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LEARNING FROM THE IMPLEMENTATION OF THE PROTOTYPE CARBON FUND

SUMMARY OF KEY FINDINGS

The Prototype Carbon Fund (PCF) is a private-public partnership that aims to mobilize new and additional resources to address climate change and promote sustainable development. In addition, the PCF aims to provide an opportunity to “learn by doing” in the development of policies, rules and business processes for the achievement of emissions reductions under CDM and JI.
 The PCF believes that substantial learning will result from identification, preparation and approval of CDM and JI projects and intends to place funds in 15-20 projects and identify, prepare, and approve these in the first three years of its operation. The early PCF projects and other aspects of PCF operations have already provided a rich learning experience including the following:

· The full potential of CDM and JI can only be realized by allowing markets to develop and operate efficiently;

· The procedures implied by the CDM project cycle that is currently being negotiated will discriminate heavily against small projects financed under CDM arrangements due to high transaction costs;

· Determining environmental additionality of projects generating emissions reductions remains the main methodological challenge;

· It is crucial that developing country needs for capacity building – both in the public and private sector – are addressed if their sustainable development is to benefit from the CDM.

These lessons are elaborated in more detail in the following paragraphs and the attached paper.

Markets in Emissions Reductions will promote CDM/JI Investments

Conceive CDM deals as a purchase of emissions reductions  (p. 16)
CDM and JI are unique amongst global environment financing mechanisms in that they foresee vastly larger scale funding and seek to mobilize private investment around a new commodity (“greenhouse gas emissions reductions”). Facilitation of thousands of private sector transactions requires ex post market-based regulation of a type found in commodity markets rather than ex ante project by project review. A heavy-handed review process at the project finance and invest​ment stage is not helpful, if the volume of investment required to mitigate climate change is to occur. 

Allow for fungibility of emissions reductions (p. 16)

Lack of fungibility will profoundly change the incentive to invest in CDM/JI emissions reduc​tions. Unless fungibility is allowed, investors will be unable to place certified emissions reductions in the highest value Annex I country regime year by year, and reallocate them as needed. In addition, the advantages many in​vestors seek by pooling their capital in funds to spread risk and lower transaction costs will be largely eliminated as investors will be unable to allocate and reallocate their share of a projects’ emissions reductions to the Assigned Amounts of their preferred Annex I country. 

Consider non-domestic emissions reductions (p. 13)

Being unable to capture the benefits of emissions reductions achieved in countries other than the one in which the JI project is located, such as by displacing imported fossil fuel generated power, reduces the incentive to invest under JI and may raise political concerns under CDM.

Allow for quick decision- making (p. 13)

Emissions reductions are invariably the minor product and revenue source in energy, industry and transport infrastructure investments. Hence, an efficient and time-bound decision cycle, which quickly establishes the eligibility and level of possible carbon financing, is critical.  Such efficient decision-making on carbon finance does not get in the way of dominant private sector investment decisions, and thus, ensures that private investment will flow to CDM and JI projects, as opposed to more carbon-intensive, business-as-usual activities.

Accredit private sector Operational Entities (p. 14)

There is sufficient depth in the private sector globally to play the role of Operational Entities for validation, verification and certification.  Moreover, many precedents exist in market regulation for effi​ciently establishing and maintaining high practice standards. To take advantage of this capaci​ty, the Parties would need to provide clear guidance on standards, and insist on professional account​ability and liability for negligence in the event of non-compliance.

Small projects need help

Don’t disregard transaction costs (p. 7)
For projects that are less than US$2 million in emissions reductions financing, and about US$8-10 million in total financing, the transaction costs of applying the proposed CDM project cycle adds significantly to the cost of emissions reductions, which makes them less attractive than large scale projects with high emissions reductions volumes.
 For most  developing countries the majority of their opportunities to participate in the CDM is through projects with a carbon finance component worth less than US$2 million.

Crediting period for projects matters

The crediting period influences the cost of emissions reductions from different technologies. Shorter crediting periods have higher cost implications for technologies with longer project life and higher up-front costs, which are are typical of renewable energy technologies. The shorter the crediting period, the higher is the cost of emissions reductions from renewables.  Shorter crediting periods also make options with short pay-back period, such as energy efficiency, more attractive.

Promote “established intermediaries” (p. 7)

Using private sector intermediaries to bundle small projects to aggregate emissions reductions, thereby lowering transaction costs, is an effective means of enabling small projects and small economies to participate in the global emissions reductions market. The modalities for CDM and JI should facilitate this intermediation function.

Streamline procedures (p. 9)

Streamlined procedures for establishing/validating baselines, for developing monitoring and verification plans (MVP), and for performing verification and certification for small projects, such as rural renewable energy supply, are critical to enable them to benefit from CDM invest​ment. Establishing multi-project baselines and MVPs, as well as simplified procedures for valida​tion and verification, is one such option. Sectoral baselines for integrated power grids greatly faci​litate and promote local investment in small scale and renewable power generation capacity.

Standardize the validation and verification process (p. 13)

The costs of validation can be lowered significantly if a simple validation protocol is developed, which requires only the information that bears directly on the environmental credibility of the baseline and the monitoring and verification plan.

Environmental additionality remains a challenge

Investment analysis is only one possible baseline method (p. 11)

PCF’s experience suggests that environmental additionality should be the key determinant for credible projects, and that project credibility must be demonstrated by developing a credible baseline. Investment analysis and the use of control groups are important, but not the only methods for determination of a credible baseline. Standardization of baselines, such as agreed benchmarks and multi-project baselines, can greatly facilitate project preparation and reduce costs and uncertainties.

Prevent perverse outcomes (p. 10)

Progressive countries could be penalized by being ineligible for emissions reductions financing when they have pre-existing policies that favor development of climate-friendly technology, such as renewable energy sources, where these are not the least-cost supply option. Other countries could benefit from maintaining or introducing carbon intensive policies. Current approaches to assessing “additionality” may have these perverse outcomes, thereforedeserve careful thought by UNFCCC Parties in developing guidance on baselines and acceptable policies (policy baselines).

Implement the CDM reference manual as a discovery process (p. 9)

CDM projects are diverse and must be credible in many different policy environments. To enable an early start of the CDM and avoid overly complicated generic guidance concerning baseline determination and monitoring, the CDM reference manual should evolve with experience and on the basis of precedent. 

Development finance is second to carbon finance (p. 12)

So long as concessional development finance does not earn emissions reductions, it can be a valuable adjunct to emissions reductions finance in supporting climate-friendly technologies with high development impact, which would not otherwise be competitive sources of emissions reductions.  One example is solar photovoltaic power generation. However, in most cases, emissions reductions finance will displace and free up development finance for use in other socially beneficial de​velop​ment projects. This result is desirable as development financing should not crowd out private investment, including investment for the production of emissions reductions.

Developing countries’ concerns are important for the market

Build the right host country capacity (p. 15)

Capacity building for emissions reductions market development has two critical components. One is building confidence with buyers of emissions reductions that governments understand the Pro​tocol’s requirements, and are willing and capable of meeting these requirements in facilitating CDM/JI transactions. The other is building the capacity of the local private sector to identify and intermediate carbon financing and assist with project preparation and supervision. Neither of the two is sufficient without the other to ensure countries can benefit from CDM/JI transactions. And both are critical to reduce risks and transaction costs and facilitate project replication.

Measure sustainable development indicators (p. 17)

It is possible to obtain a proxy measure for sustainable development contributions of CDM/JI trans​​actions at a small, additional cost by identifying, quantifying, verifying and certifying a limited num​ber of other social and environmental attributes of emissions reductions activities, along with generating certified emissions reductions. This will enable governments and civil society to under​stand the wider development impacts of CDM/JI activities. It will also enable markets to reward certified emissions reductions which clearly result in local social and environmental benefits.

LEARNING FROM THE IMPLEMENTATION OF THE PROTOTYPE CARBON FUND

The Prototype Carbon Fund (PCF) is a private-public partnership that aims to mobilize new and additional resources to address climate change and promote sustainable development.  The PCF is capitalized in a first closing at US$135 million as of April 10, 2000, with six governments and fifteen companies participating.
  While project identification and preparation activities have been well underway for the past two years, PCF operations formally started on April 10, 2000.

The PCF has three primary strategic objectives:

· Demonstrate the potential for public-private partnership in mobilizing new resources for addressing global environmental problems through market-based mechanisms; 

· Show how project-based emissions reductions (ER) transactions and trade can promote and contribute to sustainable development and lower the cost of compliance with the Kyoto Protocol; and

· Provide the Parties to the UNFCCC, the private sector, and other interested parties with an opportunity to “learn by doing” in the development of policies, rules and business processes for the achievement of emissions reductions under CDM and JI.

This note is prepared to meet the “learning-by-doing” objective of the PCF and intends to com​municate the lessons learned in the outreach and the implementation process of the PCF. 

The PCF believes that substantial learning will result from identification, preparation and ap​proval of CDM and JI projects. The PCF intends to place funds in 15-20 projects and identify, prepare, and approve these in the first three years of its operation. The initial set of projects is being identified and prepared by the World Bank. IFC, the private sector arm of the World Bank Group, has started identification of  projects in the private sector. A number of third party pro​jects, including those proposed by the Participants in the PCF, are anticipated in the portfolio and some projects are being reviewed. The current pipeline of the PCF consists over 25 projects. Of these, the following five have been endorsed as CDM or JI projects by host governments, and project preparation is either complete or at advance stage: 

· Latvia: Liepaja Region Solid Waste Management Project

· Costa Rica: Facility for Renewable Energy Resources

· Czech Republic: Energy Efficiency projects

· Uganda: Small Hydro Power in West Nile Region

· Guyana: Bagasse-based Cogeneration at Skeldon.

This note discusses issues related to the project cycle of CDM-like projects first, and then pre​sents wider policy, as well as CDM and JI framework-related lessons that have emerged from the implementation of the PCF to-date.

Project cycle issues

The PCF project cycle is identical in name and sequence to the steps documented in the Consoli​dated Text on Principles, Modalities, Rules and Guidelines for CDM (FCCC/SB/2000/4). PCF’s experience to date is largely at the front end of the project cycle, beginning with establishing the baseline, preparing the Monitoring and Verification Protocol, leading to the baseline validation process and laying the foundation for negotiation of emissions reductions purchase agreements. Conservatively, until guidance is received from COP-6, PCF applies CDM-like procedures to both CDM and JI projects. PCF is working through these steps in about ten projects right now and has considered over 20 deals in all.  The front-end of PCF project cycle is provided below.
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Cost of CDM-like procedures

The PCF operations to-date allow a more accurate estimation of the cost of CDM-like procedures being negotiated for at least a part of the project cycle. The estimation of costs for procedures up to the Validation of the project is based on actual work done for the Latvia project, and on host country-endorsed project preparation activities in advanced stages in the Costa Rica, Czech Republic, Guyana, Uganda, as well as 6 other projects under preparation elsewhere. 

PCF experience to-date with the above projects suggests that the total costs for CDM-like pro​ce​dures will be in the range of US$ 200,000-400,000.  This total does not include any CDM or JI fees that may be levied by the Executive Board or the Parties.  

The total costs included the costs for the following procedures:

· Baseline study: Effort and costs of defining the baseline and establish environmental addi​tio​nality depends on the type and complexity of the project and on the stage of project pre​para​tion at the time the baseline analysis is undertaken. If the project preparation is advanced and, for in​stance, a feasibility study has been completed, the additional cost for undertaking the base​line study can be substantial. If the baseline study to determine environmental additiona​li​ty is undertaken in coordination or as a part of the feasibility study, the additional cost can be modest for moderate-sized project. Based on PCF operations, it is estimated that the level of effort would be 3-4 person-weeks for experts with an understanding of the methodology. The estimated cost of preparing a baseline study and presenting a case for environmental ad​ditio​na​lity is estimated to be about US$ 20,000 for projects without significant level of com​plexi​​ty.

· Monitoring and Verification Protocol or Plan (MVP): The MVP for a project has to be based on the baseline study and case presented for establishing the environmental additionali​ty. It has to be specific in identifying all the data collection and measurement requirements and assigning responsibility for these tasks. The baseline study and the MVP are the critical documents for the Validator to undertake the Validation exercise. The MVP can be standard​ized to a significant degree for a technology for a particular end-use. With such standard​iza​tion will come significant cost reductions. For the first of its kind MVP, the level of expertise is about 4-5 person-weeks and the estimated cost is about US$ 40,000. It must be emphasized that for subsequent MVPs, the cost are likely to be substantially less.

· Validation is a process of assessing whether a project, as elaborated in the project design do​cuments, meets the specified criteria. As indicated, the clearer the criteria, the simpler and cheaper is the validation process. In the PCF validation effort to date a significant part of the effort has been in anticipating and identifying requirements and criteria that are likely to en​sure environmental additionality and credibility and which, at the same time, the Parties are likely to agree upon. In the Latvia project, the PCF spent about US$ 40,000 and about four weeks of effort was required. Based on the experience and recognizing the potential for sig​ni​ficant cost reductions, the PCF has identified the need for a validation protocol to streamline and standardize this procedure. As indicated, such a protocol will require the criteria for CDM and possibly JI projects that the Parties have agreed on along with any host country criteria. The PCF estimates that standardization of the validation process will result in cost of about US$ 20,000 when using state-of-the-art certification agencies.

· The total front-end costs for CDM-like procedure including the legal fees for the Emissions Reductions Purchase Agreement is likely to be in the range of US$ 100,000 to 200,000. The costs would fall towards the lower end if the project does not involve first-of-a-kind applica​tions and if the baseline study, MVP, validation process and the ER purchase agreement can draw on previous experience and documents. In addition, to these front-end procedures, pro​jects would require to be registered after valida​tion. 

· The PCF requires an initial verification prior to commissioning to ensure that the project has been constructed according to design, the monitoring system is in place as required by the MVP and the case for envi​ron​​ment​​al additionality presented in the baseline study reflects the re​ality. After commissioning, periodic verification of emissions reductions will be needed. This can be followed by certification of the emissions reductions by the verifier acting as the Opera​tio​nal Entity entrusted with these functions. It is estimated that verification and certification and general project supervision will re​quire US$ 100,000-200,000 in the typical 20-25 year life of the project.

Impact of transaction costs on small projects

Key Finding: For projects less than US$ 2 million in emissions reductions financing, and about US$ 8-10 million in total financing, the transaction costs to apply the proposed CDM project cycle adds significantly to the cost of emissions reductions making them less attractive than large scale projects with high emissions reductions volumes. For most developing countries the majority of their opportunities to participate in the CDM is through projects with a carbon finance component worth less than US$ 2 million.

The initial set of proposals for PCF financing are dominated by small-scale renewable energy projects involving technologies such as PV, small and micro-hydro and biomass, which:

· have higher unit costs due to small size;

· displace low carbon intensity end-uses; and

· typically operate in risky (rural) environments.

For such projects to be viable and implemented, it will be essential to:

· aggregate a number of small projects to reduce transaction costs; and/or

· streamline and simplify procedures for determining baselines, developing monitoring and verification protocols (or plans, MVP), and obtaining project validation.

If the cost of CDM-like procedures is to be kept reasonable in proportion to the total project cost, the desirable size of emissions reductions purchased from the project must exceed US$ 2-3 million. This, in turn, implies that total project size would be in the range of US$ 10-15 million. The implications of this observation on the nature of the CDM and, potentially, JI projects is severe:

· Most non-grid connected renewable energy projects would not reach the threshold level of investment. These small projects will not be able to bear the burden of transaction cost and the cost of acquiring knowledge of CDM procedures would be prohibitive.

· Many of the poorer developing countries would get excluded as the size of the investments and facilities would not match their needs. The risks associated with the investments are also higher in such countries. Often much greater proportion of the investment cost for clean technologies need to be made up-front while the returns flow over longer periods increasing the risk and costs of investment even further.

Working with Established Intermediaries

Key Finding: Using private sector intermediaries to bundle small projects to aggregate emissions reductions and lower transaction costs is an effective means of enabling small projects and small economies to participate in the global emissions reductions market. The modalities for CDM and JI should facilitate this intermediation function.

Using established intermediaries for aggregating smaller projects offers access to the market in addition to reductions in transaction costs.
 Established intermediaries that can aggregate projects can include:

· energy service companies (ESCOs) and private sector project developers;

· local banks or funds with specialized credit lines or involved in "green" or socially responsible investments; and

· energy utilities.

It is important that the modalities to be developed for CDM and JI permit the participation of such intermediaries.

While the role of project and deal aggregators and intermediaries would be critical in both CDM and JI circumstances, PCF operations to-date indicate that relatively fewer intermediaries and deal aggregators exist in poorer countries. International intermediaries and deal aggregators are likely to have higher expectations of return on investment, which increases costs of smaller technologies further.

Impact of Crediting Period on Cost of ERs

The crediting period influences the cost of emissions reductions from different technologies. Shorter crediting period will have greater cost implications for technologies with longer project life such as small hydro facilities. Cost of emissions reductions from technologies, or projects, with shorter project life (such as energy efficient lighting) will be less sensitive to the crediting period. The effect on cost of ERs will also be less pronounced for technologies or projects which may have a long project life but where the production of ER is not linear. For instance, methane generation in landfills is faster in the first 10 years than the last 20 years in the 30 or 40-year life of a landfill. As a result, the cost of emissions reduction from landfills is not as sensitive to the length of the crediting period as it is in the case of, say, a wind farm where the emissions reductions is uniform in time. The effect of different crediting period is shown the chart below.
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Implications of Diversity in Projects and Policy Environments
Key Finding: CDM projects are diverse and must be credible in many different policy environ​ments. To enable an early start of the CDM and avoid overly complicated generic guidance con​cerning baseline determination and monitoring, the CDM reference manual should evolve with experience and on the basis of precedent. 

With the distinctive experience of undertaking some of the steps envisaged in the project cycle of a CDM-like project,
 the PCF operations to date suggests that:

· CDM projects are very diverse and must be credible in many different policy environments;

· the ways in which many possible CDM projects are unique and may have specific require​ments is very difficult to anticipate; and 

· providing comprehensive methodological guidelines valid for a wide range of project types and national circumstances is likely to entail a high degree of complexity. Moreover, the development of such guidelines will probably delay the start of the CDM. These early guidelines may also need substantial revisions to accommodate actual project experience.

As a consequence of the PCF experience, it is suggested that the planned CDM Reference Manual implement a discovery process: The manual should evolve over time with experience of CDM implemen​tation for a growing number of common technologies and applications. The manual should be based on precedence and sound methodologies on, for instance, how to deter​mine baselines and prepare an MVP in different project cases.

Baseline Methods and Related Issues

Choice of methodology and its implications

Key Finding: Streamlined and simplified procedures for establishing and validating baselines and monitoring and verification plans (MVP) and for performing verification and certification for small projects, such as rural renewable energy supply, are critical to enable them to benefit from CDM investment. Establishing multi-project baselines and MVPs as well as simplified pro​cedures for valida​tion and verification is one such option. Sectoral baselines for integrated power grids greatly faci​litates and promotes local investment in small scale and renewable power generation capacity.

The PCF's approach to baseline methodology is "Project-by-project methods first" for the reasons elaborated in the PCF Implementation Note on Baseline Methodologies. For a number of small renewable energy project proposals submitted to the PCF for consideration, project-specific baseline methodologies would be prohibitively expensive. Streamlined procedures for baseline determination, validation, monitoring and verification are required for these projects to be imple​mented. The majority of developing countries will rely on small projects (such as renewable energy) for the benefits of the flexibility mechanisms.
 Without simplified baseline methods and streamlined pro​ce​dures the distribution of benefits across countries from CDM and JI projects will be extremely limited.

Streamlined or simplified procedures must, to begin with, find lower cost procedures for deter​mining baselines while managing to retain environmental credibility. Experience of the PCF suggests that the development of standard-oriented baselines would reduce the transaction costs for all market participants, promote JI and CDM activities and are imperative for small projects to be viable under the mechanisms. 

While standard-oriented baselines (such as performance benchmarks, reference technologies, sectoral baselines, etc.) are expected to generate substantial cost savings in project preparation, the following must be appreciated based on PCF's operation and consultation process regarding a broader, standard-oriented approach for setting baselines:

· Even though standard-oriented baselines (at the sector level, for instance) decrease costs for individual projects, they imply higher initial costs for developing the standards and may also need poli​ti​cal approval. Furthermore, these costs are incurred before any investment decision is made. Finding the resources for standard-oriented baselines can be a significant barrier. 

· Standard baselines may have implications for the validation, monitoring and veri​fi​ca​tion pro​cesses. For instance, a sector baseline will need to be validated at the sector level in addition to the validation of any individual project in the sector. But this two-step validation process will decrease the complexity of validation and thus the cost at the project level.

· Standard-oriented baselines are politically contentious, because they can have consequences for the distribution of benefits from JI and CDM activities, and because baseline standards may be seen as implying a move towards emission limitation commitments for non-Annex I countries.

As a starting point, the PCF believes that replicable or multi-project baselines would facilitate the promotion of small renewable technologies. For instance, low-efficiency diesel can be assumed to be in the baseline for photo-voltaic (PV) applications in remote rural areas. If there is agreement on this baseline, then there is no need for the validation of the baseline for any project involving a number of PV systems in a remote region. The emissions reductions can be based on performance benchmarks for the diesel and PV systems. And verification can be limited to a sample audit of installed PV plants on a periodic basis. The periodicity can be reduced or increased on the basis of sample audit results over time. 

Policy baselines and perverse incentives  

Key Finding: Progressive countries could be penalized by being ineligible for emissions reductions financing when they have pre-existing policies that favor development of climate-friendly technology, such as renewable energy sources, where these are not the least cost supply option. Other countries could benefit from maintaining or introducing carbon intensive policies. Current approaches to assessing “additionality” may have these perverse outcomes and deserve careful thought by UNFCCC Parties in developing guidance on baselines and acceptable policies (policy baselines). 

· PCF experience suggests that baselines are often driven by one or two decisive factors and that these factors are in many cases policy related. 

· The impact on GHG emissions of national laws and policies that reflect a country’s priorities and pre​ferences without prior consideration of the possible benefits from the CDM or JI transaction can be substantial. Such policies are inherently difficult to distinguish from those that might be adopted with the purpose of maximizing profit from CDM and JI. 

· Pre-existing domestic policies can have two effects: (a) governments/countries would be rewarded for distorting policies that result in more carbon intensive baselines than would be the case without CDM or JI; (b) governments/countries would be penalized for proactive envi​ron​​mental policies that result in baselines with lower emissions then those of their peers. 

· It appears that the incentive to governments to take advantage of the CDM increases the risk of this policy problem to be aggravated over time. This suggests that Parties may have to provide guidance on “acceptable” policies (policy baselines) that would be applied for assessing additionality. 

Consider the following cases:

· Latvia:  The waste management baseline is affected by the Latvian desire to become an EU member as quickly as possible, which in turn requires environmental standards that are higher than currently affordable and implementable. The timeline of the baseline is the critical issue.

· In another country, the government intends to diversify its fuel base to reduce supply risks and is therefore willing to invest in much more expensive renewable energy, which would thus become the baseline source, such that renewable energy projects in the country become ineligible for the CDM. The distinction between motives is the critical issue.

· Yet, other countries have enacted legislation that make it illegal to flare gas or require a certain percentage of renewable energy – without, however, being able to afford or enforcing these laws.

These cases appear to be widespread and are particularly difficult to deal with in projects with public sector involvement, where policies may not be explicit. PCF operations have not yet observed any case in which a government has deliberately lowered environmental standards (raised baseline emissions) in anticipa​tion of the CDM. But there is no doubt about the incentives for such behavior, and it is already ap​par​ent that the CDM would reward governments/countries for past low energy efficiency and en​viron​mental standards. 

The PCF experience suggests that it will be appropriate for UNFCCC Parties to formulate policies that address these outcomes. While it may be difficult to reach an agreement on the maximum level of subsidies for carbon intensive fossil fuels that would allowed in determining the baseline and computing eligible emissions reductions credits, in the least there should be no penalty for countries that have proactively deployed or planned to support climate friendly technology. Specifically, if a renewable energy development is not the least cost solution domestically, it should be eligible under CDM and JI.

It would be helpful to have clarity on these issues at the time the CDM starts to operate. The need for early clarity stems from the fact that countries that are proactive in deploying or planning to deploy renewable energy technologies are the most supportive in the promotion of CDM investments.

Role of investment analysis in determining environmental additionality

Key Finding: PCF’s experience suggest that environmental additionality should be the key determinant for credible projects and that project credibility must be demonstrated by developing a credible baseline. Investment analysis and the use of control groups are important, but not the only methods for determination of a credible baseline. Standardization of baselines, such as agreed benchmarks, can greatly facilitate project preparation and reduce costs and uncertainties.

For the PCF, environment additionality is the essential criterion for ensuring environmental credibility for both CDM and JI projects. The PCF establishes environmental additionality by determining a project baseline and baseline emissions with which actual project emissions are being compared. A variety of methods for establishing baselines, both project-by-project and standard methods, can be used and are being discussed by the Parties. 

At this time, the PCF relies predominantly on project-by-project baselines while exploring alter​na​tives. The two main baselining methods available to the PCF and applied as appropriate given the specific characteristics of a proposed project are the investment analysis and control groups. PCF experience suggests that both approaches can be used and that elements of  both are likely to be mixed in the process of determining and monitoring the baseline. In the case of the PCF, invest​ment analysis to establish the baseline is likely to be used in most projects.  

In this context and responding to feedback received in extensive consultations with PCF stakeholders, it appears important to emphasize that:

· from the PCF experience to date, the PCF views investment and financial analysis as one set of tools among others, that can be used to deter​mine project baselines and establish environmental additionality. Investment and financial analysis should be permitted as a possible method for establishing project baselines.

· PCF is required to apply investment and financial analysis for all projects that it will invest in, irrespective of the method used to establish the baseline and environmental additionality. This is essential for determining the viability of the projects and for estimating the costs of emissions reductions from these projects. The PCF recommends financial analysis of CDM and JI projects as a good practice. Moreover, it seems unrealistic that any private sector investment would occur without such analysis. It should also be noted that for many public sector projects some kind of benefit-cost analysis can be expected, which is standard practice for an investment operation. 

Development finance and additionality

Key finding: So long as concessional development financing does not earn emissions reductions it can be a valuable adjunct to emissions reductions financing in supporting climate friendly and high development impact technologies that would not otherwise be competitive sources of emissions reductions, such as Solar Photovoltaic power. However, in most cases, emissions reductions financing will displace and free up development financing for use in other socially desirable de​velop​ment projects. This result is desirable as development financing should not crowd out private investment, including investment for the production of emissions reductions.

It is common for potential CDM or JI projects to have substantial local environmental or social benefits. These social and environmental benefits often make such projects eligible for concessional development financing. 

· In many projects it is difficult to decide whether concessional development finance would be available to fill the financing gap in the absence of CDM or JI resources. However, co-financing of CDM and/or JI is justified for some climate friendly technologies, such as photovoltaics, where carbon financing alone is not sufficient to make them viable as CDM projects.

· Assuming that the volume of development assistance is maintained, a robust environmental additionality test will ensure that CDM and JI resources are directed to cost-effective climate friendly options while development assistance and concessional development finance is re-directed to socially relevant sectors in developing countries.

Non-domestic ERs 

Key Findings: Being unable to capture the benefits of emissions reductions achieved in countries other than the one in which the JI project is located, such as by displacing imported fossil fuel generated power, reduces the incentive to invest under Joint Implementation and may raise political concerns under CDM. This disincentive deserves the Parties’ attention.

When renewable energy or less GHG intensive technologies are added to a grid that is interconnected with other countries in the region (for instance the Central American grid or the Southern African Power Pool or the Baltic Ring), emissions reductions may take place in countries other than the location of the CDM or JI project. There is a need for a clarification on how emissions reductions projects in such grids would generate credits. 

· The need for such clarification is stronger in the case of JI projects as the emissions reductions have to be adjusted against the assigned amount of either the country with the project, or the country in which the emissions reduction occur.

· The benefits of investment for emissions reductions though CDM or JI may lead to adverse economic impacts in the neighboring country without any compensating economic benefit. For instance, revenue from sale of coal thermal power and employment in the coal mining sector  in a country may be affected by introduction of a large gas or hydro capacity in a power pool involving neighboring countries.

Validation

Key Finding: The costs of validation can be lowered significantly if as simple validation protocol is developed requiring only the information that bears directly on the environmental credibility of the baseline and the monitoring and verification plan.

The PCF has completed the validation of the Latvia Liepaja Region Solid Waste Management project. Building on this experience, the PCF has commissioned the drafting of a preliminary PCF Validation Manual. The Latvia experience clarified a number of issues and facilitated an understanding of the process and the procedures that need to be followed for a credible validation.  These are:

· Outcomes and expectations from the validation step in the project cycle need to be clearly defined and understood. Validation is a process of assessing whether a project, as elaborated in the project design documents, meets the specified criteria. The validator can only assess conformity of the project for well-defined criteria – the clearer these criteria are, the simpler and cheaper the validation process can be.

· Need for host country criteria: While the Parties need to agree on a clear set criteria for CDM and, if appropriate, JI, the host country Parties should identify and clearly articulate their own additional criteria for CDM or JI projects according to national circumstances. The validation process can then take these into account. 

· Need for a validation protocol: The internationally agreed criteria for CDM and, if ap​pro​pri​ate, JI along with any host country requirements need to be assembled in a validation pro​to​col. This will permit standardization of the validation process and will result in much lower cost of the process. Work on a preliminary validation protocol and validation manual has been commissioned by he PCF and is expected to be available by COP-6.

Framework-related Issues

Private sector as Operational Entities

Key Finding: Emissions reductions are invariably the minor product and revenue source in energy, industry and transport infrastructure investments. Hence an efficient time-bound decision cycle which quickly establishes the eligibility and level of possible carbon financing and thus does not get in the way of unrelated, dominant decision factors is critical to ensure private investment will flow to CDM and JI projects as opposed to business-as-usual more carbon-intensive activities.

Experience in identifying CDM and JI projects in the private sector suggests that the project cycle in the private sector is short and investment decisions are made faster. Hence, there is a smaller window of opportunity here than in the public sector to influence the decisions to upgrade to more climate friendly options utilizing CDM or JI resources. This puts a premium on making the decision cycle efficient and time-bound. Risk of delays in approval of CDM and JI add to the typically higher risk associated with the climate-friendly option, and can also add to the likelihood that private sector investment will be attracted to the carbon-intensive project. The design of CDM procedures and the choice of means to undertake these procedures must be guided by the objective of engaging private sector to invest in CDM and JI.

PCF experience suggests that there is substantial private sector capacity in Annex I and several (but not all) non-Annex I countries to deliver on then CDM procedures that are being negotiated. In countries where the certification industry is well established, it has been demonstrated that this industry can develop and regulate standards to guarantee environmental credibility in an efficient and cost-effective manner. 

The challenge to the Parties is to regulate the market efficiently. PCF is convinced that the private sector can play an important role as Operational Entities. Efficient markets with private sector capital and private sector Operational Entities could be promoted if the Parties:

· keep the project cycle short and predictable;

· avoid or minimize ex ante, open-ended approval processes at the pre-investment stage and instead rely on ex post audits with heavy penalties for negligence or malpractice to ensure environmental credibility; and

· create transparency and predictability through the CDM Reference Manual which can con​tain, for instance, agreed validation protocols, accreditation criteria for operational en​tities. 

Accreditation of Operational Entities

Key Findings: There is sufficient depth in the private sector globally to play the role of Operational Entities for validation, verification and certification and many precedents exist in market regulation for efficiently establishing and maintaining high practice standards. To take advantage of this capacity, the Parties would need to provide clear guidance on standards, and insist on professional accountability and liability for negligence in the event of non-compliance.

In order to design the business processes underpinning its project cycle, the PCF has engaged in consultation with the private sector auditing and certification industry for three years. From these consultations have arisen a body of practice for baseline assessment, monitoring and verification, and validation, and pre-requisites for professional standards. Apart from demonstrated ability to undertake the offered services, the PCF  requires validation and verification entities to:

· be accredited by some publicly recognized environmental accreditation scheme (e.g. ISO 14000); 

· have international operations and track record as well as a recognized  reputation; and

· be accountable and capable of bearing liability for professional negligence in the application of CDM and JI procedures.

The PCF takes particular care to avoid conflicts of interest by selecting truly independent firms. These criteria are fairly restrictive at the current state of the market, in many cases limiting the eligible companies to the big international auditing and certification firms. 

Role of developing country Operational Entities in cost reduction: 

Difference in wages and salary cost between OECD and non-OECD countries does permit poten​tial cost reduction in application of CDM and JI procedures. Significant cost reductions are likely to occur when domestic entities are used in CDM and JI host countries. The following, however, need to be highlighted:

Ensuring environmental credibility would require that domestic accreditation standards in CDM and JI countries are uniformly applied in all  countries. This is not necessarily the case.

The capability and expertise required to carry out the procedures to conform to international standards do not exist in all non-OECD countries. The capacity is even more thinly distributed in the poorer economies hence the cost providing certification services are likely to be higher in these countries than in countries with high technical skills.

Host country capacity and institutional requirements

Key Finding: Capacity building for emissions reductions market development has two critical components. One is building confidence with buyers of emissions reductions that governments under​stand the Pro​tocol’s requirements and are willing and capable of meeting these require​ments in facilitating CDM/JI transactions. The other is building the capacity of the local private sector to identify and intermediate carbon financing and assist with project preparation and super​vision. Neither of the two is sufficient without the other to ensure countries can benefit from CDM/JI transactions. And both are critical to reduce risks and transaction costs and facilitate project replication.

Outreach in the course of PCF design and implementation re-enforced the need for capacity and institution building in CDM and JI countries. Based on experience to date of the PCF, which simply re-confirms the wider experience of the World Bank Group, we believe that the lack of  human capacity will be the single most important factor limiting the volume of transaction for CDM and,  possibly, JI. 

In addition to the need to develop human resources, there is an urgent need to support the development of institutions and institutional arrangements for reviewing, approving and negotiating CDM and JI projects. CDM and JI countries will need to understand the complexity of the emerging carbon market and institutional, regulatory and legislative changes that will be necessary to benefit from this market. For instance, most CDM and JI countries would need to legislate the authority to negotiate and sell emissions reductions (which may be viewed as national assets in many regulatory regimes) downwards to the relevant government entities or, preferably, to the private sector.

The Emissions Reduction Purchase Agreement with Latvia: The Liepaja Regional Solid Waste Management project was negotiated between the PCF and the Government of Latvia, with the city of Liepaja participating in the negotiations as a co-signatory on the minutes to the negotiations. A separate side-agreement between the Government of Latvia and the City of Liepaja is required under the Purchase Agreement. The PCF is of the opinion that it can enter into Purchase Agreements directly with the private sector project entity provided that the private sector is legally entitled by the Government to do so. The PCF believes that the participation of the private sector can be encouraged by legislating the authority to enter into emissions reductions purchase agreements to the private sector, with the Government retaining only essential regulatory authority. The PCF and IFC are exploring suitable contractual arrangements between the CDM or JI country government and the private sector, which will facilitate the participation by the project company located in the host country.

Nature of the CDM deal: purchase of emissions reductions versus project finance

Key finding: CDM and JI are unique amongst global environment financing mechanisms in that they foresee vastly larger scale funding and seek to mobilize private investment around a new commodity (“greenhouse gas emissions reductions”). Facilitation of thousands of private sector transactions requires ex post market-based regulation of a type found in commodity markets rather than ex ante project by project review. A heavy-handed review process at the project finance and invest​ment stage is not helpful, if the volume of investment required to mitigate climate change is to occur.

Early in its implementation, the PCF Team realized that CDM and JI transaction involved the purchase of emissions reductions as opposed to conventional project finance with investments in specific project component or activities. The Instrument establishing the PCF was amended to reflect this function of purchasing emissions reductions.  This function has implications on the way risk is shared in a project, as well as on the way project liabilities are handled, and may have an important impact on the financial engineering of a specific project.

In certain cases, the PCF may make advance payments against future delivery of purchased emissions reductions. In such cases, the PCF resembles that of a project financier. Advance payments in a contract to purchase emissions reductions may be required in the absence of the credit market in a CDM or JI country having confidence in the revenue stream from sales of emissions reductions. In time, it is expected that the credit market will gain sophistication, and debt financing against emissions reductions purchase agreements will replace advance payments.

Fungibility of Emissions Reductions and Investment Flow

Key Finding: Lack of fungibility will profoundly change the incentive to invest in CDM/JI emissions reduc​tions. Investors will be unable to place certified emissions reductions in the highest value Annex I country regime year by year and reallocate them as needed. In addition, the advantages many in​vestors seek by pooling their capital in funds to spread risk and lower transaction costs will be largely eliminated as investors will be unable to allocate and reallocate their share of a projects’ emissions reductions to the Assigned Amounts of their preferred Annex I country.

It is important to track and register the source of emissions reductions from CDM and JI projects to ensure environmental integrity. However, being required at the time of project registration to irrevocably specify the Annex I country against whose obligations these emissions reductions would count would greatly limit the incentive to invest in CDM and JI countries. In the negotiations this is referred to as an issue of “fungibility” i.e. whether or not emissions reductions earned can be readily directed, or redirected,  at any time to meet any Annex I country’s obligations. 

Requiring the destination of emissions reductions credits to be registered up front and irrevocably, limits incentives to invest in CDM/JI projects and hence reduces the technology transfer and development benefits of the trade for the following reasons:

· The advantage of fund mechanisms like the PCF, namely to pool capital for the purchase of emissions reductions and to reduce risk and transaction costs when investing in CDM or JI countries, would be greatly reduced as most shareholders would be unable to direct or redirect their share of emissions reductions in any one project to the country in which they have emissions reductions obligations.

· Similarly, bilateral investors acting as brokers or traders or multinational companies with emis​sions reductions obligations in several countries would be unable to take advantage of volume, needs, and hence price differentials between Annex I countries’ domestic emissions reductions trading regimes.

· There may also be instances where a private sector entity may choose to utilize the credits in a favorable tax regime or in a regulatory environment where it may have emissions reduction obligations, and these incentives would be denied if there was no “fungibility”.

Limiting fungibility has been thought by some as a means of controlling prices, and hence increasing the prices paid, and overall revenues from emissions reductions purchases in CDM and JI countries. However, it could have the reverse effect, in that the volume of trade, and revenues arising from the flexibility mechanisms might be greatly reduced. 

Hence, the outcome of negotiations on this single element of the design of flexibility mechanisms has far-reaching implications.

The CDM and Sustainable Development

Key Finding: It is possible to obtain a proxy measure for sustainable development contributions of CDM/JI trans​​actions at small additional cost by identifying, quantifying, verifying and certify​ing a limited num​ber of other social and environmental attributes of emissions reductions activi​ties along with generating certified emissions reductions. This will enable governments and civil society to under​stand the wider development impacts of CDM/JI activities. It will also enable markets to reward certified emissions reductions which clearly result in local social and en​viron​mental benefits.

Assisting a country in achieving sustainable development is a clear objective of the CDM as stated in Art. 12 Kyoto Protocol. 

The issue that arises is whether the CDM’s contributions to sustainable development can be measured. It seems quite unlikely that any operational definition of sustainable development would be agreed by the Parties which would enable CDM transactions to be monitored as to their contribution to sustainable development. This is not even under discussion. In practice, each developing country reserves the right to decide what for it constitutes sustainable development and hence to judge CDM outcomes by their own metric. While it is reasonable to suggest that projects which mitigate climate change are by definition contributing to sustainable development, the PCF has found that it is possible at low additional cost to incorporate into the project cycle measures to identify, quantify, verify and certify the existence of other environmental and social benefits coincidental with more climate friendly projects. 

Operationally, these incremental measures include:

· Identification of coincidental social and environmental benefits of the selected CDM project at the time of environmental and social review ;

· Incorporating into the baseline study a projection of the social and environmental impacts of the baseline project, and

· Incorporating into the Monitoring and Verification Protocol (MVP) data collection and analysis requirements and methods which would allow these additional social and environmental attributes of the CDM project to be verified and certified along with emissions reductions.

In the PCF’s Latvia project, one of several monitored local environmental outcomes is reduction of leachate infiltration into groundwater from open dump sites and a social benefit is maintaining garbage collection fees at an affordable level. These measures are incorporated in the MVP for the Latvia project. Identification of environmental and social impact and benefits is a pre-requisite of PCF projects in any case, and is simply good practice in the industry generally. The additional costs of incorporating these measures in the MVP and of verification and certification of the outcomes are hard to estimate, but they are clearly marginal to the effort required to monitor and verify emissions reductions.

Finally, in reviewing these optional procedures with host government representatives and other stakeholders, PCF finds that:

· Most host country administrations welcome the opportunity to obtain independent measures of environmental and social benefits which could serve as a proxy measure for contributions of the CDM to sustainable development, and that

· Some investors and brokers in emissions reductions see a market for emissions reductions that have independently certified additional environmental and social attributes.

If these attributes can be added, albeit voluntarily, at low marginal cost in the CDM project cycle, investors and/or host governments may wish to routinely capture them and use them as a “quality” differentiation for emissions reductions they offer to the market. PCF will now routinely adopt these practices and report on the outcomes. 
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� Views expressed in this document are those of the PCF Fund Management Unit staff and do not necessarily represent the views of the PCF Participants, or the World Bank.


� Clean Development Mechanism and Joint Implementation as defined in the Kyoto Protocol.


� PCF aims for a portfolio price outcome of $20 per ton of Carbon at the termination of the Fund in 2012.  The implications on  transaction costs are based on this price assumption.  Lower market prices would imply higher  transaction costs as a proportion of the total project financing, thereby making small projects less viable.


� Views expressed in this document are those of the PCF Fund Management Unit staff and do not necessarily represent the views of the PCF Participants, or the World Bank.


� Participating governments are Canada, Finland, the Netherlands, Norway, Sweden, and the Japan Bank for Inter�na�tional Cooperation (JBIC). Companies include BP Amoco, Chubu Electric Power Company, Chugoku Electric Power Company, Deutsche Bank, Electrabel, Gaz de France, Kyushu Electric Power Company, Mitsubishi Corpo�ra�tion, Mitsui & Co., Norsk Hydro, RWE, Shikoku Electric Power Company, Statoil, Tohoku Electric Power Company, and Tokyo Electric Power Company. In addition, Fortum and Rabobank have communicated their commitment to join the second closing of the PCF, scheduled for the end of September, 2000, taking private sector Participants to 17 and the total PCF capitalization to $145 million.


� See PCF Implementation Note #3: Working with Established Intermediaries to Support Small Economies and Small Projects.


� PCF implementation to-date has taken project preparation to the stage equivalent of Validation. As a consequence, in the following sections particular attention is given to procedures leading to the Validation of a CDM-like project.


� More than half of the developing countries have power systems of less than 500MW of installed capacity and grow at less that 5% per annum. Even in ideal circumstances, this implies only one large power supply project every couple of years could benefit from CDM investment.
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Carbon Crediting Period Analysis
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Results

GHG credit cost ($/tonne CO2)

Project Life

2001-2012

2008-2012

a

Efficient Lighting

1.9308778918236942

1.9308778918236942

2.3887149177200344

0.8

Wind

3.5896683606311197

6.526669746602036

14.358673442524477
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Landfill Gas (no CH4)

13.508915872335999

17.817794210925925

46.974184737895605

1.0

Landfill Gas

1.2277559441520167
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Share of total credits in each period

Project Life

2001-2012

2008-2012

Efficient Lighting

1.0

1.0

0.8083333333333332

Wind

1.0

0.5499999999999999

0.25000000000000006

Landfill Gas (no CH4)

1.0

0.7581699346405231

0.2875816993464054

Landfill Gas

1.0

0.7222483567337145

0.2542228785725538

Bagasse Cogeneration

1.0

0.3600000000000001

0.20000000000000004

Small Hydro

1.0

0.21951219512195125

0.12195121951219513

Residential efficient lighting

(based on the Illumex High Efficiency Lighting Project of the GEF)

Technical & cost assumptions

Incand bulbs

CFLs

Wattage of standard and high efficiency lamps

Operating life (hours)

(6 yr life @ 4hr/day)

Daily usage (hours)

Cost/price (US$)

Residential lighting peak coincidence

0.82

Capacity cost/tariff (US$/kW/year)

0.0

(To be consistent with other projects evaluated herein, capacity costs are included in avoided cost per kWh).

Project target installations (millions)

1.7

GT&D losses

0.2

*Additional indirect project costs (% of CFL capital cost)

0.5

Carbon displaced (tonnes CO2/MWh) from summary page

0.84

As this is per MWh generated, it is divided by (1-losses) in calculations of carbon displaced below.

Avoided cost (US$/kWh) from summary page

0.028000000000000004

As this is per MWh generated, it is divided by (1-losses) in end-use energy calculations below.

First-order analysis

Project installations (%)

Project installations (millions)

0.255

1.105

1.7

1.7

1.7

1.7

1.4449999999999998

0.595

without project (baseline)

Incandescent bulb replacements (millions)

3.3093333333333335

3.3093333333333335

3.3093333333333335

3.3093333333333335

3.3093333333333335

3.3093333333333335

3.3093333333333335

3.3093333333333335

Bulb capital cost (US$ millions)

1.0589866666666667

1.0589866666666667

1.0589866666666667

1.0589866666666667

1.0589866666666667

1.0589866666666667

1.0589866666666667

1.0589866666666667

Peak coincident capacity (MW)

83.63999999999999

83.63999999999999

83.63999999999999

83.63999999999999

83.63999999999999

83.63999999999999

83.63999999999999

83.63999999999999

Lighting energy (GWh)

148.92

148.92

148.92

148.92

148.92

148.92

148.92

148.92

Capacity cost (US$ millions)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Energy cost (US$ millions)

5.2122

5.2122

5.2122

5.2122

5.2122

5.2122

5.2122

5.2122

with project

   CFLs

New CFL installations (millions)

0.255

0.85

0.595

CFL capital cost (US$ millions)

2.04

6.8

4.76

*Additional indirect project cost (US$ millions)

1.02

3.4

2.38

Peak coincident capacity (MW)

3.1365

13.591499999999998

20.909999999999997

20.909999999999997

20.909999999999997

20.909999999999997

17.773499999999995

7.318499999999999

Lighting energy (GWh)

5.584499999999999

24.199499999999997

37.23

37.23

37.23

37.23

31.645499999999995

13.030499999999998

Capacity cost (US$ millions)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Energy cost (US$ millions)

0.1954575

0.8469825

1.30305

1.30305

1.30305

1.30305

1.1075925

0.4560675

   residual incandescents

Incandescent bulb replacements (millions)

2.8129333333333335

1.1582666666666666

0.0

0.0

0.0

0.0

0.4964000000000001

2.151066666666667

Bulb capital cost (US$ millions)

0.9001386666666668

0.3706453333333333

0.0

0.0

0.0

0.0

0.15884800000000004

0.6883413333333335

Peak coincident capacity (MW)

71.09399999999998

29.273999999999997

0.0

0.0

0.0

0.0

12.546000000000005

54.36599999999999

Lighting energy (GWh)

126.58199999999998

52.12199999999999

0.0

0.0

0.0

0.0

22.338000000000008

96.79799999999999

Capacity cost (US$ millions)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Energy cost (US$ millions)

4.43037

1.82427

0.0

0.0

0.0

0.0

0.7818300000000004

3.38793

Costs

Project capital & indirect cost (US$ millions)

3.06

10.2

7.14

0.0

0.0

0.0

0.0

0.0

Benefits

Net lighting energy saved (GWh)

16.753500000000017

72.5985

111.69

111.69

111.69

111.69

94.93649999999998

39.09150000000001

17.591175000000014

76.228425

117.27449999999999

117.27449999999999

117.27449999999999

117.27449999999999

99.68332499999997

41.04607500000001

Avoided capacity cost (US$ millions)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Avoided energy cost (US$ millions)

-0.5863725000000004

-2.5409475

-3.9091500000000003

-3.9091500000000003

-3.9091500000000003

-3.9091500000000003

-3.3227775

-1.3682025000000002

Net Costs (US$ millions)

2.4736274999999996

7.6590525

3.2308499999999993

-3.9091500000000003

-3.9091500000000003

-3.9091500000000003

-3.3227775

-1.3682025000000002

IRR

0.05946289794998284

Levelized Cost of Energy Savings (US$/kWh)

0.03812492824618803

*additional indirect costs include all other costs to implement the project including contingencies, financing, administration, operations & maintenance, marketing, monitoring, and evaluation.

This analysis does not account for "free riders", and assumes demand for lighting services does not increase -- one 15W CFL replaces one 60W incandescent on average.

Moreover, it assumes that all CFLs are replaced by standard bulbs at the end of their useful lives.

Project 1

Project 2**

2001-2008

2006-2013

Base case: credits valid over project lifetime.

Total project costs (US$ millions NPV)

16.575957926371146

16.575957926371146

Incremental cost (US$ millions NPV)

1.3586564359480668

1.3586564359480668

(NPV project cost - NPV avoided cost)

PCF share of incremental cost (from summary page)

1.0

1.0

PCF financing (US$ millions NPV)

1.3586564359480668

1.3586564359480668

Total CO2 equivalent emissions reductions (ktonnes)

703.6469999999999

703.6469999999999

PCF share of carbon credits (from summary page)

1.0

1.0

PCF carbon credits (ktonnes CO2)

703.6469999999999

703.6469999999999

PCF carbon credit cost ($/tonne CO2)

1.9308778918236942

1.9308778918236942

PCF carbon credit cost ($/tonne C)

7.079885603353546

7.079885603353546

Valid CO2 equivalent emissions reductions (ktonnes)

703.6469999999999

703.6469999999999

PCF carbon credits (ktonnes CO2)

703.6469999999999

703.6469999999999

PCF carbon credit cost ($/ton CO2)

1.9308778918236942

1.9308778918236942

PCF carbon credit cost ($/ton C)

7.079885603353546

7.079885603353546

Valid CO2 equivalent emissions reductions (ktonnes)

41.04607500000001

568.7813249999999

PCF carbon credits (ktonnes CO2)

41.04607500000001

568.7813249999999

PCF carbon credit cost ($/ton CO2)

33.10076385983475

2.3887149177200344

PCF carbon credit cost ($/ton C)

121.36946748606074

8.75862136497346

** All costs are in constant dollars: for Project 1 in US$ (constant 2001) and for Project 2 in US$ (constant 2006).

Chart ranges

Project beginning in 2001

Project capital & indirect cost (US$ millions)

3.06

10.2

7.14

0.0

0.0

0.0

0.0

0.0

Net Costs (US$ millions)

2.4736274999999996

7.6590525

3.2308499999999993

-3.9091500000000003

-3.9091500000000003

-3.9091500000000003

-3.3227775

-1.3682025000000002

Carbon displaced (ktonnes CO2)

17.591175000000014

76.228425

117.27449999999999

117.27449999999999

117.27449999999999

117.27449999999999

99.68332499999997

41.04607500000001

Project beginning in 2006

Project capital & indirect cost (US$ millions)

3.06

10.2

7.14

0.0

0.0

0.0

0.0

0.0

Net Costs (US$ millions)

2.4736274999999996

7.6590525

3.2308499999999993

-3.9091500000000003

-3.9091500000000003

-3.9091500000000003

-3.3227775

-1.3682025000000002

Carbon displaced (ktonnes CO2)

17.591175000000014

76.228425

117.27449999999999

117.27449999999999

117.27449999999999

117.27449999999999

99.68332499999997

41.04607500000001

2001.0

2001.0

2001.0

2002.0

2002.0

2002.0

2003.0

2003.0

2003.0

2004.0

2004.0

2004.0

2005.0

2005.0

2005.0

2006.0

2006.0

2006.0

2007.0

2007.0

2007.0

2008.0

2008.0

2008.0

2009.0

2009.0

2009.0

2010.0

2010.0

2010.0

2011.0

2011.0

2011.0

2012.0

2012.0

2012.0

2013.0

2013.0

2013.0

3.06

2.4736274999999996

17.591175000000014

10.2

7.6590525

76.228425

7.14

3.2308499999999993

117.27449999999999

0.0

-3.9091500000000003

117.27449999999999

0.0

-3.9091500000000003

117.27449999999999

0.0

-3.9091500000000003

117.27449999999999

0.0

-3.3227775

99.68332499999997

0.0

-1.3682025000000002

41.04607500000001

Grid connected wind farm

Technical & cost assumptions

Wind farm installed capacity (MW)

50.0

Installed cost (turnkey) ($/kW)

1000.0

Annual O&M and recurrent costs (% of installed cost)

0.06

Annual capacity factor

0.35

0.35 represents a good wind resource. 0.45 would be an excellent resource.

Borrowing, risk mgmt, and soft costs (% of investment cost)

0.2

Includes financing, contingencies, interest during construction, legal and other costs.

The useful life of wind generators is roughly 20 years and startup (procurement, construction and commissioning) can take place in 6 months to one year.

Carbon displaced (tonnes CO2/MWh) from summary page

0.84

Avoided cost (US$/kWh) from summary page

0.052500000000000005

First-order analysis

Annual energy (GWh)

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

153.29999999999998

Carbon displaced (ktonnes CO2)

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

Costs

Wind farm investment cost (US$ millions)

50.0

Financing, int. during constr. & contingencies (US$ millions)

10.0

O&M and other recurrent costs (US$ millions)

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

Total project costs (US$ millions)

60.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

Benefits

Avoided cost (US$ millions)

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

8.04825

Net Costs (US$ millions)

60.0

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

IRR

0.05565908539144026

Levelized Cost of Energy (US$/kWh)

0.059583570458119885

Base case: credits valid over project lifetime.

Total project costs (US$ millions NPV)

77.76426469025061

Incremental cost (US$ millions NPV)

9.244975482703808

(NPV project cost - NPV avoided cost)

PCF share of incremental cost (from summary page)

1.0

PCF financing (US$ millions NPV)

9.244975482703808

Total CO2 equivalent emissions reductions (ktonnes)

2575.439999999999

PCF share of carbon credits (from summary page)

1.0

PCF carbon credits (ktonnes CO2)

2575.439999999999

PCF carbon credit cost ($/tonne CO2)

3.5896683606311197

PCF carbon credit cost ($/tonne C)

13.162117322314105

Valid CO2 equivalent emissions reductions (ktonnes)

1416.4919999999995

PCF carbon credits (ktonnes CO2)

1416.4919999999995

PCF carbon credit cost ($/ton CO2)

6.526669746602036

PCF carbon credit cost ($/ton C)

23.931122404207468

Valid CO2 equivalent emissions reductions (ktonnes)

643.8599999999999

PCF carbon credits (ktonnes CO2)

643.8599999999999

PCF carbon credit cost ($/ton CO2)

14.358673442524477

PCF carbon credit cost ($/ton C)

52.64846928925641

Chart ranges

Total Project Costs (US$ millions)

60.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

Net Costs (US$ millions)

60.0

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

-5.0482499999999995

Carbon displaced (ktonnes CO2)

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

128.772

2001.0

2001.0

2001.0

2002.0

2002.0

2002.0

2003.0

2003.0

2003.0

2004.0

2004.0

2004.0

2005.0

2005.0

2005.0

2006.0

2006.0

2006.0

2007.0

2007.0

2007.0

2008.0

2008.0

2008.0

2009.0

2009.0

2009.0

2010.0

2010.0

2010.0

2011.0

2011.0

2011.0

2012.0

2012.0

2012.0

2013.0

2013.0

2013.0

2014.0

2014.0

2014.0

2015.0

2015.0

2015.0

2016.0

2016.0

2016.0

2017.0

2017.0

2017.0

2018.0

2018.0

2018.0

2019.0

2019.0

2019.0

2020.0

2020.0

2020.0

2021.0

2021.0

2021.0

2022.0

2022.0

2022.0

2023.0

2023.0

2023.0

2024.0

2024.0

2024.0

2025.0

2025.0

2025.0

60.0

60.0

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

3.0

-4.664999999999999

128.772

Landfill gas collection, flaring and power generation

Whereas the Liepaja Landfill Gas Project uses energy cells to accelerate decomposition,

Technical & cost assumptions

this analysis uses standard technology for landfill gas projects.

Generator installed capacity (MW)

3.0

Gas collection and engine installed cost ($/kW)

1750.0

Installed cost includes wells, collection piping, filters, engines and substation.

Annual O&M and recurrent costs (% of installed cost)

0.1

O&M of actual projects ranges between $0.01 and $0.025 per kWh. Another rule of thumb is 10% of capital cost (in this example, 10% is the same as $0.02/kWh).

Annual capacity factor

0.9

Borrowing, risk mgmt, and soft costs (% of investment cost)

0.2

Includes financing, contingencies, interest during construction, legal and other costs.

The life of this representative LFG project is 25 years and startup (procurement, construction and commissioning) can be completed in one year.

Carbon displaced (tonnes CO2/MWh) from summary page

0.84

Avoided cost (US$/kWh) from summary page

0.035

First-order analysis

Generation capacity (MW)

Annual energy (GWh)

23.652

23.652

23.652

23.652

23.652

23.652

23.652

15.768

15.768

15.768

15.768

7.884

7.884

7.884

7.884

7.884

7.884

7.884

5.913

5.913

5.913

Carbon displaced by power generation (ktonnes CO2)

19.86768

19.86768

19.86768

19.86768

19.86768

19.86768

19.86768

13.24512

13.24512

13.24512

13.24512

6.62256

6.62256

6.62256

6.62256

6.62256

6.62256

6.62256

4.96692

4.96692

4.96692

Methane captured (ktonnes CO2 equivalent)

206.18832360291904

206.68573181783253

207.13580538272473

207.54304878510806

187.79271639402836

169.9218766279318

153.7516721158427

139.12026601601053

125.88122229840285

113.9020401636975

103.0628279307482

93.25510312034257

84.38070672608792

76.35082080608294

69.08507956310231

62.51076501668633

56.56207921715104

51.17948571759236

46.309113713114535

41.9022188837082

37.91469554471216

34.30663522229685

31.041927236044593

28.08789729112273

Costs

Landfill gas investment cost (US$ millions)

5.25

Financing, int. during constr. & contingencies (US$ millions)

1.05

O&M and other recurrent costs (US$ millions)

0.525

0.525

0.525

0.525

0.525

0.525

0.525

0.35

0.35

0.35

0.35

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.13125

0.13125

0.13125

0.065625

0.065625

0.065625

Total project costs (US$ millions)

6.3

0.525

0.525

0.525

0.525

0.525

0.525

0.525

0.35

0.35

0.35

0.35

0.175

0.175

0.175

0.175

0.175

0.175

0.175

0.13125

0.13125

0.13125

0.065625

0.065625

0.065625

Benefits

Avoided cost (US$ millions)

0.8278200000000001

0.8278200000000001

0.8278200000000001

0.8278200000000001

0.8278200000000001

0.8278200000000001

0.8278200000000001

0.55188

0.55188

0.55188

0.55188

0.27594

0.27594

0.27594

0.27594

0.27594

0.27594

0.27594

0.20695500000000003

0.20695500000000003

0.20695500000000003

Net Costs (US$ millions)

6.3

-0.3028200000000001

-0.3028200000000001

-0.3028200000000001

-0.3028200000000001

-0.3028200000000001

-0.3028200000000001

-0.3028200000000001

-0.20188000000000006

-0.20188000000000006

-0.20188000000000006

-0.20188000000000006

-0.10094000000000003

-0.10094000000000003

-0.10094000000000003

-0.10094000000000003

-0.10094000000000003

-0.10094000000000003

-0.10094000000000003

-0.07570500000000002

-0.07570500000000002

-0.07570500000000002

0.065625

0.065625

0.065625

IRR

Levelized Cost of Energy (US$/kWh)

0.05681074147933906

Power only

Credits from Power and CH4 Capture

Base case: credits valid over project lifetime.

Total project costs (US$ millions NPV)

8.913286488691803

8.913286488691803

Incremental cost (US$ millions NPV)

3.4219829256557777

3.4219829256557777

(NPV project cost - NPV avoided cost)

PCF share of incremental cost (from summary page)

1.0

1.0

PCF financing (US$ millions NPV)

3.4219829256557777

3.4219829256557777

Total CO2 equivalent emissions reductions (ktonnes)

253.3129199999999

2787.184979193291

PCF share of carbon credits (from summary page)

1.0

1.0

PCF carbon credits (ktonnes CO2)

253.3129199999999

2787.184979193291

PCF carbon credit cost ($/tonne CO2)

13.508915872335999

1.2277559441520167

PCF carbon credit cost ($/tonne C)

49.53269153189866

4.5017717952240615

Valid CO2 equivalent emissions reductions (ktonnes)

192.05424

2013.0397711352464

PCF carbon credits (ktonnes CO2)

192.05424

2013.0397711352464

PCF carbon credit cost ($/ton CO2)

17.817794210925925

1.6999082555263987

PCF carbon credit cost ($/ton C)

65.3319121067284

6.232996936930128

Valid CO2 equivalent emissions reductions (ktonnes)

72.84816000000001

708.5661885247018

PCF carbon credits (ktonnes CO2)

72.84816000000001

708.5661885247018

PCF carbon credit cost ($/ton CO2)

46.974184737895605

4.829447101872941

PCF carbon credit cost ($/ton C)

172.2386773722839

17.70797270686745

1965.0

1966.0

1967.0

1968.0

1969.0

1970.0

1971.0

1972.0

1973.0

1974.0

1975.0

1976.0

1977.0

1978.0

1979.0

1980.0

1981.0

1982.0

1983.0

1984.0

1985.0

1986.0

1987.0

1988.0

1989.0

1990.0

1991.0

1992.0

1993.0

1994.0

1995.0

1996.0

1997.0

1998.0

1999.0

2000.0

2001.0

2002.0

2003.0

2004.0

2005.0

2006.0

2007.0

2008.0

2009.0

2010.0

2011.0

2012.0

2013.0

2014.0

2015.0

2016.0

2017.0

2018.0

2019.0

2020.0

2021.0

2022.0

2023.0

2024.0

2025.0

0.0

1.41030946470708

2.6864102393843097

3.841073969496941

4.885856917751825

5.831215623058773

6.6866115530865295

7.460605797811311

8.160944751782777

8.794637642644322

9.368026681839225

9.886850539594462

10.356301779461168

10.781078827235934

11.165432994385391

11.513211026600269

11.82789360331921

12.112630173538474

12.370270476556087

12.60339306312055

12.8143311024334

13.005195733290808

13.177897193070212

13.33416393602805

13.475559932250908

13.603500320393819

13.719265570863572

13.824014301196911

13.91879487189427

14.004555878764045

14.082155646788257

14.152370820527475

14.215904137040615

14.273391459113624

14.325408139187967

14.372474777681242

14.415062433331126

3000.0

14.45359733770957

3000.0

14.488465161091627

3000.0

14.520014872373181

3000.0

14.54856223166896

3000.0

13.16408348583882

3000.0

11.91135531213621

3000.0

10.777839985942242

2000.0

9.752192904884701

2000.0

8.824149048244477

2000.0

7.984420241178002

2000.0

7.224602195541557

1000.0

6.537090396950746

1000.0

5.91500399624458

1000.0

5.3521169436343285

1000.0

4.842795676304598

1000.0

4.38194273582316

1000.0

3.964945751063657

1000.0

3.5876312760450877

750.0

3.2462230206816924

750.0

2.9373040564025157

750.0

2.6577826183818027

2.404861162117443

2.176008364665304

1.968933790308405

LANDFILL GAS GENERATION MODEL

Generic Landfill

Year landfill opened

1965.0

Current year

2000.0

Year landfill will close

2005.0

Waste emplaced to date

8.0

Projected waste to be emplaced

300000.0

Total waste emplaced at closing

9.5

Yearly average

237500.0

Average density of waste in landfill

600.0

Average waste emplaced per year

1.425E8

kg/year

Percent LFG cpatured

0.65

Methane concentration in LFG

0.5

4.04E-4

tonnes

BTU Value of Methane

31315.0

Heat rate of Engine

11500.0

Btu/kW

LFG

0.16

R

142.5

k

0.1

Decay constant for rate of methane generation {Range = 0.003 to 0.4 per year}

t

Time since landfill opened (years)

c

Time since landfill closure (years)

Note:

EPA's suggested values for medium moisture climate is as follows:

Lo  =  0.10 to 0.18 , and k = 0.05 to 0.15

LANDFILL GAS GENERATION MODEL

Generic Landfill

k = 0.1

Ave. waste

LFG

Electric

Installed

emplaced/yr

Generated

Captured

Tonnes

Energy Value

Power

Power

Year

t

kt

c

kc

mmBtu/hr

kW

kW

1965.0

137.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1966.0

137.1

1.0

0.1

0.0

0.0

4.339413737560246

1.41030946470708

1967.0

137.1

2.0

0.2

0.0

0.0

8.26587765964403

2.6864102393843097

1968.0

137.1

3.0

0.30000000000000004

0.0

0.0

11.818689136913665

3.841073969496941

1969.0

137.1

4.0

0.4

0.0

0.0

15.033405900774845

4.885856917751825

1970.0

137.1

5.0

0.5

0.0

0.0

17.942201917103915

5.831215623058773

1971.0

137.1

6.0

0.6000000000000001

0.0

0.0

20.5741893941124

6.6866115530865295

1972.0

137.1

7.0

0.7000000000000001

0.0

0.0

22.955710147111727

7.460605797811311

1973.0

137.1

8.0

0.8

0.0

0.0

25.110599236254696

8.160944751782777

1974.0

137.1

9.0

0.9

0.0

0.0

27.06042351582868

8.794637642644322

1975.0

137.1

10.0

1.0

0.0

0.0

28.82469748258223

9.368026681839225

1976.0

137.1

11.0

1.1

0.0

0.0

30.421078583367574

9.886850539594462

1977.0

137.1

12.0

1.2000000000000002

0.0

0.0

31.86554393680359

10.356301779461168

1978.0

137.1

13.0

1.3

0.0

0.0

33.17255023764903

10.781078827235934

1979.0

137.1

14.0

1.4000000000000001

0.0

0.0

34.35517844426274

11.165432994385391

1980.0

137.1

15.0

1.5

0.0

0.0

35.4252646972316

11.513211026600269

1981.0

137.1

16.0

1.6

0.0

0.0

36.39351877944372

11.82789360331921

1982.0

137.1

17.0

1.7000000000000002

0.0

0.0

37.269631303195304

12.112630173538474

1983.0

137.1

18.0

1.8

0.0

0.0

38.06237069709565

12.370270476556087

1984.0

137.1

19.0

1.9000000000000001

0.0

0.0

38.77967096344784

12.60339306312055

1985.0

137.1

20.0

2.0

0.0

0.0

39.42871108441046

12.8143311024334

1986.0

137.1

21.0

2.1

0.0

0.0

40.015986871664026

13.005195733290808

1987.0

137.1

22.0

2.2

0.0

0.0

40.54737597867757

13.177897193070212

1988.0

137.1

23.0

2.3000000000000003

0.0

0.0

41.028196726240154

13.33416393602805

1989.0

137.1

24.0

2.4000000000000004

0.0

0.0

41.463261330002794

13.475559932250908

1990.0

137.1

25.0

2.5

0.0

0.0

41.85692406275021

13.603500320393819

1991.0

137.1

26.0

2.6

0.0

0.0

42.21312483342637

13.719265570863572

1992.0

137.1

27.0

2.7

0.0

0.0

42.53542861906742

13.824014301196911

1993.0

137.1

28.0

2.8000000000000003

0.0

0.0

42.82706114429006

13.91879487189427

1994.0

137.1

29.0

2.9000000000000004

0.0

0.0

43.09094116542783

14.004555878764045

1995.0

137.1

30.0

3.0

0.0

0.0

43.3297096824254

14.082155646788257

1996.0

137.1

31.0

3.1

0.0

0.0

43.545756370853766

14.152370820527475

1997.0

137.1

32.0

3.2

0.0

0.0

43.741243498586506

14.215904137040615

1998.0

137.1

33.0

3.3000000000000003

0.0

0.0

43.91812756650346

14.273391459113624

1999.0

137.1

34.0

3.4000000000000004

0.0

0.0

44.07817888980913

14.325408139187967

2000.0

137.14285714285714

35.0

3.5

0.0

0.0

44.22299931594228

14.372474777681242

2001.0

138.33333333333334

36.0

3.6

0.0

0.0

44.35403825640346

14.415062433331126

2002.0

139.45945945945945

37.0

3.7

0.0

0.0

44.47260719295252

14.45359733770957

206188.32360291903

51.66831057424374

4268.2517430897

3000.0

2003.0

140.52631578947367

38.0

3.8000000000000003

0.0

0.0

44.57989280335885

14.488465161091627

206685.73181783254

51.792955082144324

4278.548463307575

3000.0

2004.0

141.53846153846152

39.0

3.9000000000000004

0.0

0.0

44.676968838071325

14.520014872373181

207135.80538272473

51.905738096845454

4287.865321043755

3000.0

2005.0

142.49999999999997

40.0

4.0

0.0

0.0

44.76480686667372

14.54856223166896

207543.04878510805

52.00778838866592

4296.295562541967

3000.0

2006.0

142.49999999999997

41.0

4.1000000000000005

1.0

0.1

40.50487226411944

13.16408348583882

187792.71639402836

47.05859296336103

3887.448983929824

3000.0

2007.0

142.49999999999997

42.0

4.2

2.0

0.2

36.65032403734219

11.91135531213621

169921.8766279318

42.58037575337277

3517.509301365577

3000.0

2008.0

142.49999999999997

43.0

4.3

3.0

0.30000000000000004

33.16258457212997

10.777839985942242

153751.6721158427

38.5283172556828

3182.774034165101

3000.0

2009.0

142.49999999999997

44.0

4.4

4.0

0.4

30.00674739964523

9.752192904884701

139120.26601601054

34.86186310690233

2879.893039265844

2000.0

2010.0

142.49999999999997

45.0

4.5

5.0

0.5

27.151227840752238

8.824149048244477

125881.22229840285

31.544318201572583

2605.8349818690394

2000.0

2011.0

142.49999999999997

46.0

4.6000000000000005

6.0

0.6000000000000001

24.567446895932314

7.984420241178002

113902.0401636975

28.542479435215654

2357.8569968221627

2000.0

2012.0

142.49999999999997

47.0

4.7

7.0

0.7000000000000001

22.229545217050944

7.224602195541557

103062.8279307482

25.826303396505008

2133.4772371025874

2000.0

2013.0

142.49999999999997

48.0

4.800000000000001

8.0

0.8

20.11412429830999

6.537090396950746

93255.10312034257

23.36860568270692

1930.450034658398

1000.0

2014.0

142.49999999999997

49.0

4.9

9.0

0.9

18.200012296137167

5.91500399624458

84380.70672608793

21.144788829040984

1746.7434250077333

1000.0

2015.0

142.49999999999997

50.0

5.0

10.0

1.0

16.468052134259473

5.3521169436343285

76350.82080608293

19.132596128985046

1580.5188106552864

1000.0

2016.0

142.49999999999997

51.0

5.1000000000000005

11.0

1.1

14.900909773244916

4.842795676304598

69085.0795631023

17.311888881675625

1430.112559790595

1000.0

2017.0

142.49999999999997

52.0

5.2

12.0

1.2000000000000002

13.482900725609722

4.38194273582316

62510.76501668633

15.664444837020806

1294.0193561017186

1000.0

2018.0

142.49999999999997

53.0

5.300000000000001

13.0

1.3

12.199833080195868

3.964945751063657

56562.07921715104

14.173775821296623

1170.877133063634

1000.0

2019.0

142.49999999999997

54.0

5.4

14.0

1.4000000000000001

11.038865464754116

3.5876312760450877

51179.48571759235

12.824962717962547

1059.4534419186452

1000.0

2020.0

142.49999999999997

55.0

5.5

15.0

1.5

9.988378525174438

3.2462230206816924

46309.11371311454

11.604506152128677

958.6331169149776

750.0

2021.0

142.49999999999997

56.0

5.6000000000000005

16.0

1.6

9.037858635084664

2.9373040564025157

41902.2188837082

10.500191384274517

867.4071143531122

750.0

2022.0

142.49999999999997

57.0

5.7

17.0

1.7000000000000002

8.177792671944008

2.6577826183818027

37914.69554471216

9.500966061030383

784.8624137372924

750.0

2023.0

142.49999999999997

58.0

5.800000000000001

18.0

1.8

7.399572806515209

2.404861162117443

34306.63522229685

8.596829599510015

710.1728799595229

2024.0

142.49999999999997

59.0

5.9

19.0

1.9000000000000001

6.69541035281632

2.176008364665304

31041.927236044594

7.778733098115754

642.5909950617362

2025.0

142.49999999999997

60.0

6.0

20.0

2.0

6.058257816333554

1.968933790308405

28087.89729112273

7.03848877208992

581.4403768248194

TOTAL 

0.0

206.40945977624511

2533872.059193291

634.9578202203493

Bagasse cogeneration

Technical & cost assumptions

Installed capacity of new boiler(s) and generator (MW)

5.0

Installed cost of new boiler(s) and other retrofits ($/kW)

1000.0

Costs of actual projects range from $800 - 1,000/kW for fully domestic projects to $1,200 - 1,800/kW for projects in which all materials are imported.

Annual O&M and recurrent costs (% of installed cost)

0.05

Capacity factor during crushing season

0.85

Crushing season + cane storage (months/year)

8.0

Annual capacity factor

0.5666666666666667

Borrowing, risk mgmt, and soft costs (% of investment cost)

0.2

Includes financing, contingencies, interest during construction, legal and other costs.

Useful boiler/generator life is roughly 25 years and startup (feasibility, financing, boiler installation) commonly requires three years.

Carbon displaced (tonnes CO2/MWh) from summary page

0.84

Avoided cost (US$/kWh) from summary page

0.035

First-order analysis

Annual energy (GWh)

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

24.82

Carbon displaced (ktonnes CO2)

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

20.8488

Costs

Bagasse cogeneration investment cost (US$ millions)

5.0

Financing, int. during constr. & contingencies (US$ millions)

1.0

O&M and other recurrent costs (US$ millions)

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Total project costs (US$ millions)

6.0

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Benefits

Avoided cost (US$ millions)

0.0

0.0

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

0.8687000000000001

Net Costs (US$ millions)

6.0

0.25

0.25

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

-0.6187000000000001

IRR

0.0677640362553268

Levelized Cost of Energy (US$/kWh)

0.03352941909015574

Base case: credits valid over project lifetime.

Total project costs (US$ millions NPV)

7.553914353536691

Incremental cost (US$ millions NPV)

1.0371997553252559

(NPV project cost - NPV avoided cost)

PCF share of incremental cost (from summary page)

1.0

PCF financing (US$ millions NPV)

1.0371997553252559

Total CO2 equivalent emissions reductions (ktonnes)

521.2199999999999

PCF share of carbon credits (from summary page)

1.0

PCF carbon credits (ktonnes CO2)

521.2199999999999

PCF carbon credit cost ($/tonne CO2)

1.98994619416994

PCF carbon credit cost ($/tonne C)

7.2964693786231125

Valid CO2 equivalent emissions reductions (ktonnes)

187.63920000000002

PCF carbon credits (ktonnes CO2)

187.63920000000002

PCF carbon credit cost ($/ton CO2)

5.527628317138721

PCF carbon credit cost ($/ton C)

20.26797049617531

Valid CO2 equivalent emissions reductions (ktonnes)

104.244

PCF carbon credits (ktonnes CO2)

104.244

PCF carbon credit cost ($/ton CO2)

9.949730970849698

PCF carbon credit cost ($/ton C)

36.48234689311556

Chart ranges

PCF share of project costs (US$)

6223198.5319515355

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

259299.93883131398

PCF share of emissions reductions (tons CO2equiv)

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

20848.8

Typical Sugar Factory: (A) Without and (B) With Condensing Turbogenerator for Generation of Electricity From Surplus Bagasse

Assumptions

A

B

Tons cane per day

Bagasse % cane

Steam pressure

Steam temperature

450°C

450°C

Steam consumption % cane

kg steam/kg bagasse burned

Number of days of crushing cane per year

Extraction turbogenerator

kg steam/kWh

Factory power requirements

3 MW

3 MW

Tons bagasse produced per day

Tons bagasse used per day

Tons excess bagasse per day

Tons excess bagasse per year

Condensing turbogenerator

kg steam/kWh

4.7

Steam from excess bagasse (Tons/year)

59592.0

Electricity from excess bagasse (MWh/year)

12,679 MWh

Surplus power

3.5 MW

Column (A) shows a typical newer plant. In the newer factories, excess bagasse will have to be transported from the factory to a landfill. It may also be used for other purposes such as the manufacture of medium density fiber board (MDF) or plywood. This 

Column (B) requires either an extraction/condensing turbogenerator or a back pressure turbogenerator plus a condensing turbogenerator. With this option, excess bagasse is burned in the boilers to: produce surplus electricity for sale to the grid; eliminat

This example illustrates how simple retrofits at a newer medium-sized 3,000 TCD sugar mill may deliver about 3.5 MW of electrical power and 12.5 GWh/yr of electrical energy to the national electrical grid at small additional investment. Since the capital 

Small hydro installation

Technical & cost assumptions

Small hydro installed capacity (MW)

1.0

Installed cost ($/kW)

2000.0

Reference installation includes some pondage with diversionary wier, canal and penstock.

Annual O&M and recurrent costs (% of installed cost)

0.03

Annual capacity factor

0.75

Borrowing, risk mgmt, and soft costs (% of investment cost)

0.2

Includes financing, contingencies, interest during construction, legal and other costs.

The life of a small hydro installation is roughly 40 years and startup (feasibility, procurement and construction) commonly requires 3 years.

Carbon displaced (tonnes CO2/MWh) from summary page

0.84

Avoided cost (US$/kWh) from summary page

0.035

First-order analysis

Annual energy (GWh)

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

6.57

Carbon displaced (ktonnes CO2)

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

5.5188

Costs

Small hydro investment cost (US$ millions)

2.0

Financing, int. during constr. & contingencies (US$ millions)

0.4

O&M and other recurrent costs (US$ millions)

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

Total project costs (US$ millions)

2.4

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

Benefits

Avoided cost (US$ millions)

0.0

0.0

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

0.22995000000000004

Net Costs (US$ millions)

2.4

0.06

0.06

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

-0.16995000000000005

IRR

0.05384678121177717

Levelized Cost of Energy (US$/kWh)

0.042221250479441474

Base case: credits valid over project lifetime.

Total project costs (US$ millions NPV)

2.718218047338769

Incremental cost (US$ millions NPV)

0.8559770911298581

(NPV project cost - NPV avoided cost)

PCF share of incremental cost (from summary page)

1.0

PCF financing (US$ millions NPV)

0.8559770911298581

Total CO2 equivalent emissions reductions (ktonnes)

226.27079999999998

PCF share of carbon credits (from summary page)

1.0

PCF carbon credits (ktonnes CO2)

226.27079999999998

PCF carbon credit cost ($/tonne CO2)

3.7829763766683913

PCF carbon credit cost ($/tonne C)

13.870913381117434

Valid CO2 equivalent emissions reductions (ktonnes)

49.6692

PCF carbon credits (ktonnes CO2)

49.6692

PCF carbon credit cost ($/ton CO2)

17.233559049267114

PCF carbon credit cost ($/ton C)

63.18971651397942

Valid CO2 equivalent emissions reductions (ktonnes)

27.593999999999998

PCF carbon credits (ktonnes CO2)

27.593999999999998

PCF carbon credit cost ($/ton CO2)

31.020406288680807

PCF carbon credit cost ($/ton C)

113.74148972516296

Chart ranges

PCF share of project costs (US$)

2054345.0187116594
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51358.625467791484

PCF share of emissions reductions (tons CO2equiv)
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