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Abstract
     The Clean Development Mechanism (CDM) is a Greenhouse Gas (GHG) offset mechanism which is a part of the Kyoto Protocol.  It allows developed countries to reduce GHGs in developing countries. Since the marginal cost of GHG reduction is lower in developing countries, this mechanism contributes to effective GHG reduction for developed countries. At the same time, according to the Kyoto Protocol, it should assist sustainable development in developing countries. However, many argue that this potential win-win mechanism is not working effectively, and will need some improvement after Kyoto expires. Given GHG emissions from developed countries will surpass those from developing countries around 2015, it is important for CDM not only to retain an offset scheme, but to also assist in decarbonization of developing countries. 
     In this project, current CDM projects which have already been registered or rejected by the United Nations Framework Convention on Climate Change (UNFCCC) as of January 4th, 2010 are examined by using linear and logistical regression models to detect significant factors with respect to successful registration, project duration, project scale and project efficiency. Each analysis is conducted for all CDM projects and for Japanese CDM projects.
     The results from the models show CDM projects with particular characteristics (sector, host countries, validator) are less risky in terms of investment. This means research and development for CDM schemes are beneficial for improvement of GHG reduction in developing countries. However, it is still difficult to assess how much each CDM project contributes to the sustainable development of a given host country.

1. Introduction 
1.1 Significance of GHG reduction in developing countries 
     In 1997, the Kyoto Protocol
 was adopted and Annex 1 countries (developed countries that signed the Kyoto Protocol) became obligated to reduce green house gas (GHG) emissions. Each Annex 1 country was required to reduce GHG emissions by an assigned percentage based on their emission levels in 1990
. However, for some countries, reducing GHG emissions only by domestic measures was very expensive. This was partly because even in 1990, some countries already had high-level technology for environmental quality management. Thus, additional GHG reduction from the baseline in 1990 was financially demanding
. (In other words, their marginal cost to reduce GHG emissions was quite high due to the baseline quality). In the Kyoto protocol, to reduce the cost of GHG reductions, there are three mechanisms provided: Emission Trading, in which Annex 1 countries trade CO2 emissions using a permit, Joint Implementation, in which Annex 1 countries can jointly implement projects to reduce GHG emission in an cost effective way, and Clean Development Mechanism (CDM) in which Annex 1 countries can implement GHG reduction projects in Non-Annex 1 countries and the reduction of GHG can serve as carbon credits to the Annex 1 countries to achieve their Kyoto goals. 
    According to a study by the U.S. Environmental Protection Agency
, GHG emissions from developing countries will surpass those from developed countries in 2015. Hence, it is increasingly crucial to reduce GHG emission in Non-Annex 1 countries. Currently the CDM is the only scheme designed to provide an opportunity to reduce GHG emission in developing countries with support from developed countries. 
     The general principle of the CDM scheme is to decrease the cost of GHG reductions. As global warming occurs due to the accumulation of GHG in the atmosphere, we can assume that GHG reduction in any country has the same impact for global climate change alleviation. In addition, it is often less expensive to reduce GHG emissions in developing countries from a technological standpoint since they are more likely to use less energy efficient technologies.  Thus, for Annex 1 countries, CDM projects can provide a monetary benefit by reducing the marginal cost of GHG reduction. The CDM scheme, which is called a flexible mechanism in the Kyoto Protocol, has a great potential to accelerate GHG reduction in developing countries
. 
     At the same time, CDM projects should contribute to sustainable development for developing countries according to the Kyoto Protocol. In Article 12 of the protocol
, “the purpose of the clean development mechanism shall be to assist parties not included in Annex I in achieving sustainable development”. One reason for this purpose is that developing countries may have been facing a trade-off between economic development and environmental protection in some cases. Some studies focus on the sustainable development aspects in CDM projects. For instance, according to Sirohi, (2007) possible CDM benefits for rural poverty alleviation in India are examined by categorizing eight types of CDM projects. She summarizes that the possible CDM benefits for poverty alleviation are mainly improving agricultural income, generation of new non-farm employment, enhancement of energy availability and increasing investment and technology by CDM projects. Furthermore, due to possible technology transfer, CDM projects can be a fundamental step toward building a low-carbon society in developing countries. Hence, if this mechanism works as expected, the CDM can be a win-win tool for both developing countries and developed countries, becoming an effective mechanism to halt the climate change. Therefore, according to the study at United Nations Environmental Programme (UNEP
), CDM has significantly caught the attention of both developed and developing countries, which has resulted in a rapid increase in the number of CDM projects until around 2006. However, as also seen in the graph showing the number of CDM projects below, the number of CDM projects has plateaued in recent years. 
  

  

 1.2 Issues in CDM 
     In spite of the growing number of CDM projects seen until 2006, many had argued that this “potentially win-win mechanism” had not been working as expected. For example, Ueno and Sugiyama (2005) pointed out the lopsided number of CDM projects in specific sectors and countries as well as the difficulty of proving the additionality of GHG reductions in CDM projects. In addition, Haripriya (2004) focused on sustainable benefits of CDM projects questioning whether CDM projects contribute to host countries' sustainable development. In this chapter, the potential issues regarding CDM projects will be discussed. 
  

1.2-1 Risk for investing in time-consuming CDM projects 
     One of the greatest barriers for investing in the CDM project is the complex long process from project initiation to issuance of certificated emission reductions (CERs.)  Below is the number of CDM projects in process according to the data from Institute for Global Environmental Strategies (IGES).
Table1 Number of CDM projects in process
	Status
	Status detail
	Number of Projects

	Validation
	Opening comments
	198 

	
	Project activity later has been republished for global consultation
	306 

	
	Corrective action or clarification has been requested
	1,194 

	
	Negative validation opinion has been issued
	153 

	
	Validation activities are ongoing
	597 

	
	LOA awaited
	99 

	
	Validation contract has been terminated
	577 

	Under completeness check
	Undergoing completeness check
	233 

	Requesting registration
	Requesting registration
	49 

	
	Review requested
	76 

	
	Under review
	37 

	
	Corrections requested (minor)
	6 

	
	Corrections requested (follow)
	58 


Source: IGES CDM Project Database http://www.iges.or.jp/en/cdm/report.html 

    According to the data for CDM projects from IGES, it takes on average about 2 years from when the project planning starts to the issuance of CERs. It is apparent that it is a greater risk, compared with buying carbon credits, to invest in CDM projects, which is time-consuming and requires technical knowledge, especially for the private sector. The simplification and promotion of the process will be needed for further increase of CDM projects. 
  

1.2-2 Difficulty to prove additionality of GHG reductions 
     Another big hurdle for approval of CDM projects is proving the “additionality” of the project. Since CDM activity must be done in developing countries where there is no binding requirement to reduce GHG emissions, CDM projects need to involve additional GHG reduction via financial or technical support from Annex-1 countries
. This means the project developer needs to estimate what hypothetical GHG emission would be without the project. In addition, since it is not additional reduction if the project could be implemented without Annex-1 countries’ supports, the project developers also need to prove financial or technical barriers for the project in the host country
. This means the project activities cannot be operated on their own. However, since this is a comparison between an actual situation and a hypothetical one, it always entails difficulties to prove additionality. 
  

1.2-3 Capacity development to approve CDM projects in host countries 
   One of the reasons for delayed implementation for CDM projects is the lack of capacity in host countries to accept CDM projects. Since CDM projects involve monetary transfer, poor governance and perverse intentions sometimes lead to poor project selection (Haripriya 2004). This can be a barrier for CDM projects which can truly contribute to sustainable development in host countries. 
  

1.2-4 Sustainable development benefits for host countries 
     It has been argued that CDM projects did not contribute to the sustainable development of host countries, but just provided financial support and a reduced cost of GHG reduction for Annex-1 countries. For instance, one possible reason for this problem is addressed in Sirohi (2007 p104), who notes that “many CDM projects in India are firm oriented” whereas, “most people whose consumption level is under the poverty line are making their lives through agriculture,” and do not participate in market activities due to high transaction cost. In addition, according to Pearson (2005) this problem is due to the purpose of the mechanism. CDM was originally based on a market system and investors choose the CDM location where the marginal reduction cost is minimum. 
     This problem is also connected with the difficulty to prove additionality. Annex 1 countries are mainly concerned about the host countries sustainable development in order for the carbon credit to be approved. In addition, Krey (2004) focuses on the transaction cost of CDM projects. Carbon credit created by CDM projects should be based on the reduction from the baseline, which is the emission level of host countries without the projects. As mentioned above, since it is difficult to prove the counterfactual baseline emission, additionality of the carbon reduction from the baseline has been strictly examined by United Nations Framework Conventions on Climate Change (UNFCCC), so that overall GHG emission from the earth does not increase with CDM projects. However, this process not only makes it complicated to design CDM projects, but also riskier to invest in CDM projects. Eventually, these problems lead Annex 1 countries to focus primarily on CDM projects mainly in large scale or with high GHG with high global warming coefficient (Ueno and Sugiyama 2005, pp 448-9) where the marginal cost of GHG reduction is lower. This leads CDM projects to a specific sector, where benefits from the CDM project are not suitable for the sustainable development host country needs. 
     From these three challenges facing the CDM scheme, it is necessary to make improvements so that CDM can contribute to the sustainable development of host countries, which will eventually lead to effective GHG reduction from developing countries, as well as an effective tool to support the achievement of Kyoto goals. 

 2. Objectives 
     The post-Kyoto period is about to begin and the GHG emissions from non Annex-1 countries are expected to increase dramatically in the near future. Considering that rapidly developing countries accept no binding goals for GHG emissions, the GHG reduction scheme in developing countries is of vital importance for halting climate change. Since the CDM framework is the only international scheme where developed countries can reduce GHG emission in developing countries thus far, we need to identify possible reasons for lagging CDM development and discover potential solutions. 
     The objectives of this project are twofold. The first objective is to examine current CDM projects and identify potential attributes for the risk of CDM projects and to make a recommendation for the post-Kyoto framework, related to GHG reductions in developing countries. The second objective is to make more specific recommendations for Japan as one of the Annex-1 countries by examining the CDM projects in which Japan is involved. These recommendations need to stimulate sustainable development for non-Annex 1 countries as well as sufficient GHG reductions to meet long term global goals. 
  

 3. Background 
      In this study, CDM projects have been examined for a variety of potential risks for delay or rejection by the UNFCCC. In this section, the general process for developing and approving CDM project will be explained. There are approximately 9 steps from projects development to CERs issuances
. 
     The first step is the feasibility study and project formulation. In this step, project developers begin to develop CDM projects by deciding the area (country), sector, methodology, collaborators, and available resources (financial, human, and geographical resources). They also initiate contact with stakeholders. 

     The second step is preparing the Project Design Document (PDD.) In each CDM project, the PDD has to be developed in some detail. There are specified PDD formats provided by the UNFCCC. Each CDM developer needs to follow and complete the PDD format. 
     The third step of CDM projects is acquiring a Letter of Approval (LoA) from host countries (Non Annex-I countries.) Each CDM project needs to be approved by a host country government. In theory, the government approves CDM projects based on the PDD and the perceived contribution towards sustainable development. 
     The fourth step is project validation. After acquiring LoA, each project needs to be validated by designated validators. This process is called the validation process. The UNFCCC has approved several designated operation entities (DOE) which are specified organizations to validate whether the CDM project is following CDM principles and can be expected to reduce GHG compared with the hypothetical situation without the project before the project is examined by the UNFCCC
     The fifth step is making an Emission Reduction Purchase Agreement (ERPA.) For each CDM project, participants in the project decide on the distribution of CERs and share of revenue, etc. before requesting registration. 

     The sixth step is registration with UNFCCC. At this step, the Executive Board (EB) of the UNFCCC decides whether the project is appropriate as a CDM project. Following this step, the project is registered as an official CDM project, the list of which can be viewed on the UNFCCC website
.
     The seventh step is to implement and monitor the project.  After getting registered, the project can start implementation. Monitoring will be implemented according to how it is described in the PDD. The reduction of the GHG is based on the difference between measured values and the base line scenario. 
     The eighth step is verification of monitoring results. In this step, the DOE verifies the results of the monitoring. 

     The last step is CERs issuance. After the EB approves the verification by DOE, CERs will be provided according to ERPA. 
   

4. Methodology  
4-1 Data source and variable explanation  

     To examine which factors influence successful CDM projects, all CDM projects which have been rejected or registered as of January 4th 2010 will be examined. The data for the CDM projects are from the CDM data base by IGES. It contains 2133 CDM projects which were already registered or rejected as of January 4th 2010. For each CDM project it provides various types of information. As described section 1.2-1 above, each CDM project goes through many steps from its start. There are 21 variables in 9 categories which were selected as data for this project. Below are 9 categories for the data. 

     The first category of variables is registration status. As mentioned earlier, each CDM project has to pass many steps. Since the objective of this study is to determine factors related to successful registration of CDM projects, only CDM projects that have been registered or rejected by the UNFCCC are examined. This is indicated in the data by the register variable, which is a dummy variable for registration or rejection of a CDM project. This variable is set equal to 1 if a project has been registered by the UNFCCC and 0 if the project has been rejected by the UNFCCC.
     The second category of variables is host country dummy variable. Each project has to be approved by the host country of the project. In this study, the effect of specific host countries on the probability and duration of the project will be examined. Below is the distribution of CDM projects by host country. 
Table 2: Total registered project activities (2062) by host party 
Source: UNFCCC as of Feb 26th, 2010
[image: image1.png]Others (17.94%)





     As seen in Table 2, China and India have the largest number of CDM projects. Thus, a China dummy variable and an India dummy variable are created to examine whether it is important for a project to be implemented in these countries. The China variable takes on a value of 1 if a project is in China and 0 if the project is not in China. The India dummy variable is equal to 1 if a project is in India and 0 otherwise.
     The third category is other country involved. Many CDM projects are developed by initiatives from Annex-1 countries. Since it is cost effective for Annex-1 countries to reduce GHG in developing countries, CDM projects involve other countries in addition to a host country. This project creates a Japan dummy variable and a UK dummy variable to examine whether it is important for a project to be implemented with these Annex-1 countries. Below is the distribution of CDM project by host country. 
Table 3: Registered projects by Annex 1 countries

Source: UNFCCC as of Feb 26th, 2010
[image: image2.png]Italy (1.89%)





     UK is the Annex-1 country associated with the largest number of CDM projects. In addition to UK, a Japan dummy variable has been created for the purpose of the second objective mentioned above. 
     The fourth category is project duration. Since long time investment involves a large risk for the private sector, the project duration may be an important factor for the success of CDM schemes. In the data from IGES, there are four dates for each project: the date of host country's approval to the project, the date of requesting registration, the date of registration or rejection, and the starting date of the crediting period. The Logdur1 variable indicates the duration from the date of host country approval to the date of requesting registration for the UNFCCC. The Logdur2 variable shows the duration from the date of requesting registration for UNFCCC to the date of registration or rejection. The Logdur3 variable shows the duration from the date of registration or rejection by UNFCCC to the starting date of the credit period According to the database from IGES, the starting dates of the credit period of some CDM projects are earlier than the date of registration and rejection for UNFCCC.  This is partly because some approval delays by the UNFCCC.  Finally, the logdur4 variable is the sum of the (4), (5) and (6.) All the variables in this category were taken as log scale due to the distribution of the data. 
     The fifth category of variables is Annual Emission Reductions (ERs.) Annual Emission Reduction indicates the size of GHG reduction since each CDM project is either a 7 year renewable contract or a10 year fixed contract, which will be mentioned below. Since revenue from a CDM project is one of the most important factors for investors, it is also important to investigate which factor has a significant impact on GHG reduction scale. In addition, Annual ERs divided by project duration is one of the indicators for efficiency of a CDM project. The Loganers variable explains the amount of annual GHG emission reduction per year from a CDM project. This reduction amount has been shown in PDD.  The Logersdur variable shows the effectiveness of GHG reduction by a CDM project. This variable simply has been calculated as log (annual ERs/ duration of project.) Both variables were taken as log scale due to the distribution of the observations. 
     The sixth category is validator. Each project has to be validated before requesting registration on UNFCCC. As of Jan.2010, there are 45 validators as DOE from UNFCCC. This project would examine CDM projects with which validator are more likely to be registered and take shorter duration until getting GHG reduction credit from UNFCCC. According to a study by Japan Smart Energy Co Ltd
 DUV and TUVSUD are the largest two validators from the number of CDM project they have validated. The duv dummy variable and tuvsud dummy variable are created to examine whether it is important for a project to be validated by the entity.     
     The seventh category is GHG reduction sector. According to UNFCCC, each CDM project has been categorized in sections by which GHG reduction occurs. According to a study by Japan Smart Energy Co Ltd
 biogas and hydro electric generation sector are the two largest sectors for CDM projects implemented. The biogas dummy variable and the Hydro dummy variable are created to examine whether it is important for a project to be implemented in the sector. 
     The eighth category is additionality tool used for the project. As mentioned in the introduction, one of the most important and difficult factors for smooth registration of a CDM project is proof of additionality, which means the CDM project reduces GHG emissions additional to the hypothetical emission without the project. On the UNFCCC website, there are several additionality tools to prove “additional” reduction of GHG in a host country compared with the case without the project. This project examines which additionality analysis is more likely to lead to an effective registration and effective ERs. In this project, 5 dummy variables for most used analysis to prove additionality have been created. The Investment comparison variable (Invcom), Benchmark analysis variable (Benchmark), Simplecost analysis variable (Simplecost), Barrier analysis variable (Barrier) are dummy variables which shows 1 if the project implemented the specific analysis in the methodology tool named ' tool for demonstration and assessment of additionality
'  and 0 if not. Invnoe is also a dummy variable which shows 1 if a project did not make any analysis above mentioned and 0 if did any.
     The final category is crediting period for each project. As mentioned above, there are two types of CDM projects: 7 years renewable contract CDM project and 10 years fixed contract CDM projects. Crediting variable is a dummy variable which shows 1 if a project is 10 years fixed contrast and 0 if the project is renewable 7 years contrast. 
     For the model explained in the section 4-2, each variable is expressed as in the table 4 in the next page.

Table 4 Variables Used in the Models
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4-2 Model 

     There are eight regression models estimated in this project. In four models, all CDM projects are examined with a specific objective variable below. In addition, a variant of these four models has been examined with an extra condition that Japan has been involved. For each model, all variables which might be relevant to the dependent variable are included in the first trial. Then, variables with high P-value are been removed until all remaining p-values are below 0.05. The expression for the model is shown in this section.  
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(China dummy variable) in model 1.
Model 1 Logistic model for project registration with all CDM projects
     The first model examines registration with UNFCCC. Taking the register variable as the dependent variable, this logistic model examines the significant factors for registration from all CDM projects. The equation for this model is:  
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Model 2 Logistic model for project registration with Japanese CDM projects
The second model is also for the possibility of registration with UNFCCC, so the register variable is the dependent variable once again. This logistic model examines the significant factors for registration for Japanese CDM projects. The equation for this model is: 
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Model 3 Linear model for project duration with all CDM projects
The third model is a linear regression model about project duration with logdur4 variable as dependent variable. This model examines the significant factors for project duration from all CDM projects. The equation for this model is:  
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Model 4 Linear model for project duration with Japanese CDM projects
The fourth model is also a linear regression model about project duration with logdur4 variable is dependent variable. This model examines the significant factors for project duration for Japanese CDM projects. The equation for this model is:  
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Model 5 Linear model for project scale with all CDM projects 
The fifth model is a linear regression model with the loganers variable as the dependent variable. It examines the significant factors for annual emission reductions from all CDM projects. The equation for this model is:  
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Model 6 Linear model for project scale with Japanese CDM projects
The sixth model is a linear regression model with loganers variable as the dependent variable. It examines the significant factors for annual emission reductions from Japanese CDM projects. The equation for this model is:  
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Model 7 Linear model for project efficiency with all CDM projects 
The seventh model is a linear model with logerdur as the dependent variable. It examines the significant factors for annual emission reductions divided by project duration with all CDM projects. This will examine which factors are significant for effective GHG reduction. The equation for this model is:  
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Model 8 Linear model for project efficiency with Japanese CDM projects
The seventh model is a linear model with logerdur as the dependent variable. It examines the significant factors for annual emission reductions divided by project duration with Japanese CDM projects. The equation for this model is:  
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All results from STATA are listed in the appendix section.
5. Results and Discussion 

     In this section, results from the eight models are discussed. All results are from regression results after removing variable with highest P-value until all variables with p-values below 0.05. 
Table 5 Logistic model for project registration with all CDM projects 
	number of observations
	2133
	

	Pseudo R^2
	0.2454
	

	Dependent Variable
	register
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	logdur2
	-2.646679
	0.000

	Loganers
	1.0302
	0.000

	Logersdur
	-0.8773696
	0.000

	Tuvsud
	1.047592
	0.001

	Biogas
	2.167849
	0.000

	Hydro
	0.814876
	0.002

	Benchmark
	0.4574815
	0.033

	Simplecost
	2.878665
	0.006

	_cons
	8.560822
	0.000


     The model in Table 5 examined which factors contribute to successful CDM registration. Six points are worthy of mentioning about the results in Table 5. First, Logdur2 is the duration from requesting registration to the date UNFCCC made the decision. It is not surprising that the project, which has been quickly approved by UNFCCC, is more likely to be registered. Second, size of the project (loganers) has a positive coefficient, which means the larger the project, the more likely it is to be registered. Third, TUV-SUD has a positive coefficient with p-value at 0.002. Thus, it might be a better idea to use TUV-SUD as a project validator to reduce the risk of project rejection. Fourth, projects in the biogas and hydro power sectors are both more likely to be accepted by UNFCCC than other sectors. Fifth, benchmark analysis and simple cost analysis should be used to prove additionality of projects, as this increases the chances of acceptance Sixth, there is no host country which reduces the risk for rejection.
Table 6 Logistic model for project registration with Japanese CDM projects 
	number of observations
	203
	

	Pseudo R^2
	0.4145
	

	Dependent Variable
	register
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	logdur2
	-5.697338
	0.000

	Loganers
	3.580446
	0.002

	logersdur
	-3.309165
	0.005

	Barrier
	-1.502279
	0.048

	_cons
	11.43243
	0.021


   The second model examined which factors in CDM projects with Japan contribute to successful CDM registration. Three points relative to results in Table 
6 are discussed below. First, for CDM projects with Japan, the scale of the project (loganers) has a positive impact on the possibility for successful registration. Thus, the greater the CDM project reduces emissions, the more likely the project is to be registered. Second, the effectiveness of CDM projects (logersdur) has a negative and significant coefficient value for CDM projects with Japan. This might suggest seemingly more profitable CDM projects are more likely to be rejected if it involves Japan. Third, from a statistical perspective, the possibility of successful registration does not change in any host country nor in any sector of GHG reduction (since there are no host country or sector variables, which have a significant p-value). 
Table 7 Linear model for project duration with all CDM projects
	number of observations
	2133
	

	Adjusted R^2
	0.1675
	

	Dependent Variable
	logdur4
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	Register
	-0.1461161
	0.008

	China
	0.2116715
	0.000

	India
	0.26157
	0.000

	UK
	-0.0943825
	0.008

	loganers
	0.0342199
	0.002

	Dnv
	0.0754783
	0.006

	Hydro
	0.2576015
	0.000

	invnone
	-0.1421799
	0.000

	Invcom
	-0.1633024
	0.007

	simplecost
	-0.2410474
	0.000

	Barrier
	-0.2436869
	0.000

	crediting
	0.0789556
	0.017

	_cons
	5.49797
	0.000


     The third model shown in Table 7 examined which factors contribute to the duration of CDM projects. Five points are worthy of mentioning. First, China and India dummy variables show positive coefficients. This indicates that projects in China and India are more likely to take longer time until the project receives credits than projects in other countries. Second, the UK dummy variable has a negative coefficient. Thus, UK CDM investors or developers have a relative advantage in terms of project duration until the project receives credits. UK might have accumulated knowledge to accelerate CDM projects so far. Third, dnv variable has a positive coefficient. This indicates that DNV as a validator might protract project duration. Fourth, most of the additionality tools show negative coefficients. This means they are effective for accelerating CDM projects. However, the invnone variable also shows the negative coefficient (-.14217.) Thus, the differences between coefficients of any additionality tool and -.14217 are effects of additionality tools on project durations. Finally, the scale of CDM projects (loganers) has a positive relationship with project duration. However, the coefficient is .034. Thus, a 1% increase of ERs per annum results in 0.34% increase in project duration. 
Table 8 Linear model for project duration with Japanese CDM projects

	number of observations
	203
	

	Adjusted R^2
	0.0764
	

	Dependent Variable
	logdur4
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	Loganers
	0.067113
	0.031

	Barrier
	-0.2395106
	0.006

	_cons
	5.161965
	0.000


     The fourth model examined which factors contribute to the duration of CDM projects that Japan has been involved with. Several results are worth discussing. First, the coefficient of CDM projects scale (loganers) has a positive value (0.06.) This means the more emission reductions the project has, the longer the project takes until the project issues credits. Second, barrier analysis is an especially effective way to accelerate CDM projects. Third, the China and India dummy variables are no longer significant when we look at only Japanese CDM projects. This is probably because most of the Japanese CDM projects have been implemented in China or India. Fourth, there are no specific sectors, nor validators which are significant in this model. 
Table 9 Linear model for project scale with all CDM projects 

	number of observations
	2133
	

	Adjusted R^2
	0.3164
	

	Dependent Variable
	loganers
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	China
	0.0748289
	0.000

	India
	0.0766317
	0.003

	logdur2
	0.0400831
	0.016

	logdur3
	0.014898
	0.000

	Dnv
	0.0593023
	0.018

	Tuvsud
	0.0706996
	0.001

	Biogas
	0.0865364
	0.000

	Hydro
	0.0654545
	0.000

	Invcom
	0.1096611
	0.000

	benchmark
	0.0679815
	0.000

	simplecost
	0.1133632
	0.000

	Barrier
	0.0650786
	0.000

	crediting
	0.0625778
	0.010

	_cons
	0.2145609
	0.000


     The fifth model examined which factors contribute to the scale of CDM projects. Loganers means log scale of annual emission reductions per year. Several results from Table 9 are discussed. First, the China dummy variable shows positive value whereas the India dummy variable shows negative value. It can be said that large scale projects are concentrated in China compared with other host countries, and small scale projects are concentrated in India compared with other host countries. Second, some additionality tools have a positive and significant impact on scale whereas barrier analysis has a negative impact. This means that project designers should choose additionality tools depending on the project size. Third, dnv and tuvsud variables both have positive coefficients. This indicates that project developers of large scale CDM projects are more likely to select DNV or TUVSUD as a validator. Fourth, sector variables (biogas and hydro variables) both show negative coefficients. This means it is not favorable to develop large scale of CDM projects in those sectors.   
Table 10 Linear model for project scale with Japanese CDM projects
	number of observations
	203
	

	Adjusted R^2
	0.296
	

	Dependent Variable
	loganers
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	China
	1.12303
	0.000

	logdur3
	0.1169763
	0.016

	Dnv
	0.5846953
	0.002

	Hydro
	-0.7147221
	0.001

	Benchmark
	0.5264077
	0.013

	Simplecost
	0.935762
	0.003

	Barrier
	-0.6188086
	0.001

	_cons
	10.48328
	0.000


The sixth model examined which factors contribute to the scale of Japanese CDM projects. Two results from Table 10 are discussed. First, the China dummy variable still shows positive significant coefficient whereas the India dummy variable is no longer significant. Second, tuvsud, biogas Invcom, and crediting variables are no longer significant when we look at only CDM projects with Japan. 

Table 11 Linear model for project efficiency with all CDM projects 
	number of observations
	2133
	

	Adjusted R^2
	0.2115
	

	Dependent Variable
	logersdur
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	Register
	0.1150011
	0.018

	China
	0.0821927
	0.000

	India
	0.0836509
	0.000

	Tuvsud
	0.068349
	0.006

	Biogas
	0.0964715
	0.000

	Hydro
	0.0723095
	0.000

	Invcom
	0.121792
	0.000

	Benchmark
	0.074503
	0.002

	Simplecost
	0.1260214
	0.000

	Barrier
	0.0716605
	0.000

	Crediting
	0.069385
	0.004

	_cons
	0.139823
	0.000


This seventh model examined which factors contribute to efficiency of CDM projects in terms of emission reductions. Logerdur means log scale of annual emission reductions per year divided by projection duration. Four results from Table 11 are discussed here. First, China shows a positive coefficient whereas India shows a negative coefficient. This indicates GHG reduction from CDM projects has been implemented smoothly in China compared with other countries and that projects in India are less efficient compared with other countries. Second, tuvsud variable shows a positive coefficient. Thus, projects whose validator is Tuvsud are more efficient in terms of GHG reduction. Third, biogas and hydro sector are not efficient sectors in CDM project in terms of GHG reduction. Fourth, barrier analysis is not a good tool in terms of GHG reduction, whereas three other addionality tools are effective for efficient GHG reduction. 
Table 12 Linear model for project efficiency with Japanese CDM projects
	number of observations
	203
	

	Adjusted R^2
	0.2221
	

	Dependent Variable
	logersdur
	

	
	
	

	Explanatory Variable
	Coefficient
	P-value

	China
	1.061525
	0.000

	Dnv
	0.4177482
	0.033

	Hydro
	-0.8034447
	0.000

	Invnone
	2.083544
	0.025

	Invcom
	1.950487
	0.044

	Benchmark
	2.324083
	0.010

	Simplecost
	3.045686
	0.001

	Barrier
	-0.3912113
	0.045

	_cons
	2.9093
	0.001


This model examined which factors contribute to efficiency of Japanese CDM projects in terms of emission reductions. Two findings from Table 12 are discussed here.  First, the dnv variable instead of the tuvsud variable is significant and its coefficient is positive when we look at only Japanese CDM projects. Second, several additionality tools show significant p-values. Thus, it is worthy to examine which tools are effective for project efficiency. 
  

6. Conclusions and Recommendations 
     From the results obtained above, four recommendations can be made for current CDM projects. First, CDM projects in particular sectors are more likely to be registered. This means there are other sectors which are less likely to be registered. It is essential to examine the different reasons why CDM projects are rejected in some sectors so that the risk of rejection can be mitigated, which will made the CDM scheme more stable and valuable.  Second, validation is an important factor for a project’s success. In 7 out of the 8 models examined, there is at least one validator variable with a p-value below 0.05 – even when only two validators are examined. As of March 27th 2010, there are 45 DOEs according to UNFCCC
. Evaluating those that work and contribute to successful CDM projects is a significant task. In addition, it is also important to keep the validator market competitive. Third, as shown in the results with China and India, CDM projects take more time in the biggest GHG emitter in developing countries. This can be a significant problem since the second mission of the CDM framework is to enhance sustainable development of developing countries.  Fourth, the results show that UK project developers have acquired experiences and accumulated knowledge for smooth GHG reduction in developing countries. The CDM framework in the Kyoto protocol is not perfect. However, it is a good first step for developed countries for reducing GHG in developing countries. What we need for post-Kyoto is to use the technical lessons and experiences for further GHG emission in developing countries. Fifth, there is no general recommendation for effective additionality tools from statistical analysis. However, once the Annex-1 countries and the scale of the project are decided, there are specific tools which are more effective to reduce risks relevant for CDM projects. Studying the effective methodology to reduce the risk of CDM projects is an important task.
     As for Japanese CDM projects, three recommendations are made. First, the size of projects (loganers) on duration shows a high positive value. This might suggest that Japan needs to create a strategic plan for larger scale CDM projects to speed up project registration. . Second, validator, sector, and additionality tool are significant drivers of the effectiveness of Japanese CDM projects. Hence, research and development for CDM project is important to undertake. Third, further statistical analysis should be conducted after more projects have been through the registration cycle since currently there are only 202 projects to be examined.  
Beyond Kyoto

The current CDM scheme is basically for offsetting additional GHG emission in developed countries. What we need beyond 2012 is a scheme to reduce GHG emission growth in developing countries. However, the current CDM in the Kyoto framework is not meaningless for this. GHG reduction structure and technology transfer from developed countries are the first step to achieve decarbonization in developing countries. To promote these, we need to first find solutions for current CDM schemes. 
7 Appendices
Result from original model which includes all variable

Model 1: Logistical model for project registration

For all projects
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       _cons     8.685385   1.689876     5.14   0.000     5.373288    11.99748

   crediting      .214086   .2379838     0.90   0.368    -.2523537    .6805258

     barrier    -.2743718   .2746316    -1.00   0.318    -.8126398    .2638963

  simplecost     4.176565   1.274621     3.28   0.001     1.678353    6.674777

   benchmark     1.596909   .7485239     2.13   0.033     .1298286    3.063989

      invcom     1.868278   .8695264     2.15   0.032     .1640379    3.572519

     invnone     1.188469   .7709049     1.54   0.123    -.3224771    2.699415

       hydro     .7792129    .288206     2.70   0.007     .2143395    1.344086

      biogas     2.373166   .5773251     4.11   0.000      1.24163    3.504702

      tuvsud     .8961484   .3417901     2.62   0.009     .2262522    1.566045

         dnv    -.1763974   .2195456    -0.80   0.422    -.6066989    .2539042

   logersdur    -.5615143   .7210239    -0.78   0.436    -1.974695    .8516664

    loganers     .6556314   .7254497     0.90   0.366    -.7662239    2.077487

     logdur4     .1821687   .7400662     0.25   0.806    -1.268335    1.632672

     logdur3     .1860313   .1133406     1.64   0.101    -.0361122    .4081748

     logdur2    -2.617305   .3231812    -8.10   0.000    -3.250729   -1.983882

     logdur1    -.0234938   .1096554    -0.21   0.830    -.2384145     .191427

          uk    -.1759524   .2606315    -0.68   0.500    -.6867809     .334876

       japan    -.2560709   .3314571    -0.77   0.440     -.905715    .3935731

       india     .2250551   .2887376     0.78   0.436    -.3408601    .7909703

       china     .6040821   .3137722     1.93   0.054    -.0109001    1.219064

                                                                              

    register        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

Log likelihood = -373.01682                       Pseudo R2       =     0.2608

                                                  Prob > chi2     =     0.0000

                                                  LR chi2(20)     =     263.17

Logistic regression                               Number of obs   =       2113


For only Japanese projects
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Note: 0 failures and 4 successes completely determined.

                                                                              

       _cons      11.1479   6.752881     1.65   0.099      -2.0875    24.38331

   crediting     1.301592   1.067483     1.22   0.223    -.7906368     3.39382

     barrier    -1.307281    1.06705    -1.23   0.221    -3.398661    .7840987

  simplecost    (omitted)

      invcom    (omitted)

     invnone     .1924467   1.142422     0.17   0.866    -2.046659    2.431552

       hydro     2.255419   1.089553     2.07   0.038     .1199339    4.390905

      biogas     1.858551   1.878745     0.99   0.323    -1.823721    5.540824

      tuvsud     1.805897   1.188109     1.52   0.129    -.5227535    4.134547

         dnv     1.659646   1.927822     0.86   0.389    -2.118815    5.438108

   logersdur    -211.2004   167.7358    -1.26   0.208    -539.9565    117.5557

    loganers     211.9706   167.5665     1.26   0.206    -116.4538    540.3949

     logdur4    -210.2129   165.3556    -1.27   0.204    -534.3039    113.8781

     logdur3     .2247476   .5716494     0.39   0.694    -.8956647     1.34516

     logdur2    -4.954929   3.192909    -1.55   0.121    -11.21292    1.303058

     logdur1     .7689823   .8884721     0.87   0.387     -.972391    2.510356

       india    (omitted)

       china    -1.709707   1.451815    -1.18   0.239    -4.555212    1.135798

                                                                              

    register        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

Log likelihood = -24.525884                       Pseudo R2       =     0.5367

                                                  Prob > chi2     =     0.0000

                                                  LR chi2(14)     =      56.82

Logistic regression                               Number of obs   =        169


Model2: Linear model for project duration
For all projects
[image: image22.emf] 
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       _cons     5.537131   .2150095    25.75   0.000     5.115476    5.958785

   crediting     .0765164   .0333366     2.30   0.022       .01114    .1418928

     barrier    -.2442383   .0353141    -6.92   0.000    -.3134926    -.174984

  simplecost    -.3030162   .1735085    -1.75   0.081     -.643283    .0372506

   benchmark    -.0646647   .1664258    -0.39   0.698    -.3910417    .2617123

      invcom    -.2321006   .1746565    -1.33   0.184    -.5746188    .1104176

     invnone    -.2074624   .1679724    -1.24   0.217    -.5368726    .1219477

       hydro     .2640198   .0361878     7.30   0.000     .1930521    .3349875

      biogas     .0501125    .047407     1.06   0.291    -.0428572    .1430822

      tuvsud    -.0323106   .0378303    -0.85   0.393    -.1064995    .0418783

         dnv     .0633126   .0316933     2.00   0.046      .001159    .1254662

    loganers     .0371542   .0114887     3.23   0.001     .0146237    .0596847

          uk    -.1012453   .0362837    -2.79   0.005    -.1724011   -.0300895

       japan    -.0339509   .0474472    -0.72   0.474    -.1269995    .0590977

       india      .269598   .0408762     6.60   0.000     .1894358    .3497602

       china     .2248259   .0409221     5.49   0.000     .1445737    .3050781

    register    -.1487006   .0553431    -2.69   0.007    -.2572338   -.0401674

                                                                              

     logdur4        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total     957.49499  2112   .45335937           Root MSE      =  .61462

                                                       Adj R-squared =  0.1668

    Residual    791.771145  2096  .377753409           R-squared     =  0.1731

       Model    165.723846    16  10.3577404           Prob > F      =  0.0000

                                                       F( 16,  2096) =   27.42

      Source         SS       df       MS              Number of obs =    2113

>  crediting

. reg  logdur4 register china india japan uk loganers dnv tuvsud biogas hydro invnone invcom benchmark simplecost barrier


For only Japanese projects
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       _cons     5.613814     .55932    10.04   0.000     4.510464    6.717164

   crediting    -.0233962   .1204392    -0.19   0.846    -.2609822    .2141897

     barrier    -.1982171   .0960339    -2.06   0.040    -.3876597   -.0087746

  simplecost    -.9305091   .4892064    -1.90   0.059    -1.895548    .0345302

   benchmark    -.6671888   .4621904    -1.44   0.151    -1.578935    .2445571

      invcom    -.8754297   .4992894    -1.75   0.081    -1.860359       .1095

     invnone    -.7638507   .4707642    -1.62   0.106     -1.69251    .1648083

       hydro     .1029646   .1165277     0.88   0.378    -.1269053    .3328345

      biogas    -.1725465   .1604854    -1.08   0.284      -.48913     .144037

      tuvsud     .0362992   .1090398     0.33   0.740    -.1787995    .2513979

         dnv     .0745399    .103916     0.72   0.474    -.1304513    .2795311

    loganers      .080686   .0354197     2.28   0.024      .010815    .1505571

       india     .4502417   .3080349     1.46   0.146    -.1574072    1.057891

       china    -.0707098   .1118972    -0.63   0.528    -.2914453    .1500257

    register     .0739887   .1665486     0.44   0.657    -.2545554    .4025328

                                                                              

     logdur4        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    71.8452075   202  .355669344           Root MSE      =  .57187

                                                       Adj R-squared =  0.0805

    Residual    61.4817411   188  .327030538           R-squared     =  0.1442

       Model    10.3634665    14  .740247606           Prob > F      =  0.0072

                                                       F( 14,   188) =    2.26

      Source         SS       df       MS              Number of obs =     203

> g if japan==1

. reg  logdur4 register china india loganers dnv tuvsud biogas hydro invnone invcom benchmark simplecost barrier creditin


Model3: linear model for emission reductions per year
For all projects
[image: image24.emf] 
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       _cons     10.21045   .4419983    23.10   0.000     9.343647    11.07725

   crediting    -.1609716   .0626483    -2.57   0.010    -.2838312   -.0381121

     barrier     -.617034   .0658815    -9.37   0.000    -.7462342   -.4878338

  simplecost     .5160256   .3260245     1.58   0.114    -.1233403    1.155392

   benchmark     .2240128   .3127644     0.72   0.474    -.3893489    .8373744

      invcom     .5870622    .328149     1.79   0.074    -.0564702    1.230595

     invnone    -.1218095   .3159666    -0.39   0.700     -.741451    .4978319

       hydro    -.6497094    .067711    -9.60   0.000    -.7824973   -.5169215

      biogas    -.8653861    .087153    -9.93   0.000    -1.036302   -.6944705

      tuvsud     .2280055   .0710366     3.21   0.001     .0886958    .3673152

         dnv     .1362029   .0598419     2.28   0.023     .0188471    .2535587

     logdur4      .101717   .0767284     1.33   0.185    -.0487548    .2521889

     logdur3     .0954669   .0177209     5.39   0.000     .0607144    .1302193

     logdur2     .0683222   .0530398     1.29   0.198     -.035694    .1723383

     logdur1    -.0330973   .0304424    -1.09   0.277    -.0927978    .0266032

          uk     .0816274   .0684611     1.19   0.233    -.0526316    .2158864

       japan     .0869447   .0890799     0.98   0.329    -.0877498    .2616392

       india    -.2184021    .079725    -2.74   0.006    -.3747506   -.0620536

       china     .5830711   .0792294     7.36   0.000     .4276944    .7384478

    register     .1629555   .1084786     1.50   0.133    -.0497818    .3756928

                                                                              

    loganers        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    4113.05112  2112  1.94746739           Root MSE      =  1.1539

                                                       Adj R-squared =  0.3163

    Residual    2786.94205  2093  1.33155378           R-squared     =  0.3224

       Model    1326.10907    19  69.7952143           Prob > F      =  0.0000

                                                       F( 19,  2093) =   52.42

      Source         SS       df       MS              Number of obs =    2113

> chmark simplecost barrier crediting

. reg  loganers register china india japan uk  logdur1 logdur2 logdur3 logdur4 dnv tuvsud biogas hydro invnone invcom ben


For only Japanese projects
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       _cons     7.456471   1.414458     5.27   0.000     4.665929    10.24701

   crediting    -.3813207   .2433817    -1.57   0.119    -.8614811    .0988397

     barrier    -.6168854   .1936973    -3.18   0.002    -.9990249   -.2347458

  simplecost      1.99466   .9863947     2.02   0.045     .0486317    3.940689

   benchmark       1.6175   .9348199     1.73   0.085    -.2267779    3.461778

      invcom     1.004403   1.014857     0.99   0.324    -.9977788    3.006585

     invnone     1.258747   .9588827     1.31   0.191    -.6330035    3.150498

       hydro    -.8971855   .2270116    -3.95   0.000     -1.34505    -.449321

      biogas     .4669169   .3251246     1.44   0.153    -.1745117    1.108345

      tuvsud     .1311096   .2223042     0.59   0.556    -.3074677     .569687

         dnv     .5670768   .2102189     2.70   0.008     .1523423    .9818113

     logdur4     .5713548   .2924013     1.95   0.052     -.005515    1.148225

     logdur3     .0634704   .0637586     1.00   0.321    -.0623171    .1892579

     logdur2    -.1973119   .1789724    -1.10   0.272    -.5504012    .1557774

     logdur1    -.1240827   .1169817    -1.06   0.290    -.3548725     .106707

       india     .8006922   .6356856     1.26   0.209    -.4534329    2.054817

       china     1.331106    .224582     5.93   0.000      .888035    1.774177

    register     .1695653    .381229     0.44   0.657    -.5825499    .9216805

                                                                              

    loganers        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    387.678733   202  1.91920165           Root MSE      =  1.1506

                                                       Adj R-squared =  0.3102

    Residual    244.904966   185  1.32381063           R-squared     =  0.3683

       Model    142.773767    17   8.3984569           Prob > F      =  0.0000

                                                       F( 17,   185) =    6.34

      Source         SS       df       MS              Number of obs =     203

> mplecost barrier crediting if japan==1

. reg  loganers register china india  logdur1 logdur2 logdur3 logdur4 dnv tuvsud biogas hydro invnone invcom benchmark si


Model4: linear model for emission reductions per year divided by project duration 
For all projects 
[image: image26.emf] 
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       _cons     5.214441   .3603745    14.47   0.000     4.507712    5.921169

   crediting    -.1959976   .0694489    -2.82   0.005    -.3321935   -.0598016

     barrier    -.3971681   .0719699    -5.52   0.000     -.538308   -.2560281

  simplecost     .7209907   .3616948     1.99   0.046     .0116725    1.430309

   benchmark     .2522238   .3470493     0.73   0.467    -.4283731    .9328208

      invcom     .7539945   .3640012     2.07   0.038     .0401532    1.467836

     invnone      .018485   .3502826     0.05   0.958    -.6684527    .7054227

       hydro     -.820867   .0741236   -11.07   0.000    -.9662304   -.6755035

      biogas    -.8715067   .0966788    -9.01   0.000    -1.061103   -.6819102

      tuvsud     .2361306   .0787393     3.00   0.003     .0817153    .3905459

         dnv     .0754835   .0659962     1.14   0.253    -.0539414    .2049083

          uk     .1225225   .0756617     1.62   0.106    -.0258573    .2709023

       japan     .1158155   .0989298     1.17   0.242    -.0781953    .3098264

       india    -.5588098   .0849385    -6.58   0.000    -.7253823   -.3922373

       china     .2569736   .0843856     3.05   0.002     .0914853    .4224618

    register     .2791669   .1153664     2.42   0.016     .0529225    .5054114

                                                                              

   logersdur        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    4401.68594  2112   2.0841316           Root MSE      =  1.2818

                                                       Adj R-squared =  0.2117

    Residual    3445.28209  2097   1.6429576           R-squared     =  0.2173

       Model    956.403847    15  63.7602565           Prob > F      =  0.0000

                                                       F( 15,  2097) =   38.81

      Source         SS       df       MS              Number of obs =    2113

> ting
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For only Japanese projects
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       _cons     3.148291   .9593684     3.28   0.001     1.255845    5.040736

   crediting    -.3445096   .2572748    -1.34   0.182    -.8520086    .1629893

     barrier    -.4309717   .2000273    -2.15   0.032    -.8255445   -.0363989

  simplecost     2.673149   1.042738     2.56   0.011     .6162492    4.730048

   benchmark     2.030578   .9880938     2.06   0.041     .0814687    3.979686

      invcom     1.605622   1.072542     1.50   0.136    -.5100691    3.721313

     invnone     1.868442    1.00877     1.85   0.066    -.1214524    3.858337

       hydro    -.8902514    .241976    -3.68   0.000    -1.367572   -.4129308

      biogas     .4887672   .3443681     1.42   0.157    -.1905316    1.168066

      tuvsud      .036492   .2345313     0.16   0.877    -.4261432    .4991273

         dnv     .4298122    .219753     1.96   0.052    -.0036714    .8632958

       india     .3114568   .6598417     0.47   0.637    -.9901438    1.613057

       china     1.130552   .2243251     5.04   0.000     .6880498    1.573055

    register     .0850631   .3581055     0.24   0.812     -.621334    .7914602

                                                                              

   logersdur        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    389.929751   202   1.9303453           Root MSE      =  1.2305

                                                       Adj R-squared =  0.2156

    Residual    286.170274   189  1.51412843           R-squared     =  0.2661

       Model    103.759477    13  7.98149824           Prob > F      =  0.0000

                                                       F( 13,   189) =    5.27

      Source         SS       df       MS              Number of obs =     203

> apan==1

. reg   logersdur register china india dnv tuvsud biogas hydro invnone invcom benchmark simplecost barrier crediting if j
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