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summary

· If CCS is to make a major contribution to emissions mitigation in the medium to long term, it will need to be used in developing countries.
· Developing countries face greater technology, political and finance barriers to CCS, which will require outside financial assistance to break down.
· Developing Country governments are engaged in CCS but see it as the responsibility of Annex I countries to lead the way and bring costs down.

· CCS requires more fuel at a time when fuel security and supply efficiency are growing priorities; this is an inherent and inescapable barrier.

· The CDM is a possible vehicle for assisting CCS finance but has several limitations at the moment:

· The scale of financing mobilised is, barring major reworking of the CDM, too small to make much of an impact on energy systems.

· CDM methodologies rely on rules of thumb and standard practices not yet fully developed and accepted for CCS.

· The methodology approval and project verification process would need to be significantly more interactive, iterative and expert than it currently is to deal with CCS projects.

· There will need to be clarification of how to deal with long-term leakage potential, which probably should not rely on solutions like discounting or temporary credits.
· CCS is unlikely to face methodological problems with additionality or leakage, including for EOR.
· CCS for unconventional resources like coal to liquids could divert resources to an unsustainable activity: scrutiny of baselines would have to be robust.

· While CCS is unlikely to promote sustainable development, this has not hindered any other CDM project until now.

· The question of whether CCS should be allowed in the CDM is not the right one: the right question is how the procedures, institutions and practices can be put in place to ensure that CCS projects, if put forward for approval, can be dealt with appropriately. Reacting to individual methodology submissions, the current modus operandi, is thus an insufficient approach; even good new methodologies will have to wait until a structured approach to assessing them has been developed.
· Given that the current CDM may be an insufficient vehicle to mobilise enough capital to finance CCS in developing countries, other vehicles should be considered seriously, including:

· A revised CDM which has greater impact

· Expanded availability of targeted private finance

· Bilateral and multilateral funding initiatives

· International Finance Institution funding

1 Introduction
One only need look at the growth in emissions from fossil fuels in developing countries to come to the conclusion that if carbon dioxide capture and storage (CCS) is to be part of a mitigation portfolio
 which helps the world avoid global temperature rises higher than 2 degrees Celsius, then it will have to be applied not just in the North, but in the South as well. Particularly concerning is the growth in the use of coal in large developing countries like China and India. China’s coal use is projected to nearly triple between 2003 and 2030 under business-as-usual conditions (MIT, 2007), it produces the most coal of any country – twice that of the nearest country, the USA, and its coal reserves are third only to the United States and Russia. India is fourth, and it too continues to use vast amounts of coal in its expanding power and heavy industry sectors. In addition to coal there are other activities which are potentially suited to CCS around many developing countries, such as natural gas separation from CO2 and fertilizer manufacturing.

The difficulty for CCS in developing countries lies in three main aspects: 
· The uncertainty surrounding the economics, demonstrated feasibility and environmental performance of the complete CCS chain, regardless of where this is. To date there are only a handful of projects at anything like commercial scale – while there is grounds for optimism, there is clearly much to learn, which therefore also holds true for developing countries.

· The second difficultly is simply that these countries have far more limited activity in all aspects of RD&D which means they are a step behind leaders like Europe, North America and Australia. 
· Finally, the inherent additional cost of the technology relative to non-CCS applications, coupled to the lack of stated climate mitigation commitments in many (but not all) developing countries means that CCS will likely remain unutilised without significant outside help. 
One means of help would be through the Clean Development Mechanism of the Kyoto Protocol, though rules for CCS have yet to be agreed. Other forms of subsidised finance either bilaterally from northern governments, or though international financial institutions may also be possible.

This paper examines the potential of CCS in key developing countries and the state of play. It looks at CDM methodologies proposed to date, and thorny issues related to CCS in the CDM. It also looks at potential non-CDM sources of funding.

2 Potential for and progress in CCS in Developing Countries
From a geological point of view there is little restriction, in theory, to CCS in most regions in the world. A map overlaying major emissions sources on somewhat and highly prospective storage sites shows large potential (Figure 1). 
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Figure 1: Major point sources (circles) and a boundary of 300 km around them (red line), overlain on somewhat (gray) and highly (green) prospective storage locations around the world (Bradshaw, 2006).
Such generalised storage capacity maps are only useful as a first cut – in fact, finding a good specific site will require some looking even in highly prospective areas. However, it does point out that geology is unlikely to prove a practical restriction at the country level at least, and developing countries are from that point of view equally eligible to consider CCS.

Despite geological potential, actually developing capture facilities and integrating them into a full CCS chain is far off in most countries. A short survey of major developing countries shows that there is significant interest, but activity is modest in relation to the scale of the relevant sectors.
2.1 India

India
 has shown interest in CCS, being a member of the CSLF (hosting a meeting in April 2006) and beginning some research and pilot projects. However, activity is relatively limited. A meeting with US officials on the subject was a spin-off of the CSLF, and there is joint research project on storage in basalts with a US national laboratory (Pacific Northwest National Lab) – this is a typical geological formation in India. India has also committed $10m to the Futuregen project in the US – a small amount in the context of the overall cost of around $1,000m.

The Oil and Natural Gas Corporation Ltd. (ONGC) has developed an EOR project which may be submitted to the CDM when the opportunity arises. The National Thermal Power Corporation (NTPC) has started some R&D on CO2 capture in coal. The Department of Science and Technology coordinates CCS work for the Government of India (GOI), though this coordination is not considered very active by interested industries. Those groups themselves are at an early stage in developing their opinions of CCS.
In October 2006 the prime ministers of India and the UK signed a memorandum of understanding in which cooperation on CCS, though not defined, is envisaged. Such talks are also being held between India and other countries. It may be there is an opportunity for the international community to fund a project, perhaps as part of one of the new ‘Ultra Mega’ power plants. The funding needed would be in the hundreds of millions of dollars, however, which if not funded directly by the international participants or the CDM would have to come from some other, as yet not developed, source.

Indian industry and government tend to feel that India is not the place to prove CCS – rather, the emphasis should be in OECD countries, where RD&D can bring down the cost. Coupled with the use of CDM once CERs have a higher value, India could then become more active. 
2.2 China

68.9% of China’s primary energy is from coal, 19.4% from oil and 3% from natural gas (Fu, 2007). The country is adding 50 GW of fossil fuel power per year (IEA WEO, 2004). These statistics mean that hardly a discussion of CCS goes by without the mention of the potential role of China.
One study for the UK government’s environment and industry ministries (Senior, 2006) showed the potential for around half of China’s business as usual coal emissions to be captured by CCS by 2030. This amounts to around 1,500 Mt CO2 stored per year.
A Chinese estimate of the storage potential in the country is as follows (Fu, 2007):

· 46 oil and gas reservoirs with a capacity of 7.2 Billion tCO2
· 68 unmineable coal beds with methane recovery, 12 billion tCO2
· 24 saline aquifers, 1,435 billion tCO2.

A study of geological storage capacity done for the Asia Pacific Economic Cooperation narrows down the regions of most prospectivity, indicating how the broad-brush estimates of those like Figure 1, above, are not finely grained enough to show real potential. In this case, while there are many opportunities in China, coverage is not universal.
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Figure 3: prospective storage areas in China (APEC, in Bradshaw, 2006)
China has initiated a fair amount of its own research and development activity. There are several academic institutes doing research on capture technology, there are EOR projects in oil fields at Shengli, Zhongyuan, Jilian Daqing, Jiangsu and others, and there is an ECBM project in Qinshui, Shanxi Province (Fu, 2007). 
There are also two IGCC projects:  ‘GreenGen’, a 100MW IGCC precombustion capture project which is planned to go online in 2015, and the Yantai IGCC plant with CCS and hydrogen production (Fu, 2007).
China is beginning to plan for CCS as well (obviously important in a planned economy). CCS is integrated into the ‘National medium and long-term science and technology development plan towards 2020’. Also, under the 11th 5-year plan period (2006-2010), the National High Technology Programme (the ‘863 programme’) will support CCS.

In terms of international cooperation, the EU-China Summit of September 2005 created a ‘Joint Declaration on climate change and energy,’ with objective of assessing the potential for near-zero emissions coal use through CCS in China; developing expertise and capacity for CCS in China; and the aim by 2020 of developing and demonstrating in both China and the EU, ‘advanced, near-zero emissions coal technology through carbon capture and storage.’ This was signed onto by the UK, and divided into two memoranda of understanding. 

An MoU between China and he UK was signed in December 2005. The UK will support the effort with £3.5 m. The goals are:

1. Develop knowledge and expertise in CCS

2. Assess CCS potential in China
3. Identify opportunities for R&D
4. Review costs and economics
5. Search for financing options for R&D
The China-EU MoU was signed in February 2006. The cooperation is three-phase, with an EU budget of €10m in the first phase:

1. Explore options for Near-Zero Emissions Coal (NZEC) technology in China

2. Define and design a demonstration project

3. Construct and operate the demonstration project

In addition there is the COACH project (Cooperation Action with CCS in China-EU) under the EU’s 6th research framework programme. It is designed to prepare for demonstrating CCS in China by capacity building, identifying appropriate capture technologies and storage sites, and recommending ways forward. It kicked off in November 2006.
The Chinese government states that it will support CCS R&D, but focus in the short term on improving coal power efficiency in new facilities (which is being done – ultra-super critical coal plants with efficiencies above 40% are now being built). Further, ‘the scope and scale of CCS activities in China will mainly depend on…aid from the international community’ (Fu, 2007). China is also planning to focus on EOR and ECBM opportunities, which have the potential for revenue creation (Fu, 2007).

2.3 Brazil

The Government of Brazil supports the acceleration of research, development, deployment and diffusion of CCS technologies, and has stated that it views CCS as a potentially important mitigation option. However, regarding the eligibility of CCS under the CDM, Brazil considers that the issues of leakage and permanence have many additional implications that should be examined and that the issues of project boundaries and liability should be further discussed. On several occasions the Brazilian Government has argued that the CDM is not an adequate mechanism to deal with the complexities of CCS.

During the COP/MOP 2 in Nairobi, in November 2006, the G77 group was not able to reach an agreement regarding the inclusion of CCS in the CDM (item 5) as Brazil strongly opposed to this proposal, followed in particular by the group of Least Developed Countries (LDCs) and Alliance of Small Island States (AOSIS).

Stakeholders in Brazil, in particular from universities and NGOs, have also expressed concerns regarding CCS technology. 

Brazil has substantial experience in EOR (Enhanced Oil Recovery) activities, particular in the Northeast region. Petrobras (the Brazilian oil & gas company) has been injecting CO2 in an oil well in Bahia since 1987 (accumulated injection estimated as 400,000 t CO2 during the total period).

EOR and CCS Project activities undertaken by Petrobras include: 

(i) EOR/CCS on the 300 tonne/d pilot projects at Aracas, Buracica and Rio Pojuca fields in the Reconcavo Basin, Bahia State;

(ii) CCS 370 ton/d Demonstration Project in Miranga Field, Bahia state, to be started early 2008;

(iii) Feasibility studies for a high CO2 concentration natural gas capture and storage Project in Campos Basin, Rio de Janeiro State, to be started in 2008; 

(iv) Feasibility studies for a 3,500 ton/d EOR/CCS Project from a coke gasification plant in Bahia State, to be started in 2012.
(v) Carbometano Brasil – Methane Production for Energy Generation and Clean Fuels from Coal in Santa Catarina State, to be started in 2007
Brazil is a member of CSLF (Carbon Sequestration Leadership Forum) and has appointed Petrobras as its representative. It has also engaged in some international collaboration, such as:

(i) Petrobras affiliation with the CO2 Capture Project (BP) – CCP Phase 2;

(ii) Petrobras affiliation with University of Regina Multiclient Project on CO2 Capture (International Test Centre for Carbon Dioxide Capture – ITC); and

(iii) Petrobras and IFP partnership for the CO2 EOR/CCS Demonstration Project in Miranga Field.

Information regarding geological reservoir capacity and location has been mapped through the CARBMAP programme. In addition, Petrobras collaborates with the Brazilian Ministry of Science and Technology for the drafting of the Brazilian Technological Map of Carbon Sequestration.

The positive Brazilian view presented within the CSLF generally constitutes the position of the Brazilian fossil fuel industry, which is not always in accordance with the Brazilian Government perspective on CCS, which, particularly in regard to CDM, is more reserved.
2.4 Other countries

OPEC countries obviously overlay oil and gas reservoirs, which are prime potential locations for storage, and particularly EOR. It is estimated that if the space occupied by oil were replaced by CO2, there would be storage potential of 12,365 Mt CO2 in the geographical feature known as the Greater Ghawar Uplift of the Arabian Peninsula, and some 92,000 Mt CO2 space in the whole of the Middle East (Bradshaw, 2006). Hence it is not surprising that the potential for CCS and EOR has increasingly been considered in petroleum rich regions. A research project by the Japan Oil Development Corporation and Mitsubishi Heavy Industries has developed an EOR technique which is being tried for the first time in the Upper Zakum Field in the United Arab Emirates.
The first two CDM CCS methodologies were from Vietnam and Malaysia, and hence not from the large countries most under the lens in this survey. This highlights that there are opportunities in many countries, so that while the capacity of a China or India to deal with the technological, regulatory and policy aspects of CCS may be high, it may not be equally shared by every potential host. With a multiplicity of locations, outside observers will have difficulty tracking whether the environment into which a project is being placed is conducive to its long-term success. This puts more emphasis on accepted international standards and practices.
3 Legal and regulatory requirements 

To date there do not appear to be any comprehensive studies of the legal and regulatory situation in developing countries as it pertains to CCS. Several such studies are emerging in Annex I countries, but largely in reaction to the prospect of regulatory development in the near future. It is unlikely, as has also been shown in Europe, North America and Australia, that there are any regulations in developing countries specifically put in place for CCS. However, there are three other factors to consider:
· Current regulatory structures which would by default cover CCS (in particular petroleum, mining, waste disposal, and sub-surface water law)
· Environmental Impact Assessment

· Industry standards and practices as they are developing in relation to CCS
One study of India (Shackley, 2007) found that CCS would be regulated through Environmental Impact Assessments, which would be overseen by the Ministry of Environment and Forests (MOEF) in the case of facilities larger than 250MW. Smaller plants would be covered by the  Environment departments of the State Governments.  These EIAs refer to standards for water and air quality which are set and enforced by the Central Pollution Control Board and enforced at the state-level by the State Pollution Control Boards. These boards are important in assessing EIAs. 

With groundwater an increasingly scarce resource in India, it is the focus of considerable attention. Currently, the legal principle in India is that the owner of the land also owns the subsurface groundwater. A new law, however, is currently being debated which would change this to regulate extraction. Any activity having to respond to a regulatory environment dominated by water will therefore be drawn into a very contentious area. An analogy is Europe, where Directives covering waste and water are the main impediment to CCS from a legal point of view and are hence the object of current attention for revision. 
The counter-example is petroleum and mining laws, which will be well developed in many parts of the world, and are likely to be applied to CO2 storage. The extensive experience with regulating underground activities means that regulators are likely to both have more expertise and likely less scepticism about CCS where this is the case.
The policy and regulatory processes in North America, Europe and Australia currently underway are designed to find a place for a new activity among existing regulations not designed with CCS in mind, to develop new specific regulations, and to design policy which facilitates it. It is important to recognise that this is distinct from deciding standards, practices and performance criteria which define ‘good CCS.’ Given the lack of experience and data, and the variability of sites, it is hard to define specific performance criteria in regulation for CCS (e.g. leakage of no more than ‘x%’, movement of no more than x metres from the injection site, etc.).
Regulation for something as complex, site specific and new as CCS tends to be rather open-ended: a menu of techniques and options guided by dialogue with regulators and relying on iterative consultation with experts to come to an agreement about the appropriate approach at any one site. Regulation may be developed which refers to such approaches without codifying in detail what those approaches are. At the moment, there a several initiatives underway to develop standardised site selection, monitoring, operating and decommissioning methodologies, but these are still nascent. 
4 CCS in the CDM

Whether carbon dioxide capture and storage (CCS) should be allowed into the Clean Development Mechanism (CDM), and if so under which terms, is still an open question. Although CCS is in its infancy even in Annex I countries, two methodologies for CDM projects were put forward in 2005
, which forced consideration by the CDM Executive Board (EB) and its methodologies panel.

CCS is different from other methodologies under the CDM for several reasons, the main one of which is that the methodologies for CDM projects rely on a good understanding of the characteristics of the technology being applied, and the likely alternatives to it. As CCS is new and involves geological storage, where potential emissions are not yet well understood, it is difficult to create the kinds of rule-of-thumb guidance broadly used in CDM methodologies.

Although it may not seem so at first, there are ways in which CCS is like the cheapest large-scale form of generating credits in the CDM currently: abatement of HFC-23 from HCFC facilities. Like CCS, HFC abatement is only done for climate mitigation. With both technologies there are no side benefits (with the exception of EOR), nor are they energy technologies which exploit new and underutilised resources. As with HFC projects, additionality will be rather straightforward to prove: without any regulatory reason to do so, neither would take place, as they represent costs with no return other than carbon abatement. The main difference is that HFC abatement is cheap and easy, while CCS is expensive and complicated. So there are three factors that would bridge the gap to CDM viability:
1. Technology demonstration to prove CCS for various types of capture, transport and storage

2. A high enough price of CERs
3. Long-enough term certainty about that price to permit planning and construction

Point 1 can be overcome by points 2 and 3 if  prices are high and long-term enough: that is to say that the lack of development of CCS to date is simply a risk premium.

However, there is a fundamental hurdle in deciding how to incorporate CCS methodologically into the CDM. As many project developers have discovered over the past few years, the CDM, and project offsets in general, are labyrinths requiring a good understanding of their own logic, independent of the technologies being employed.
4.1 CCS proposals to date and discussion of methodologies

The best summary of the challenges faced by CCS in the CDM is contained Annex 13 to the 26th meeting report of the CDM Executive Board. It is very well argumented and clearly shows what was lacking in the two initial proposals (NM0167 and NM0168), and would be needed in any future approach to CCS. Although it does not answer most of the questions it raises, it spells out the issues for others to tackle. The report notes:

The approaches and procedures suggested by the submitted methodologies do not address the methodological and accounting issues in an appropriate and adequate fashion. This would therefore pose considerable difficulties in approving these proposed methodologies as CDM methodologies in their current form.

It states there are two classes of problems: those similar to other CDM projects (related to baselines, additionality, project boundaries, etc) and those specific to CCS. Of this latter category there are two sub-categories: 

Policy or legal issues, including:

· Acceptable levels of long-term physical leakage (seepage) risk and uncertainty (e.g. less than X% seepage by year Y with a likelihood of Z%);

· Project boundary issues (such as reservoirs in international waters, several projects using one reservoir, etc) and national boundaries (approval procedures for projects that cross national boundaries);

· Long-term responsibility for monitoring the reservoir and any remediation measures that may be necessary after the end of the crediting period (i.e. liability);

· Accounting options for any long-term seepage from reservoirs (e.g. new modalities and procedures such as those for LULUCF).

And secondly technical or methodological issues:

· The development of criteria and a step-wise guidance for the selection of suitable storage sites with respect to the release of greenhouse gases, and how this relates to applicability conditions for methodologies;

· Guidance on the development of adequate and appropriate monitoring methodologies for physical leakage (seepage) from the storage site;
· Guidance related to the operation of reservoirs (e.g. well sealing and abandonment procedures) and remediation measures and how these may need to be addressed in baseline and monitoring methodologies.

Some of the most important issues in the three problematic areas noted by the EB (methodological issues common to CDM, legal issues specific to CCS and methodological issues specific to CCS) are addressed here:

4.1.1 CDM methodological issues: additionality
As CCS is an add-on only undertaken for mitigation purposes, the only areas where it may not be additional are where it was to be done anyway for R&D (though the prospect of the CDM would undoubtedly have been considered during development of any project); where enhanced hydrocarbon recovery would have spurred the project anyway (though the novelty of CCS would mean barrier and common practice analysis would likely make it qualify for additionality as currently applied by the EB); and where acid gas (a mixture of CO2 and H2S resulting from the separation from natural gas to allow sale) would be injected anyway (though this is very uncommon currently).

The specific case of EOR is discussed in more detail below.

4.1.2 CCS in CDM legal issues: dealing with the long term
The problem of time scales is widely discussed with reference to CCS: injection may last a couple of decades, the injected CO2 plume may move several more decades, and the CO2 has to stay underground for hundreds or thousands of years. However, analogous activities in the oil and gas field, whether for exploitation or underground storage, have very limited time horizons for the responsibility of operators – usually only having to prove at the end of their operations that adequate safeguards are in place for the long term.

The situation is even more extreme for the CDM. Under CDM rules, there are two options for ‘crediting periods’ – either a seven-year period which may be renewed twice (maximum 21 years), or a single 10-year period. It is true that the potential for major leakage events could fall within the 10 or 21 year project time horizon – events such as injection well head failure or, possibly, seepage to the surface along  major routes such as unidentified abandoned wells or mischaracterised geological features (neither of which should occur given proper site characterisation). However, it is quite likely that leakage may take some time to appear at the surface. Hence CCS raises new discussions about the long term.
There are various approaches one could envision for dealing with the limited time horizon of the CDM versus the reality of storage, including:

1) If there is ‘significant’ leakage during the crediting period, disqualify the project: it only addresses early leakage, but the risk of having the whole project disqualified is such a great one that sufficient effort will be made to find suitable storage locations, which are likely to be stable for both the short and long term. This is essentially the approach of NM0167: the logic here is one of finding a deterrent to using poor storage sites in lieu of having the ability to exercise control over the longer term. 

2) Use some kind of standard leakage factor to establish a discount rate for CERs There are major problems here:  establishing the leakage factor when there is no track record is extremely problematic. Secondly, much of the work on leakage from storage sites has looked at what average leakage across many sites would be expected to be: in fact, most well-selected sites may essentially not leak at all, while some may have problems. Only if there were to be many, many storage sites, and we had much more data about leakage rates, could it make sense to discount by the average amount across them all. Where there are few, however, we can not be sure that they will not fall under the category of problematic, or without problems.
3) Revise CDM rules so that CCS project lifetimes are longer than 10 or 3x7 years: instead make them up to 50 years, where CERs are released depending on monitoring results: a portion would be held back initially and release fully only once the site has been shown to be fully stable for the long term.
4) Create a liability agreement separate from the methodology or CDM itself, between the host and credit buyer, using any of the approaches (such as insurance) being developed for non-CDM CCS liability.

5) Integrate long-term storage CER liability under a common agreement among interested parties, such as Carbon Sequestration Leadership Forum (CSLF) signatories. There could be an international MoU whereby any leakage from any storage site in CDM projects is compensated by purchases by Annex I Parties of CERs, AAUs or other equivalents through a fund set up for that purpose, as well as helping to fund remediation.

It is likely that a good system for dealing with the long term should rely on, first and foremost, agreement about proper site selection and management to begin with, which should avoid long term problems. Dealing with potential problems through crediting, such as a discount rate, timed release of credits, temporary credits, etc., is far too difficult to determine ex ante and may be viewed as arbitrary. There could be mechanisms which are not accounted for within the CDM accounting framework - methods which more closely match the approaches one would find in a projects absent the CDM are probably the best way to proceed: insurance, a pooled fund, state assumption of liability based on strict criteria, etc.
4.1.3 CCS in the CDM methodological aspects: monitoring

As just noted, the best way to avoid long term problems would be to select a good site and manage it well. Doing so requires a good understanding of the geology of a storage site and movement of CO2 in the underground, which requires robust monitoring. 

Some CCS backers tend to argue that CO2 storage is very unlikely to leak, and implicitly discount the importance of monitoring. Comments by the project developer of the first two CDM methodologies at a public forum in 2006 were telling: monitoring was said to be necessary to ‘satisfy sceptics.’ 
The fact of the matter is that good monitoring practice is necessary through the continuum of site selection to long term stewardship. The goals include (CSLF, 2005): 

· allow the safe and stable injection of CO2 into subsurface reservoirs

· allow the integrity of injection and monitoring wells to be assessed and  monitored

· allow the location and fate of the CO2 plume in the subsurface to be determined

· allow the project operator or regulator to assess the accuracy of performance predictions of the project

· verify that the entire mass of CO2 that is delivered to the injection well(s) is, indeed, stored in the location that was approved for that storage

· provide early warning of migration from the intended storage reservoir or leaks to the ground surface or sea bed

· detect and measure the flux of leaks of CO2 to the biosphere (the shallow subsurface, the ground surface, or sea bed).

To this can be added providing accurate information to allow for any needed remediation.

Confidence in what is known is largely a function of the complexity and appropriateness of the monitoring scheme at any given site – the more techniques, and  the better they match conditions (e.g. surface seismic being less good for deep injection given low resolution), the better our confidence that the measurements are accurate. But the problem currently is that while we have a menu of options, and are developing notions about what constitutes good practice, there is no set methodology which can be inserted into CDM rules. There are two possible approaches to dealing with this:
1. Create a flexible monitoring approach which specifies processes rather than specific actions in the rules: e.g. steps to go through, and expert consultation to ensure robustness 
2. Develop detailed site specific methodologies for each and every CCS project which is proposed.

The second approach more closely matches the requirements of the current CDM: everything in the methodology which one needs to verify it. However, as already discussed, this is hard to put on paper ex ante, and would represent a considerable burden for each project to do separately. 
Relying on a more iterative and interactive approach would require a new technique to be approved under the CDM, and probably the constitution of a specialised panel of experts, or a roster of experts available for consultation. The flexible approach also relies on a dialogue with local regulators: capacity building would likely be a prerequisite for success.

Additionally, there are several misconceptions relating to proper site selection and monitoring which should be kept in mind: 
· It is not the case that the project validator – the Designated Operational Entity in CDM parlance – will ensure that the project meets international standards. At the aforementioned public event held by the project developers of NM0167 and NM0168 in 2005, it was suggested by several people, including those related to the projects, that the role of the DOE would be crucial to filling in detail. There would be ‘pressure on the DOE to make sure monitoring is done to international standards.’ However, a DOE only verifies that projects have met pre-defined criteria. It is not their job, nor are they necessarily qualified, to ensure that a project has been done ‘well’ in generic terms, or ‘up to internationally agreed standards’ if these are not defined in either the rules of the CDM or in the baseline and monitoring methodologies. Any expanded role of the DOE as part of the second, flexible approach noted above, would have to respond to new definitions of their role.
· The 2006 IPCC Guidelines for Greenhouse Gas Inventories contain a detailed section on CCS for the first time, with many techniques of relevance to any methodology. However, this is a national inventory methodology, not a site-specific methodology. One of its points is to ‘ensure that each site has a suitable monitoring plan’ and says one should ‘collect and verify annual emissions from each site.’ How these things are done is precisely the question at issue here – with detail needed at site level.

· Environmental impact assessment is frequently referred to as a means of ensuring a CCS project will be carried out properly. There are two problems here: first is that EIA is a technique with defined goals which are more limited than the totality of the methodology needed to identify and manage CCS sites. It is generally done before a project is developed, it is often limited in time horizon, and it often puts its assessment of impact in terms of limits and values defined elsewhere in regulation. Thus it is not itself a CCS site development methodology, nor a form of regulation – rather it is a form of assessment which fits into regulation and assists in developing a good site development methodology. 
The second problem with EIAs, from the CDM point of view, is that the discussion of EIA in host countries was divisive when originally negotiated – the current CDM text leaves EIA rules up to host countries because specifying them in the negotiated CDM text was considered overstepping the bounds of sovereignty. Hence, particularly with CCS where there is so much to learn and discuss and agree upon, relying on EIAs heavily and then leaving them to host countries is unlikely to be a satisfactory approach either practically or in the eyes of critical observers.

4.2 EOR in the CDM: additionality and leakage
As noted above, one area where additionality and leakage may require more analysis is in enhanced oil recovery. As EOR is often noted as a major form of initial CCS projects – the low hanging fruit – the implications of EOR need to be examined in more detail.

CO2 is not the only form of enhanced oil recovery, indeed it is quite rare by comparison to other techniques like water flooding, natural gas, and steam, and hence other options should be taken into consideration when identifying baselines and additionality. Natural CO2 sites are few, and only in the Western United States are they exploited commercially at large volumes. In 2000, 12% of US production (almost 800,000 bopd) was due to EOR, but only a small fraction of this used CO2, in turn, only 10% of this was anthropogenic CO2. (NETL, 2003)

The attractiveness of EOR is very sensitive to oil prices: extracting extra oil implies extra costs. A study in Libya (Zekri and Jerbi, 2002) found that costs were around $7.50/bbl. Generally, sustained prices above $25/barrel are cited as necessary for EOR to become much more attractive (Beecy and Kuuskraa, 2004).

The ‘White Tiger’ project, NM0167, argued that the internal rate of return for the effort (which would inject 30,000 t CO2/day and increase oil recovery by 50,000 bopd) was 11.1% with oil prices of $30 per barrel. In the sensitivity analysis, an oil price rise of 10% increased the IRR to 14%. It did not contemplate the prospect of even more expensive oil, even though the price was $75 when the proposal was submitted. There was a 30% hurdle rate for project investment (which was to be overcome by selling CO2 credit), which would likely have been exceeded if oil prices are sustained at current levels.

However, predicting oil prices is very difficult, and CCS is capital intensive. If debt financed, a banker is going to want to be certain of the revenue stream offered by EOR, and hence will be conservative about future oil revenues. Even oil companies using equity finance are going to look to the highest value projects in which to invest – in today’s high price climate, there is high competition for trained labour, specialised equipment and management resources; EOR may not provide the biggest payoff despite being economical, and could hence be additional in such cases.
Leakage outside of the project boundary
It is perhaps counterintuitive to say that helping extract more oil that will inevitably be burned can be part of a CO2 mitigation effort. If CO2 has a price imposed by policy, or if CCS EOR is incentivised through public policy or financing, then one would want to be sure that the avoided CO2 emissions are indeed avoided. Pushing emissions outside the boundary of a CDM project is known as leakage
. Various possibilities frame the way of thinking about the issue:

· The additional oil extracted due to EOR represents an increment to total oil on the market compared to operations without EOR. The impact depends on volume:

· The amount is small enough relative to total oil output that it does not affect prices and therefore demand remains the same and emissions do not increase now – though at the margin a small amount of oil production will have been delayed to the future.

· The amount is large enough to reduce prices relative to the case without it – the effect would be to increase consumption. Further, lower oil prices may reduce the need or desire to pursue alternatives, though these could either be lower emissions (biofuels) or higher (coal to liquids).

· The additional oil delays or prevents extraction from new sources so that the net effect is not to increase total oil output, but simply to extract it from fewer sources. As new sources may be in more marginal environments outside of traditional locations, preventing their exploitation could avoid disturbing new areas.

· EOR is pursued rather than (or at least in some measure rather than) non-conventional fossil fuels, which may be more damaging –tar and oil sands, coal to liquids, etc.

· CO2 EOR simply replaces some other kind of EOR (water, steam, natural gas) and hence the effect is only a question of the degree of different effectiveness among them. 

The influence of EOR in the short term is thus difficult to determine, and very hard to ascribe to any one project. However, looking forward, we are entering a period in which it is predicted that EOR and unconventional resources (i.e. oil sands) will have to be exploited to maintain production levels to meet demand (Figure 5). 
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Figure 5: Past and potential future petroleum resources, with the role of EOR and unconventional resources indicated (Zaafrani, 2002)

EOR will thus increasingly be quite obviously adding oil net output to conventional sources in significant quantities. But it may be delaying the pursuit of unconventional resources which may well be more damaging to the environment to exploit. The net impact all depends on the counterfactual to EOR: is there a constraint that prohibits the exploitation of oil sands beyond a certain point? Would maturing of the biofuels market take a significant share of the oil market? Would there be a policy push toward efficient vehicles and public transport?  

Without policy it is quite likely that not using CO2 EOR (whether due to the inability to get CCS off the ground, or because the avoided CO2 isn’t credited) is simply likely to shift extraction more quickly to more expensive unconventional resources, which are likely to be much more damaging to the environment. The question is whether the marginally greater expense of doing so will be enough of an incentive to push for efficiency and alternatives sooner than would have been the case in which EOR is used, so that on balance there is an earlier shift to sustainability. That is a macro-level issue that can only be predicted by top down models, and only then very speculatively.

Perhaps the worst of both worlds is that unconventional resources are exploited under the understanding that CCS will be used to mitigate the emissions from their refining. In that case, the purported benefits of using EOR to extend the life of existing resources is lost, and CCS is simply used to offset new sources of emissions, doing nothing to cut into the challenge of offsetting our current sources. Crediting such projects would be a danger to the CDM: it is akin to manufacturing more ozone-depleting HCFC-22 and seeking credit for destroying the associated HFC-23. Precisely this problem has led to many vexed discussions in recent years, and should not be repeated with CCS.

4.3 Is CCS compatible with Sustainable Development?
CDM is meant to have two goals: projects which reduce emissions in host countries while reducing compliance costs for credit buyers, and secondly, promoting sustainable development in host countries. 

Sustainable development (SD) has been a non-issue in CDM projects to date. There are no criteria for determining the SD value of a project, and no project has been rejected by the EB on the basis of not having met the requirement. All that is required is a statement by the national CDM authority that the project is in line with the country’s sustainable development goals, which is always duly provided.

As a concept SD suffers from being all things to all people, but some have tried to codify it in ways which would be helpful for assessing CDM projects. This includes techniques under the CDM ‘gold standard’ designed by WWF, based on work by SouthSouthNorth, and the ‘multi-attributive assessment of CDM (MATA-CDM) developed by Sutter (2003).  This latter approach uses three classes of indicators: economic, social and environmental (Figure 6).
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Figure 6: indicators of sustainable development in the MATA-CDM approach (from Sutter and Parreno, 2005)
An assessment of a cross section of CDM projects in 2005 essentially showed that there was a trade-off between the amount of emissions reductions of the project, and the SD impact of the project (Figure 7).
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Figure 7:  a sample of CDM projects rated by emissions reduction and SC impact, classified by size of the project in CERs (Sutter and Parreno, 2005)
In thinking about CCS projects, it seems fairly clear that they would fall into this pattern: emissions reductions would indeed be significant, but employment generation would be marginal and social benefits likely nonexistent – aside from any side-projects undertaken to ‘sweeten’ the SD profile of the project, something that is happening frequently in the current CDM.
Whether or not sustainable development criteria can ever be made more robust and determinative in the CDM approval process is an open question, but the answer, based on current trends, is likely to be ‘no.’ CCS raises questions about SD at a higher level, one which is really not appropriate to determine on a project-by-project basis. Ideally development of CCS should come is as part of Strategic Environmental Assessment (SEA) and energy sector and climate mitigation planning. But this again is a national affair, and not one that would be driven by the CDM or its individual project approval process.
4.4 The potential impact of CCS in the CDM on the market and on targets
As CCS is applicable to vast amounts of emissions in potential host countries, were it to be applied there could be significant crediting as a result. The somewhat unexpected high volumes of HFC-23 abatement credit in the current CDM has served as a warning to some observers that such massive projects can crowd out other projects which are from their point of view more desirable (e.g. extending clean energy services to new communities, etc.).

However, there are three things to note: first is that the HFC abatement technology being used is very simple and broadly applied in OECD countries. It is extremely cheap from a carbon abatement point of view – less that $1/tonne. At the same time, this technology, and non- CO2 gases generally, received little attention aside from some specialists as the CDM was getting off the ground. Therefore it came as something of a surprise to see these credits emerge.

There are some ‘low-cost’ CCS opportunities (such as reinjection of CO2 separated from natural gas and from ammonia  manufacture). These were estimated by the IPCC at around 360 Mt CO2/year. BP estimates the cost of its In Salah project (including capex, opex and monitoring) at $12/tonne CO2. This is likely to be a minimum for natural gas separation projects, given its high volumes, which create economies of scale. BP estimates there may be 200 Mt CO2/ year of all types of CCS below $20/tonne CO2
.
For the most part, however, CCS is likely to cost closer to $40/tonne for coal-fired power, where the potential is in the thousands of million of tonnes. The expense means that, absent other incentives, these projects would only come online once CER prices are high. High CER prices would only be generated by a market where targets are restrictive – hence a flood of CCS CERs overwhelming low targets seems unlikely.
Timing is also of the essence – it would take considerable time even to get the low cost opportunities up and running, and longer for the larger bulk of potential using capture in the power sector. Hence, were CCS to emerge as a serious opportunity it would only do so far enough in the future where international target levels will have been reconsidered, beyond the current 2012 Kyoto first commitment period. This allows the opportunity to consider the role of CCS in that context.
4.5 Financing CCS aside from the CDM

The Clean Development Mechanism is predicted to create on the order of 120m CERs through 2012 (UNFCCC, 2007). This would equal between $600m and $1.2 billion at carbon prices between $5 and $10 a tonne, created over a period of 12 years, since the start of the CDM eligibility period in 2000.

By contrast, ‘the IEA estimates that a total capital investment of $8.1 trillion, equivalent to an average of $300 billion per year (in 2005 dollars), is needed from 2003 to 2030 for the developing and transition economies to meet their energy needs’ (quoted from World Bank, 2005). 
CERs generated through the CDM ought to (if the projects are additional) mobilise significantly more financing than just their value alone. But it is clear that even were CCS to enter in the CDM at reasonable prices, the scale of the energy modernisation challenge in the developing world is such that more means are necessary to achieve it.
The range of alternative international options is essentially four:

1. CDM or a similar mechanism, only with either more influence through higher CER prices, greater scope through simplified rules, a redesign, or some combination thereof. 

2. Expanded availability of private finance – while not subsidized, private finance could still do more than it does now simply through greater organisation and focus.

3. Bilateral and limited multilateral funding initiatives – support through mechanisms such as EU-China, APEC, etc. agreements with greatly expanded levels of finance.

4. International Financial Institution funding – the World Bank, GEF, etc., or another novel fund directed at clean energy.

The current form of the CDM inherently suffers from its constraint as a mechanism where credits are issued ex-post. For high capital cost projects like renewable energy or CCS, where up-front financing is needed, a revenue stream that emerges only as emissions reductions are verified, where market price is uncertain in advance and political reduction targets may change over time, is a risky prospect. The risk premium built into discounting that future revenue stream can significantly limit the usefulness of credits. This is particularly true for novel technologies like CCS which have further risks built in. The first option above, an expanded and altered CDM, would seem to be a likely feature of any post-2012 agreement in any case, though the ambition and scope of any redesign to simplify it is as yet unknowable. Higher CER prices seem inevitable as low-cost projects work their way out of the system and more countries take on deeper cuts over time. Thus the CDM itself could become a much more important means of financing CCS.
Expanding private finance will play an important role in future – simply focusing on opportunities which are already economic will lead to greater funding. In the Autumn of 2006 the specialist bank Climate Change Capital raised the largest-yet commercial clean energy fund for developing countries, with around $1 billion in private and public funding. However, its first focus has been low-cost HFC reduction projects in China, proving that the lure of the low-hanging fruit will always be attractive to private capital. As a mechanism of effecting innovation and real social change, it will have a role limited by the ability to keep up sufficient profit.
Bilateral and multilateral funding has as yet not advanced beyond primarily research-based projects. One concept for a multilateral fund has been floated (Hawkins and Williams, 2005). It envisions industrialised countries paying for the additional cost of CCS for new coal power between 2011 and 2020. The estimated cost for this fund would be around $6 billion per year. G7 ODA in 2003 was around $50 billion, so the figure is not completely out of proportion – but the GEF is only funded at a level $3 billion for 4 years, which is a fairer comparison, and indicates that the effort is not an insignificant challenge. Still, the additional cost of power in the OECD to generate such funding would only be about $.0005/kwh. 
International financial institutions already contribute to clean energy, but the scale is not large in the context of the challenge. The World Bank Group lending for low carbon projects has grown from roughly $633 million per year in FY03-05, to about $1.7 billion in FY06 – representing, in FY06, 37 percent of new commitments, as compared to 14 percent in FY03 (World Bank, 2007). The  Bank has recently begun a process of expanding its clean energy funding, only recently having agreed a 40% increase in its ‘Clean Energy for Development Investment Framework,’ up to $10 billion over the next three year period. The associated Action Plan aims to support ‘the transition to a low carbon economy,’ especially in Mexico, Brazil, China, India, and South Africa, by expanding knowledge and investment support.  
The Bank estimates that for every dollar it invests in a project another $5 is drawn from the private sector, government and others (Reuters, 2007). It may be possible to mobilize about an additional $11 billion p.a. from these other sources (Evans, 2006). Note that this exceeds the scale of the NRDC proposal for coal energy (though coal is admittedly only a portion of energy investment– though a large proportion). 
In all of the discussions of CCS potential in developing countries, the question of incentives and finance are central. Not currently having reduction targets, maintaining the moral high ground on the need for development, and having low historical responsibility for climate change, it is hard to imagine developing countries acting robustly on clean energy without generous outside support.  A mechanism which achieves this – whether for CCS or any other clean energy technology – is very unlikely to be sufficient unless it unleashes funding independent of temporary government commitments, absent a broader framework. This could be achieved either by agreeing longer term mechanisms which release large amounts of financing (just as feed-in tariffs do in Germany and elsewhere for renewables), or by defining the commitment of the developed to the developing world, as in the Montreal Protocol. In this latter case, although relying on donations from northern governments to fund phase out of ozone depleting substances in developing countries, the responsibility and timing is clearly laid out, and the needed funding defined on the basis of studies. While this holistic approach is very unlikely for climate change, it is clear a step in this direction will have to be taken, where clarity about the size of the challenge and the source of the funding will have to take over from rhetorical optimism about the role of the CDM (too small), private finance (too limited) or government pledges (too ad hoc). 

5 Conclusions and Recommendations
This paper has not addressed the valid issue of whether CCS is needed in developing countries, and if so how much. The simple existence of much coal fired power in countries like China and India is not the only argument needed to support CCS, though it does go a long way to doing so. However, if one posits the supposition that CCS would assist meeting emissions reductions goals in the developing world, and hence the globe overall, then we must recognise that it faces three challenges:

1. Proving the integrated CCS chain generally

2. Overcoming capacity and technology barriers specific to developing countries

3. Financing CCS in developing countries

Proving CCS is the goal of several large research and demonstration projects around the world at the moment, both in northern and developing countries. As noted above, large developing countries primarily see it as the task of northern economies to develop, prove, commercialise and bring the costs down of CCS. However, this does not mean that these projects need only take place in the north. Indeed, the special characteristics of local coal supplies around the world (higher sulphur in one place, more ash in another, etc.), and the wide vagaries of geological conditions mean that it makes sense regardless of the economic status of a country to explore broad geographical scope in demonstrations. 

But it is also not the case that just because a country like China has low emissions and GDP per capita, it is not able to participate in development of the most recent technology–far from it. At the moment China is the site of some of the most advanced coal-fired power in the world – ultra-super-critical pulverised coal, in cooperation with European companies. Indeed, heavy industry, having moved much of its operation to developing countries over the past two decades, can be more advanced in developing countries than in Annex I countries, simply because newer technology is applied.

However, one should recognise that the importance of a resource like coal to these countries is primarily that it is an abundant domestic resource. As coal use elevates and competition heats up, that resource comes under greater pressure. CCS will inevitably have an energy penalty which will require more fuel to reach the same level of generation. In the first quarter of 2007, China became, for the first time, a net importer of coal (McGregor, 2007). The 2.38 billion tonnes of production in 2006 will be augmented by some 800m tonnes by 2011, but use already grew by 15% in the first quarter of 2007. A technology which increases coal use by 25% will far outstrip the ability of China to keep its production domestic. Limiting efforts to improving plant efficiency will therefore seem highly attractive compared to pursuing CCS. 
Hence, to make inroads in developing countries, CCS will have to be much cheaper, much more efficient, and fall into a larger climate mitigation strategy. A few demonstration projects, as the 12 projects the EU hopes to install by 2015, will potentially answer many questions about the technology. But it is not the same thing as commercialisation. Developing countries are right to point out that it is the north that should take the lead here – for both moral and practical reasons. Moral, using the same logic as the UNFCCC – greater historical responsibility of the north means the responsibility to act first and quickly. Practical, in that more money can be brought to bear on the issue. 

But the whole logic of the carbon market is that location of mitigation activity, and responsibility for undertaking it, are independent of each other. If China is where the coal is going in, then it makes sense to pursue CCS there, mobilising funding from Annex I. 
The CDM is the current primary means of effecting this kind of transfer of wealth and technology to non-Annex-I countries in the name of emissions reduction. The current debate over whether and how to allow CCS into the CDM is really a discussion about how uncertainties fit into the structure of the CDM as it stands. The answer is: not very well. CCS is one of the first technologies (aside from LULUCF) which is requiring a new way of looking at project approvals and crediting. While the same answers need not be applied to CCS (such as tCERs, probably a bad idea for CCS), the concept of additional guidance and expertise specifically for CCS is a necessity. This seems to be agreed by many observers. Further, demonstrating CCS in developing countries prior to pursuing crediting would seem to be a good way of developing and testing CDM-relevant rules, creating good will among participants and proving the concept to stakeholders. 

While nothing prevents project developers from submitting solid methodologies for CCS projects at present, the procedures for dealing with them at verifier, Executive Board, and national level is currently limited. It is in everyone’s interest to see that confidence is built in these aspects prior to proceeding with project approvals.
From a larger point of view the problem with the CDM is the nature of the carbon market, and that of new technologies. The carbon market is less suited to funding more speculative or long-term investments, given that the future stream of revenue is anything but assured. For the CDM to play a larger role, CER prices would have to be higher and more certain over the long term. For this and other low carbon technologies, the current CDM cannot be the only game in town. Both a revised CDM and funds like that being developed by the World Bank are both needed in the post-2012 period, and not just for CCS. .
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� That larger issue of whether or not CCS is necessary and/or desirable is not under discussion here.


� This section draws on the paper by Simon Shackley as part of Anderson, et al ‘Public Perception of Carbon Dioxide Capture and Storage,’ CO2 Capture Project/ UK Department of Trade and Industry, 2007.


� New methodologies NM0167, in Vietnam, and NM0168, in Malaysia


� Unfortunately the same word used to describe escape of CO2 from a storage formation, but not the same thing…


� Iain Wright, BP, personal communication.
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