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ABSTRACT 

 

In the current absence of the federal government’s strong leadership to address climate 

change in the United States, mandatory regional tradable permit programs for greenhouse gas 

(GHG) emission reductions are being planned by several state governments. A carbon offset 

program, combined with a tradable permit program, induces a wider range of entities to 

implement offset projects that reduce GHG emissions within a wider range of industries than the 

industries regulated by the tradable permit program. An offset project has to be additional, 

meaning that it generates emission reductions as compared to the baseline emissions. Therefore, 

the additionality assessment is the most important element of a carbon offset program, but it is 

complicated because it requires estimating a counterfactual baseline scenario.  

For a carbon offset program in the United States, energy efficiency projects to reduce GHG 

emissions on the demand-side of energy are important. However, energy efficiency projects are 

prevented from being undertaken due to the high transaction costs of the project-specific 

additionality assessment method adopted by the Clean Development Mechanism. In this paper, a 

policy analysis is conducted to produce recommendations to solve this problem. First, along the 

rationally selected evaluative criteria, a qualitative comparative assessment is made on the policy 

alternatives implementing different additionality assessment methods as a definitive test. Then, 

based on the assessment, this paper discusses how to more flexibly implement and combine the 

different methods to address the problem. Finally, the recommendation is made for a 

comprehensive, simple and practical policy to assess additionality for a carbon offset program in 

the United States.  
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AN ANALYSIS OF A CARBON OFFSET 

PROGRAM FOR THE UNITED STATES 

 

1 Introduction 

The concentration of carbon dioxide in the atmosphere has been dramatically increasing 

since the Industrial Revolution (IPCC, 2001) due to the combustion of enormous amounts of 

fossil fuels such as coal and oil. Greenhouses gases (GHG), represented by carbon dioxide, are 

the gases that absorb solar radiation at certain wavelengths and raise the earth surface 

temperature. They have been implicated as a major cause of climate change (Lashof and Ahuja, 

1990).  To address climate change, the U.S. federal government still leaves climate change 

solutions to voluntary efforts of industries. Nonetheless, mandatory regional GHG reduction 

programs are being planned independently or jointly by some state governments. The most well-

known example is the Regional Greenhouse Gas Initiative (RGGI) that has been developed by 

nine Mid-Atlantic and North Eastern states (RGGI, 2006). RGGI and other programs in 

Washington, Oregon and California use a tradable permit system.  

A tradable permit program to regulate GHG emissions provides the regulated participants, to 

which GHG emission caps are imposed, with cost-effective compliance measures (Montgomery, 

1972; Tietenberg, 1984). It is, however, difficult to implement a comprehensive GHG tradable 

permit program to regulate the emissions over all industries and households. Therefore a GHG 

tradable permit program usually regulates emissions over a limited industry or sector such as 

power generators. In such case, a carbon offset program can provide a cost-effective compliance 

approach to addressing additional sources of GHG emission reduction.  

A carbon offset program recognizes a carbon emission reduction project implemented 

outside of the regulated area (in both respect of region and sector) and issues carbon offset 
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credits certifying the reduction by the project. An approved carbon emission reduction project is 

called a carbon offset project. Carbon offset credits are issued as a certificate for the emission 

reduction created by the offset project and counts towards the reduction obligation required by 

the tradable permit program with which the offset program is combined. It is important for a 

regional GHG reduction tradable permit program to implement the carbon offset program 

appropriately, so that it induces a wider range of participants to reduce GHG emissions over a 

wider range of sectors and works more effectively to minimize the compliance cost (Fischer, 

2005).
 
 

At the international level of the UN Framework Convention for Climate Change (UNFCCC), 

the Kyoto Protocol is an agreement adopted at the third conference of the parties (COP3) held in 

Kyoto, Japan in 1997. Countries that ratify this protocol commit to reduce their emissions of 

GHG. The Kyoto Protocol now covers more than 160 countries globally (not including the 

United States and Australia) and over 55% of global GHG emissions. Participating countries are 

divided into the Annex I countries that have accepted GHG emission reduction obligations and 

the Non-Annex I countries that have no GHG emission reduction obligations. Emissions trading 

and the Clean Development Mechanism (CDM) are respectively a tradable permit program and a 

carbon offset program that comprise two of the three flexibility mechanisms defined by the 

Kyoto Protocol (UNFCCC 
a
). The CDM gives the Annex I countries, to which the cap on the 

GHG emissions is imposed, opportunities to fulfill their commitment more cost-effectively by 

implementing carbon offset projects in developing countries (Non Annex I countries) where the 

cap on the GHG emissions is not imposed. The CDM appears to be working successfully. As of 

October 2006, 346 projects are already registered (i.e., approved) and their annual average 
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amount of credits (i.e., GHG emission reductions) is expected to be 89 million tons CO2 

equivalent (UNFCCC 
b
).

 
 

Under the UNFCCC, CDM projects must be implemented in developing countries (Non 

Annex I countries). This means that developing countries are outside of the area where the GHG 

emission cap is imposed but it does not mean that the rule of the CDM is applicable only to 

offset projects in developing countries. Rather, the CDM rule (UNFCCC 
c
) for quantification of 

GHG emission reduction is written to be generic in order to cover a wide range of cases, 

regardless of where an offset project is implemented. Therefore it could be applicable to carbon 

offset projects in the US. However, it is necessary for it to be interpreted specifically for a US 

carbon offset program. For example, renewable generation and energy efficiency projects 

involving electricity require the electricity grid emission factor [t CO2/MWh] to be determined 

specifically for the US, based on the generic CDM methodologies (UNFCCC 
d
), in order to 

quantify the GHG emission reductions.  

For a carbon offset program, the criterion called “additionality” is a very important concept 

for a carbon offset project. The carbon credits are certification issued for the GHG reduction 

from the baseline emissions in the project boundary. Baseline is the counterfactual state in 

respect of the GHG emissions which would occur in the absence of issuance of carbon credits 

(Baumert, 1998). Additionality of the proposed project is the criterion that the project would 

never be carried out without carbon credits issued for its GHG reduction (Swisher, 1998; Carter, 

1997). For example, if the project offers sufficient economic incentive to be implemented 

without carbon credits and does not face any specific barriers to prevent its implementation, the 

project would be carried out for its own economic benefit even without carbon credits. Thus it 

would be considered to have no additionality. Therefore such a project should be disqualified for 
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issuance of carbon credits. The greatest difficulty of a carbon offset program is how the 

additionality of the proposed project is assessed because the baseline scenario is hypothetical. In 

the UNFCCC CDM, the rule about additionality is implemented with high stringency, which 

makes the approval process slow. While CDM has been successful so far, it has been also 

criticized for its slow approval process. Some people propose that the rule on additionality 

should be simplified with less stringency for a US regional program in order to make the 

approval process faster. For example, one argument is that additionality should be simply 

determined by technical standards (Swisher, 1999) and another is that additionality should be 

simply determined by a market penetration rate that is a measure of the diffusion of the 

technology, product or practice employed by a proposed project (Kartha et al., 2005; RGGI, 

2006). But if the carbon offset program uses a less stringent additionality rule, it needs to be 

determined what impact this will have on GHG emission reduction.  

For the coverage of this research focusing on additionality assessment, the offset program, 

defined more widely, includes a permit-awarding program that awards tradable permits, instead 

of offset credits, to the demand-side projects that generate emission reductions within the scope 

of the tradable permit program. For example, where the power generation is regulated by the 

tradable permit program such as RGGI, a methane recovery project in a hog raising farm is an 

offset project, while an electricity-saving project is a permit-awarding project. 

The objective of this paper is to provide a decision maker with a recommendation on the best 

practical policy to assess additionality for a carbon offset program combined with a US regional 

tradable permit program, so that the combining tradable permit program captures more 

opportunities for GHG reductions and works more effectively to minimize the compliance cost.  
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2 Methods 

The following Table 1 lays out the paradigms to address a policy problem and their major 

objectives, clients and general weaknesses. The objective of this paper described in the previous 

section best fits the major objective of policy analysis, that is “analyzing and presenting 

alternatives available to political actors for solving public problems” (Weimer and Vining, 1992, 

p. 4). A decision maker for a carbon offset program can be considered the client for policy 

analysis. Therefore the policy analysis method is chosen to achieve the objective of this paper. 

Table 1 also points out “myopia produced by client orientation and time pressure” (Weimer and 

Vining, 1992, p. 4) as a general weakness of policy analysis. Although the analysis conducted by 

this paper is not requested by a specific client, to address this weakness, The analysis is 

conducted in the rational decision making approach called “professional” policy analysis by 

Kraft and Furlong (2004) to aim for objectivity and to produce practical value for policy 

implementation.  

Table 1  Policy Analysis and other paradigms (adapted from Weimer and Vining, 1992) 

Paradigms Major Objective “Client” General Weakness 

Academic social 

science research 

Construction of theories 

for understanding society 

“Truth” as defined by 

the disciplines; other 

scholars 

Often irrelevant to 

information needs of 

decision makers 

Policy research Prediction of impacts of 

changes in “variables” that 

can be altered by 

government 

Actors in the policy 

arena; the related 

disciplines 

Difficulty in 

translating findings 

into government 

action 

Policy analysis Analyzing and presenting 

alternatives available to 

political actors for solving 

public problems 

A specific decision 

maker or collective 

decision maker 

Myopia produced by 

client orientation and 

time pressure 

 

The rational decision making approach of policy analysis consists of the following five steps 

which are also shared in the rational policy analysis methods recommended by Weimer and 
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Vining (1992), and Bardach (2005); (1) Define the problem (2) Develop policy alternatives (3) 

Choose evaluative criteria (4) Project the outcomes and assess the alternatives (5) Draw a 

conclusion (Kraft and Furlong, 2004). It is outlined in this section how this policy analysis 

method is applied in this paper, although the details are described in later sections.  

The problem addressed by this analysis is how to develop the best additionality assessment 

approach for a carbon offset program in the United States. The project-specific method for the 

additionality assessment, which is adopted in CDM, has an advantage of accuracy resulting from 

consideration of project-specific circumstances. However, the high transaction costs imposed on 

applicants to demonstrate the additionality of a proposed project are a problem particularly for 

the demand-side energy projects on which a carbon offset program in the United States is 

expected to focus. In addition, the slow process and unclear standard of approval can weaken the 

incentive for developing carbon offset projects. Therefore it is desirable to develop a simple and 

clear approach for additionality assessment without sacrificing accuracy.  

Alternative policies are developed by applying a multi-project method, which is considered 

to facilitate a simple and clear additionality assessment process. In multi-project methods, a 

standard based on a performance indicator on project or technology characteristics is established, 

and the additionality of a project is judged by whether the project’s performance indicator 

exceeds the standard or not. Accordingly, a multi-project method is characterized by a 

performance indicator to estimate additionality. In this analysis, the market penetration rate and 

the emission rate are chosen as the performance indicator because these two indicators are the 

most widely discussed ones (Kartha et al, 2005).  

The main evaluative criterion for the rational decision making is the cost-effectiveness of the 

GHG emission reduction market created by the market-based quantity regulation combining a 
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tradable permit program and a carbon offset program. In the GHG emission reduction market, 

the quantity of emission reductions is determined by the tradable permit program without regard 

to estimating the benefits of carbon emission reductions. Cost-effectiveness is the best efficiency 

indicator under such market conditions.  

The largest risk to the cost-effectiveness of the emission reduction market that could be 

caused by a carbon offset program is the possibility of less emission reductions being realized 

than the target reductions that the tradable permit program aims for. The offset credits certified 

by a carbon offset program are fungible with the tradable permits because they count towards the 

emission reduction obligation required by the associated tradable permit program. In this case, 

false offset credits that do not make real reductions would diminish the actual emission 

reductions from the target level, which could be achieved without a carbon offset program. 

Similarly, false awarded tradable permits also harm the cost-effectiveness. The unrealized 

reductions need to be compensated by the supply-side, resulting in the reduction cost to increase. 

Because the authenticity of offset credits (including awarded tradable permits) is assessed by 

additionality of their offset project, false offset credits could be generated by non-additional 

projects that are approved as offset projects due to inaccurate additionality assessment. Therefore 

the accuracy of the additionality assessment has the largest influence on the cost-effectiveness of 

a tradable permit (including the offset credit) market.  

Another risk to the cost-effectiveness is that the emission reduction cost rises due to the lost 

opportunities of offset projects to reduce emissions at a lower cost. Two possibilities could cause 

the lost opportunities. One is that some additional projects are wrongly denied approval for offset 

credits due to the inaccuracy of the additionality assessment. The other is that some additional 
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projects are left unapplied and not undertaken as offset projects due to high transaction costs 

imposed on the applicants that lower the economic incentives given by the offset credits.  

Considering the magnitude of the risk to cost-effectiveness, the accuracy of the additionality 

assessment is selected as the principal criterion to specifically evaluate the alternatives. Similarly, 

the transaction cost level for an applicant is selected as the second specific criterion.  

In addition to cost-effectiveness, the administrative practicality to develop the additional test 

is selected as the third criterion referring to the feasibility of implementation because an 

additionality assessment method that satisfies the first two criteria very well should not be 

considered a good policy if it is infeasible from an administrative view point.  

The alternatives are assessed assuming that each alternative method is implemented as a 

definitive additionality test by which it is solely determined whether a proposed project is 

additional or non-additional. Then advantages and disadvantages for each alternative are 

analyzed and compared qualitatively. This qualitative comparative analysis is often used in 

research on the additionality assessment methods such as done by Kartha et al. (2005) and 

Trexler et al. (2006
b
) among others.  

Conclusions are drawn based on the results of the qualitative comparative analysis. To draw 

conclusions, not only one alternative is chosen for the definitive additionality test, but also other 

alternatives are discussed as a partially definitive test so as to alleviate the disadvantages of the 

definitive additional test. A partially definitive test is categorized into a positive test or a negative 

test. The positive test (or the negative test) determines that a proposed project that passed the test 

is additional (or non-additional), but leaves the decision of a proposed project which did not pass 

the test to a complementary test. Thus, how to combine the additionality methods is discussed, 

based on the results of the qualitative comparative analysis.  
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3 CDM 

3.1 Structure of the CDM rule 

The structure of CDM under the UNFCC is characterized by a bottom-up approach. A brief 

description of the CDM rule follows. The fundamental rule of CDM was decided by the 

Conference of the Parties serving as the meeting of the Parties to the Kyoto Protocol (COP) and 

is called “modalities and procedures”. This defines the fundamental principles and the 

procedures to implement the fundamental principles. According to the CDM rule, the 

quantification method for GHG emission reductions for a specific project type should be 

provided by a “methodology” that defines how to demonstrate the additionality, determine the 

baseline emissions and implement the monitoring of the baseline and actual (ex-post) emissions 

for the project type. The “project design document (PDD)” for a proposed project should provide 

its estimated (ex-ante) emission reductions according to the applicable methodology and 

demonstrate the project’s additionality. In addition to the PDD, the methodology has to be 

prepared and proposed by the project participant. The CDM executive board (CDM EB) of 

UNFCCC, the administrator of CDM, only plays a role to approve the proposed methodologies 

and PDDs (UNFCCC 
c
).  

 

3.2 Additionality assessment method 

The additionality assessment for CDM relies on a project-specific method, although multi-

project methods are not completely ruled out. CDM EB has issued “tool for the demonstration 

and assessment of additionality” (UNFCCC 
e
), generally called “additionality tool”, that provides 

for a step-wise approach to demonstrate and assess additionality of a proposed project. Most 
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methodologies adopt the additionality tool as the approach to demonstrate the additionality, and 

therefore it has become the standard approach to demonstrate the additionality in CDM.  

The flow of steps is shown in Chart 1.  First, the timing test (Step 0) is applied to the 

proposed project to ensure that it has not started or at least that the incentive from CDM was 

seriously considered in the decision to start. Next, the additionality tool requires the project 

participants (recipients of offset credits) to define the plausible and credible alternative scenario 

to the proposed project which would occur in the absence of the incentive from CDM within the 

scope of consistency with current laws and regulations. Then, by investment analysis or barrier 

analysis, it should be demonstrated that the proposed project would not occur in the absence of 

the incentive from CDM, while the alternative scenario would. In other words, the proposed 

project is additional and the alternative is the baseline scenario called business-as-usual (BAU) 

in some cases. Furthermore, common practice analysis is conducted to ensure the additionality. 

Lastly, it is explained how the approval of the proposed project for CDM will alleviate the 

barriers for it to be undertaken as BAU.  

Thus, determination of the baseline scenario is specific to the proposed project rather than 

common in a project category, so that additionality is examined considering the circumstances 

(e.g., design and context) of individual projects.  
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Chart 1. Flowchart of the demonstration and assessment of additionality 

 
Source: UNFCCC 

e
, Tool for the demonstration and assessment of additionality
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3.2.1 Treatment of policies influencing GHG emissions 

In principle, a baseline scenario and alternative scenarios are required to be in compliance 

with current policies. However, CDM EB decided the treatment of the policies that have an 

impact on the GHG emissions in determining a baseline scenario in the 16th EB meeting (Oct 

2004)
1
. Those policies are called the "Type E+" and "Type E-" policies that lead, respectively, to 

increase and decrease of GHG emissions. The decision is that those policies implemented after 

the adoption of CDM
2
 should not be taken into account when developing a baseline scenario. 

(i.e., the baseline scenario should refer to a hypothetical situation without the national and/or 

sectoral policies or regulations being in place) This seemingly strange treatment prevents the 

host countries (Non Annex I) from hesitating to implement the GHG emission reduction policies 

or arbitrarily increasing baseline emissions, so as to promote more CDM projects implemented 

there.  

Within the United States, carbon offset programs are intended to promote GHG emission 

reductions in wider sectors, rather than in wider region. The policies related to GHG emissions 

are not likely to be influenced by a carbon offset program. Therefore the special consideration of 

the policies influencing GHG emissions should not be necessary for development of a baseline 

scenario.  

The Renewable Portfolio Standard (RPS) is a typical example of those policies. The RPS is a 

state policy that requires electricity providers to obtain a minimum percentage of their power 

                                                 
1
 Annex 3 - Clarifications on the treatment of national and/or sectoral policies and regulations 

(paragraph 45 (e) of the CDM Modalities and Procedures) in determining a baseline scenario : 

http://cdm.unfccc.int/EB/016/eb16repan3.pdf 

 
2
 The accurate definitions of CDM adoption for “Type E+” and “Type E-” in this context are 

respectively adoption of the Kyoto Protocol by the COP (decision 1/CP.3, 11 December 1997) 

and adoption by the COP of the CDM M&P (decision 17/CP.7, 11 November 2001). 
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from renewable energy resources by a certain date. There are 20 states plus the District of 

Columbia that have RPS policies in place, as of November 2006. The target widely varies from 

2.2% by 2011 in Wisconsin to 24% by 2013 in New York.
3
 Its impact should be taken into 

account to develop the baseline scenario and emissions for the power generation and energy 

efficiency projects. Particularly, the build margin of the grid emission factor, to be described 

later, should reflect its impact on the future construction of the power plants in the calculation  

 

3.3 Interpretation of CDM methodologies 

The CDM methodologies are written generically so as to be applicable under various 

circumstances in many countries, and therefore ,it is necessary to interpret them specifically for 

the United States. In particular, it is important to specifically determine a grid emission factor, 

defined as a baseline emission factor in “ACM0002: Consolidated methodology for grid-

connected electricity generation from renewable sources” (UNFCCC 
f
), by which the electricity 

metric is converted to GHG emissions, since it is most widely referred to by CDM projects.  

3.3.1 Grid emission factor  

A grid emission factor converts the electricity metric to GHG emissions in the power grid, 

whether it is added by power-supply projects or reduced by energy-efficiency projects. It is 

calculated as the emission factor of a combined margin (CM) that represents the marginal power 

generation that would be offset by the addition or reduction of electricity. CM consists of the 

combination of operating margin (OM) and build margin (BM). OM and BM respectively show 

                                                 
3
 EERE (Energy Efficiency and Renewable Energy): States with Renewable Portfolio Standards, 

retrieved on March 16, 2007 from; 

http://www.eere.energy.gov/states/maps/renewable_portfolio_states.cfm 
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the marginal power generation of the current operating resources and that of the increased 

resources in the future (UNFCCC 
f
).   

In most cases, the OM is calculated by the Simple OM method. To use the Simple OM 

method, the grid is required to satisfy the condition that its low-cost/must run generation 

resources should constitute less than half of total grid generation, which is currently true of all 

regional grids in the United State. Low-operating cost power plants
4
, in which most of the 

renewable power plants are included, are excluded from the Simple OM, because it is not 

economical to stop operation of these plants when there are high-operating cost power plants that 

can save more money by stopping their operation. Furthermore, must run power plants that are 

proved with evidence can be also excluded because their operation can not be stopped for the 

reasons shown by the evidence. The OM emission factor is calculated as the generation-weighted 

average emissions per electricity unit [tCO2/MWh] of all other generation resources, almost 

entirely consisting of fossil fuel ones (UNFCCC 
f
).  

The BM shows the marginal power generation of the increased resources of power plants 

built in the future. All resources are considered to be equally on the margin to be offset by either 

the added supply or the reduced demand. Accordingly, the BM emission factor is simply 

calculated as the generation-weighted average emission factor [tCO2/MWh] of all new power 

plants. On the ex-ante basis, the BM is estimated by the generation of the most recently built 

power plants that comprises the specified percentage (e.g., 20% in CDM) of the total generation, 

based on the recent generation data (UNFCCC 
f
). However, if a policy to influence the GHG 

                                                 
4
 Low-operating cost resources include hydro, geothermal, wind, low-cost biomass and solar 

generation because their fuel cost is zero. Nuclear generation is also included because the 

operating cost is much lower than fossil fuel generation, even though the capital cost is much 

higher. However, if a biomass fuel used for power generation is made by industrial process and 

its cost is comparable to fossil fuels (e.g., ethanol), such high-cost biomass generation is not 

included (UNFCCC 
f
).  
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emissions of the BM, such as RPS, is to be implemented, it has to be reflected to the estimated 

BM emission factor. For example, if RPS mandates at least 10% of the generation increase to be 

generated from renewable sources, the estimated BM emission factor has to be lowered so that 

the renewable resources should account for at least 10% of the BM.  

 

4 Development of policy alternatives 

4.1 Additionality assessment 

The additionality assessment is the most important but challenging problem for the success 

of a carbon offset program. Additionality of a proposed carbon offset project is judged by 

whether it produces GHG emission reductions from the emission level of the baseline scenario or 

not. The baseline scenario of a proposed project is a counterfactual scenario, called business-as-

usual (BAU) in other words, which would occur in the absence of the offset program so that its 

equivalent services should be provided. Additionality and baseline represent two sides of the 

same concept. In other words, a project considered as a baseline scenario is not additional.  

The additionality assessment or determination of the baseline scenario is complicated 

because the baseline scenario is counterfactual by definition (Swisher, 1999; Fischer, 2005; 

Kartha et al., 2005). A comprehensive and simple test to assess additionality is desired but very 

challenging to establish. Therefore, policy alternatives are developed focusing on the 

additionality assessment approach.  

Methods to assess additionality are broadly divided into two types; project-specific method 

and multi-project method (Kartha et al, 2005). The former considers the circumstances (e.g., 

design and context) of individual projects but could be influenced by the administrator’s 
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subjective judgment, while the latter provides a simple and clear standard but could have larger 

margin of error in judgment.  

The project-specific method, adopted in CDM, has some problems, although it has an 

advantage in accuracy of the additional assessment because it considers the circumstances of 

individual projects. First, due to the bottom-up approach, an applicant for a proposed project is 

required to collect necessary data and follow the burdensome steps, shown in the previous CDM 

section, in order to determine the baseline scenario and demonstrate the additionality. As a result, 

high transaction costs are imposed on applicants (Swisher, 1999). These high transaction costs 

on applicants are particularly a problem for a carbon offset program in the United States. The 

additionality is more likely to be demonstrated by investment analysis, rather than barrier 

analysis that usually refers to technological barriers or investment barriers to financial market 

access, because technologies and markets are well developed in the United States. The 

additionality demonstration by investment analysis is generally harder to do than by barrier 

analysis, since investment decisions involving a risk assessment are more subjective and data are 

not necessarily accessible.  

Furthermore, a carbon offset program in the United States is expected to induce the GHG 

emission reductions among a wider range of sectors and a larger number of relevant entities, 

while CDM is aimed to expand the incentive to the regions not covered by a tradable permit 

program. It therefore should be focused on the emission reductions on the demand-side of energy 

in order to complement a tradable permit program over the emissions on the supply-side of 

energy. Energy efficiency projects that typically reduce energy demand generally tend to have 

relatively small emission reductions in an individual project but could have large reductions 

collectively due to a large number of the applications. Therefore the high transaction cost for an 
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individual application is particularly a problem for energy efficiency projects on which a carbon 

offset program in the United States should focus.  

Second, it takes a relatively long time for the administrator to assess the additionality of a 

proposed project, and the assessment could be influenced by the administrator’s subjective 

judgment.  These disadvantages are the negative aspects of the project-specific circumstances 

consideration. The slow process and unclear standard of approval impose on the applicant the 

risk that the proposed project may not be approved as an offset project and tend to delay the start 

of the project. As a result, the incentive for carbon offset projects is weakened. Therefore the 

project-specific additionality assessment method has problems with respect to the transaction 

cost and the complicated approval process although it has an advantage in accuracy.  

In multi-project methods, a standard of a performance indicator on project or technology 

characteristics is established, and the additionality of a project is assessed by whether the 

project’s performance indicator exceeds the standard or not. A multi-project method is 

characterized by a performance indicator to estimate additionality. The performance indicators of 

the two most widely discussed multi-project methods are the emissions-based rate and 

technology penetration rate (Kartha et al, 2005). To use a multi-project method, the standard has 

to be established beforehand by the administrator. This helps to avoid the high transaction costs 

of project-specific analysis imposed on an applicant because the simplified approach does not 

require a complicated process of baseline scenario determination. The additional assessment 

confined to comparison by the quantified indicator also makes the assessment process simple and 

clear. Therefore, a multi-project method is expected to reduce the transaction costs imposed on 

applicants and facilitate the simple and clear assessment process, while the accuracy and the 

establishment costs to the administrator have to be examined.   
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4.2 Policy alternatives using the multi-project method 

4.2.1 Additionality assessment based on penetration rates standard 

One of the policy alternatives to the CDM based rule is to assess additionality by the market 

penetration rate of a technology adopted by a proposed project. The additionality assessment by 

the market penetration rate is applied, as a matter of course, only to the projects of which 

emission level is lower than the baseline emissions because the higher emission projects are by 

no means qualified for offset projects. To develop a concrete policy of the market penetration 

rate, the particular issues that need to be discussed and determined are a type of the market 

penetration rate, the standard level to assess additionality, and categorization of applicable 

technology markets.  

A market penetration rate is a good indicator of commercialization status in a technology’s 

market. A penetration rate can be measured by either market share or market saturation. Market 

share is a flow measure of sales and a real-time indicator of a market. On the other hand, market 

saturation is a stock measure of ownership and a lagged indicator with respect to the current 

momentum of a market. Therefore market share is a better indicator to assess additionality 

(Kartha et al, 2005).  

In general, technological development is considered to be divided into six stages; invention, 

innovation, niche-market commercialization, pervasive diffusion, saturation, and senescence 

(Grubler et al, 1999), as summarized in Table 2. The technologies at the stages prior to pervasive 

diffusion have difficulty to reduce the production cost or provide sufficient operational support 

due to insufficient scale economies. A carbon offset program is intended to provide economic 

incentives and promote such technologies to reach the pervasive diffusion stage so that it can 
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have an advantage of scale economies. Therefore, the standard level of market share should be 

set at a level to distinguish between niche market commercialization and pervasive diffusion 

(Kartha et al, 2005). 
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Table 2. Stages of technology development (adapted from Grubler et al., 1999; Kartha et al, 2005) 

Stage Mechanisms Cost Market share Relevant examples Likelihood of 

significant non-

additionality 

Invention 

 

 

New ideas, 

breakthroughs, basic 

research 

High 0%  Extremely low 

Innovation 

 

 

Applied RD&D High >0% Geological carbon 

storage, heat pump 

water heaters 

Very low 

Niche market 

commercialization 

 

Field projects,  

Niche applications 

High, but 

declining 

0-5% Solar PV, hybrid 

cars, fuel cells 

Low 

Pervasive diffusion 

 

 

Standardization, mass 

production; scale 

economies 

Rapid 

decline 

Rapid rise  

(5-50%) 

Wind turbines and 

compact fluorescent 

light bulbs 

Medium/high 

Saturation 

(mature) 

 

Exhaustion of 

improvement potentials 

and scale economies 

Low, may 

decline 

Maximum  

(up to 100%) 

Steam turbines, large-

scale hydro facilities 

High 

Senescence 

(mature) 

 

Dominion by superior 

competitors 

Low, may 

decline 

Decline Charcoal-based iron 

production 

Unclear 
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It is also difficult to determine the applicable markets for the penetration rate assessment. 

The six-stage typology is not necessarily applicable to all technology markets. The standard level 

also could vary depending on the type of technology. On the other hand, there is no established 

approach to distinguish what categories of technologies are fit for the penetration rate assessment, 

although the six-stage typology is more likely to be true to demand-side technologies for energy 

with smaller and dispersed application markets, such as transportation and residential devices, 

rather than supply-side technologies with large-scale and concentrated application markets such 

as power generation. The standard level is also difficult to differentiate by technology, and the 

common standard level is practically adopted as American Council for an Energy Efficiency 

Economy (ACEEE) and others have used a common 2% market share standard to identify 

emerging technologies.  

In this analysis, the penetration-rate based policy alternative is defined as follows from the 

view point of feasibility and practicality. A penetration rate is measured in terms of market share. 

The common penetration rate standard is set at 5%, where a proposed offset project is considered 

additional if the implemented technology has market share of less than 5%. The standard of 5% 

is also used in the RGGI model rule (RGGI, 2006).  

 

4.2.2 Additionality assessment based on emission rate standard 

Another policy alternative to the CDM based rule is to assess additionality by the GHG 

emission rate of a technology adopted by a proposed project. The emission rate is measured by 

the GHG emission amount normalized by common factors among a proposed project and the 

alternative scenarios. For example, the common factors are the output, service, energy source 

and capacity among others. The emission rate indicates the energy efficiency of an appliance if 
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there is no variation in energy source. Where the service and the energy source are the common 

factors, the emission rate is calculated as the energy source consumption per unit of service. For 

an electrical appliance, it is given by the power consumption of the device [kW]. The service is 

measured by the annual operating hours [h / yr]. The energy source’s emission coefficient is 

given by the grid emission factor [kg CO2e / kWh]. The product of all three factors makes the 

annual GHG emission rate [kg CO2e / yr] (UNFCCC 
g
). Because the annual operating hours and 

the grid emission factor are common factors between the proposed project and the baseline 

scenario, the power consumption is examined to assess the additionality in practice. 

The emission rate standard is usually set at the baseline emission level of a device for new 

installation, which is generally the market average emission rate weighted by the market share 

(Swisher, 1999).  

The emission rate standard method does not work very well in sectors where various energy 

sources are available. In the electricity generation sector, energy sources vary a lot, such as wind, 

hydro, nuclear, coal, and natural gas among others. The quality of output also varies so widely as 

intermittent, continuous, and demand-responsive. The emission rate standard does not work well 

in such sectors but it works well for most electrical appliances (Kartha et al, 2005).   

 

5 Results: Comparison of policy alternatives 

With regard to the evaluative criteria discussed in Methods section, the outcomes are 

projected for each policy alternative, which is assumed to be implemented as a definitive test. 

The projected outcomes are analyzed along the three evaluative criteria. A comparative analysis 

of the policy alternatives is summarized in Table 3.  
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I like this version of Table 3 

Table 3. Summary table for advantages and disadvantages of each additionality assessment 

method.  

Evaluative 

Criterion 
Sub-criterion Methods to assess additionality 

Multi-project method 

  
Project-specific 

method (CDM) 
Penetration rate 

standard 

Emission rate 

standard 

Relevance to 

the additionality 

definition 

(+) the individual 

project 

circumstances can 

be considered 

(--) Penetration 

rate has uncertain 

relevance 

(±) Accuracy 

depends on market 

segmentation  

Possibility to 

include non-

additional 

projects 

(+) Less likely (--) Relatively 

high due to 

uncertain 

relevance 

(±) depends on 

market 

segmentation 

Possibility to 

exclude 

additional 

projects 

(+) Less likely by 

the accuracy 

(--) Relatively 

high due to 

uncertain 

relevance 

(±) depends on 

market 

segmentation 

Accuracy 

Consideration 

of other 

economic 

incentives 

(+) Possible (--) Cannot 

consider 

(--) Cannot 

consider 

Clearness of 

judgment 

(-) Dependent on 

the interpretation 

of circumstances.  

(+) Clear, based 

on the numerical 

rate 

(+) Clear, based 

on the numerical 

rate 

Speed of 

judgment 

(-) Slow (+) Fast (+) Fast 
Transaction 

costs 

Cost for an 

applicant 

(-) High (+) Low (+) Low 

Segmentation 

of markets 

(+) Not necessary (-) Difficult (-) Difficult 

Cost for an 

administrator 

(+) Low (±) Moderate (-) High but 

depends on market 

segmentation 
Administrative 

practicality 
Calculation of 

standard levels 

for each 

category 

(+)Not necessary (±) Desirable but 

not necessarily 

needed 

(-) Necessary 

 



 

 24 

5.1 Project-specific method 

The project-specific method is consistent with the additionality definition. Close examination 

of the baseline scenario through its consideration of the individual project circumstances makes 

this method accurate. However, it has the disadvantages of a complicated assessment process and 

high transaction costs imposed on the applicants. Accordingly, it is possible that additional 

projects are unapplied and not undertaken due to the high transaction costs, although such 

projects are more likely to have smaller emission-reductions rewarded with fewer offset credits. 

The high transaction costs for applicants are a problem particularly for energy efficiency projects, 

because those projects tend to have relatively small emission reductions individually, but could 

have large reductions collectively for a large number of applications.  

5.2 Multi-project methods 

The multi-project method enables a simple and clear assessment process, but requires high 

initial costs on the administrative side to establish the standard, compared with the bottom-up 

approach implemented in the project-specific method.  

The accuracy of the additionality assessment by the multi-project method is dependent on the 

market segmentation reflected by the properties of the service. The baseline scenario is implicitly 

determined by the average circumstances of the segmented market. As the segmented market of 

an appliance has more diverse circumstances of use, the baseline becomes less accurate.  

The economic incentives provided by other programs also limit the application of a multi-

project method. The effect of economic incentives provided by other programs than a carbon 

offset program is not taken into consideration for the implied baseline scenario in a multi-project 

method, while it can be considered for the baseline scenario development in a project-specific 

method. There are various economic incentive programs other than a carbon offset program, 
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particularly for the purpose of energy efficiency improvement and renewable energy promotion. 

A subsidy program, including a tax credit and a lower-rate loan provision, is one type of 

incentive programs. Another example is a performance credit program, such as Renewable 

Electricity Certificates (REC) and demand bidding
5
. However, a multi-project method should not 

be applied to the projects benefiting from another economic incentive program, because the 

benefit is not considered in the implied baseline scenario.  

5.2.1 Market penetration rate standard method 

The market penetration rate standard method has uncertainty in relevance to the additionality 

definition. Therefore, the method is more likely to include non-additional projects and exclude 

additional projects.  

The market penetration rate standard method could approve a non-additional project as an 

offset project due to a barrier that will not be alleviated by the economic incentive offered by an 

offset program, such as a safety issue or another environmental problem. If an emission-reducing 

technology currently faces a barrier caused by the low market share, such as insufficient 

production scale and limited support, then the economic incentive from an offset program will 

promote such an emission-reducing technology to reach the pervasive diffusion stage and 

alleviate the barrier. Thus, the low market penetration rate of the technology employed by a 

proposed project is regarded as a barrier to its implementation, concluding that the proposed 

project is additional. However, if the low market penetration rate of a technology is caused by 

another barrier that the increased market share will not solve, such as a safety issue or another 

environmental problem, that barrier, instead of the low market share, should be considered as 

                                                 
5
 Demand bidding is one of demand response programs of electricity. It enables facility 

managers (large-volume consumers) to sell their load reductions realized through energy 

efficient measures to the utility or independent system operator (ISO) (RMI, 2006).  
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preventing the project from being undertaken. The project with such a barrier is not additional 

because it will not be alleviated by the economic incentive offered by an offset program. 

However, the penetration rate, on the contrary, is more likely to be lower with the presence of 

such a barrier, resulting in approving such a non-additional project. For a refrigerator example, 

the most widely used technology in new production is currently the refrigeration cycle with the 

refrigerant of HFC134a (R-134a or C2H2F4) since the manufacture of (R-12 or CFCl3) was 

discontinued in 1995 due to concerns about damage to the ozone layer. Propane (R-290or C3H8) 

is thermodynamically superior to both HFC134a and CFC-12 as a refrigerant, but has a safety 

disadvantage due to its high flammability (Rubin, 2001; Naser at al., 1994). If a proposed energy 

efficiency project for refrigeration uses a propane refrigerant and its additionality is assessed by 

the market penetration rate, the employed technology has to include a safety measure for its high 

flammability. Otherwise, the additionality should be assessed by the project-specific barrier 

analysis on the safety problem, which tends to conclude that the project is not additional because 

the safety problem is not directly alleviated by offset credits.  

If the market for an appliance is defined to have diverse circumstances of use, a non-

additional project could be approved as an offset project. An example is the case that the use of 

an appliance for the project is expected to be higher than the market average (e.g., air-

conditioning of a room with high heat rejected from the equipment inside, and lighting used for 

24 hours). Then, it is likely that the specific baseline emissions should be lower than the market 

baseline emissions, because a more energy-efficient appliance than the market average would 

have been chosen rationally even in the absence of offset credits due to more energy saving 

benefits. Therefore, the project with emissions between the specific baseline and the market 

baseline is not additional even if the emissions are lower than the market baseline. However, the 
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market penetration rate could be low due to the small portion of such circumstances in the 

market, concluding the non-additional project being additional. This incorrect assessment is 

more likely to occur if the segmented market has more diverse circumstances of use. Thus, the 

segmentation of markets affects the accuracy of the penetration rate standard approach.  

In contrast, the standard rates of the market penetration could be set common for all market 

segments. Theoretically, the standard rate is better to be set for each market but there is no 

particular approach to differentiate it for each market. 

5.2.2 Emission rate standard method 

The emission rate standard method is consistent with the additionality definition. 

Accordingly, it is unlikely to regard a non-additional project as a highly additional project to 

which a large amount of carbon credits is awarded, or to regard a highly additional project as 

non-additional.  

However, similar to the market penetration rate standard method, the emission rate standard 

method also could approve a non-additional project as an offset project due to a barrier that will 

not be alleviated by the economic incentive offered by an offset program, such as a safety issue 

or another environmental problem.  

Furthermore, the accuracy of the additionality assessment is also dependent on the market 

segmentation. The baseline scenario is implicitly determined by the average circumstances of the 

segmented market. As the segmented market of an appliance has more diverse circumstances of 

use, the baseline becomes the less accurate.  

A non-additional project could be approved as an offset project, in the similar case 

mentioned for the market penetration standard that the use of an appliance for the project is 

expected to be higher than the average in the applicable market. (e.g., air-conditioning of a room 
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with high heat rejected from the equipment inside, and lighting used for 24 hours), it is likely 

that a more energy-efficient appliance than the market average should be chosen rationally even 

in the absence of offset credits, due to more benefits from the energy-efficiency. Thus, the 

specific baseline emissions for the project should be lower than the market baseline emissions. 

By the emission standard which is set equal to the market baseline emission level, all projects 

with lower emissions than the market baseline emissions are deemed additional. However, the 

project with emissions between the specific baseline and the market baseline is actually not 

additional even if the emissions are lower than the emission standard.  

Conversely, an additional project also could be disapproved as an offset project. In the case 

that a project requires for a specific property (e.g., limitation on the physical size, high capacity, 

and low noise) that can only be accomplished economically by a technology with lower energy 

efficiency than the average in the applicable market (e.g., requirement for a large display panel 

that the plasma display panel technology can economically manufacture while the liquid crystal 

display technology can not), the less energy-efficient appliance than the market average will 

have to be chosen. Thus, the project is deemed non-additional by the emission standard. 

However, the specific baseline emissions for the project should be higher than the market 

baseline emissions in this case, because the appliance with the market average energy-efficiency 

can not meet the project requirement. Therefore, the project with emissions between the specific 

baseline and the market baseline is actually additional even if the emissions are higher than the 

emission standard. However, the difference in emissions between the specific baseline and the 

market baseline depends on the market segmentation. 

As evinced in the above cases, a fine segmentation of markets will improve accuracy and 

make the emission rate standard method closer to the project-specific method. In order for the 
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emission rate standard method to work effectively, a comprehensive standard has to be set by the 

administrator beforehand for each segmented market. Thus, fine market segmentation adds a 

huge cost, because the baseline emissions must be calculated beforehand for all finely segmented 

markets while the project-specific method requires them to be calculated by an applicant as the 

necessity arises. On the other hand, a rough segmentation of markets will introduce inaccuracy 

while the emission rate standard with rough market segmentation is more easily established.  

 

6 Discussion 

6.1 Effective use of multi-project methods 

If a multi-project method is used as a definitive additionality test, a proposed project is 

distinctly determined either additional or non-additional solely by the standard. Both of the 

multi-project methods have the inaccuracy problem to overcome in order to use them as a 

definitive additionality test that requires high accuracy in the assessment.  

The emission rate standard method could achieve the accuracy required by a definitive 

additionality test by a fine segmentation of markets. The fine market segmentation, however, 

becomes expensive for the administrator because the standard method requires the baseline 

emissions to be calculated beforehand for all the segmented markets. Therefore, it practically has 

to start with a rough segmentation of markets resulting in being not accurate enough for a 

definitive additionality test.  

The market penetration rate standard method lacks relevance to the additionality definition 

and has uncertainty in the additionality assessment. In particular, its low relevance to 

additionality creates a big gap in assessment around the standard level. If one technology with 

high emission reductions from the baseline emissions has the market penetration rate just below 
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the standard, it is deemed additional and rewarded with the offset credits for the high reductions. 

On the other hand, if another technology with the same emission reductions has the market 

penetration rate just above the standard, then it is deemed non-additional and not rewarded. Thus, 

the two similar emission-reducing technologies except for a very small difference in the market 

penetration rate are assessed totally differently. In contrast, the standard rate of the market 

penetration does not have to be set or calculated for each segmented market. Theoretically, the 

standard rate is better to be set for each market but there is no particular approach to differentiate 

it for each market. 

Thus, neither of the multi-project methods is accurate enough to assess additionality if they 

are implemented as a definitive additionality test. It is generally impossible to reduce the risks of 

including non-additional projects and excluding additional projects at the same time by shifting 

the standard level. A stringent standard aiming to exclude non-additional projects, tends to 

exclude more additional projects, while a lax standard aiming to include additional projects, 

tends to include more non-additional projects (Trexler et al, 2006
 b

).  

Therefore the multi-project methods are considered to be more effective if they are 

implemented as a positive additionality test complemented by the definitive test adopting the 

project-specific method. As a positive test, which only approves passing projects and leaves non-

passing projects undecided, the stringent standard is less likely to approve non-additional 

projects without excluding additional projects. A stringent positive additionality test, 

implemented by a multi-project method, selects and approves fully additional projects with a 

simple and clear process, leaving non-passing projects to be decided by the complementary 

project-specific definitive test.  

6.2 Recommendation: Fast track test for fully additional projects 



 

 31 

It is recommended to provide a “fast track” test to select and approve fully additional projects 

so that it alleviates the disadvantages of the project-specific method. The “fast track” test 

consists of the stringent positive test by the emission rate standard with rough market 

segmentation. The stringent standard level of the emission rate for a market is set at a certain 

percentage (e.g., 15%) below from the market average emission rate, in order to select the fully 

additional projects and strengthen the accuracy weakened by rough market segmentation. If the 

emission rate of a proposed project is lower than the stringent standard, then the proposed project 

is considered fully additional and does not have to go through the project-specific method. The 

proposed projects which did not pass the fast track test have to go through the project-specific 

method to be approved.  

Furthermore, the “fast track” test can combine the market penetration standard method, if 

necessary, to conservatively limit the number of gaming opportunities to falsely get offset credits. 

In this case, the standard level of the market penetration could be raised proportionally to how 

much the project emission rate goes below the emission rate standard.  

Thus, these methods for the additionality test are combined so as to utilize the advantages 

and supplement the disadvantages of each method.  

 

7 Conclusion 

The  multi-project method, in comparison with the project-specific method, enables a simpler 

and clearer process for the additionality assessment in a carbon offset program. However, it can 

hardly achieve the high accuracy required by a definitive additionality test. The market 

penetration rate standard method has the uncertain relevance between the penetration rate and 

additionality. The emission rate standard method will increase the burden on the administrator if 
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the markets are finely segmented. Thus, it is recommended to combine these two types of 

methods so that a multi-project method is implemented as a positive additionality test providing 

a “fast track” test for the fully additional projects and a project-specific method is implemented 

as a complementary definitive test assessing the additionality of other projects. Then, the “fast 

track” test, complemented by the project-specific definitive test, alleviates the project-specific 

method’s disadvantages of a complex assessment process and high transaction costs for the fully 

additional projects. 
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