
CHAPTER 4 
 

 

Institutions and Cost-Effectiveness of the Kyoto Mechanisms 

 

 

 

 

4.1 Introduction 

 

In addition to presenting an analysis of the institutional barriers and opportunities to 

effectively implementing the Kyoto Mechanisms, the previous chapter also discussed 

several decisions (for instance in the field of baseline determination and liability design) 

that require some trade-off between environmental effectiveness and cost-effectiveness. 

This chapter takes the essence of the latter argument one step further by quantitatively 

analyzing the impact of different institutional arrangements on the cost-effectiveness of 

the Kyoto Mechanisms. Design matters and the complexity of the design trade-offs that 

have to be made constitute an additional institutional barrier to implementing the Kyoto 

Mechanisms. 

 Although the political hierarchy is different, international permit trading under 

IET Article 17 ranks first in the economic hierarchy of the Kyoto Mechanisms (e.g. 

Bohm, 1999; Tietenberg et al., 1999). One element of this theoretical superiority is that 

neo-classical economists see permit trading as more efficient and effective, because 

environmental scarcity under an absolute emission ceiling is fully reflected in the 

permit price. Without considering transaction costs (an issue that will be taken up in the 

next chapter), permit trading is, in principle, equally cost-effective as the other flexible 

instruments, because they all make use of the same marginal abatement cost differences. 

However, this chapter introduces the institutional dimension, partly on the basis of an 

empirical analysis, by showing that their cost-effectiveness depends on their design. Not 
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only could several design trade-offs affect the cost-effectiveness of permit trading, but 

there are also institutional opportunities that enhance the cost-effectiveness of credit-

based approaches like JI and the CDM. Some types of projects, if allowed, may even 

have a marginal cost that lies below the permit price. This nuances the traditional view 

in environmental economics that permit trading is the superior economic alternative.  

Next to a qualitative analysis for all Kyoto Mechanisms, a quantitative analysis 

is conducted for JI and the CDM. Numerical illustrations are provided of what different 

institutional arrangements could do with JI and CDM credit costs on the basis of AIJ 

cost data. This empirical institutional economics approach is applied by statistically 

analyzing the costs from almost one-hundred AIJ pilot phase projects as well as by 

adjusting these empirical data on the basis of simple mathematical formulas to 

incorporate institutional differences between JI and the CDM (see also Woerdman and 

Van der Gaast, 2001). The limitations (and advantages) of using AIJ data to say 

something about JI and the CDM for the first commitment period are discussed as well 

as the distinction between credit costs and credit prices. The low-cost figures for several 

(but not all) types of emission reduction investments abroad underline the economic 

opportunities of using the flexible instruments, but some design features to be decided 

or already decided upon, such as the limited use of sinks, serve other policy goals (such 

as environmental integrity) and make particular Kyoto Mechanisms less cost-effective 

than would have been possible.  

As part of the explanation why the QWERTY keyboard persists despite the 

superiority of the Dvorak keyboard, Liebowitz and Margolis (2000) argue that the latter 

keyboard was in fact not as superior as David (1985) claimed. In a similar fashion, as 

part of the explanation why permit trading does not rank first in the political hierarchy 

of the Kyoto Mechanisms, we will nuance the economic hierarchy in this chapter by 

demonstrating that the cost-effectiveness advantage of permit trading over the other 

Kyoto Mechanisms is not as straightforward as neo-classical economic theory suggests. 

It will be shown that this theory does not take into account several institutional barriers 

that could undermine the cost-effectiveness of emissions trading, nor does it consider 

the institutional opportunities to improve the cost-effectiveness of credit-based 

approaches. This chapter clarifies these barriers and opportunities on the basis of 

institutional economics.  
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This chapter is organized as follows. Section 4.2 defines the central concepts of 

cost-effectiveness and institutional arrangements. Section 4.3 provides a statistical cost 

analysis of the AIJ pilot phase based on almost one-hundred projects. It also discusses 

the representativity of AIJ for JI and the CDM as well as other limitations of the 

empirical analysis performed in the following sections based on AIJ data. Section 4.4 

adjusts the AIJ figures by using simple mathematical formulas to provide a quantitative 

illustration of what current design and alternative arrangements (regarding banking and 

sinks) could do with JI and CDM credit costs. The low-cost options are also identified. 

Section 4.5 takes a qualitative approach to assess the cost-effectiveness and 

administrative costs of various domestic permit trading design options. It also presents 

an outline of such a scheme that has many traders but still has low administrative costs. 

Section 4.6 emphasizes that the credit costs found earlier are not credit prices which are 

determined by supply and demand. An overview of such studies is made and several 

(institutional) factors are treated which would lower or raise the market price. Finally, 

section 4.7 presents the conclusion.  

 

4.2 Definitions of Cost-Effectiveness and Institutional Arrangements 

 

This chapter does not focus on efficiency (the maximization of net benefits), but mainly 

centres on cost-effectiveness (the minimization of aggregate costs). In a cost-effective 

allocation, a desired aggregate emission level is attained at least costs to the polluters. A 

cost-effectiveness analysis does not incorporate the benefits of a cleaner environment 

(which are relatively difficult to assess), but only considers the abatement costs (Jepma 

and Munasinghe, 1998: 306).  

It was already explained (and partly criticized) in the first and third chapter that 

permit trading is more effective and efficient than credit-based approaches. When the 

economy grows in a permit trading scheme, the demand for permits under the absolute 

emission ceiling will rise, so that the environmental scarcity created by this 

(inter)national emission target is fully reflected in the permit price. However, in a credit 

trading scheme, the supply of emission credits also rises when the economy grows, 

since firms do not have an absolute emission ceiling. If an energy-intensive firm 
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expands its production, it is licensed to new emissions. The consequence is that the 

desired aggregate emission level becomes more difficult to attain and that the 

environmental scarcity will not be fully reflected in a price for every unit of emission.  

However, without considering transaction costs (an issue that will be taken up in 

the next chapter), credit-based approaches such as JI and the CDM could in principle 

generate cost-savings similar to permit trading by making use of the same marginal 

abatement cost differences among emitters (e.g. Pearce, 1995). In this chapter we 

introduce the institutional dimension into this line of reasoning by making an analysis 

of the impact of different institutional arrangements on the cost-effectiveness of the 

Kyoto Mechanisms.  

  As explained in the second chapter of this book, an institutional arrangement 

refers to legally embedded regulations in the form of policy instruments to achieve 

certain policy targets, such as an environmental policy instrument to achieve an 

environmental target by constraining polluting behaviour.1 Consequently, different 

institutional arrangements are diverging policy design features, which are likely to have 

dissimilar effects on the cost-effectiveness of the Kyoto Mechanisms in general and on 

the credit costs of a particular (group of) JI or CDM project(s) in particular.  

 

4.3 Cost-Effectiveness of AIJ 

 

To provide some indications of the potential effects of current and alternative 

institutional arrangements on possible JI and CDM credit costs, we make use (and 

specify the limitations) of the qualitative and quantitative data on the emissions 

reduction costs of 94 projects under the Activities Implemented Jointly (AIJ) pilot 

phase. The AIJ pilot phase started in 1995 and, although initially scheduled to be 

completed earlier, has been extended after 2000 by the CoP because of positive learning 

experiences (e.g. CP, 2001b:  46). Crediting of AIJ projects is not allowed, contrary to 

                                                 
1 This definition of institutional arrangements is different from the definition offered by North and 
Thomas (1973) who describe them as organizations and social practices, while they use the term 
institutional environment to refer to laws and regulations, among other things.  
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JI and CDM projects that can be credited between 2008 and 2012 and between 2000 

and 2012 respectively. In order to enable the CoP to carry out a review of the AIJ pilot 

projects, it was decided in 1996 to establish the Uniform Reporting Format (URF), so 

that technical and financial information about AIJ projects could be presented in a 

standard format and projects could be compared systematically. The cost figures that we 

use are obtained from such URFs submitted by AIJ project partners to the FCCC 

Secretariat in 1998.  

Those who believe that cost-effectiveness played either a dominant role or no 

role at all in the AIJ pilot phase so far, are both wrong. The truth lies somewhere in the 

middle (e.g. Woerdman and Van der Gaast, 2001). Pilot projects were usually initiated by 

firms (such as US utility companies) that were looking for cost-effective carbon offset 

opportunities abroad. They tried to get such offsets to anticipate on possible future climate 

policy and/or to achieve their (voluntary) offset agreement at the state level or an internal 

offset target at relatively low cost. An example of a project where cost-effectiveness 

played a major role is the coal-to-gas conversion AIJ project for district heating in 

Decin in the Czech Republic. Depending on the baseline, the costs per ‘credit’ would lie 

between about 1 and 15 $/tCO2 (cf. SEVEn/JIN, 1997: 9). Other initiatives were called 

simulation projects. Strictly speaking, one could argue that all projects set up during the 

pilot phase are ‘simulation’ projects because of their testing character, but this chapter 

uses this term if a JI component – such as baseline determination or emission reduction 

measuring – is added to already ongoing projects (mostly fuel switching and energy 

efficiency projects) to simulate as if they had been set up as JI projects.  

For the governments of the investing countries, these simulation studies have been 

relatively cheap, because the investment costs were already covered by the existing 

bilateral co-operation programme, so that the only real AIJ costs were the study expenses. 

However, the costs per tonne are relatively high if one would actually relate these 

investment costs to the emission reduction. An example of a project where cost-

effectiveness played a minor role is the so-called RABA/Ikarus AIJ project designed to 

replace engines in buses in various Hungarian cities. This was an already ongoing 

Dutch-Hungarian project to which the Dutch government added a technical simulation 

study. Depending on the baseline, the costs per ‘credit’ would lie between 100 and 250 
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$/tCO2eq. Nevertheless, the administrative AIJ simulation costs for the Netherlands’ 

government were, of course, relatively low and the aim of the project was not so much to 

achieve a low-cost emission reduction abroad, but rather to provide both governments 

involved with institutional and technical AIJ expertise. Because they considerably gained 

such expertise, this simulation project was a success, even though it was not cost-effective 

in its total reduction costs.  

 

4.3.1 Costs per unit of emission reduction in the AIJ pilot phase 

 

The data base of 1998 used in this chapter consists of 94 AIJ pilot phase projects: 68 of 

them are implemented in Central and Eastern Europe (Annex I Parties) and 26 in 

developing countries (non-Annex I Parties), which could – with present hindsight – be 

classified as experimental JI and CDM projects respectively (for a critical view see next 

subsection). Within the Annex I region, 56 projects are financed by governments and 11 

by firms. In developing countries there are 21 private sector AIJ projects and only 5 

projects are financed with public funds. To analyze these projects, we used the project 

categories defined by the FCCC Secretariat at that time. This categorization has been 

criticized, though, for being rather condensed and indistinct (e.g. Ellis, 1999b).  

The AIJ projects implemented in Annex I countries mainly consist of energy 

efficiency (34%) and renewable energy projects (32%). Energy efficiency projects 

mainly consist of fugitive gas capture, demand-side management and energy efficiency 

improvements. Renewable energy projects largely concern mitigation activities related 

to landfill, biomass, coal-to-gas conversion as well as wind and solar energy. Fuel 

switching (3%) as well as forestry and agriculture projects (3%) play a minor role. 

However, only a small number of projects that were explicitly reported as fuel 

switching projects have been categorized as such by the FCCC Secretariat, while 

several fuel switching projects (e.g. boiler conversion) were reported and classified as 

renewable energy projects. Furthermore, forestry consists of both afforestation, 

reforestation and forest preservation. Most AIJ projects implemented in non-Annex I 

countries are renewable energy projects (12%) and forestry or agriculture projects 

(12%). The share of energy efficiency projects (4%) in developing countries is 
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relatively small. Of all 94 projects in the survey, renewable energy projects (44%) are 

the most common, followed by energy efficiency projects (38%) and forestry or 

agriculture (15%).2  

 A project’s lifetime (as stated in most URFs) is considered as an indicator for its 

duration period. It turns out that the duration period of the reported projects varies from 

1 to 60 years, with an average of 16.5 years. On average, the AIJ projects in developing 

countries have a longer duration period and reduce more GHG emissions than projects 

in Central and Eastern Europe, which can to a large extent be explained by the 

relatively large share of forestry and agriculture projects (42%) implemented in co-

operation with non-Annex I Parties. For the definition of the emission reduction 

commitments, the Kyoto Protocol has identified six GHGs which are listed in Annex A 

of the Protocol. In the URFs all GHG emission reductions have been recalculated using 

IPCC conversion factors into carbon dioxide equivalents (abbreviated as CO2-eq). In 

general, forestry and agriculture projects result in a high average and total amount of 

emission reductions over a relatively longer period of time. Particularly, projects with 

reported emission reductions higher than one MtCO2-eq are mainly forest preservation 

projects. As a consequence, an average project in an Annex I country yields an emission 

reduction of 771,190 tCO2-eq over 14 years, while the average AIJ project with a non-

Annex I Party as host produces an emission reduction of 3,944,384 tCO2-eq over 23 

years. Of all the AIJ projects reported to the FCCC in 1998 the average emission 

reduction amounts to 1,658,320 tCO2-eq, with a minimum of 13 tonnes and a maximum 

of 57,467,271 tonnes per project. 

 The average total invested amount in projects in Annex I countries is $2,878,484 

and in developing countries $16,110,770. The mean total investment in an AIJ project, 

irrespective of the host country type, is $6,298,065 with a minimum of $73,500 and a 

maximum of $130,000,000. Interestingly, governments invest an average of $2,227,260 

in an AIJ project, while private partners invest $15,198,560. Moreover, the sum of 

investments is about $133 million for all government-financed projects and about $425 

million for the total of private projects. Hence, although the investor is more often a 

government (66%) than a firm (34%), the contribution of private projects to AIJ is 

                                                 
2 The aforementioned percentages are all rounded percentages of the total of projects.  
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relatively large in terms of investments (and also, for instance, in terms of emission 

reductions). 

In order to determine the cost-effectiveness of a project, each investor is 

interested in the costs per tonne of GHG emission reduction acquired from this project. 

The most straightforward way to calculate these costs is to relate the total amount of 

investment funds to the total GHG emission reductions of the project. However, such 

cost figures have to be put into perspective (as indicated before), among other things, 

because they include so-called simulation projects that were initially under construction 

in the framework of another programme not related to bringing down pollution in a 

cost-effective way, but to experiment with project-based trading. As such, the projects 

were approved as AIJ by the governments involved and reported to the FCCC as pilot 

projects. 

 How should the cost per tonne GHG emission reduction be calculated in the 

case of simulation (instead of pilot) projects: should the total investments (including 

those unrelated to climate change) be divided by the total amount of emission reduction 

or should only the ‘AIJ cost component’ (concerning climate change mitigation) be 

related to the emission reduction? Some project developers chose the first option, while 

others used the second one (whereas there are some who did not present any figure at 

all). Obviously, this complicates a comparison of the projects. Therefore, this study not 

only considers the costs per unit as reported by the project developers themselves (see 

Table 4.1), but also calculates these costs on the basis of uniform formulas for all 

projects in order to facilitate a more systematic comparison (see Table 4.2). Note that 

all cost figures presented in this chapter (except those between $0 and $1) are rounded 

off an amount to the nearest dollar. 

Table 4.1 makes clear that, according to the project partners themselves, the 

average emission reduction unit costs are about 28 dollar per tonne of carbon dioxide 

equivalent ($/tCO2-eq), with a minimum of -66 $/tCO2-eq (note that this negative cost is 

a profit) and a maximum of 320 $/tCO2-eq. The average unit costs as reported by the 

partners in government projects are about 26 $/tCO2-eq and in private projects 39 

$/tCO2-eq. Forestry projects seem to be relatively cheap and fuel switching projects  
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Table 4.1 Costs per unit of emission reduction according to project partners  

by project type and region ($/tCO2-eq) 

 

Project type  Average N (=number) Minimum Maximum 

 

Energy efficiency $29 34 -$66 $270 

Forest preservation $4 3 $0.5 $6 

Forest reforestation $2 2 $1 $3 

Fuel switching $103 2 $30.10 $175 

Renewable energy $26 29 -$7 $320 

Total $28 70 -$66 $320 

 

ANNEX I (Central and Eastern Europe) 

Project type Average N Minimum Maximum 

 

Energy efficiency $32 30 -$66 $270 

Forest preservation $6 1 $6 $6 

Fuel switching $103 2 $30 $175 

Renewable energy $16 28 -$7 $157 

Total $26 61 -$66 $270 

 

NON-ANNEX I (Developing countries) 

Project type Average N Minimum Maximum 

 

Energy efficiency $7 4 $2 $18 

Forest preservation $3 2 $0.5 $5 

Forest reforestation $2 2 $1 $3 

Renewable energy $320 1 $320 $320 

Total $40 9 $0.5 $320 

 

N = number (or: amount) of projects 
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expensive, but the basis for such a conclusion (only five forestry projects and two fuel 

switching projects) is rather small. The average reported costs per tonne GHG emission 

reduction in Annex I countries are about 26 $/tCO2-eq and in non-Annex I countries 40 

$/tCO2-eq. Unfortunately, figures for afforestation and agriculture projects were not 

reported at all, while reported data were not available for Annex I Parties on 

reforestation projects and for non-Annex I Parties on fuel switching and renewable 

energy. Although the average reported costs appear to be highest in developing 

countries, this figure is severely biased by one relatively expensive renewable energy 

project in the data set. (In the sensitivity analysis as performed in subsequent sections 

the ‘credit’ costs will be calculated by excluding several inefficient projects). 

Below, the above (‘subjective’) emission reduction unit costs as reported by the 

project partners themselves are compared with (‘objective’) calculations of the so-called 

unadjusted unit costs in terms of  $/tCO2-eq according to the formula 

 

 i / e,          (1) 

 

where i = invested amount ($) and e = emission reduction (tCO2-eq) according to the 

URFs. 

 

This uniform methodology of dividing the project’s invested amount by its foreseen 

emission reduction in the URFs (the so-called unadjusted costs) enables us to make a 

more consistent and systematic comparison of all projects’ costs per unit of emission 

reduction, simply because the cost figures per unit of emission reduction reported by the 

project partners themselves (the so-called reported costs) differ in their methods to 

calculate these costs. We call these unadjusted costs, because later in this chapter we 

will adjust these cost figures to provide numerical illustrations of the impact of 

institutional arrangements (such as the in- or exclusion of banking and sinks) on the 

costs of potential future JI and CDM projects. 

However, for each of the components in our formula, the fact still remains that 

not all project partners have interpreted and defined the invested amount and the 

emission reduction in the same way, which to some extent hampers a sound comparison 

(Michaelowa, 1999b). In particular, some figures only represent the investment in 
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hardware, whereas others also comprise consultancy and/or operational costs. 

Furthermore, some emission reduction figures take leakage into account (emission 

changes outside the project area as a result of the implementation of the project), 

whereas others do not.  

The mean unadjusted emission reduction unit costs are unweighted averages 

comparing large and small projects. In Table 4.2, keeping the aforementioned remarks 

in mind, we calculate an average unadjusted emission reduction unit costs for AIJ 

projects of about 46 $/tCO2-eq (with a minimum of 0.01 $/tCO2-eq for the Rusagas-

FGC project in the Russian Federation and a maximum of 551 $/tCO2-eq for the Tierras 

Morenas Windfarm Project in Costa Rica).3 A comparison with Table 4.1 reveals that 

this figure is higher than the average emission reduction costs of 28 $/tCO2-eq as 

reported by the project partners themselves. The fact that the AIJ data show a huge cost 

spread can be explained by the fact that some, but not all AIJ projects have been 

initiated explicitly with a view to their cost-effectiveness, which has been illustrated in 

the previous subsection on the basis of two AIJ projects.  

 Again, the average unadjusted unit costs as portrayed in Table 4.2 are higher for 

private investors (67 $/tCO2-eq versus a reported figure of 39 $/tCO2-eq) than for 

government investors (37 $/tCO2-eq versus a reported figure of 26 $/tCO2-eq). These 

calculated figures are higher than those mentioned by the project partners (cf. Table 

4.1). The exceptions are forest preservation (2 $/tCO2-eq) and fuel switching projects 

(70 $/tCO2-eq) that turn out to be more cost-effective than initially reported (4 $/tCO2-

eq and 103 $/tCO2-eq respectively). Presumably, the reported unit costs have not been 

computed on the basis of the total invested amount, but are either based on the financial 

contribution of the project developer only, or are based on the project’s hardware only. 

Moreover, in some cases the figures reported by the project partners themselves include 

not only costs but also benefits, yielding lower costs per unit of emission reduction.  

 

 

 

                                                 
3 The Grid Connected Photovoltaic Project in host Fiji by investor Australia (case 68) was excluded from 
the calculations since this project produces an extremely low amount of emission reduction (only 13 
tCO2-eq), whereas the unadjusted costs per unit of emission reduction amounts to even 6,477 $/tCO2-eq. 
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Forest reforestation $20 4 $0.5 $64 

Renewable energy $153 8 $9 $551 

Total $63 22 $0.5 $551 

 

 

Figure 4.1 Unadjusted costs per unit emission reduction  

by investor and project type ($/tCO2-eq) 

 

Unadjusted unit costs (in $/tCO2-eq) 
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Figure 4.1 shows the unadjusted unit costs for all AIJ projects in the analysis. It turns 

out that, roughly speaking, the cheapest options, those between 0 and 3 $/tCO2-eq,  
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are mainly forestry or agriculture projects (83%) developed by private investors only. 

The projects with costs between 3 and 10 $/tCO2-eq are primarily renewable energy 

projects (70%) developed by governments (87%), which nuances the idea that 

governments have not focused on cost-effective projects. In the price segment between 

10 and 40 $/tCO2-eq, predominantly based on public funding (90%), mainly energy 

efficiency projects (50%) can be found. Energy efficiency investments (55%) also 

abound in the higher cost range between 50 and 200 $/tCO2-eq in which projects have 

been financed not only by governments (60%), but also by private investors (40%).  

 The average unadjusted emission reduction unit costs for projects in Annex I 

countries are about 40 $/tCO2-eq (versus 26 $/tCO2-eq reported) and for projects in 

developing countries 63 $/tCO2-eq (versus 40 $/tCO2-eq reported). The costs for most 

project types are higher in developing countries than in countries with economies in 

transition, with the exception of energy efficiency and forest preservation projects. The 

(unadjusted) costs for each project type in Annex I countries, as shown in Table 4.2, are 

higher than the reported unit costs (cf. Table 4.1), with the exception of some fuel 

switch projects. This general picture also seems to apply to projects in non-Annex I 

countries. Forest preservation and renewable energy projects look cheaper than 

reported, but the emission reduction unit costs were mentioned in a few projects only, 

making any comparison-based conclusion unstable. 

During the last years, several studies have been conducted to analyze the 

experiences during the AIJ pilot phase. As a comparison, it may be instructive to have a 

look at the cost figures presented in some of these studies. SEVEn/JIN (1997) and Van 

Harmelen et al. (1997) analyzed the emission reduction costs for 31 AIJ projects in 

Central and Eastern Europe. These costs varied between 0.01 and 101 $/tCO2 with an 

average of about 12 $/tCO2. 

Schwarze (1998) analyzed the AIJ projects on the basis of URFs of August 

1998. He ascertains the abundance of low-cost projects, especially those concerning 

fugitive gas capture, energy efficiency improvement and sink enhancement, which all 

cost less than 4 $/tCO2. He stresses that this is not only at the lower end of previous 

price predictions by other authors, which ranged from 2 to 22 $/tCO2, but also that these 

data are generally in line with engineering-based estimates from bottom-up studies (cf. 

Hourcade et al., 1996). Likewise, Trexler and Kosloff (1998) asserted that most ongoing 
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private-sector projects appear to be in 0.2 – 2 $/tCO2 range, whereas Rosenzweig et al. 

(2002) mention a 0.6 – 3.50 $/tCO2 range for AIJ projects. This chapter, however, as we 

have seen above, finds average emission reduction costs, also for several project types, 

that are considerably higher than Schwarze (1998), Trexler and Kosloff (1998) and 

Rosenzweig et al. (2002) suggest.  

 In Begg et al. (2000), the costs per unit of CO2 emission reduction were 

calculated for existing ecological projects in developing countries, such as AIJ. Some 

CDM type projects, as they called them, appeared to have negative costs, such as 

improved cooking stoves and micro-hydro power projects. Other projects had positive 

costs, such as biogas projects, varying from 10 to 20 $/tCO2, or solar home systems 

which appeared to be rather costly in a range between 120 and 770 $/tCO2.  

 

4.3.2 Representativity and limitations of the empirical analysis 

 

The crucial assumption of our calculations of possible credit costs on the basis of AIJ 

cost data in the next sections is that current pilot phase projects are sufficiently 

representative of future JI and CDM projects. This assumption must be made if one 

wants to use AIJ data to say something about JI and the CDM, but it undeniably poses a 

substantial limitation to the empirical analysis, because it is clear that AIJ projects are 

not fully representative of JI and CDM projects for the following reasons.  

 Firstly, the AIJ pilot phase was mainly set up (before Kyoto) at CoP1 in Berlin 

in 1995 to gain experience with the potential environmental, institutional and cost-

effectiveness aspects of cross-border GHG abatement, and not so much to directly or 

solely test the costs of such projects. 

Secondly, the data reported in the URFs are to some extent inconsistent, partly 

missing and sometimes unclearly defined (e.g. Jepma and Eisma, 1998; Ellis, 1999b; 

Michaelowa, 1999b). Moreover, some of the data are not necessarily updated in the 

URFs, which then reflect the planning stage rather than the implementation of the 

project, making some of the data actually older than they appear to be.  

Thirdly, as explained above, AIJ projects are not credited, whereas JI and CDM 

projects will be credited. This means that the market for JI and the CDM will attract 
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more investors than the AIJ pilot phase, because crediting implies a stronger economic 

incentive to participate in (low-cost) projects.  

Fourthly, it should be stressed that credit costs are not credit prices. The 

invested amount per unit of emission reduction is not necessarily (or is even unlikely to 

be) equal to the price for which the credit will be sold on the market, which will be 

determined by both supply and demand. The cost data from several of the AIJ projects 

may not be representative for the marginal costs of GHG emission reductions in the 

countries were the projects take place and using the cost information from URFs does 

neither provide full insight into the structure of supply and demand of GHG credits 

during the commitment period 2008-2012 nor, consequently, in their market price (e.g. 

Trexler and Kosloff, 1998: 11). Moreover, projects which are too costly with a view to 

this market price will not be carried out.  

  Does this mean that AIJ projects do not say anything about future JI and CDM 

projects at all? We don’t think so. With the aforementioned reservations in mind, the 

AIJ cost data still can give us some idea, albeit to a limited extent, of the cost-

effectiveness of JI and CDM projects for the following reasons.  

 Firstly, the AIJ pilot phase was set up, according to decision 5/CP.1/1(b)&2(a) 

of CoP1 in Berlin in 1995, to gain ‘practical experience’ on the ‘economic, social and 

environmental impacts’ of cross-border GHG abatement projects, which are explicitly 

required – among other things – to ‘contribute to cost-effectiveness’. Indeed, the costs 

per unit of emission reduction in real-life AIJ projects attracted much attention from 

decision-makers and scientists (in particular from the industrialized countries), precisely 

because it would give them a practical indication of what to expect from a post-2000 

credited scheme in terms of cost-savings compared to domestic action (e.g. Harmelen et 

al., 1997; Trexler and Kosloff, 1998; Begg et al., 1999b). Some authors even state that 

cost-effectiveness is the primary motivation for project-based emissions trading (e.g. 

Jackson, 1995). By comparing the CDM to AIJ, Davidson and Sokona (1999: 15) state 

that both mechanisms are market-based for the transfer of financial and technological 

resources, that both have emerged from the concept of GHG offset transfer or trading 

and that both rely on major disparities in abatement costs among Parties.  

 Secondly, although the AIJ data reported in the URFs is imperfect, as indicated 

above, it has improved markedly over the years both in terms of homogeneity, scope, 
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detail and structure (Jepma and Eisma, 1998; SB, 2000). Consequently, already in the 

late nineties, some have concluded that ‘(...) we can establish a credible and consistent 

picture of AIJ costs’ (Schwarze, 1998: 13-14). Furthermore, the Subsidiary Bodies of 

the FCCC noted that AIJ cost data are estimates of varying accuracy, so that their 

usefulness for an analysis is limited (SB, 1999a: 11), which also logically implies that it 

is not completely absent.  

 Thirdly, the fact that JI and the CDM are credited in contrast with AIJ means 

that project activity will increase – possibly distributed over a wider and more diverse 

geographical area as recent developments indicate (SB, 2000: 4) – so that experience 

and insight will grow with respect to the (investment en transaction) costs of such 

projects. On the one hand, it is likely that JI and CDM project costs will decrease 

relative to AIJ, not only because crediting will provide an incentive to search for low-

cost options, but also because competition and transparency will increase as the market 

matures. Furthermore, AIJ projects were either set up as simulation studies that focused 

on environmental integrity rather than cost-effectiveness, or as pilot projects with low 

costs to ensure that the investment would become profitable relatively quickly. The 

former, more costly, projects will probably not be (the first to be) implemented in a 

credited scheme. On the other hand, potentially interested investors simply did not want 

to invest in AIJ projects with higher marginal costs, precisely because they would not 

obtain GHG emission reduction credits for their investments during the AIJ pilot phase. 

Although crediting would then mean that the more expensive projects have better 

chances to be carried out after all under JI and the CDM, projects are not likely to be 

undertaken if they are too costly with a view to the market price (unless this price is 

very volatile). Consequently, the wide range of AIJ credit costs, varying from cheap to 

expensive, probably provides a relevant albeit incomplete picture of the cost-

effectiveness of JI and the CDM, although such information will clearly enhance in 

qualitative and quantitative terms as the market develops and the design of the URF 

improves.  

 Fourthly, we do not suggest that our numerical illustrations of the effects of 

policy design on credit costs are calculations or predictions of market prices, which 

would (in addition) require an incorporation of both supply and demand curves. Instead, 

our calculations should give some indication of the project costs per unit of emission 
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reduction and what different design features might do with these costs. Furthermore, 

although our calculations of average costs for various samples of AIJ projects are not 

equal to the marginal costs of JI and CDM projects, they still give some useful 

information about their marginal costs. If the average costs of a certain project region or 

type are higher than the average costs of another, then it is likely that also the marginal 

costs of the former are higher. Figure 4.1 (see previous subsection) could be seen as a 

series of average costs that gives some approximation of the marginal cost curve for the 

JI and CDM market segment.  

Interestingly, although several specialists know that existing project-specific 

estimates of mitigation costs must be interpreted cautiously for purposes of either (a) 

comparing with permit prices and tax levels or (b) extrapolating to the future cost-

effectiveness of project-based activities, this is precisely what many explicitly or 

implicitly do. For instance, although they correctly pay much attention to the limitations 

of such extrapolations, Trexler and Kosloff (1998) write: ‘The asserted costs of ongoing 

and proposed offset projects range from negative CO2 costs (...) to more than $ 40/ton. 

Most ongoing private-sector projects appear to be in $ 0.20–2.00 per ton of CO2 range 

(...), far less than the $ 20–30/ton CO2 taxes often discussed as being necessary to 

achieve significant emissions reductions’ (Trexler and Kosloff, 1998: 11). Another, 

different, example in the context of representativeness is provided by Begg et al. 

(2000), who refer to AIJ projects in developing countries as ‘CDM type projects’.  

 It should be clear that we do not so much want to calculate either marginal costs 

or supply and demand, but that we rather want to use the data from real-life AIJ projects 

to provide some numerical insight into the potential effects on the credit costs of the 

current policy design differences between JI and CDM during the first commitment 

period as well as of different possible institutional arrangements under Article 6 and 12. 

We believe that this is possible for the aforementioned reasons, although it should be 

stressed that conclusions can only be drawn cautiously because of the limitations of the 

analysis as discussed above. Nevertheless, we think that it is worthwhile to consider 

(and criticize) the cost data from AIJ, exactly because these real-life projects are 

intended – in which they largely succeeded – to provide useful information on the basis 

of ‘learning by doing’ (e.g. Michaelowa et al., 1999b; SB, 1999b). To demonstrate the 
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potential influence of policy design on project costs by using the valuable AIJ cost data, 

we apply the following methods.  

 First the possible effects on JI as well as CDM credit costs are calculated by 

adjusting the AIJ projects on the basis of simple mathematical formulas as if these 

projects were credited as post-2000 projects. These calculations are interesting, not only 

because they are easy to follow for non-mathematicians, but also because they explicitly 

take into account the original institutional differences between JI Article 6 which 

includes sinks (and not banking) and CDM Article 12 which includes banking (and not 

sinks). Thereafter, the AIJ cost data are adjusted by using other formulas to give some 

idea of the possible quantitative effects on the credit costs if banking would be included 

under JI Article 6 and if the scope for sinks would be enlarged in the CDM. Moreover, 

within each Kyoto Mechanism the low-cost options, which are likely to attract most 

investors after 2000, are specifically considered. ‘Although it is easy to quibble over the 

numbers, the real value of analyses lies more in insights than in numerical values’ 

(Manne and Richels, 1998: 22). 

The idea to use simple formulas to calculate the costs of emission reduction 

projects, such as AIJ, to be able to compare different projects, was already applied by 

Begg et al. (2000). However, they incorporated various cost elements in their formulas 

rather than the institutional characteristics of these projects which is the focus of this 

chapter. Jansen et al. (1999) did not so much calculate project costs, but rather a market 

clearing price for energy sector CDM credits on the basis of supply and demand. 

However, they also did not incorporate institutional elements (such as banking or sinks) 

in their projections, which again underlines the relevance and originality of our 

institution-oriented calculations. In the end of this chapter, we also go from credit costs 

to credit prices by considering supply and demand factors. 

In our calculations only the first commitment period is taken into account. A 

second commitment period would influence cost-effectiveness, for instance because a 

project that reduces emissions after 2012 generates more credits and lowers costs, but 

(until CoP7 in Marrakesh in 2001) the Parties have not yet begun to negotiate a next 

commitment period. They should, however, consider this at least seven years before the 

end of the first commitment period according to Article 3.9 of the Kyoto Protocol. 

Nevertheless, it is already possible to carry-over emissions from the first to a second 
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commitment period, although this is restricted to 2.5% of the assigned amount for ERUs 

and CERs (CP, 2001b: 61).  

 

4.4 Cost-Effectiveness of JI and the CDM 

 

Banking for JI Article 6 projects is not possible under the Kyoto Protocol, whereas 

sinks are explicitly included in JI Article 6. The CoP left afforestation and reforestation 

unrestricted, but restricted forest management (such as forest preservation projects) by 

quota set for each individual Annex I Party (CP, 2001a, b). Because pre-budget banking 

is not allowed under JI Article 6, the cost data of 68 AIJ projects in Annex I countries 

are recalculated assuming that of the projects’ lifetime, only five years (the period 

between 2008 and 2012) can be used to acquire emission reduction credits. In other 

words, the AIJ pilot phase projects are treated as if they were credited post-2000 

projects which do not end before 2012. As such it can be illustrated to what extent the 

cost-effectiveness can be affected by the fact that JI projects may only be credited 

during the first commitment period, because banking between 2000 and 2008 is not 

allowed. The formula used here is: 

 

 i / ((e / d) * 5),         (2) 

 

where i = invested amount ($), e = emission reduction (tCO2-eq) and d = project 

lifetime (in years). 

 

4.4.1 Banking, sinks and low-cost options under JI 

 

Table 4.3 and Figure 4.2 show the JI credit costs by project type given a five year 

crediting period. The average simulated JI credit cost is about 97 $/tCO2-eq with a 

minimum of 0.03 $/tCO2-eq and a maximum of even 747 $/tCO2-eq. Remember that the 

average reported and average unadjusted costs of emission reductions for AIJ projects 

in Annex I countries were calculated in a previous section at 26 $/tCO2-eq and 40 
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$/tCO2-eq respectively. This implies that if the current AIJ pilot projects (assuming a 

project lifetime of at least thirteen years as in the unadjusted cost figure) were official JI 

projects (which can only be credited for five years as in the adjusted cost figure) under 

Article 6 of the Kyoto Protocol, the average cost of an emission reduction unit would 

have been almost two and a half to four times higher than currently under the AIJ 

regime. Particularly, the JI credit costs for afforestation and reforestation are 

respectively eight and twelve times higher than the corresponding unadjusted emission 

reduction unit costs. 

 

Table 4.3 JI credit (ERU) costs by project type  

including sinks and excluding banking ($/tCO2-eq) 

 

Project type Average N Minimum Maximum 

 

Afforestation $3 1 $3 $3 

Energy efficiency $141 29 $1 $747 

Forest preservation $18 1 $18 $18 

Forest reforestation $19 1 $19 $19 

Fuel switching $281 3 $68 $703 

Renewable energy $45 30 $0.03 $339 

Total $97 65 $0.03 $747 
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Figure 4.2 JI credit (ERU) costs including sensitivity analysis ($/tCO2-eq) 
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It is also illustrated what the impact would be if CoP would decide at a future session to 

allow banking of emission reductions achieved via JI between 2000 and 2008, which 

extends the crediting period from 5 (2008-2012) to 13 years (2000-2012). This would 

lead to a factor of 2.6 (13 years / 5 years) more credits – just as is currently the case 

with the CDM where such banking is already included. A simulation for JI that also 

includes banking (assuming a project lifetime of at least thirteen years) results in an 

average cost figure of 37 $/tCO2-eq. This result can be obtained by lowering the 

average cost figure of $97 found in Table 4.3 with a factor of 2.6, or by substituting the 

5 in equation (2) by 13, representing the 13 year period 2000-2012.4 

                                                 
4 The average unadjusted cost figure of 40 $/tCO2-eq for AIJ projects in Annex I countries, calculated in 
the previous section on the basis of equation i / e, is somewhat higher (see Figure 4.2) than the average 
‘adjusted + banking’ cost figure of 37 $/tCO2-eq, calculated on the basis of the equation i / ((e / d) * 13), 
because the former equation simply divides the investments by the reductions (by qualitatively assuming 
a project lifetime of at least thirteen years), whereas the latter equation explicitly includes the impact of a 
crediting period under banking (by quantatively assuming and computing a project lifetime of thirteen 
years).   
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The cost saving potential of pre-budget banking underlines the trade-off that 

Parties have made between economic and political considerations by leaving out this 

institutional arrangement from JI. Including banking would have lowered costs, but it 

was left out of the Kyoto Protocol in 1997 not only due to a lack of time to coordinate 

the text of JI Article 6 with the group that negotiated CDM Article 12, but also due to 

the perceived (environmental) complexities and uncertainties associated with 

introducing early action in JI. Examples are not only indirectly related issues, such as 

baseline uncertainty, but also directly related issues, such as the (theoretical) possibility 

of ‘swapping’ JI investments between industrialized countries by means of a banking 

provision (e.g. ETC/JIN, 1998). Suppose in 2000 country A invests in a JI project in 

country B resulting in 100 tonnes emission reduction per year, and that country B does 

the same in country A. If the emission reductions can not be banked, country A and B 

each obtain 500 credits (100 credits annually during 2008-2012). If A and B invest in 

similar projects at home, each country achieves the same amount of emission 

reductions. But if the emission reductions could be banked, country A and B would 

each obtain 1300 credits (100 credits annually during 2000-2012). This makes 

swapping profitable, not only if both countries have similar marginal cost curves, but 

possibly also if country B has lower marginal costs than country A.  

After JI banking was not included in the Protocol, the CoP succeeded in keeping 

banking excluded from JI for political reasons (CP, 2001b). Including banking under JI 

would have undone the competitive advantage that developing countries have of pre-

budget banking under CDM Article 12. This explains the political opposition of 

developing countries against the inclusion of banking under JI (e.g. Boyd et al., 2001: 

5). In their view, that would be unfair as it would take away an advantage for 

developing countries which are not only relatively poor, but which (contrary to JI) are 

also already legally restricted to use their large sinks potential under the CDM and host 

a relatively small number of AIJ projects due to relatively high transaction costs.  

In the remainder of this section two sensitivity analyses are carried out by 

dealing with a decreased project additionality and considering low-cost options that are 

likely to attract most investors after 2000. 

The complication of determining additionality via a micro-baseline for a project 

is that the reference scenario is counterfactual, so that the situation that is referred to 
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will never exist because of the project. By analyzing different AIJ projects (see, among 

others, Nordic Council of Ministers, 1997), it has been found that the projects often 

only speed up investments that would have been carried out by the host countries 

themselves in the mid- or longer term. This implies that the project is additional only 

for that period of time during which the project has been moved forward by 

implementing it earlier than the countries would do themselves. In general, this period 

is longer for the relatively poor developing countries than for the countries in Central 

and Eastern Europe. In this section it is therefore assumed that projects in developing 

countries are additional during their full economic lifetime, whereas for projects in 

some Central and Eastern European countries the ‘additionality period’ is assumed to be 

shorter than the investment’s economic lifetime. Also in practice, some URFs already 

report a project activity duration or loan period for projects in Central and Eastern 

Europe that are several years shorter than their predicted lifetime. 

 For simplicity and illustration purposes, it is assumed that the additionality for JI 

projects will be 50% of the economic lifetime of AIJ projects in countries with 

economies in transition. Furthermore, it is assumed that this additionality is 100% for 

the Russian Federation given a relatively low expected economic growth. Of course, 

this situation also holds for some other countries with economies in transition, but 

practically none of them have hosted AIJ projects before 1998 (the year that the 

analyzed URFs were submitted). To calculate the JI credit cost with 50% less 

additionality, the project’s emission reduction per year has to be halved so that the 

formula becomes 

 

 i / (0.5 (e / d) * 5,        (3) 

 

where i = invested amount ($), e = emission reduction (tCO2-eq) and d = duration 

period (in years).  

 

This simply means that the original JI credit costs, except those for the Russian 

Federation, have to be multiplied by a factor 2. The results, as shown in Table 4.4, 

indicate an average JI credit cost with 50% less additionality of about 189 $/tCO2-eq 

(with a minimum of 0.03 $/tCO2-eq and a maximum of even 1,495 $/tCO2-eq). As 

 182



Part II   Institutional Barriers and Opportunities 

expected, this figure is about twice as high as the average JI credit price (with 100% 

additionality for all Annex I countries) of 97 $/tCO2-eq as found in Table 4.3. 

Cost-minimizing investors will preferably focus on JI projects with credit costs 

that are as low as possible. In particular, they will probably only consider the 

implementation of projects whose costs are within a range of low-cost options. This 

would exclude options with cost figures higher than a certain critical level. This level 

will be determined by the market price (as long as this price does not go up and down 

all the time): projects that are too costly from this perspective will not be carried out. 

For simplicity and illustration purposes, we assume that this critical level is, say, 100 

$/tCO2-eq. We have chosen this (somewhat arbitrary) level, because a lower level 

would exclude too many projects from the analysis, thereby diminishing its robustness, 

whereas a higher level would be rather unlikely given the potential presence of 

alternative and cheaper investment options in developing countries and in Central and 

Eastern Europe. Furthermore, we think that it is wise, as an illustrative exercise, to 

exclude the few projects with sometimes extremely high costs, precisely because they 

are small in number and exceptions in terms of costs and because they have been set up 

as simulation studies within the framework of already existing bilateral or multilateral 

co-operation programmes which did not so much focus on cost-effectiveness. 

 

Table 4.4 JI credit (ERU) costs by project type with 50% less additionality 

($/tCO2-eq) 

 

Project type Average N Minimum Maximum 

 

Afforestation $3 1 $3 $3 

Energy efficiency $283 29 $1 $1,495 

Forest preservation $37 1 $37 $37 

Forest reforestation $19 1 $19 $19 

Fuel switching $561 3 $136 $1,405 

Renewable energy $79 30 $0.03 $586 

Total $189 65 $0.03 $1,495 
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Given this critical level, the resulting average low-cost JI credit costs, as 

portrayed in Table 4.5, amounts to about 26 $/tCO2-eq (with a minimum of 0.03 

$/tCO2-eq and a maximum of 90 $/tCO2-eq). Including banking in JI Article 6 would 

reduce its price to 20 $/tCO2-eq (with a minimum of 0.01$/tCO2-eq and a maximum of 

95 $/tCO2-eq). 

Trexler and Kosloff (1998) correctly state that ‘... the issues associated with 

offset quantification and verification (...) clearly could have significant implications for 

the scope and cost-effectiveness of JI opportunities’ (Trexler and Kosloff, 1998: 36). 

The calculations and remarks made above provide an illustration of the potential effects 

of current and alternative institutional arrangements on the cost-effectiveness of 

possible JI projects. However, the numbers presented should be viewed with caution, 

because the underlying data are incomplete, fragmented and only partly representative 

of future JI projects and because several simplifying assumptions had to be made to 

calculate the cost figures.   

 

Table 4.5 Low-cost JI credit (ERU) costs by project type ($/tCO2-eq) 

 

 

 

Without banking With banking 

Project type Average N Average N 

 

Afforestation $3 1 $1 1 

Energy efficiency $38 16 $34 25 

Forest preservation $18 1 $7 1 

Forest reforestation $19 1 $7 1 

Fuel switching $69 2 $27 2 

Renewable energy $17 26 $10 28 

Total $26 47 $20 58 
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Nevertheless, it could be demonstrated that the absence of pre-budget banking in 

the Kyoto Protocol is an institutional limitation that considerably lowers the cost-

effectiveness of Eastern European projects when comparing AIJ to JI. Of course, 

crediting such early JI action would enhance the financial attractiveness of JI projects, 

but at CoP7 in Marrakesh in 2001 the Parties reconfirmed that ‘(…) projects starting as 

of the year 2000 may be eligible as Article 6 projects [but] ERUs shall only be issued 

for a crediting period starting after the beginning of the year 2008’ (CP, 2001b: 6).  

The specific determination of additionality in relation to the economic lifetime 

of a project also appears to have a significant impact on the cost-effectiveness of JI. 

Moreover, the AIJ figures suggest that JI is likely to incorporate various low-cost 

options, in particular in the field of forestry and renewable energy projects. 

Nevertheless, the next subsection will show that the low-cost potential in developing 

countries is even bigger, although the cost-effectiveness of such projects will be 

affected by the particular institutional arrangements of the CDM.  

 

4.4.2 Banking, sinks and low-cost options under the CDM 

 

While banking is not possible under JI, the emission reduction credits resulting from 

CDM projects between 2000 and 2008 can be banked to use them for the commitment 

period (Article 12.10). However, the legal scope for using forestry projects in 

developing countries are much smaller, because only forest management is restricted 

under JI, whereas the CDM totally excludes forest management and also restricts 

afforestation and reforestation projects (CP, 2001a).  

In this subsection the emission reduction costs of AIJ projects in developing 

countries will be used to demonstrate the potential impact of institutional arrangements 

on CDM cost-effectiveness. To incorporate the aforementioned design features of the 

CDM in our calculations in a straightforward fashion, the AIJ projects in developing 

countries will be considered as if they were all credited projects starting in or before 

2000 with a lifetime of at least 13 years. The credit costs for forestry projects are 

initially excluded from the analysis in accordance with Article 12. The formula for the 

CDM emission reduction cost including banking, is: 
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 i / ((e / d) * 13),        (4) 

 

where i = invested amount ($), e = emission reduction (tCO2-eq) and d = duration 

period (in years).  

 

Table 4.6 gives an illustration of the potential effect on costs by project type according 

to this formula. In these calculations, sinks are left out completely. The average CDM 

emission reduction cost is about 158 $/tCO2-eq with a minimum of 0.5 $/tCO2-eq and a 

maximum of 593 $/tCO2-eq. This average CDM abatement cost figure is much higher 

than the average reported emission reduction costs and average unadjusted cost figures 

for AIJ projects in non-Annex I countries, found before, of 40 $/tCO2-eq and 63 $/tCO2-

eq respectively. This higher figure for the CDM is mainly caused by the fact that the 

lifetime of a project in a non-Annex I country is higher (on average 23 years) than the 

relevant length of institutional validity (13 years). It should also be noted here that the 

number of projects in these calculations is relatively small (N=14), especially when 

leaving out forestry projects. This has made the analysis sensitive to a limited number 

of extremely expensive (renewable energy) projects pushing up the cost figure in Table 

4.6. These projects will be left out in the calculations of the low-cost CDM options later 

on. 

 

Table 4.6 CDM credit (CER) costs by project type  

including banking and excluding sinks ($/tCO2-eq) 

 

Project type Average N Minimum Maximum 

 

Agriculture $4 1 $4 $4 

Energy efficiency $6 4 $0.5 $15 

Renewable energy $243 9 $5 $593 

Total $158 14 $0.5 $593 
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Similar to the former section on JI, a sensitivity analysis is carried out for the 

CDM to illustrate, first, the effect on emission reduction costs if sink enhancement 

projects are included, and, second, the low-cost options in developing countries. 

Including all potential sink options (during the AIJ pilot phase mainly forestry) in the 

tentative calculations raises the number of projects under consideration from 14 to 23. 

As can be seen in Table 4.7, including sink projects reduces the average emission 

reduction costs of CDM-like projects in non-Annex I Parties from 158 $/tCO2-eq (Table 

4.6, without sinks) to 103 $/tCO2-eq. On average, reforestation projects (whose use is 

rectricted) and forest preservation projects (whose use is forbidden) are respectively 3 

and even 50 times cheaper than the average simulated CDM emission reduction costs. 

Nevertheless, the number of projects is much too small to ascribe a solid numerical 

value to these calculations, which rather indicate that the in- or exclusion of sinks is 

important for the cost-effectiveness of the CDM.  

 The large economic potential of sinks illustrates the difficult trade-off that has 

been made by excluding forestry options largely from the CDM (CP, 2001a). 

Apparently, the CoP gave priority to environmental effectiveness. Use of sinks was 

limited, because the perception dominated that the technical methodologies are not 

sufficiently developed to make sure that the carbon sequestration of maintaining 

existing forests is calculated and monitored adequately. Since CDM host countries do 

not have a national emission target, it was feared that allowing sinks, in particular CDM  

 

Table 4.7 CDM credit (CER) costs by project type including sinks ($/tCO2-eq) 

 

Project type Average N Minimum Maximum 

 

Agriculture $4 1 $4 $4 

Energy efficiency $6 4 $0.5 $15 

Forest preservation $2 5 $1 $4 

Forest reforestation $35 4 $1 $123 

Renewable energy $243 9 $5 $593 

Total $103 23 $0.5 $593 
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projects aimed at protecting existing forests, could lead to non-additional credits, 

thereby inflating the overall emission ceiling of Annex B Parties. Furthermore, sinks do 

not facilitate technology transfer. 

Figure 4.3 depicts the average AIJ emission reduction price in non-Annex I 

countries as reported by the project partners, the unadjusted and adjusted CDM 

emission reduction unit costs in accordance with the Kyoto Protocol and potential CDM 

credit costs including a full-scale use of sinks.   

 

Figure 4.3 CDM credit (CER) costs including sensitivity analysis ($/tCO2-eq) 
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Similar to the previous section on JI, a low-cost simulation is carried out for the CDM 

region by assuming that investors will only be interested in projects with emission 

reduction costs lower than a certain critical level of, say, 100 $/tCO2-eq. We have 

chosen this (somewhat arbitrary) level again, because a lower level would exclude too 

many projects from the analysis, thereby diminishing its robustness, whereas a higher 

level would be rather unlikely given the potential presence of alternative and cheaper 

investment options in developing countries and in Central and Eastern Europe.  

 188



Part II   Institutional Barriers and Opportunities 

The resulting average low-cost figure for CDM projects, using AIJ data, would 

be as low as 9 $/tCO2-eq (with a minimum of 0.5 $/tCO2-eq and a maximum of about 

28 $/tCO2-eq). Including sinks in CDM Article 12 would then enhance its cost-

effectiveness even further to 6 $/tCO2-eq (with the same minimum and maximum). 

These numerical illustrations also indicate that agriculture and forestry (particularly 

forest preservation), albeit their use is restricted under the CDM, are among the most 

cost-effective GHG emission reduction options in developing countries. However, it 

may be difficult for investors to actually implement potential low-cost GHG emission 

reduction projects in developing countries, among other things, because the 

informational, institutional and infrastructural constraints are higher in developing 

countries than in Annex I countries (Davidson and Sokona; 1999; Karani, 1997).  

An enlargement of the scope for sinks under Article 12, which would increase 

the cost-effectiveness of the CDM, is not only a technical issue (about the complexities 

of calculating and monitoring carbon sequestration in sinks), but also a political issue. 

Some countries (such as China) have argued against including sinks in the CDM not 

only for social and environmental reasons, but mainly because they fear that the 

relatively low cost of sinks projects may displace technology-oriented CDM projects. 

The Umbrella Group (including countries like the US, Australia, Japan and the Russian 

Federation) was generally in favour of including sinks under the CDM, whereas the EU 

was more reserved. At CoP6 Part II in Bonn in 2001, the EU gave up its 

supplementarity proposal of quantitatively restricting the use of the Kyoto Mechanisms 

in return for (among other things) limitations on the use of sinks.   

 The calculations and remarks made above provide an illustration of the potential 

effects of a limited number of current and alternative institutional arrangements on the 

cost-effectiveness of possible CDM projects. It appeared, among other things, that the 

amount and scope of AIJ projects in developing countries is yet too limited to make 

solid projections of the costs of possible future CDM projects. Furthermore, the 

numbers presented should be viewed with caution, because the underlying data are 

incomplete, fragmented and only partly representative of future CDM projects.  

The CDM has a competitive advantage over JI because of the banking provision 

in Article 12. Particularly, the AIJ figures suggest that the CDM is likely to incorporate 

the cheapest options available, in particular in the field of agriculture and forestry. 
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However, this low-cost potential can only be used to a full extent if decision-makers 

decide to increase the legal scope for sinks under the CDM and find ways to keep the 

transaction costs for investors low, while at the same time supporting a capacity 

building process to facilitate the development, maintainance and monitoring of such 

projects as well as the transfer of technologies.  

 

4.5 Cost-Effectiveness of IET 

 

Several emissions trading market simulations assume full sector coverage (e.g. Haites, 

1998), although some studies also start to build models with only a few sectors included 

in the scheme now that the political process is moving to the implementation stage (e.g. 

Boots, 2001). If fewer sectors in the economy are included than assumed in the permit 

trading ‘blue-print’, for instance because politicians want to facilitate incremental 

change and administrative learning, the economic potential for cost-savings during the 

first commitment period becomes smaller. 

 

4.5.1 Cost-effectiveness and domestic permit trading design options 

 

International permit trading requires the development of domestic permit trading 

schemes, which can be connected internationally if countries meet certain pre-defined 

eligibility criteria (for instance with respect to permit definition, compliance and 

emission registration and accounting). This raises the obvious albeit crucial question of 

who will be permit holders. There are four general options available for the design of a 

domestic trading system that have different consequences for its cost-effectiveness (cf. 

Jepma et al., 1998; Zhang, 1998c): 

• downstream trading system; 

• upstream trading system; 

• hybrid trading system; 

• mixed trading system.  
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The regulated entities in a downstream trading system are all energy end-users. The 

government allocates permits to small emitters (such as households and motorists) as 

well as large emitters (such as utilities and industrial sources). If all emission sources 

are included, a large scope will exist for competition, thereby increasing the likelihood 

of achieving cost-effectiveness and decreasing the possibility of market power. 

However, administrative costs could be high, not only with regard to allocating the 

permits to small sources and the transport sector, but especially with regard to 

monitoring their emissions and trading patterns. To lower administrative costs, Nentjes 

(1998) proposes to allocate an amount of permits to each category of small emitters, 

such as households and motorists, proportional to its historical share in total emissions 

in a reference year. The individual users within each category of small emitters, for 

example households, receive an amount of permits proportional to its CO2 emissions 

resulting from average fuel use per adult person in a reference year. People living in 

small, well-isolated apartments and people without a car, for instance, will end up with 

a permit surplus at the end of the year, which can either be sold or banked (to cover 

emissions next year or later). When purchasing fuel or energy, emitters have to hand 

over their permits to the producers and importers that sell fuel and energy. This means 

that monitoring can concentrate on the level of producers and importers (instead of 

small sources), which lowers administrative costs (e.g. Woerdman et al., forthcoming 

(b)). How this alternative works is explained in the next subsection.  

In an upstream trading system permits are allocated to fossil fuel producers and 

importers. They will pass on their permit costs in a mark-up on the fuel price for both 

small emitters (such as households and motorists) and large emitters (such as utilities 

and industrial sources). For consumers, this will look much like some sort of ‘carbon 

tax’. Administration is facilitated by the relative small number of permit holders, while 

existing institutions for levying excises on fossil fuels can be used to enforce the 

scheme. Theoretically, a smaller amount of permit holders reduces market liquidity, 

tightens the scope for efficiency gains and could also increase the risk of market power 

relative to the downstream approach. In practice, however, the number of permit 

holders is still likely to be sufficient to avoid market power: in a small country such as 

the Netherlands, for instance, the number of producers and importers of fuel is about 40 

to 50 (Koutstaal, 1997).  
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In a hybrid trading system, a part of total permits is allocated to fossil fuel 

producers and importers, as in an upstream trading system, who put a mark-up on the 

fuel price for small emitters (such as households and motorists) equal to their permit 

costs, while large emitters (such as utilities and industrial sources) receive permits 

directly, as in a downstream trading system. This means that a hybrid trading system 

has a moderate performance relative to downstream and upstream trading systems in 

terms of administrative costs (lower than in a downstream system, higher than in an 

upstream system). The trading scheme for large emitters must be connected with the 

scheme for fossil fuel producers and importers to avoid inefficiencies. A complexity of 

a hybrid system that increases administrative costs is the necessity to avoid double 

counting (Hargrave, 2000). Fuels consumed by the large sources included in the trading 

program must be exempt from the indirect fuel tax that is put on the fuel price by the 

producers through the upstream system.  

In a mixed trading system permit holders are large emitters (such as utilities and 

industrial sources) as in a downstream system, but small emitters (such as households 

and motorists) are regulated with other instruments, such as taxes, standards or 

voluntary agreements. Although command-and-control and voluntary agreements can 

be effective, depending on the quality of information and enforcement, they are not 

efficient. Furthermore, taxation is efficient, in principle, and it induces certainty with 

respect to the price of emission reduction in the form of the tax rate. However, taxation 

is not necessarily effective due to the trial-and-error tax adjustments induced by 

imperfect knowledge of the marginal costs of emission reduction of the individual 

emission sources. Standards or taxes for small emitters could put the government at risk 

of high costs or non-compliance with its emission commitments respectively. Moreover, 

combining tradeable permits for large emitters with taxation for small emitters creates 

the inefficiency of two prices (tax level and permit price).  

A mixed trading scheme was in fact proposed by the EU in a Green Paper that 

foresees to start with EU-wide experimental permit trading by 2005 (COM, 2000a). The 

EU suggests to start with permit trading among large (instead of small) emitters first, 

such as electricity producers. A reason not to start with a comprehensive scheme is to 

deal with uncertainties and complexities and to facilitate learning by following ‘a 

prudent step-by-step approach’ (COM, 2000a: 10). The EU also proposes to maintain 
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standards for the household and transportation sectors, at least initially, and to study the 

possibility of credit trading and taxation further. If the latter sectors are not incorporated 

in the permit scheme, the cost-effectiveness potential decreases relative to a full-sector 

coverage. The characteristics and (dis)advantages of the domestic emissions trading 

options presented above are summarized in Table 4.8. 

The interaction between the trading system design options and the possible 

allocation methods raises an additional distributive issue with equity considerations for 

decision-makers, because the choice between (a combination of) grandfathering and 

auctioning may depend on the choice between the different design possibilities 

(downstream, upstream, hybrid or mixed) for a domestic permit trading system.  

Grandfathering permits (free allocation) implies that emitters only have to pay 

for the additional costs of emission reduction and not for their emissions as in the case 

of auctioning. Consequently, as will be explained in detail in chapter 6 and 7 of this 

book, auctioning permits would increase expenditures for emitters by affecting their 

financial position relative to grandfathering (see also Woerdman, 2000a). Suppose that 

permits are grandfathered to small emitters, as in a downstream trading system, and/or 

to large emitters, as in a downstream, hybrid and mixed trading system. In those cases it 

could be maintained that gratis permits are a compensation for the costs end-users have 

to make to reduce emissions. Some argue that the owners of existing plants are then 

compensated for the ‘stranded costs’ they bear as a result of the new requirement to 

reduce emissions with the introduction of climate policy (e.g. Harrison and Radov, 

2002).  
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Table 4.8 Design options for domestic permit trading  

 

 

 

Downstream Upstream Hybrid Mixed 

Permit 

receivers 

- Large emitters 

- Small emitters 

 

Fossil fuel 

producers and 

importers  

(mark-up price 

for large and 

small emitters) 

- Large emitters 

- Fossil fuel 

   producers and 

   importers 

  (mark-up price 

  for small 

  emitters) 

- Large emitters 

- Taxes / standards 

  for small emitters 

Advantages Large number of 

traders increases 

scope for 

efficiency gains 

and reduces risk 

of market power  

Small number 

of sources 

reduces 

administrative 

costs 

Moderate 

number of 

sources reduces 

administrative 

costs (albeit 

higher than in 

upstream 

system) 

Effective and 

efficient policy for 

large emitters and 

certainty of price 

of emission for 

small emitters 

Disadvantages Large number of 

sources may 

increase 

administrative 

costs, but 

upstream 

monitoring 

alleviates this 

potential 

problem 

Mark-up price 

looks like 

‘carbon tax’ 

and small 

number of 

traders reduces 

scope for 

efficiency 

gains 

Large emitters 

must be 

exempted from 

mark-up price 

(‘carbon tax’) to 

avoid double 

counting, which 

increases 

administrative 

costs 

High risk of 

ineffective (taxes) 

and inefficient 

(standards) policy 

for small emitters 

as well as the 

inefficiency of two 

prices (tax level 

and permit price) 
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However, grandfathering permits to fossil fuel producers and importers 

(although this gives the same efficiency results as auctioning) may not be desirable 

from the perspective of the end-users according to the compensation principle of equity 

(cf. Rose and Stevens, 1993). With auctioning, fossil fuel producers and importers have 

to pay for the potential emissions contained in the fossil fuels they sell. This additional 

cost is transferred to consumers as a mark-up on fuel equal to the permit price. With 

grandfathering, consumers pay a higher fuel price because an emission ceiling creates 

scarcity and fossil fuel producers and importers can make a profit because they have 

received the permits for free without having to make the costs of reducing emissions.  

The aforementioned profit is undesirable on the basis of the end-user 

compensation principle of equity. It implies that if upstream or hybrid trading systems 

are developed (design choice), they should incorporate auctioning (allocation choice) 

for fossil fuel producers and importers. This view is defended, for instance, by Hargrave 

(1998). The interaction between the choice of trading design and the subsequent choice 

of permit allocation from an end-user compensation perspective is summarized in Table 

4.9. 

 

Table 4.9 Interaction between design and allocation choices  

according to the end-user compensation principle of equity  

 

Choice 1: design Choice 2: 

allocation Downstream Upstream Hybrid Mixed 

Grandfathering 

permits 

- Large emitters 

- Small emitters 

 Large emitters Large emitters 

Auctioning 

permits 

 Fossil fuel 

producers and 

importers 

Fossil fuel 

producers and 

importers 

 

Tax / standard    Small emitters 
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4.5.2 Downstream permit trading with upstream monitoring 

 

Although a downstream permit trading scheme is efficient, it could involve high 

administrative costs to (allocate permits and) monitor many sources. One alternative to 

bring down these costs is sketched by Woerdman et al. (forthcoming (b)), which builds 

upon Koutstaal (1997) and Nentjes et al. (2002). Contrary to the common view (e.g. 

Butzengeiger et al., 2001; Anderson et al., 1999a; Hamilton, 1998; Hargrave, 1999, 

1998), a downstream system which directly incorporates firms as well as households 

and car drivers can well be administratively feasible by concentrating the monitoring 

activities as much as possible on the level of fossil fuel producers and importers 

(upstream) and by using a generic allocation criterion and chipcard technology for 

households and car drivers (downstream). The outline of such a ‘downstream trading 

and upstream monitoring’ approach that focuses on restricting fuel use is sketched 

below.  

The allocation of an amount of permits to each category of emitters, such as 

households or firms, could be proportional to its historical share in total emissions in a 

reference year. The individual users within each category of small emitters, for example 

households, receive an amount of permits proportional to its CO2 emissions resulting 

from average fuel use per adult person in a reference year. For every ton of fossil fuel a 

firm or household purchases from distributors, it has to hand over an equivalent number 

of carbon permits. Distributors in turn can only obtain fuels from their suppliers in 

exchange for carbon permits. In this way all permits will end up in the hands of 

producers and importers of fuel, including the permits purchased by distributors to 

cover their fuel supply to consumers and other small users. Producers and importers of 

fuel are placed under the obligation to turn over to the environmental authorities carbon 

permits for the carbon contained in the fossil fuels they have sold on the market.  

 Permit allocation occurs downstream, but monitoring of emissions (fuel sales) 

and checking whether they match with permits concentrates upstream on producers and 

importers of fuel whose number is usually limited (in the Netherlands about 40 to 50 

(Koutstaal, 1997)). The bookkeeping of these fuel producers and importers is checked at 

the end of the emission year. It is determined how many permits are actually present 

and how many they should have by calculating the number of required permits on the 
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basis of the administration of fuel sales. In the case of a determined shortage of permits, 

the fuel producer or importer gets one month to obtain (and thus buy) the necessary 

permits. If it is not able or willing to do so, the company receives a fine which is a 

multiple of the highest expected market price, while it remains obligatory for the 

company to hand over the lacking permits to the authorities.  

 The system is to a large extent self-enforcing. In this design, fuel producers and 

importers (as well as distributors) have an interest to receive the correct number of 

permits alongside their fuel sales: the supplier does not want to deliver fuel without the 

transfer of permits by the buyer. It is not necessary that the national agency monitors 

the millions of fuel users, which brings down the costs of monitoring and enforcement. 

The monitoring scheme fits in with existing institutions for levying excises on fossil 

fuels, present in most Western countries. For instance in the Netherlands, traders and 

suppliers of mineral oils are obliged to have a license and to report each month the 

quantity they have supplied to the market, while they have to turn over the excise tax to 

the authorities. This administrative system of self-reporting is supplemented by 

occasional physical checks (Koutstaal, 1997).  

Permits can not only be grandfathered to (big and small) firms, but also to 

households. The large number of households incorporated in the trading scheme makes 

market power unlikely. These end-users receive in the beginning of the year the permits 

(‘user rights’) for the coming year for stationary and mobile sources together on their 

permit account. The national permit agency, where all participants are registered, also 

sends a chipcard. (Instead of sending a separate chipcard it might be possible to 

combine it with existing chipcards from banks). Households can uprate the chipcard at 

the expense of their permit account. In principle, it is also possible to grandfather 

permits to the distributors who will pass on the permit costs in a mark-up on the fuel 

price, thereby avoiding allocation to households. However, as indicated in the previous 

subsection, grandfathering is then not likely to be politically acceptable, because it 

would create a profit for the distributors (companies like Shell etc.), while the 

consumers pay for the emission reductions. Households are better-off if they (instead of 

the distributors) get permits for free, not only because they receive a wealth transfer, but 

also because it enables consumers to make a profit by selling permits if they succeed in 

using less energy and fuel. 
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When purchasing fuels, the end-user has to transfer an amount of permits (which 

corresponds with the carbon content of the acquired fuel) to the permit account which 

the distributor holds at the national permit agency. For the mobile sources the transfer 

occurs by using the chipcard which households can fill by lowering their permit 

account. An alternative is a permit pincard which enables permits to be transferred 

directly from one’s own account to the fuel supplier. Upgrading or writing off from the 

account is only possible in the case of a positive permit balance. A car driver who buys 

fuel can choose to transfer part of his own permits himself or buy the fuel with a mark-

up price which reflects the price of permits that the distributor has bought as a kind of 

service for customers (for instance for those clients that have forgotten to take their 

chipcard or pincard with them). For stationary sources the transfer of permits is enacted 

by connecting the permit transfer to the mailing of the yearly gas- and electricity bill of 

the distribution company. If a household does not have a sufficient number of permits 

the distributor has the right to buy the required permits and to recover the costs from the 

client.  

 When a car driver goes to the cash desk, he or she not only pays the money for 

filling up the tank with fuel, but also transfers an amount of permits (which corresponds 

with the carbon content of the acquired fuel) to the permit account which the distributor 

holds at the national permit agency. At filling stations and at other strategic places 

machines are installed where one can electronically upgrade the permit chipcard (buy) 

or write off from the permit chipcard (sell) at the current market price. The automated 

machines are exploited by companies who trade professionally in carbon permits. The 

current market price arises from the transactions of and between the permit trading 

companies. At the end of the year the national agency establishes for every user unit the 

balance of the permit account. This is equal to: grandfathered permits (via chipcard or 

account) plus the purchased permits minus the permits sold minus the permits used and 

transferred. This balance can be positive, but not negative. The positive balance is 

added to the permit account for the next year. These can be sold by the account holder 

or they can be kept as an investment.   

 The introduction of the permit chipcard requires investments in automated 

machines and a telecommunication network. The investment costs are comparable to 

the costs of installing a pincard or chipcard system of a bank with millions of account 
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holders. Possibly, these costs can be shared between the permit registry and the banks 

when the permit chipper is combined, if desirable, with other existing chipcards from 

banks. The large-scale character and the intensive use of the machines will result in low 

costs per transaction. Next to the aforementioned costs of the chipcard technology 

(depreciation, interest and exploitation), the time costs of the extra permit action have to 

be taken into account when paying the fuel bill at the filling station.   

 The domestic implementation costs consist of the registration of the participants 

as well as the yearly allocation of permits and mailing of chipcards. For European 

countries, we roughly estimate this to be several million euro’s, which implies a few 

euro’s per chipcard. The monitoring focuses on the limited number of car fuel importers 

and producers who already have a detailed administration of their fuel sales for 

commercial and fiscal reasons. The monitoring costs will therefore be limited to no 

more than several millions of euro’s. The political process will certainly induce set-up 

costs, but these are unavoidable and necessary to reap the environmental and economic 

benefits of a running permit trading scheme. In Versteege and Vos (1995) it is estimated 

that the preparation time of a tradeable permit scheme for SO2 and NOx emissions for 

the energy-intensive sectors amounts to seven years. If, to simplify, we also use this as 

an indicator for such a scheme including CO2 emissions and assume that per year ten 

man years are devoted to its preparation, the total preparation costs are a few million 

euro’s.  

To summarize, administration costs can be kept low by distributing the permits 

to large and small end-users (the latter via a generic allocation criterion) and by using 

chipcard technology for households and car drivers (downstream), as well as by 

concentrating monitoring and enforcement on the level of fossil fuel producers and 

importers where all permits end up (upstream). For car drivers the permit transfer 

occurs by using a chipcard which they can fill by lowering their permit account. For 

households the permit transfer is connected to the mailing of the yearly gas- and 

electricity bill of the distribution company. The high number of traders makes market 

power unlikely. This particular design, which combines downstream and upstream 

elements, is technically feasible and economically desirable. Whether it is also 

politically acceptable, causing a ‘break-out’, depends on several factors, in particular 

the willingness of the industry to accept emission limits and the willingness of 
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households and politicians to accept market instruments for environmental policy. The 

legal and cultural barriers that partly underly this (un)willingness will be discussed 

thoroughly in later chapters.  

 

4.6 Cost-Effectiveness and Market Prices 

 

To make international permit trading possible, it is necessary to develop domestic 

permit trading schemes first. The previous section mainly focused on the design and 

cost-effectiveness of such national schemes. These could eventually be connected 

(under conditions sketched in this and the first chapter) to create an international market 

(Zhang and Nentjes, 1999). If all the entitlements under the Kyoto Mechanisms are 

fully interchangeable and defined in dollars per ton of CO2-equivalent, their price will 

converge, leading to one single international market price (Holtsmark and Alfsen, 

1998). This also means that these entitlements will compete on an international carbon 

trading market and that entitlements which are too costly will not be created and/or 

purchased. The aim of this section is not to compare IET to JI and CDM, but to gain 

insight into the supply and demand in an international JI/CDM/IET market as well as 

into (institutional) factors that would lower or raise the market price. 

 To make the step from costs to prices, let us first recapitulate some of the main 

cost figures found in preceding sections. Some of those sections contained a micro-level 

analysis of GHG emission reduction costs based on the experience and data from the 

AIJ pilot phase to provide both qualitative and quantitative illustrations of the potential 

effects of current and alternative institutional arrangements on the cost-effectiveness of 

JI and CDM projects by using uniform formulas. A few key numerical results – keeping 

in mind that the AIJ pilot phase (for reasons described before) is only to a limited extent 

representative for JI and the CDM – are summarized in Table 4.10. 

 

 200



Part II   Institutional Barriers and Opportunities 

Table 4.10 Some alternative institutional arrangements and credit costs  

($/tCO2-eq)  

 

Average unadjusted AIJ unit costs $ 46 

Kyoto Mechanism JI CDM 

Entitlement ERU credit (Article 12) CER credit (Article 6) 

Indicator Adjusted AIJ unit costs 

developing countries 

Adjusted AIJ unit costs  

Central / Eastern Europe 

Average costs all 

- current design 

- alternative design 
 

Average low-cost (unit costs < $ 100) 

- current design 

- alternative design 

 

$ 97 (sinks, no banking) 

$ 37 with banking 

 

 

$ 26 (sinks, no banking) 

$ 20 with banking 

 

$ 158 (banking, no sinks) 

$ 103 with sinks 

 

 

$ 9 (banking, no sinks) 

$ 6 with sinks 

 

 

However, we have already stressed in a previous section that such potential credit costs 

should not be mistaken for credit prices. The invested amounts per unit of emission 

reduction (the so-called unadjusted AIJ unit costs or ‘credit’ costs) are unlikely to be 

exactly equal to the price for which the credit will be sold, which will rather be 

determined by supply and demand in a global GHG offset market (e.g. Jansen et al., 

1999). This means that the JI and CDM cost figures derived above cannot simply be 

compared with equilibrium prices derived from supply and demand studies. 

Nevertheless, in this section the micro-analysis performed above is complemented with 

a macro-perspective. This exercise not only emphasizes this incomparability, but also 

gives us some idea of the potential market price of both credits and permits, while 

paying attention to the (institutional) conditions under which this market price may rise 

or fall.  
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4.6.1 An overview of market price studies 

 

Already in 1991 Nordhaus presented an overview of studies on the cost of slowing 

climate change. With the help of different models, such as econometric and 

optimization exercises, tax rates needed to reduce CO2 emissions with a certain 

percentage were assessed: a rate of no more than 8 $/tCO2 was then considered 

necessary to reduce CO2 emissions by 10 percent or less (Nordhaus, 1991: 50). In this 

subsection, we present an overview, as summarized in Table 4.11, of a number of more 

recent studies that calculate potential CO2 trading prices under different market scales 

(cf. Jepma et al., 1998). In Table 4.11 it is assumed that all trading partners would have 

an emission ceiling: in four studies this also includes the developing countries. The 

projected CO2 equilibrium prices in our survey vary between 10 and 40 $/tCO2 with an 

average price of about 20 $/tCO2. Surveys that include different studies contain other 

price ranges including lower figures (e.g. Varilek and Marenzi, 2001) and higher figures 

(e.g. Baron, 1999b). Ciorba et al. (2001) interpret this wide range of equilibrium permit 

prices as a caveat of economists to provide reliable numerical results. 

 The Kyoto Protocol has Annex B as trading scale for JI and IET, and Annex B 

and the developing countries (non-Annex I) for the CDM, with a total emission 

reduction target for Annex B countries of minus 5.2 percent. Some model assumptions 

seem to come relatively close to this formal target, such as those of the general 

equilibrium model called ‘G-Cubed’ or those of the US White House Council of 

Economic Advisers, estimating an average permit price of about 10 $/tCO2 (McKibbin 

et al., 1998) and 40 $/tCO2 (Yellen, 1998) respectively. In our collection of models, a 

world-wide market that includes the CDM potential has a price below 20 $/tCO2. 

Although it may be tempting to compare these market price projections with the 

average AIJ emission reduction cost calculated before at $46/tCO2-eq (see Tables 4.2 

and 4.10), such a comparison is methodologically incorrect: the market price will be 

equal to the marginal cost of the most expensive project, which is higher than this 

average cost figure of (cheap and expensive) AIJ pilot phase projects.  
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Table 4.11 Potential CO2 market prices 

 

 

Market price: 

($/tCO2) 

 

Trading scale: 

 

Target: 

(for 2010 on 1990 

levels) 

 

Model or author: 

 

10 

10 

12 

14 

19 

19 

20 

23 

30 

40 

 

World-wide 

Annex B 

World-wide 

Annex B 

World-wide 

World-wide 

EU 

Annex B 

Annex B 

Annex B 

 

- 5.2 % 

- 5.2 % 

- 5.2 % 

- 5.2 %   

- 5.2 % 

- 5.2 % 

- 10 % 

- 5.2 % 

- 20 % in 2020 

- 5.2 % 

 

(1) Haites (1998) 

(2) G-Cubed (1998) 

(3) Hamilton (1998) 

(4) IIASA/WEC (1998) 

(5) MERGE (1998) 

(6) Mauch et al. (1999) 

(7) PRIMES (1998) 

(8) IEA (1999) 

(9) ECON (1997) 

(10) CEA (1998) 

 

Key: 

EU = European Union; Annex B = OECD (US and EU) and CEE (Central and Eastern Europe); 

World-wide = all nations of the world (Annex B + developing countries).  

 

Note:  

(1) supply-demand estimate based on IEA 1998 emission projections, assuming full trade 

including JI/CDM without banking, source: Haites, 1998; (2) permit price of 37 $/tC = 10 

$/tCO2, multi-region/multi-sector general equilibrium model, assuming 88% of each country’s 

mitigation effort is met through reducing fossil fuels, source: McKibbin et al., 1998; (3) supply-

demand estimate, including JI/CDM although sinks and CERs are not allowed to exceed 20% of 

the assigned amount of Annex B Parties, source: Hamilton, 1998; (4) optimistic permit price 

estimate of 50 $/tC = 14 $t/CO2 assuming a moderately competitive market, based on Global 

2100 and Message III models, source: Victor et al., 1998; (5) permit price of 70 $/tC = 19 

$/tCO2, bottom-up/top-down general equilibrium model, ‘Kyoto Forever’ scenario in which the 

Protocol’s QELRCs are maintained until 2100, source: Manne and Richels, 1998; (6) supply-

 203



Chapter 4   Institutions and Cost-Effectiveness of the Kyoto Mechanisms 

demand estimate including JI/CDM, assuming 70% of the commitments have to be fulfilled 

domestically, unrestricted trading price estimate is 13 $/tCO2, source: Mauch et al., 1999; (7) 

eight largest EU countries with burden sharing, permit price is 40 Dfl/tCO2 = 20 $/tCO2, source: 

Duijse et al., 1998; (8) estimate of 85 $/tC = 23 $/tCO2, partly based on studies by OECD and 

EMF, source: IEA, 1999; (9) estimate of 109 $/tC = 30 $/tCO2, source: Moe, 1997; (10) US 

White House Council of Economic Advisers (CEA), trading within Annex B under Kyoto 

Protocol commitments, permit price estimate between 30 and 50 $/tCO2 with average of 40, 

world-wide trading lowers permit price between 14 and 23 $/tCO2, source: Yellen, 1998.  

 

 

It is also important to realize that most of the models mentioned in Table 4.11 do not 

contain the characteristic institutional arrangements of the Kyoto Protocol that are the 

focus of this chapter (such as limits on sinks and banking) and assume that transaction 

costs are absent, information is complete and competition is perfect (e.g. Hanley et al., 

1997). Moreover, those models assume that domestic trading systems are interlinked 

and compatible. This is not (yet) the case with respect to the emerging different trading 

schemes with, for instance, mandatory emission ceilings in Denmark (albeit with low 

financial penalties for non-compliance) and voluntary caps in the UK, which 

Rosenzweig et al. (2002) refer to as ‘concurrent policy-making’ leading to a fragmented 

market that underutilizes the international cost-saving potential.  

Although in a hypothetical market for international GHG emissions titles 

investors are assumed to buy the cheapest title first, other considerations may also play 

a role in investment decisions. Firstly, a Party may decide to invest in a specific country 

with relatively high emission reduction costs just to enter a new market by means of a JI 

or CDM project, for example for long-term technology export purposes. Secondly, 

spatial distance may create a ‘bias’ in project-based investments. For example, Canada 

may focus disproportionately on Latin America, Japan on Asia, and the EU on Central 

and Eastern Europe. Such behaviour could be advantageous as it appeared that countries 

which have concentrated their AIJ investments in the same country, region or sector, 

have been able to reduce transaction costs (Schwarze, 1998; Ellis, 1999b). Thirdly, JI 

and CDM investment decisions may be (partly) based on political considerations. 

Examples are investments in politically favoured developing countries or a policy to 
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intensify general trading relations with certain host countries, such as Eastern European 

countries with an eye on their future accession to the EU.  

Although the market price figures presented in Table 4.11 should only be 

considered as a sample of best guess approximations of the market price in a GHG 

offset market based on perfect competition, it could be tempting to suggest that JI and 

CDM projects may be relatively expensive: the average JI cost figure (without banking) 

amounts to 97 $/tCO2 and the CDM cost figure (without sinks) to 158 $/tCO2, whereas 

the price estimates considered in Table 4.11 are lower than these cost figures. However, 

we have already argued before that such a comparison is methodologically incorrect, 

among other things, because the average project costs are only to a limited extent 

representative of the marginal costs of future JI and CDM options which make them 

incomparable with the marginal costs in the models. Furthermore, the average cost 

figures of AIJ projects are somewhat skewed upwards due to the inclusion in the pilot 

phase of a few relatively expensive projects that were not so much selected for their 

cost-effectiveness, but rather for the purpose of gaining technical and institutional 

experience and information. Removing the latter projects from the sample resulted in 

much lower cost figures ($26 and $9 per tonne for JI and CDM respectively, see Table 

4.10), which come much closer to the potential market prices found in Table 4.11.  

Finally, not only market price, but also market size matters. In a scenario with 

no limits on trade, Zhang (2000b) calculates that about 292 MtC can be traded under the 

CDM compared to 157 MtC emissions trading and JI that includes 105 MtC hot air 

trading. In an overview of market size studies, Zhang (2000b) concludes that the CDM 

could make up 10 to 58% of the total market: under the no limits scenario, the CDM has 

the potential to absorb almost half of this market. Although Zhang (2000b: 511-12) 

expects China and India to emerge as the dominant host countries of CDM projects, 

since they are large countries with many low-cost abatement opportunities in the energy 

sector, it remains to be seen whether this potential will be fully realized. Their 

economic potential is substantial and they have actually made a start with some 

preparations for CDM activities (for instance as a result of a grant offered by the World 

Bank to carry out feasibility studies (JIQ, 2002c: 13)), but they may not necessarily 

become dominant (at least in the short term) because of and depending on political and 

institutional factors. For instance, the political will as well as the institutional capacity 
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and experience to host CDM projects may be larger in other developing countries, such 

as Central American countries that already hosted a relatively large number of AIJ 

projects. Moreover, if in the future the legal scope for sinks would be enlarged under 

the CDM, which are known to be relatively cost-effective, technology-oriented CDM 

projects in China and India could be crowded out to some extent from the carbon 

market due to the competition of cheaper forestry projects, for instance from South and 

Central American countries. 

 

4.6.2 When will market prices rise or fall?  

 

A market price may well turn out to be higher or lower during the first commitment 

period than predicted by the overview of studies as presented above. For instance, the 

studies usually assume full sector coverage. If fewer sectors in the economy are 

included (as in a mixed trading system), because politicians want to facilitate 

incremental change and administrative learning as explained before, demand will be 

higher and the market price will rise. However, just to mention another example, the 

withdrawal of the US from the Protocol in March 2001 has lowered demand and 

decreases the market price compared to the situation that they were still in (e.g. Ciorba 

et al., 2001; Varilek and Marenzi, 2001). Below, some other factors are discussed 

(including institutional ones) that may cause market prices to rise or fall. First we will 

treat three examples of institutional factors, then we will reflect upon another three 

examples of behavorial and technological factors.  

Firstly, a widening of the legal scope to use sinks under the CDM would 

magnify supply and thus lower the market price, whereas an exclusion of sinks from JI 

(as proposed by some observers) would reduce supply and thus increase the market 

price. Sinks under JI and the CDM are likely to attract many investors, mainly because 

forestry projects are known for their large supply and low-cost potential as confirmed in 

previous sections. If demand increases for such projects and the price rises, other (more 

expensive) projects will become more attractive.  

Secondly, ‘hot air’ will cause the market price to drop. Hot air has crept into the 

Kyoto Protocol, because the assigned amounts for some Parties (such as the Russian 
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Federation, the Ukraine and Australia) have been set higher than their business-as-usual 

emission levels due to their negotiating power in combination with a lack of negotiation 

time and incomplete information. If not restricted, these Parties will be able to sell this 

surplus that is not covered by real and additional emission reductions (e.g. Hamilton, 

1998; Victor et al., 1998). The larger the amount of hot air is, the larger the supply of 

emission reduction entitlements on the emissions market during the first commitment 

period will be, which will, therefore, lower the market price. Some observers even fear 

that the market price could become so low, that it may not even be profitable for project 

developers to implement JI and CDM projects. This could result in a situation in which 

projects producing real and additional GHG emission reductions are to some extent 

crowded out by trade in artificial emission units. 

Thirdly, a restriction on emissions trading would lower the market price. The 

negotiating position of the EU with respect to supplementarity prior to CoP6 roughly 

implied that 50% of the Kyoto commitments should be achieved domestically via a 

quantitative ceiling on the Kyoto Mechanisms. More specifically, the EU proposal (EU 

Council, 1999) contained rules for buyers (demand) and rules for sellers (supply). A 

restriction on demand lowers the international market price. It also raises domestic 

prices, since permit importing countries would have to make larger and hence more 

expensive domestic reductions. The proposed trade restriction was also combined with 

a limit on the supply of hot air. Such a restriction on supply would – in itself – increase 

the market price again, but most authors seem to agree that the overall supply and 

demand effects of the EU proposal is primarily a lower market price (e.g. Zhang, 

2000b). However, the EU gave up its cost-raising proposal to prevent that other 

industrialized countries would abandon the Protocol like the US and because some of 

their environmental concerns were alleviated, for instance by means of restrictions on 

the use of sinks (CP, 2001a).  

Next to these institutional factors, we will continue by discussing some 

behavioral and technological factors that may cause market prices to rise or fall.  

Firstly, demand for emission reduction entitlements and thus their market price 

will rise if polluting firms in industrialized countries hedge against the possibility that 

they will not be able to meet their domestically imposed emission targets. Their hedging 

behaviour will be stronger if they are subject to fixed emission ceilings as in tradeable 
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allowance schemes, and weaker if they are subject to relative targets as in 

benchmarking covenants with energy-efficiency norms. Hedging will also increase if 

emitters are more risk-averse.  

 Secondly, technological progress will be one of the most important determinants 

of the market price: rapid progress will lower its price. For given technologies in use, 

the demand for emission units and thus their market price is expected to rise (/fall), for 

instance if GHG emitting activities increase (/decrease), if the current costs of 

abatement options at home are high or increase (/low or decrease) and if the level and 

speed of technological innovation is lower (/higher) than expected. Unfortunately, any 

prediction of technological change is surrounded by large uncertainties. Some 

economists argue that the creation of a market will stimulate innovation (e.g. 

Tietenberg, 1999). Engineers (that apply bottom-up approaches) are generally thought 

to have even more faith in such progress than economists (that apply top-down 

approaches) (Jepma and Munasinghe, 1998). It may be illustrative that unforeseen 

technological progress is seen as one of the factors that caused a lower allowance price 

to emerge on the US SO2 market than initially predicted (Carlson et al., 1998). 

Thirdly, in the longer term, some argue that, in general, market prices fall as 

offset markets develop (e.g. Tietenberg, 1992). This conjecture is only partly supported 

by the actual developments in the US SO2 allowance trading scheme. Roughly, prices 

have dropped from about 300 $/tSO2 in 1992 to about 150$/tSO2 in 1994 and 100$/tSO2 

in 1996 after which they have gone up again to about 200$/tSO2 in 1998, while the 

initial predictions roughly varied from about 250 to 700 $/tSO2 (e.g. Schmalensee et al., 

1998). However, contrary to what Varilek and Marenzi (2001) suggest, the domestic 

SO2 market may not be a sufficient precedent for an international CO2 market, not only 

because their scale, coverage and costs differ, but also because market prices are likely 

to increase as emitters approach the end of the first commitment period. Furthermore, 

future commitment periods are likely to tighten commitments and restrict assigned 

amounts further (compared to business-as-usual emissions), thereby raising demand 

and, ceteris paribus, increasing the market price. If these conjectures materialize, CO2 

market prices will rise instead of fall.   

 Although there are several factors, and even more than those described above, 

that may cause market prices of credits and permits to rise or fall, the fact remains that 

 208



Part II   Institutional Barriers and Opportunities 

any prediction of future price developments or price levels is surrounded by 

uncertainties. Moreover, the net effect of the opposing forces on the market price will 

depend on the unknown relative impact of each variable (Varilek and Marenzi, 2001: 

47). Some of the examples mentioned above also make clear that the market price will 

depend on the decisions by politicians concerning the institutional arrangement of the 

flexible instruments. Several of these design choices, as demonstrated earlier, involve a 

trade-off between economic and environmental or political considerations, such as the 

widening of the legal scope for the CDM to use forestry projects.  

 

4.7 Conclusion 

 

The Kyoto Mechanisms have been incorporated in the Kyoto Protocol to stimulate the 

cost-effectiveness of international climate change policy. Because the Kyoto 

Mechanisms can all be defined in dollars per tonne of CO2-equivalent, they will 

compete on an international carbon trading market as buyers are interested in the 

cheapest options available. Permit trading is thought to be more efficient and effective 

than the other flexible instruments, because environmental scarcity under an absolute 

emission ceiling is fully reflected in the permit price. An additional element of the 

theoretical superiority of permit trading is that neo-classical economists find it to be 

equally cost-effective as the other flexible instruments (or more cost-effective when 

transaction costs are considered), because they all make use of the same marginal 

abatement cost differences (e.g. Bohm, 1999; Tietenberg et al., 1999). This chapter 

nuances this traditional view in environmental economics by analyzing not only 

institutional barriers that undermine the cost-effectiveness of emissions trading, but also 

institutional opportunities that improve the cost-effectiveness of other economic 

instruments, such as JI and the CDM. 

A downstream permit trading scheme that directly includes both large and small 

emitters is most efficient, but it would also involve high administrative costs to monitor 

many traders. To cope with this institutional problem, this chapter presents a 

‘downstream trading and upstream monitoring’ design that keeps administrative costs 

low (a) by concentrating the monitoring activities on the level of fossil fuel producers 
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and importers (upstream), and (b) by distributing the permits to large and small emitters 

and using chipcard technology for households and car drivers (downstream). For car 

drivers the permit transfer occurs by using a chipcard which they can replenish by 

lowering their permit account. For households the permit transfer is connected to the 

mailing of the yearly gas- and electricity bill of the distribution company. Nevertheless, 

politicians could decide to include fewer sectors in the trading scheme than assumed in 

the permit trading ‘blue-print’ to facilitate incremental change and administrative 

learning. One economic implication of such institutional considerations is that the 

potential for cost-savings becomes smaller. An example is a mixed trading scheme, as 

initially proposed by the EU in a Green Paper (COM, 2000a), that allocates tradeable 

permits to large emitters, but not to small emitters (such as households and car drivers) 

who are regulated by other instruments, such as energy-efficiency standards, carbon 

taxes or voluntary agreements. 

 This chapter also demonstrates that certain institutional arrangements can 

improve the cost-effectiveness of JI and the CDM. The current situation is that pre-

budget banking is not possible for JI projects, but sinks are explicitly included in JI 

Article 6 – only the use of forest management is restricted. More or less the opposite is 

the case for CDM projects. Banking between 2000 and 2008 is possible under CDM 

Article 12, but the legal scope for sinks is much smaller as forest management is 

excluded and the use of afforestation and reforestation projects is restricted. Both 

qualitative and quantitative indications are provided of the potential effects of these and 

alternative institutional arrangements on the cost-effectiveness of JI and CDM projects. 

It is emphasized that including banking under JI and enlarging the legal scope for sinks 

under the CDM would lead to lower costs per unit of emission reduction. The numerical 

illustrations are presented by using (and criticizing) the data on the emissions reduction 

costs of 94 AIJ pilot phase projects. These data have been derived from the Uniform 

Reporting Formats (URFs) of 1998 submitted by AIJ project partners to the FCCC 

Secretariat.  

Firstly, a statistical cost analysis is made of the AIJ pilot phase. Dividing the 

total amount of investment funds by the total emission reduction for each project yields 

an average cost figure per unit of emission reduction for AIJ projects of 46 $/tCO2-eq. 

The project partners themselves reported lower costs, which turned out to be 28 $/tCO2-
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eq on average. This difference can be partly explained by the fact that some project 

developers have not reported costs based on the total invested amount, but rather on the 

financial contribution of the project developer or on the project’s hardware only.  

Secondly, the AIJ cost figures are adjusted on the basis of simple mathematical 

formulas to provide numerical illustrations of what different institutional arrangements 

could do with the costs of potential JI and CDM projects. This undeniably poses a 

substantial limitation to our empirical institutional economics approach, because AIJ 

projects are not fully representative of JI and CDM projects. For instance, AIJ data are 

incomplete and AIJ projects are not credited in contrast with JI and the CDM. 

Nevertheless, the AIJ cost data still can give us some idea, albeit to a limited extent, of 

the cost-effectiveness of JI and CDM projects. For instance, the AIJ data as reported in 

the URFs have improved over the years and the wide range of AIJ credit costs provides 

a relevant (albeit incomplete) picture of the cost-effectiveness of JI and the CDM as 

investors will not only focus on low-cost projects, but also on projects with somewhat 

higher costs when they are credited (although projects that are too costly with a view to 

the market price will not be undertaken – unless this price is very volatile).  

More importantly, instead of either studying cost-effectiveness only 

theoretically, only in a few case studies or only in a non-institutional context, the 

advantage of our approach is that we use detailed empirical data from almost one-

hundred real-life intended or implemented emission reduction projects to explicitly 

consider the potential impact of various institutional arrangements on the cost-

effectiveness of the Kyoto Mechanisms. These calculations not only underline the 

economic opportunities of using the flexible instruments, but also illustrate that their 

cost-effectiveness will be strongly affected by their institutional design. ‘Although it is 

easy to quibble over the numbers, the real value of analyses lies more in insights than in 

numerical values’ (Manne and Richels, 1998: 22). 

According to the formulas used, the average credit costs for a JI project could 

become rather high (97 $/tCO2-eq), compared to average AIJ cost data for projects in 

Central and Eastern Europe (40 $/tCO2-eq), due to the absence of banking. The 

alternative institutional arrangement of including banking (‘early action’) under JI 

Article 6 would lower these credit costs substantially (37 $/tCO2-eq). The amount and 

scope of AIJ projects in developing countries is yet too limited to make firm projections 
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of the costs of possible future CDM projects. Nevertheless, our figures illustrate that the 

average credit costs of CDM projects is not only lowered by the inclusion of banking, 

but also raised by the exclusion of sinks (158 $/tCO2-eq). Enlarging the legal scope to 

use sinks under the CDM would lower these credit costs (103 $/tCO2-eq). Although the 

latter figures appear to be high compared to the JI average, they obscure the fact that 

there are several potential CDM projects which are more cost-effective than JI projects. 

When considering the low-cost options (calculated by excluding AIJ projects with costs 

per unit of emission reduction of 100 $/tCO2-eq and higher), the CDM appears to have a 

huge potential of cheap projects (9 $/tCO2-eq), in particular in the field of agriculture 

and forestry, compared to JI (26 $/tCO2-eq). Allowing all types of forestry projects 

under the CDM would lower these costs even further (6 $/tCO2-eq). 

 However, next to the reservations made above, one should keep in mind – when 

studying these figures – that credit costs are not credit prices. The invested amount per 

unit of emission reduction is not necessarily equal to the price for which the credit will 

be sold in a global carbon trading market, which will be determined by supply and 

demand. To give the reader some idea of a potential market price, an average 

equilibrium permit price is calculated based on a survey of ten macro-level emissions 

trading simulation models, such as G-Cubed, PRIMES and MERGE, which appeared to 

vary between 10 and 40 $/tCO2 with an average price of about 20 $/tCO2. We have also 

described several (institutional) factors that may cause this potential market price to rise 

or fall. For instance, the withdrawal of the US from the Protocol in March 2001, not 

foreseen in the studies surveyed, has lowered demand and decreases the market price 

compared to the situation that they were still in. This means that the market price may 

also become lower than the 10 $/tCO2 figure just mentioned. 

In a similar fashion as Liebowitz and Margolis (2000) have argued that the 

QWERTY keyboard persists because it is not as technically inferior to the Dvorak 

keyboard as some contend, we have demonstrated that credit-based approaches like JI 

and the CDM are taken seriously in politics because they are not as economically 

inferior to permit trading as neo-classical economics suggests. Although tradeable 

permit schemes are efficient, we have nuanced the economic hierarchy by showing that 

their potential for cost-savings becomes smaller when only a few sectors are included to 

gain step-by-step experience and that it may be cheaper for a buyer to purchase certain 
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(JI or) CDM credits, for instance resulting from forestry projects, than purchasing 

emission permits. However, our argument must be put into perspective by 

acknowledging that several institutional restrictions on the use of various of such low-

cost projects have been created, mainly for environmental and political reasons. This 

shows that some design features serve policy goals other than cost-effectiveness (such 

as environmental integrity) and make particular Kyoto Mechanisms less cost-effective 

than would have been possible. Moreover, the necessity to make such trade-offs 

constitutes an additional institutional barrier to implementing the Kyoto Mechanisms. 
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Table 4.2 Unadjusted costs per unit of emission reduction  

by project type and region ($/tCO2-eq) 

 

Project type Average N Minimum Maximum 

 

Afforestation $0.5 1 $0.5 $0.5 

Agriculture $2 1 $2 $2 

Energy efficiency $57 33 $1 $249 

Forest preservation $2 6 $0.5 $6 

Forest reforestation $17 5 $0.5 $64 

Fuel switching $70 3 $13 $176 

Renewable energy $48 38 $0.01 $551 

Total $46 87 $0.01 $551 

 

ANNEX I (Central and Eastern Europe) 

Project type Average N Minimum Maximum 

 

Afforestation $0.5 1 $0.5 $0.5 

Energy efficiency $62 29 $1 $249 

Forest preservation $6 1 $6 $6 

Forest reforestation $2 1 $2 $2 

Fuel switching $70 3 $13 $176 

Renewable energy $20 30 $0.01 $170 

Total $40 65 $0.01 $249 

 

NON-ANNEX I (Developing countries) 

Project type Average N Minimum Maximum 

 

Agriculture $2 1 $2 $2 

Energy efficiency $16 4 $3 $43 

Forest preservation $1 5 $0.5 $1 
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