BE ADDRESSED

CASE 2:
Stack gas scrubbing to capture CO2
at a large coal fired power station
using advanced clean coal
technology, with CO2 storage in a
deep coal seam

CASE 3:
Capture of CO2 from a gasifier used
to make hydrogen and fuelled with
refinery bottoms and/or petroleum
coke, and use of the CO2 for
enhanced oil recovery

CO2 capture technology (amine
scrubbing) established, but CO2
storage technologies still under
development; risk of significant startup difficulties
CO2 injected into coal seams
adjacent to power station
No enhanced coal bed methane
production in this case

CO2 capture technology established,
CO2 injection into oil reservoirs
already practiced
Distance to EOR site and
transportation cost
Oil reservoir production rate and
expected life increased

In the region of 15percent. However,
solvent regeneration is energy
intensive
Function of boiler output

Less than 10percent. CO2 released
after capture by depressurization,
requiring less energy than in Case 2
Function of gasifier output

Still to be established

Still to be established

Depends on location of power plant.
For example, if located next to coal
mine methane escaping from mine
could be a significant GHG source

Other refinery unit operations, for
example thermal cracking units and
boilers could be GHG sources

Reduced local air pollutant emissions

Reduced local air pollutant emissions

Advanced clean coal technology
requires specialization and specific
skills.

Hydrogen generation facilities require
trained staff and improve working
skills

Increased supply of lower cost
electricity
Use of sophisticated maintenance
and computer control
Opportunity to develop local
capability

Natural gas no longer needed to
manufacture hydrogen
Hydrogen production and CO2
flooding technology development

Technological Criteria
State of development of the CO2
capture technology (is it available
commercially or is it still at the
demonstration stage?)
CO2 transportation requirements,
energy to compress gas
Effect of CO2 injection on enhanced
fossil fuel recovery
Carbon Criteria
Percentage of CO2 in exhaust stream
Tonnes of GHG emissions per unit
output and the level of output
expected during the crediting period
of the project
Permanence of CO2 storage in
reservoir
Other anthropogenic GHG emissions
under the control of the project
participants that are significant and
reasonably attributable to the project
activity
Sustainability Criteria
Impacts on resource availability
and/or degradation, if applicable
Project’s commitment to social and
labor responsibilities, health and
education programs and defense of
civil rights
Contribution to regional development
Degree of technological innovation
and its potential for replication
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Project Assessment
CASE 2:
Stack gas scrubbing to capture CO2
at a large coal fired power station
using advanced clean coal
technology, with CO2 storage in a
deep coal seam

CASE 3:
Capture of CO2 from a gasifier used
to make hydrogen and fuelled with
refinery bottoms and/or petroleum
coke, and use of the CO2 for
enhanced oil recovery

Overall sequestration costs, including
capture, transportation and storage

Anticipated to be high in comparison
to price for CO2 credits

Offset by revenues from additional oil
recovered

Potential revenues from GHG sales

Additional incentives needed

Additional incentives needed

Mainly environmental interests

Mainly environmental interests

To be determined

To be determined

To be determined

To be determined

ISSUES TO BE ADDRESSED

Economic Criteria

Legal Criteria
Role of other stakeholders, such as
other government departments,
agencies, NGO’s, etc.
Assessment of legal issues, including
proof of ownership titles and other
regulatory barriers (e.g. CO2
regarded as waste)
Assessment and action plan to
minimize delivery risk of credits to the
extent that this can be done costeffectively

In the case where the assessment indicates the project’s eligibility under the project-based
mechanisms, there are important steps that must be taken in order to secure the sale of the
potential reduction credits, as indicated in the table below.
Table A3 – 3 CCS Project Negotiation Steps
Project Negotiation
Step 1 – Establishment of
agreements or MoU’s with other
countries, organizations or agencies
for purchase of GHG credits
Step 2 – Preparation of Project Idea
Note (PIN)
Step 3 – Marketing/Brokerage
Agreement
Step 4 – Agreement for Letter of
Intent with potential buyer including
delivery risk share
Step 5 – Agreements for power
purchase

Parties Involved
DNA’s of host country and customer
countries

Responsibility
DNA

Project participants

Project participants

Project participants
Broker(s)
Project participants
Potential buyer from Annex B country

Project participants
Broker(s)
Project participants
Potential buyer from Annex B country

Project participants
Host country energy agencies or
private power consumer

Project participants, although in this
case the product is hydrogen
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Project Negotiation
Step 6 – Agreements for purchase of
additional oil (EOR projects) or
saleable methane (ECBM projects)

Step 7 – GHG credits purchase
contracts

Project participants
Host country energy agencies or
private energy consumer. (However,
in Case 2 it is assumed that there
would be no enhanced methane
production.
Project participants
Buyer from Annex B country

Project participants

Project participants
Buyer from Annex B country

For the preparation of the PIN, the project participants should provide the following information,
which will be also relevant for the project activity design document (PDD):
Project Information
General description of project activity
List of project participants (company, agency, consortium, etc) and other stakeholders
Detail on location of proposed project (country, town, etc)
Details of CO2 source and method of CO2 capture
Is project an “add on” to existing facilities?
Details on the type, location and distance to storage site
Description of the injection technology and facilities
Detailed information on the baseline methodology and how the project activity contributes to GHG removal
Information regarding public funding, if applicable
Duration and choice of crediting period
Detailed information on the monitoring methodology and plan
Analysis of the environmental impacts and contribution to sustainable development

While the negotiations are being developed, the CCS project participants can move ahead and
start the implementation of the project as per guidelines delineated in Table 17 below for CDM.
For means of reference and future assessment on similar projects under JI, Table 18 presents
implementation guidelines for JI projects.
Table A3 - 4. CDM Project Cycle350
CDM Project Cycle
Step 1 - Liaison with Designated
National Authority (DNA) - Critical
action

Parties Involved
Project participants.
DNA

Responsibility
Project participants

For more details please refer to the UNFCCC’s explanations to the CDM Project Cycle, available at:
http://cdm.unfccc.int/.
350
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CDM Project Cycle
Step 2 - PDD (Project Design
Document) draft, including a
description of the project and
identification of the project
participants - Critical action
Step 3 - New Baseline and
Monitoring Methodologies shall be
submitted by the designated
operational entity to the Executive
Board for review - Critical action
Step 4 - Review and approval by
Executive Board of baseline and
monitoring methodologies, or
methodologies for similar projects Critical action
Step 5 - PDD (Project Design
Document), which includes baseline
and monitoring methodologies Critical action
Step 6 – Letter of Approval from the
host country’s DNA confirming that
the project contributes to national
sustainable development priorities
and initiatives, including some or all
of the following sustainability factors:
Environmental
Social
Economic
Technological
- Critical action
Step 7 – Validation of project activity
by a DOE and request of
registration– Critical action
Step 8 – Registration of project
activity by CDM Executive Board –
Critical action
Step 9 – Implementation of
monitoring plan351 and delivery of
monitoring report to another DOE352
– Critical action
Step 10 – Verification by the 2nd DOE
of monitored GHG emission
reductions or removals and delivery
of verification report – Critical action

Parties Involved
Project participants,

Responsibility
Project participants

Project participants,
Designated Operational Entity (DOE),
CDM Executive Board

Project participants,
DOE

CDM Executive Board,
DOE

CDM Executive Board

Project participants,
DOE, CDM Executive Board,

Project participants,
DOE

Project participants,
DNA,
Host country’s DNA

Host country’s DNA

Project participants,
DOE

DOE

Project participants,
DOE (1), CDM Executive Board

CDM Executive Board

Project participants,
DOE (2nd)

Project participants

DOE (2nd),
Project participants,
CDM Executive Board

DOE (2nd)

351 Revisions, if any, to the monitoring plan to improve its accuracy and/or completeness of information must be
justified by the project participants and must be submitted for validation to a DOE.
352 A given DOE may carry out validation of a project or verification and certification of a project, but the same entity
may not carry out verification, certification, and validation. Exceptions may be allowed by the EB. See Chapter 3, section
3.3.3.
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CDM Project Cycle
Step 11 – Certification in writing by
the 2nd DOE of project activity –
Critical action
Step 12 – Delivery of certification
report by the 2nd DOE, which
constitutes a request for issuance to
the EB of CERs – Critical action
Step 13 – Issuance of CERs by the
EB – Critical action
Step 14 – Transfer the 2% share of
proceeds for the adaptation fund353
and retaining of administrative levy to
cover EB’s expenses by the CDM
Registry Administrator – Critical
action
Step 15 – Transfer of remaining
CERs by the CDM Registry
Administrator to the registry accounts
of Parties and project participants
involved– Critical action

Parties Involved
DOE (2nd),
Project participants,
CDM Executive Board
DOE (2nd),
Project participants,
CDM Executive Board

Responsibility
DOE (2nd)

CDM Executive Board,
CDM Registry Administrator,

CDM Executive Board

CDM Registry Administrator

CDM Registry Administrator

CDM Registry Administrator,
Project participants

CDM Registry Administrator

DOE (2)

TableA3 – 5 JI Project Development Procedure354
JI Project Development – Track II355
Step 1 – Calculated assigned
amount, national registry and annual
submission of GHG inventory
Step 2 - PDD (Project Design
Document), which includes baseline
and monitoring methodologies Critical action

Parties Involved
Government of Annex B countries

Responsibility
Government of Annex B countries

Project participants
Accredited Independent Entity (AIE)

Project participants

The purpose of this fund is to assist developing countries that are particularly vulnerable to the adverse effects of
climate change with the costs of adaptation. An additional portion of the CERs, which has yet to be determined, will
also be retained for the administrative expenses incurred during the project. CDM projects in least developed countries
are exempt of this levy.
354 For more details please refer to the UNFCCC’s explanations to JI, available at:
http://unfccc.int/issues/mechanisms.html.
355 Track I and Track II are the common terms used to describe the two possible procedures for carrying out a JI
project: when the Supervisory Committee and Accredited Independent Entities will not be involved in the JI project
cycle (Track I) and when their involvement is required (Track II). In Track I the Host Party may verify the net
reductions of GHG emissions on its own and issue ERUs accordingly. On the other hand, in Track II a third Party
verification procedure is triggered which involves the Supervisory Committee and an Accredited Independent Entity
(AIE).
353
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JI Project Development – Track II355
Step 3 – Submit analysis of the
environmental impact of project
activity - Critical action
Step 4 – Verification of the PDD by
AIE - Critical action
Step 5 – Report on Emission
Reduction Units (ERUs) - Critical
action
Step 6 – ERUs Verification by AIE Critical action
Step 7 – Issuance and transfer of
ERUs by the host Party - Critical
action

Parties Involved
Project participants
AIE

Responsibility
Project participants

AIE
Supervisory Committee

AIE

Project participants
AIE

Project participants

AIE
Supervisory Committee
DNA of Annex B host country
Project participants

AIE
DNA of Annex B host country
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