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Abstract 

The paper sheds light upon a specific issue: carbon leakage. Leakage can be understood 

as an unanticipated net carbon loss or gain, attributable to a climate policy, or reduction 

activities. Benign leakage effects are harmless. Unsettling are the ones that pose a threat 

to project’s environmental integrity. The Clean Development Mechanism (CDM) is no 

exception to such risk. In order to investigate leakage and the corresponding leakage 

calculation methods addressed in the CDM projects, a qualitative content analysis is 

conducted on 203 methodologies. Methodology documents serve as ideal textual data 

for examining CDM related leakage because the development of any new project must 

be based on methodologies.  

In relation to the research question, the content analysis synthesizes 11 types of 

leakage sources. Excluding the case where no leakage is considered, 10 type of leakage 

sources are then broadly classified as Activity Shift, Market Effects and Life Cycle 

Leakage. Their corresponding leakage calculation methods are described and reviewed 

in terms of their geographic reach, and leakage characteristics. A percentage pattern is 

presented in relation to each sector. The findings are that the vast majority of the CDM 

leakage calculation methods address primary leakage specific to each individual project 

at a localized scale, among which, methods addressing Life Cycle Leakage are in the 

predominant majority. Market Effects as secondary sources are acknowledged as a 

potential threat to the overall benefit, but the CDM methodologies offer no quantitative 

method.  

 

Key words: CDM, Carbon Leakage, Leakage Quantification Method, Content Analysis, 

CDM Methodology 
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1. Introduction 

1.1 The Kyoto Protocol 

The anthropogenic climate change has been recognized within the scientific community 

as a major global threat caused by the accumulation of greenhouse gases (GHGs) in the 

atmosphere (Lloyd & Subbarao, 2009). The resultant global warming, referring to the 

observed, unequivocal and unprecedented average temperature rise in Earth systems, is 

projected to bring about disastrous changes, such as diminishing glaciers and rising sea 

levels, drastic alteration of precipitation regimes with more droughts or floods, 

desertification, more frequent extreme weather events; adverse impact on agriculture, 

e.g. reduced crop yields, as well as threats on bio-diversity (UNFCCC, 2003). This 

phenomenon defies geographical bounds and bears grave consequences for our 

sustainable development, propelling countries, governmental agencies and 

international entities to search for mitigation and adaptation measures. The United 

Nations Framework Convention on Climate Change (UNFCCC) acts as the central 

political arena for internationally coordinated efforts in climate policy making and 

negotiation since its entry into force in 1994, drawing on its long-term objective of 

‘stabilizing atmospheric concentration of GHGs at a level that would prevent dangerous 

anthropogenic interference with the climate system’ (UNFCCC,1992). Activities under 

the Convention are guided by the principles of equity and common but differentiated 

responsibilities and respective capabilities. The principles aim to safeguard the benefits 

of current and future generations on an equity basis and to ensure that burdens 

associated with combating climate change are fairly distributed among Parties to the 

Convention. Developed country Parties should shoulder heavier responsibilities in 

relation to their historical contribution to the current problem; varying development 

stages and specific conditions of developing-country Parties are duly recognized, 

especially the ones that are most vulnerable to climate change because adverse effects 

are asymmetrically felt in different countries and regions with different capabilities to 

respond. Some are better prepared and equipped than others. In light of the principles, 

Parties are broadly divided into the following categories: 

Annex I countries refer to the developed countries that were member states of the 

Organization for Economic Cooperation and Development (OECD) in 1992 and 

countries with economy in transition (EIT Parties);  

Annex II countries are confined to only OECD members of Annex I. They are 

assigned with principal responsibilities in reduction efforts under the Convention as 

well as assisting developing countries with financial and technological resources. 

Non-Annex I countries consist of mostly developing countries, some of which are 

identified as having difficulties adapting to a changing climate and withstanding the 

associated secondary economic and social impacts. Some countries are classified as 

least developed countries (LDCs) in dire need of international assistance (UNFCCC, 

1992).  
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The Kyoto Protocol is the most prominent climate framework linked to the 

UNFCCC, under which ‘Annex B countries’ is sometimes used to refer to Annex I 

Parties that have also ratified the Protocol and agreed to reduction commitments 

inscribed in Annex B. The Annex B is an annex to the Kyoto Protocol in which emission 

targets are assigned to each country with respect to its GHG emissions in a base year or 

period. Each unit of assigned amount represents an emission allowance, measured in 

one unit ton of carbon dioxide equivalent (tCO2e) (UNFCCC, 2008). The Protocol 

commits Annex B countries to lower their overall GHG emissions to at least 5% below 

1990 levels during the first commitment period 2008–2012 (UNFCCC, 1997). Carbon 

dioxide (CO2), methane (CH4), nitrous oxide (N2O), Perfluorocarbons (PFCs), 

hydrofluorcarbons (HFCs) and sulfurhexafluoride (SF6) are defined as the six direct 

GHGs, each with a different global warming potential (GWP), a parameter converting 

any non-CO2 GHGs into tCO2e (Lueth et al., 1997; Winkelman & Moore, 2011).  

A ton of GHGs emitted in one country has the same warming effect anywhere else 

in the world; by the same token, a tone of emission reduction in a pure technical sense 

has the same mitigating effect irrespective of locations. However, the location of 

reduction projects does have economic implications, enabling the Protocol to make use 

of geographical and temporal flexibility to achieve cost-effective reductions (Boyd, et 

al., 2007; Gillenwater & Seres, 2011). The Protocol establishes three flexibility 

mechanisms, where carbon permits are commodified and traded. The three flexibility 

mechanisms are International Emission Trading (IET) in which surplus carbon permits 

in the form of ‘allowances’ are traded under a fixed cap among Annex I Parties, Joint 

Implementation (JI) where reduction projects are hosted among developed countries 

and Clean Development Mechanism (CDM) where reductions projects are invested in 

developing countries (Gillenwater & Seres, 2011). Since the Kyoto Protocol expired on 

2012, the quest for a post-Kyoto global climate agreement is fraught with uncertainties. 

As the major carbon trading system only second to the European Union Emission 

Trading Scheme (EU ETS), the CDM accounts for a large share of the total value of 

carbon credits. According to Klepper (2011), many CDM projects that are already 

registered in the mechanism prior to 2012 will continue to exist in the post-Kyoto phase 

and issue a significant amount of carbon credits for many years to come; the mechanism 

is still poised as an influential stakeholder in climate discourse.  

 

1.2 The Clean Development Mechanism 

The CDM has gradually emerged as a very powerful scheme after a protracted period 

of heated debate and negotiation (Bernow et al., 2001). It symbolizes a delicate 

compromise between the economic ambitions of developing countries and the pressure 

of industrialized countries to achieve emission targets in a cost-effective manner. 

Among the three mechanisms, the CDM alone bears the solemn duty of engaging 

developing countries in the carbon market as players (Burian, 2006; Zou et al., 2005). 

For the Non-Annex B countries, the CDM has the potential to contribute to the host 

country’s sustainable development through capital inflow, local capacity building, as 
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well as technology transfer. Meanwhile, it lowers the compliance costs for Annex B 

countries by channeling some of the mitigation pressure to low-income Non-Annex B 

countries (Rosendahl et al., 2011; Schneider, 2008). The CDM allows Annex B 

countries to garner Certified Emission Reductions (CERs) by means of which they are 

permitted to emit a corresponding quantity of GHGs, provided they implement CDM 

projects that achieve emission reductions in non-Annex B countries. CER functions as 

a carbon currency and is measured in tCO2e. The number of CERs is determined 

relative to a counterfactual baseline scenario which ‘credibly represents the emissions 

by sources of GHGs that would have occurred in the absence of the proposed project 

activity’ (Olsen & Fenhann, 2008). CERs are equated to the difference in carbon 

emissions on the tCO2e basis between the baseline and the actual project scenarios 

(Nussbaumer, 2009).  

Envisioned as an offset mechanism, the primary objective of the CDM is not to 

realize net global GHG reductions. It is therefore crucially important to maintain its 

environmental integrity and global carbon neutrality (Rosendahl et al., 2011). A project 

should be prevented from receiving undue emission reduction credits. Any unwarranted 

credits issued under the CDM represent a net increase in the global scale (Bernow, 

2001). However, carbon offsets are intrinsically intangible; they can neither be directly 

measured nor observed, which results in a number of technical issues (Millard-Ball & 

Ortolano, 2010). Some of the most noteworthy ones are baseline approach, additonality 

and leakage. Baseline concerns the estimation of without-project scenarios as 

previously mentioned, which is inherently challenging in itself and compounded by 

external factors such as policies. Related to baseline, another key criterion is 

additionality, which stipulates that a project would be made feasible, barriers made 

surmountable only by the input of CDM revenues in a reasonable timeframe. If a 

reduction would happen ‘anyway’ independently of a project, then the very purpose of 

offset is defeated (Gillenwater & Seres, 2011). As the central subject matter of this 

thesis, leakage is used figuratively to describe emission displacement induced by 

policies or projects with the potential to undermine reduction efforts. It has been a 

source of confusion and frustration for project developers and methodology experts. A 

lot of techniques have been developed and applied to approximate an ideal project 

design that is practically attainable on these three criteria. This thesis is yet another 

effort to contribute to the discussion of leakage.  

 

1.3 Problem Formulation 

Leakage issue has been a major threat to the CDM’s environmental integrity and 

effectiveness, as well as its institutional credibility (Geres & Michaelowa, 2002). Due 

to the very nature as an offset mechanism whereby Annex B countries can pay off their 

excessive carbon emissions with CERs, the CDM is at best global carbon neutral. 

Instances of leakage from CDM projects may virtually increase the overall global GHG 

emissions, compromising or even outweighing the net carbon benefits of emission 

reduction endeavors (Strand & Rosendahl, 2012). Therefore, it is crucial to adequately 
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account for and minimize leakage. The Land Use, Land-Use Change and Forestry 

(LULUCF) has been perceived as especially leakage-prone. This is mainly why 

LULUCF is denied eligibility under the CDM, only to the exception of limited 

representations in the Afforestation/Reforestation (A/R) sector. Leakage related to 

forest and land use has been the subject of extensive studies, by extension, the insights 

and knowledge gained through those studies apply to the A/R sector. According to 

Schwarze et al., (2002), forest related projects are not the only sector susceptible to 

leakage. Energy sector for one, is equally if not more at the risk of leakage. However, 

less consideration of leakage has been given to other sectors which represent a great 

number of extremely diversified types of project (Henders & Ostwald, 2012). Thus it 

is of great academic interest as well as practical importance to examine carbon leakage 

and associated quantification methods available in the 14 CDM sectors.  

 

1.4 Aim 

The overall aim of the thesis is to investigate CDM carbon leakage, and create a 

mapping of related leakage quantification methods available in the under-examined 

sectors other than the A/R. In order to do so, a literature review is first written to acquire 

critical insights of what is already known about leakage; how leakage has been analyzed 

especially in an academic setting and this in turn relates to specific characteristics of 

leakage phenomena that have been studied, for example the possible causes, and 

contributing factors of leakage, or what differentiates one type of leakage from another. 

Secondly, drawing on what is learned from the literature review, a content analysis is 

implemented as the main research method. CDM methodologies are the source of data 

because they best reflect the technical dimension of the CDM. Through methodic 

procedures, relevant data related to carbon leakage is collected for subsequent synthesis 

and analysis which will enable an in-depth examination of leakage under the CDM. 

Hopefully, the results will enrich the knowledge stock and offer policy implications for 

leakage prevention, identification and quantification.  

 

1.5 Research Questions 

1. What types of leakage, in addition to the ones already identified, can be found in 

CDM methodology documents?  

2. If new leakage types do exist, how do they relate to previous findings? 

3. What leakage quantification methods are applied in these methodologies, and to what 

degree do they adequately address leakage?  

4. How do the distributions of different types of leakage differ over sectors?  
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2. Literature Review: Ways of Conceptualizing 

Carbon Leakage 

2.1. An Overview 

Leakage is defined as an unanticipated decrease or increase in anthropogenic GHG 

emissions outside a project’s carbon accounting boundary, measurable and attributable 

to the CDM project activities (Brown, et al., 1997; Zou et al., 2005; Henders & Ostwald, 

2012). Usually, a net increase represents a loss of carbon benefits and is referred to as 

a negative leakage, or a negative off-site effect, indicating a potentially detrimental 

effect on project efforts. A net emission decrease equals a reduction or net removal, and 

is referred to as a positive leakage (Aukland et al., 2003). As a side note, ‘positive 

leakage’ is sometimes used synonymously with positive spill-over effects, referring to 

green technology diffusion or knowledge transfer that stimulates a wider shift towards 

the more environmentally-friendly practice or production mode beyond the designated 

project boundaries (Chomitz, 2002; Boyd et al., 2007). These are more of intangible 

sustainable benefits of projects, rather than quantifiable carbon credits gained through 

unforeseen ways that would not have occurred without project activities.  

Carbon leakage in essence is a pitfall of incomplete accounting (Fry, 2008). 

Leakage arises as a consequence of accounting tools not covering the problem to its full 

extent (Murray et al., 2002). Leakage would no longer go undetected in the presence of 

a globally integrated carbon inventory, whereby any possible activity shift or emission 

displacement from a country or region could be registered and accounted for in others. 

It would simply be internalized as part of the dynamic carbon flow within the global 

system (Henders & Ostwald, 2012). However, it is the ‘common but differentiated 

responsibility’ principles that have compounded the fragmentation of carbon 

regulations by which some countries are limited whereas others are not. This 

differentiated standard inevitably exacerbates the risk of leakage since the world is 

economically interlinked more than ever; policy impact or changes in markets 

reverberate locally, domestically and beyond national boundaries (Schwarze et al., 

2002). Based on geographic scales, different causes, sources, and agents, leakage is 

broadly classified between primary and secondary leakage. In their research on forest-

related leakage, Aukland et al. (2003), Henders & Ostwald (2012) explicitly employ 

terminology that operationalizes leakage assessment. First, leakage source is the term 

referring to the specific project activity that triggers the leakage mechanism. Second, 

leakage mechanism is defined as the underlying cause of leakage; a mechanism that is 

at work along with other conditions for example, the availability of certain energy 

sources, and third, leakage agent is the actors who carry out the actual emission activity.  
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2.2 Primary and Secondary Leakage 

Primary leakage refers to the recurrence of baseline activities or similar processes in 

geographic areas outside the project boundaries. The leakage agents in this case are the 

original baseline actors who resume their baseline or similar practices elsewhere. Their 

emission behaviour is directly attributable to or incentivized by project implementation, 

depending on specific local circumstances (e.g. accessible forests nearby) and project 

designs. Well-designed projects that structure multi-dimensional activities such as 

forest restoration, community development, plantation, tend to absorb leakage risk 

(Schwarze, et al., 2002). The main leakage mechanism here is a continued demand for 

goods and services provided by land use in the baseline scenarios, the access to which 

is now limited by sequestration endeavors.  

Under the umbrella concept of primary leakage, two subtypes are differentiated by 

Aukland et al. (2003). Activity Shift is the most typical primary leakage, particularly 

prevalent in avoided deforestation projects. It manifests itself as baseline agents 

relocating their baseline activities (e.g. subsistence cultivation, firewood harvesting) 

interrupted by the project activities. A telling example is the shift of deforestation agents 

from project forests where dedicated cultivation is established to free forest plots in the 

vicinity. In A/R projects, baseline actors tend to shift when forests already sustain 

existing productive activities, and no leakage prevention measures (e.g. alternative 

sources of fuel wood, employment opportunities) is implemented (Schwarze et al., 

2002). According to Zou et al., (2005), the transfer of replaced equipment fits into this 

category as well. An example is the redistribution of low-efficiency boilers that are 

replaced by high efficiency boilers to other users in the market.  

The other subtype is termed Outsourcing, referring to the procurement of baseline 

goods no longer locally available due to project by means of outsourcing, purchase or 

subcontracting. The outsourcing is still carried out by baseline agents. For example the 

outsourcing of commercial timber from other unrestricted logging operators to fulfill 

an ongoing consumption (Aukland et al., 2003). 

Secondary leakage is defined as leakage engendered indirectly by project activities 

through market dynamics such as supply and demand relations or price mechanisms, 

i.e. project-induced effects transmitted through price fluctuations (Kallbekken 2006). 

Leakage agents are different actors as opposed to baseline agents. They are incentivized 

to engage in activities that generate GHG emissions additional to the emissions 

captured under the accounting systems.  

Market Effects occur when a project alters the market equilibrium, the supply or 

demand of an emission-intensive product, particularly one that participates in trading. 

Therefore, projects involving commercial activities heavily networked in markets are 

especially susceptible to market effects. For example, energy related projects that seek 

to bring down the consumption of fossil fuels may in turn suppress regional fuel price  

on the energy market, coal and oil in particular, thus stimulating an increase in fuel 

consumption by non-project actors (Zou et al., 2005). In the A/R context, the 

suppressed supply of commercial timbers, cash crops in regions established as CDM 

sites may drive up the price of these goods. The market would provide incentives for 
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unregulated deforesting agents to increase their production, or even participate in 

deforestation to meet the demand (Aukland et al., 2003). According to Millard-Ball & 

Ortolano (2010), four subtypes of market effects are relevant to CDM projects. The 

aforementioned example of a downward shift of fuel price induced by projects belongs 

to the first type, the fossil-fuel price effect. It is theoretically applicable to any project 

that reduces the regional demand for fossil fuels. The second subtype is rebound effects 

relating to consumer response to price changes. In case of inelastic supply curve, which 

means when demand shrinks, there is still plenty of supply left in the market; the 

decreased demand leads to lower price and subsequently increases consumption of the 

goods elsewhere. The third type is called crowding out; when the supply of a certain 

clean technology or alternative energy source is not perfectly elastic in a given market, 

the demand of one project satisfied equals a shortage in supply elsewhere in the 

economy. The forth type is termed ‘suppressed demand’ under the CDM. It indicates 

an upward shift of supply curve induced by project. The CDM revenues may potentially 

reduce the overall cost of a product, meaning a greater amount of said product can be 

offered at a given price, which in turn results in an increase in demand. Unless the 

demand curve remains fixed and or additional production is emission-free, leakage may 

be considerable. For example, suppressed demand for electricity in a village may be 

alleviated by a hydropower station or extended grid connections, which might lead to 

higher electricity consumption in average households to fulfill the needs previously 

constrained by finance, logistics barriers. 

A third type of leakage is life cycle emissions, typically emissions associated with 

the upstream and downstream stages embedded in a project product or integrated in a 

production system. For example, leakage may occur if a project uses a high-efficiency 

technology manufactured from carbon-intensive materials or production processes 

(Geres & Michaelowa, 2002; Zou et al., 2005). Reforestation projects involving heavy 

machinery use may lead to increased fossil-fuel consumption (Schwarze, 2002). 
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3. Material and Method 

3.1 Materials 

3.1.1 The CDM Methodology Database 

The database of approved CDM methodology documents is publicly available and can 

be accessed at the UNFCCC CDM Portal, under the Methodology menu. An abridged 

summary is provided as CDM Methodology Booklet, also downloadable at the site. 

This research is conducted on full-length methodology documents. Two hundred and 

five approved CDM methodology documents are available with active status as of 

November, 2013. These methodologies are categorized into 15 sectoral scopes and are 

further classified as Large Scale Methodologies, Small Scale Methodologies and 

Consolidated Methodologies.  

    There are 89 approved Large Scale Methodologies, including one approved 

methodology for A/R sector denoted as AR-AM0014. They are denoted as AM 

(Approved Methodology). The highest numbered methodology is AM0113, but 

obviously a couple of methodologies are not currently active. For example, AM0054, 

AM0051 and AM0034 were listed in the sectoral scope table, but they were withdrawn 

since October, 2013. There are 93 Small Scale Methodologies, composed of Type I, 

renewable energy projects (12), Type II, energy efficiency projects (18) and Type III, 

miscellaneous projects (61), denoted as AMS (Approved Methodology Small): AMS-I, 

AMS-II and AMS-III, respectively. AR-AMS0003 and AR-AMS007 belong to small scale 

A/R projects. Small scale projects are defined such that the output shall not exceed 15 

MW for a renewable energy project; for an energy efficiency project, the annual output 

shall not exceed 60 GWH and for a project not included in Type I and Type II, the 

aggregated emission reductions shall not exceed 60kt CO2e in a crediting year 

(UNFCCC, 2005). There are 23 Consolidated Methodologies, ACM (Approved 

Consolidated Methodologies), including AR-ACM0003, whereas ACM0004 is absent. 

The consolidation of methodologies merges two or more similar methodologies based 

on their common features (technological measures, baseline approach, emission 

reductions calculation, etc.) so as to enhance consistency and user-friendliness. An 

approved consolidated methodology is applicable to all project types that use the 

separate methodologies being consolidated (UNFCCC, 2013). Table 01 illustrates the 

number of methodology documents applied in each sector.  
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Table 01.  Sectoral categorization of methodologies in 15 sectors and the number of 

methodologies in each sector. Notably, some methodologies are repeatedly applied in 

15 sectors, meaning the sum of methodologies enumerated here is larger than the actual 

number of methodologies. (Source: UNFCCC CDM-Methodology) 

 Sectoral Scope Large Scale Methodology Small Scale Methodology Consolidated Methodology 

  AM- AMS- ACM- 

01 Energy Industries (renewable - 

/ non-renewable sources) 

40 18 12 

02 Energy Distribution 02 04 ------ 

03 Energy Demand 11 17 ------ 

04 Manufacturing Industries 15 13 6 

05 Chemical Industries 12 05 02 

06 Construction ------ 01 ------ 

07 Transport 04 11 01 

08 Mining/mineral Production ------ ------ 01 

09 Metal Production 09 ------ ------ 

10 Fugitive Emissions from Fuels 

(solid, oil and gas) 

06 02 01 

11 Fugitive Emissions from 

Production and Consumption 

of Halocarbons and Sulphur 

Hexafluoride 

08 02 ------ 

12 Solvent Use ------ ------ ------ 

13 Waste Handling and Disposal 06 14 04 

14 Afforestation and Reforestation 02 02 01 

15 Agriculture 01 05 01 

 

3.1.2 CDM Project Methodologies Documents 

To ensure that the CDM credits are ‘real, measurable and long-term’ (UNFCCC, 1998); 

proposed projects must undergo a rigorous project cycle consisting of seven stages, 

involving multiple stakeholders and extensive documentation. Project developers apply 

by first drafting a Project Design Document (CDM-PDD) on the basis of a PDD-form 

and methodological standards approved by the Executive Board (CDM-EB) which is 

the decision-making and regulatory body of the CDM. This is where the CDM 

methodologies come to play an important role. They are powerful tools as they serve 

as precedent for not just one but a number of upcoming projects in the same typology. 

They provide elaborate requirements and specifications on project designs, 

additionality and baseline standards, monitoring plans, emission reduction calculations, 

and leakage quantifications (UNFCCC, 2005; Mollersten & Gronkvist, 2007). New 

methodologies are drafted and proposed by project proponents. Before a formal 

decision is made by the CDM-EB, proposed methodologies are reviewed by the Meth 
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Panel and third-party consultants. The ‘Meth Panel’ stands for the methodology panel,  

established by the EB and formed by a group of experts, who offer their technical 

expertise and recommendations on the clarification, approval, update and removal of 

methodologies (UNFCCC, 2005). Approved methodologies are re-examined on a 

regular basis as new scientific knowledge and experience is gained in practice through 

projects implementation; flawed methodologies withdrawn and others updated with 

increased rigor and sophistication. As most other similar offset programs came into 

being long after the CDM, they benefited tremendously from the solid methodological 

foundation laid by the CDM through trial and error. CDM methodologies are 

characterized by highly technical focus and have displayed a consistently high quality 

over such a diverse array of project types (WCI, 2010).  

 

3.1.3 A Closer Look into Methodology Content 

The composition of methodologies itself is complex and diverse due to the nature of 

the variety of project types covered under the CDM. Methodologies are constructed in 

a semi-standardized disposition with subdivisions nearly identical from one document 

to another. Each one is composed of several preset sections separated by subheads that 

address key issues of a project development and implementation. Table 02 displays the 

sequencing of each segment and their content. Notably, leakage has its own segment, 

making it convenient to sift out irrelevant text. 

 

Table 02. A description of a typical methodology disposition and its key components.  

Source, Definitions and Applicability:  

This section provides information on proposed new methodologies or existing 

practiced methodologies that serve as the basis on which the particular baseline and 

monitoring approach is developed; the methodological tools referred to in the 

document. Definitions of key terms and concepts are briefly explained relative to the 

context of the project activity, ensuring a better understanding of the methodology’s 

purposes. The scope of the methodology and a list of relevant applicability conditions 

under which the project activity becomes applicable are featured.  

Baseline Methodology Procedures:  

This section provides information as to delimited physical project boundary, and the 

types of greenhouse gases included in the project mitigation activity. Moreover, it 

expands on methods and procedures for determining the most plausible baseline 

scenarios and calculations of baseline emissions, project emissions, emission 

reductions or net carbon removals, as well as additionality assessment.  

 

Leakage: Leakage quantification methods and calculations are addressed as an 

integral component of the emission reductions equation, alongside with baseline 

emissions and project emissions. 

Monitoring Methodology:  

In this section, parameters that need to be monitored and those that do not are 

tabulated with specific monitoring plans. 
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Programme of Activity (PoA): 

A component project activity (CPA) is defined as any standalone project, or a series 

of concerted efforts implemented within a project boundary that result in emission 

reductions or net removals. A Programme of Activity (PoA) is then an overarching 

program consisting of an unlimited number of CPAs which form a joint endeavor led 

by a private or public organization in a voluntary manner. The achieved emission 

reductions must be demonstrated as infeasible without the PoA. Once registered by 

the EB, a PoA can incorporate any eligible CPA that generates emission reductions 

and benefits from CERs without completing the entire CDM project cycle.  

 

A PoA has benefits such as reduced capital investment, simplified and expedited 

registration process, easy inclusion of CPAs and easy access to CDM finance, making 

it particularly attractive for underdeveloped countries and regions, especially small 

scale projects. A section is dedicated to PoA in every small scale methodology 

document, and leakage is addressed also in that section. Leakage methods applied 

under PoAs are denoted by a PoA but treated with no other special care in the coding 

and categorization procedures.  

 

3.2 Content Analysis Methodology  

3.2.1 A Qualitative and Deductive Content Analysis 

In related scholarly literature, an array of terms are subsumed under the generic concept 

of content analysis, such as discourse analysis, narrative analysis, text analysis, all 

pointing to the scientific means of investigating text through a series of explicit, 

systematic and replicable procedures (Beck et al., 2010). These procedures can be 

succinctly summed up as comparing, contrasting, parsing, coding and categorizing 

which reorganize complex text into structured formats amenable to interpretive or 

numeric analysis (Schwandt, 2001; Holdford, 2008). The identification of textual 

patterns by this analytical instrument helps shed light upon a predefined theoretical 

framework or emerging conceptual field, enables the making of meaningful inference 

and ultimately informs practical actions (Beck et al., 2010). Depending on the specific 

context (e.g. disciplinary field) of a research, research objectives and the raw material 

available, researchers often times vary their techniques accordingly. There are a variety 

of ways of performing content analysis. Content analysis has enjoyed increasingly 

widespread applications in areas like information and communication technology, 

cognitive science, media, cultural and political study, pedagogical research, 

management. It has proven a convenient, unobtrusive and accessible tool capable of 

gaining wide and diverse ranges of insights, perceptions, attitudes, and trends over time 

(Bos&Tarnai, 1999; Altaweel & Bone，2012).  

Content analysis forks into quantitative and qualitative branches, which are 

sometimes characterized as ‘mechanistic’ or ‘form-oriented’ and ‘interpretive’ or 

‘meaning-oriented’, respectively. Quantitative approach strives for the capture of what 
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is explicitly present in text by assigning manifest content (i.e. literally observable 

content) into specific categories and converting text into numerical format, which can 

be further rendered by simple frequency calculation or advanced statistical methods. 

Similar applications are often found in word counts on the semiotic assumption that 

what is said more frequently bears bigger significance, or dichotomous index/matrix 

record of aggregated scores used to compare against a given standard of performance, 

or computerized algorithm of linkages between co-occurrence of variables (Holdford, 

2008; Beck et al., 2010).  

Qualitative technique on the other hand, is concerned with the underlying message 

‘grounded’ in the text (Beck et al., 2010). By breaking text down into meaningful 

chunks, describing each constituent component and investigating how they may relate 

to one another, qualitative approach aims to ‘read between the lines’ of what has been 

disclosed in an inferential manner (Moretti et al., 2011).  

Leakage is an intricate and complex phenomenon. As discussed in the literature 

review, the detection and identification of the various ways of leakage occurrence is 

context-bound and much dependent on an in-depth understanding of socioeconomic 

environment and circumstances, project typology as well as involved stakeholders. A 

simple numerical account of leakage cases dilutes the rich quality of the content and 

falls short of the research aims. Furthermore, the coding and the establishment of 

categories entail a certain degree of interpretation of the methodologies on the author’s 

part, rather than a mechanistic recording of codes. In light of these characteristics, 

qualitative content analysis stands out as a well-suited research method for the large 

number of methodology documents. It retains the richness of content information and 

in the meantime, effectively reduces the amount of data through the classification 

process. Relevant themes or patterns are disintegrated and then re-integrated into a 

manageable number of categories, facilitating researchers’ comprehension and 

interpretation of content (Hsieh & Shannon, 2005; Altaweel & Bone, 2012). Notably, 

there are quantitative elements to this research method. Once coded and categorized, 

each unit of content can be qualitatively described and analyzed for its specific meaning 

in relation to the broad research framework, and they can be further converted into 

numeric counts, or in this case, percentage distribution. The numerical tallying of 

content units or frequency count of word occurrence is performed as a practice common 

to this method, the quantitative measurement of qualitative categories adds to the 

analytical capacity of the researcher’s interpretation and enables identified patterns to 

be better visualized (Gerbica & Stacey, 2005).  

Another major methodological distinction is usually made between ‘inductive 

content analysis’ and ‘deductive content analysis’. The difference lies in the sequencing 

of procedures whereby categories are constructed (see Figure 01). Inductive content 

analysis (also called conventional content analysis) seeks to derive categories directly 

from raw text, a process completely devoid of any preconceived ideas or any assistance 

from a coding paradigm. The inductive approach enables definitions, themes or 

concepts to ‘flow from the data’, as opposed to deductive content analysis (aka. directed 

content analysis) in which categories or an analytical paradigm are predefined and 

informed by existing literature or theories in advance of the coding (Gerbica & Stacey, 



 

15 

 

2005; Moretti et al., 2011). Methodologically, a researcher embarks on an inductive 

analysis by immersing himself in the raw data, and in the meanwhile looks for patterns 

with an open mind. It usually takes a few times of reviewing before preliminary 

categories start subsequently forming. In practice, coding and categorization are more 

of an intertwined process, less of two distinct methodological stages. Newly emerged 

insights inform and shift the ongoing coding and categorization. Inductive content 

analysis is sometimes implicitly used in conjunction with a grounded approach to 

develop theories (Moretti et al., 2011; Kondracki et al., 2002).  

On the contrary, the deductive approach is prefaced by a researcher consulting 

existing literature or theories. Key words, definitions or concepts relating to the 

research topic are extracted from previous works for the very purpose of formulating 

content categories or a coding paradigm. This process is largely theory-driven. Drawing 

on the guidance provided by the predetermined category scheme or coding dictionary, 

the researcher conducts coding on raw text in a much more controlled and structured 

manner (Moretti et al., 2011). A deductive content analysis is often times employed to 

test the validity of theoretic framework or to extent a theory. New insights gained 

through the analysis can be used to further refine and enrich previously developed 

categories; and new concepts, themes can be added to form new categories to 

supplement existing ones (Kondracki et al., 2002; Holdford, 2008).  

The literature review of earlier studies on carbon leakage has established a 

conceptual foundation for the content analysis; the different leakage types, their 

respective mechanisms and associated agents as important definitions will inform and 

guide the search for patterns, which means the analysis is decidedly deductive in nature. 

In addition, as the overall situation of leakage in the rest 14 sectors is not as well 

researched as that of the A/R sector, the nature of the study is to some degree 

exploratory. This venture into the uncharted textual landscape of CDM methodologies 

will bring with it great potential to expand the existing knowledge stock of leakage.  

 
Inductive Content Analysis Deductive Content Analysis 

1. Initial review of raw material. 

A researcher reads the methodologies and come 

to the preliminary conclusion that they are well 

structured with nearly identical segmentation. 

Naturally, focus should be on leakage issues in 

Leakage sections and Applicability sections. 

1. Examining of existing literature 

A researcher reviews relevant literature and prior 

works on leakage and the CDM from which he 

extracts important definitions and concepts 

which fit his research interest and the subsequent 

content analysis. This is carried out in the 
Literature Review. 

                                                        
2, Coding 
The purpose of coding here, is to produce a list of 

key words from the textual data. This is the major 

difference. A researcher has to sometimes 

repeatedly review the text because little is yet 

known about the text, meaning he has to cover a 

wider range of material to make sure all relevant 

data is extracted. In the coding process, one 

sometimes is left with a disarray of leakage 

sources that need to be sorted out in the 

categorization. 

2, Coding 
The researcher has already produced a list of key 

words and themes from existing literature, 

sometimes referred to as a dictionary. Coding is 

guided by the list and this is why deductive 

content analysis is also called directed content 

analysis. As opposed to inductive analysis, the 

concepts to be coded from the raw text need to 

be explicitly and clearly defined beforehand in 

order to ensure a systemic coding process and 

accurate results.  
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3, Categorization  

Here, all types of leakage sources are placed 

under various categories according to their 

similarities. The difference is that every 

individual category has to be constructed from 

those leakage sources. The researcher is the one 

who primarily make the decision as to which 

source goes under which category based on 

textual clues identified through coding.  

3, Categorization 

Categories are already constructed based on 

earlier theories and definitions. Here, identified 

codes are to be placed under each corresponding 

category. Occasionally some new codes are not 

readily suitable for any existing categories, e.g. 

new types of leakage. Then new categories can 

be developed to accommodate new concepts.  

                                        
4. Interpretation 

The calculation of percentage distribution of 

leakage sources over the sectors. 

4. Interpretation 

The result of deductive content analysis is usually 

used to test, corroborate or expand existing 

theories and phenomena.  

 

Figure 01. Major differences between an inductive and a deductive content analysis 

 

3.2.2 Coding  

Coding is the process of assigning meaningful tags, names or labels to pieces of data. 

These pieces of data are used as analytical units. According to Schilling (2006); Gerbic 

& Stacey (2005), an analytical unit refers to a piece of text meaningful by itself that  

functions as the unit of measurement of a singular idea, episode, or piece of information, 

regardless of its length. An analytical unit can be words, sentences, clauses, paragraphs, 

themes, etc., depending on specific analysis designs. The smaller the unit is, the higher 

the resolution of the pattern becomes (Beck et al., 2010). Analytic unit is important 

because it directly affects percentage or frequency calculation. For a qualitative study, 

a useful unit of analysis is commonly a theme, and referred to as a thematic unit (Rourke 

et al., 2001). Theme is a more reliable unit for manual coding, offering the advantage 

of effectively capturing the totality of narrative, saving researcher the trouble of 

segregating meaning by word or sentence (Graneheim & Lundman, 2004, Strijbos et 

al., 2006). One type of leakage source appears only once in a methodology, whereas 

one methodology may have multiple different leakage sources, for example, ACM0003 

has two leakage sources: leakage effects due to diversion of biomass residues caused 

by project activities and upstream emissions due to additional fossil fuel combustion 

relative to baseline activities. It contains two different thematic units: Diversion and 

Upstream Emissions, each unit appearing only once.  

A few ground rules are implemented in order to ensure that the coding procedures 

remain consistent, systematic and explicit throughout (Holdford, 2008). 

Firstly, no content categories or coding paradigm is developed specifically for this 

content analysis. However, relevant definitions identified through the literature review 

assume a similar role of informing and guiding the coding. The three types of leakage, 

namely Activity Shift (primary leakage), Market Effects (secondary leakage) and Life 
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Cycle Leakage, and the related subtypes of leakage will provide the basis of coding 

decision. Furthermore, the three concepts: leakage source, leakage mechanism and 

leakage agent also provide valuable analytic assistance in the search for patterns.  

Secondly, owing to the clear and orderly layout of the methodologies, ‘noisy data’ 

can be easily sifted out through manual coding; leaving focus on the Applicability and 

Leakage sections, as well as PoA for small-scale projects as these are where leakage 

issues are centrally dealt with. It proved time-saving and served a purpose of simplicity. 

In addition, the analysis makes no attempt to uncover any latent messages embedded in 

the text and records manifest content only, having said that, inferential judgment and 

interpretation based on the predetermined definitions are unavoidable as to what 

category a leakage type belongs to when uncertainty arises. For example, 

‘displacement’, ‘diversion’, ‘competing use’ and ‘crowding out’ are terms used in 

different methodologies to refer to leakage sources; it takes special consideration of 

leakage mechanisms to infer from the context that they all refer to the same type of 

leakage, Diversion. Also, ‘emissions outside of project boundary’ is used 

indiscriminately to refer to a variety of leakage sources, making it necessary to examine 

their respective underlying mechanisms and distill specificities that separate one 

leakage type from another. Two cases of positive leakage in methodologies AMS-III.A 

and AMS-III.AQ are referred to as ‘negative’, the logic being that leakage is 

mathematically denoted by a minus sign, so that the ‘negative’ leakage is actually 

‘positive’ with a plus sign. This also needs careful interpretation and cannot be taken at 

face value.  

Thirdly, in some methodologies, under the Applicability subheading, 

precautionary measures against potential leakage are addressed, which warrants its 

inclusion as relevant content in the content analysis. Again, for the sake of practical 

simplicity, any applicability condition pertaining to leakage issues is considered as a 

proxy for leakage source and is coded accordingly. The following three types of 

applicability conditions are identified as alluding to leakage prevention measures and 

they are coded as leakage sources and integrated into relevant categories: 

For projects involving the cultivation of vegetation for biomass, biomass residues, 

or vegetable oil as renewable energy source, the applicability condition stipulates that 

proposed planting activities should be carried out on severely degraded or degrading 

lands specifically dedicated to the project so as to forestall possible unanticipated 

deforestation or a shift of baseline activities to the outside of the project boundary due 

to continued demand on land use. Furthermore, employment should be secured, and 

alternative livelihood options should be provided for local forest beneficiaries. Detailed 

guidance is available in ‘Tool for the identification of degraded or degrading lands for 

consideration in implementing CDM A/R project activities’. The main implication of 

this prerequisite is a precaution against leakage in the form of activity shift to outside 

project boundary; hence the coding decision: Shift of Pre-project Activity.  

For project activities involving the consumption of a given resource (e.g. natural 

gas), the applicability condition stipulates that there must be sufficient quantity of the 

concerned resource readily accessible in the project region or host country, so that 

leakage on account of competing use of limited resource due to price-inelastic supply 
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constraints can be avoided. In essence, it is an attempt to prevent diversion or 

displacement of limited resources from existing or prospect users, thus preventing 

subsequent carbon emissions from fossil fuels used as substitute. It is coded under 

Diversion.  

For project activities involving cooling equipment installation, project proponents 

are required to use refrigerant that contains no ozone depleting potential (ODP) or no 

global warming potential (GWP). In this way, leakage emissions associated with the 

production and use of refrigerant are prevented. Because refrigerant is considered a 

material integral for the project implementation, it is coded under Process Leakage. 

Finally, mutual exclusiveness is preserved and double counting is avoided to 

ensure the accuracy of percentage calculation (Olsen & Fenhann, 2008; Gerbica & 

Stacey, 2005). If a type of leakage is addressed both in Applicability and Leakage 

section, then it is only coded once. In cases of No Leakage in the Leakage section, 

whereas leakage effects are addressed in Applicability or PoA section, then it is assumed 

that leakage is prevented for that particular type of project provided relevant terms of 

applicability conditions are followed by proponents, and it is coded as the 

corresponding leakage source.  

 

3.2.3 Categorization 

The categorization of content is carried out by integrating units of coded themes into 

respective categories. In line with the coding process, the grouping of leakage patterns 

is also informed and guided by those predetermined concepts. Correspondence between 

the leakage types and categories is ascertained based on the underlying mechanisms 

and the leakage agents involved. When all the thematic units of one leakage type are 

extracted and grouped under a larger category referring to the same leakage type, the 

number of leakage categories is substantially reduced; this facilitates further description 

and helps sharpen the focus on analysis of leakage (Nasir, 2005; Altaweel & Bone, 

2012). The establishment of accurate and exhaustive categories involves an iterative 

process alternating between coding the methodologies and revising categories; as new 

information emerges from the text, categories need constant updating until relevant 

textual units are exhausted (Bos & Tarnai, 1999; Nasir, 2005; Woodcock, 2008). Finally, 

203 methodologies are reviewed, resulting in 183 thematic units for large scale projects 

and 169 for small scale projects. Codes are recorded in Excel spreadsheets created 

separately for each sectoral scope, and then re-categorized according to different 

leakage types. For example, under Transport Leakage, all methodologies addressing 

Transport Leakage and the sector that use such methodologies are listed. The Excel 

spreadsheets can be requested from the author.  

The volumetric record of text into categories renders textual data convertible into 

numerical data suited for percentage distribution in this case, enabling a quantitative 

display of patterns to be laid out (Nasir, 2005; Beck, 2010). Two percentage 

distributions are calculated: the percentage of one leakage type in each sector relative 

to all coded units of this leakage, and the percentage of on leakage type within a sector 

relative to the total units of all different leakage types within that sector. Since most 
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methodologies contain more than one leakage sources, the total number of leakage 

sources is larger than the number of methodology documents in a given sector.  

 

Calculation of inter-rater agreement is an indispensable feature for content 

analyses involving two or more coders as a practice to ensure scientific rigor. It tests 

the reliability of coding performed by different individuals and the validity of categories, 

e.g. if they are well delineated in such a way that minimizes confusion and 

misinterpretation (Hsieh & Shannon, 2005; Strijbos et al., 2006). For this thesis, the 

coding is performed by the author alone, hence no such need as to calculating inter-

rater agreement, and this leads to another limitation, limited generalizability. The 

research method described in the thesis is replicable, but the findings of the analysis are 

valid only to the extent that methodologies are concerned; the identified patterns are 

not transferable to other text samples.  
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4. Results 

The coding procedure ultimately extracted 183 units of themes from the 88 large scale 

and consolidated methodologies. These thematic units represent 183 cases of leakage, 

10 leakage types addressed in all the large methodologies. A methodology may address 

more than one leakage sources, so the total number of leakage units is larger than that 

of methodologies. Similarly, 169 thematic units representing 169 leakage sources are 

coded from the 91 small scale methodologies. The subsequent categorization further 

regrouped these units based on their characteristics into a total of 11 types of leakage. 

Small scale methodologies apply all 10 types, absent Unspecified; whereas large scale 

methodologies have 10 types, without Transfer of Equipment. The 11 types of leakage 

sources and associated quantification methods will be described in detail and their 

distribution in the sectoral scopes will be presented as a percentage distribution. Finally, 

the 11 new leakage types will be analytically compared with the three leakage types 

discussed in Literature Review.  

4.1 Identified Categories of Leakage Sources 

The content analysis has produced 11 types of leakage sources identified in project 

methodology documents with varying frequencies. Each source is summarized and 

presented in the table below in concise language. The purpose of the table is simply to 

display these leakage types in the way comparable to an index and make it clear for 

readers to follow.  

Table 03. Eleven categories of leakage sources identified through the content analysis 

Leakage Source Brief Description 

01. Diversion This leakage source applies when a type of resource, good or 

material that is limited in regional supply is diverted or 

displaced from existing users to the project. In order to fulfill 

their needs, existing users are likely to use fossil fuels for the 

diverted materials, which results in leakage emissions.  

02. Upstream Emissions This leakage source refers to emissions associated with a 

series of production activities upstream to the actual 

combustion of the project fuels, from fuel extraction to 

delivery to consumers. It needs to be accounted for when 

additional fuel is induced by the project activity compared 

with baseline scenarios.  

03. Positive Leakage Leakage source that is benign in nature, representing a 

net removal or reduction. This source can be added to the  

emission reductions under certain circumstances.  

04. Transport Leakage This leakage source relates to the additional transport 

(additional trips, distance and increased fuel consumption) 

attributable to project activities.  
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05. Transfer of Equipment 

   (Small scale projects) 

The replaced equipment is not distributed to applications 

elsewhere or the equipment intended to use under the project 

is not transferred from existing uses.  

06. Deforestation The leakage source occurs in situations of transmission lines 

established for grid expansion or interconnection of grid 

systems.  

07. Outside Project Boundary Leakage sources 7.1-7.4 are counted as one leakage source 

for simplicity. They are denoted as ‘outside the project 

boundary’ in methodologies but they display varying 

characteristics worthy of a more careful examination for a 

better resolution of the leakage sources.  

7.1 Process Leakage  The leakage source refers to emissions arising from a 

production stage or process under the project, or emission 

associated with the production or consumption of a raw 

material integral to the project activities. These leakage 

sources are generally characterized in the methodology 

documents by a brief description and a concise quantitative 

methods.  

7.2 General Guidance on Leakage 

(Small scale projects) 

This leakage source is unspecified, mostly contained in the 

PoA section of small scale methodologies. Project 

participants are advised to refer to ‘General Guidance on 

Leakage in Biomass Project’ which is a methodological tool 

addressing three types of leakage effects: activity shift, 

competing use of biomass and emission from biomass 

cultivation.   

7.3 Non-renewable Woody Biomass 

  (Small scale projects) 

This leakage source applies when non-renewable woody 

biomass saved under a project is used by people who 

previously may have used renewable energy sources.  

7.4 Shift Outside Project Boundary This leakage source applies to biomass projects when land 

used under project cannot sustain all the activities so baseline 

households and activities end up moving to outside of project 

boundary.  

08. No Leakage When leakage is not applicable, deemed negligible, or not 

considered or expected to happen under a type of projects.  

09 Scrapping of Replaced 

Equipment 

Replaced equipment under project needs to be scrapped to 

prevent it being shifted elsewhere in the economy.  

10 Unspecified Leakage sources with leakage methods that do not fit in any 

category. They appear only once, applicable to specific cases 

and accompanied by detailed explanation and calculation 

methods.  

11 Market Effects Leakage sources caused by market dynamics, also known as 

‘secondary leakage’ that is indirectly attributable to projects.  
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4.1.2 Leakage Sources & Quantification Methods 

1. Diversion 

Leakage Source 

Leakage source is the project activities’ consumption of a type of limited resource that 

has been previously utilized in baseline scenarios. This source is termed Diversion 

because project virtually diverts limited materials from existing applications to the 

CDM project activities. It is also referred to as competing use, especially in the context 

of biomass related projects, since the underlying mechanism of the leakage source 

relates to a regional supply constraint (inelastic supply) on said materials or goods. A 

sudden increase in demand usually leads to a consequential deficiency in supply. 

Leakage agents in this case are understood as a class of existing users who depend on 

the resource prior to the project. Existing users recourse to fossil fuels or other carbon-

intensive fuels to replace the diverted materials for their continued demand, thus 

causing an unanticipated increase in emissions elsewhere.  

 

Leakage Assessment Tool 

The likelihood of resource diversion can be reasonably estimated by assessment tools. 

Project proponents are advised to demonstrate in their CDM-PDD that the concerned 

project materials are available in sufficient quantity in the region or host country so as 

to effectively remove any possibility of diversion. The geographic boundary shall be 

clearly delineated in the CDM-PDD using transport distance between the location 

where the material is collected and the project site as a radius of coverage. The radius 

around the physical boundary of project site is set to be a range of 20km to 200km. This 

method is also applied in the ‘General Guidance on Leakage for Small Scale Biomass 

Projects’ for the competing use of biomass or biomass residues that have been 

previously used in the local economy, for which an abundant surplus available in excess 

of 25% of current consumption needs to be demonstrated in the project area. 

Corresponding to baseline scenarios in which a material or a commodity previously 

serves socioeconomic purposes, four assessment tools are developed to rule out leakage. 

 

Table 04. Recommended tools for assessing the regional supply situation of the 

material to be used in project activities.  

 

L1 The material has never been utilized to fulfill any economic or social needs 

prior to the project. The baseline is a continuation of the old practice. Project 

proponents should demonstrate that the exploitation of such material is made 

feasible only by the implementation of the project.  

L2 The presence of an abundant surplus of concerned material which has not 

been utilized in any way in the region should be demonstrated with 

documented evidence. The available material or resource should be at least 

25% larger in quantity than what is being currently used, including the 

amount to be consumed in the CDM project, or twice as much the quantity 

currently used in all power plants connected to the electricity grid. 
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L3 Project proponents should demonstrate that the suppliers to the project and 

the ones who sell the same type of material in the region are left with an 

abundant surplus of material for which there is no use after the purchasing 

season is through.  

L4 The current users of the material need to be identified and demonstrated that 

they replace the diverted material with other types with similar 

characteristics rather than fossil fuels or other fuels which may cause 

significant GHG emissions elsewhere in the economy. Project proponents 

need to show that the substitute materials are sufficiently available in the 

region as per approach L2L3, and the production of the replacement does 

not result in substantial increase in energy consumption.  

 

Leakage Calculation Method 

If leakage cannot be prevented at source by the aforementioned tools, it needs to be 

estimated and deducted from the emission reductions. A certain degree of simplification 

in leakage calculation is necessary because the specific ways in which resource 

diversion takes place vary from case to case. The calculation method commonly applied 

in methodologies: the amount of material diverted from the baseline users is converted 

into energy basis, usually through a multiplication procedure by the Net Calorific Value 

(NCV) of said material, from mass units to energy units (J). The value is then multiplied 

by the emission factor of the most carbon intensive fuels on the conservative 

assumption, or according to some methodologies, taking into account the most common 

practice in the region. As an alternative, in methodology AM0007, project proponents 

are required to estimate the percentage of the biomass that is used to meet current needs 

and the biomass that serves no particular purpose. If the proposed project extracts from 

the same biomass source that has been utilized to fulfil existing economic or social 

needs, the percentage of biomass is taken as the leakage penalty (for example, 40% of 

the biomass is currently used at the site from which the proposed project is going to 

source biomass, then 40% is the leakage penalty and shall be discounted from the 

emission reduction.). In addition to the most common method presented above, 

ACM0014 uses a default value, and it is defined as 1 tCO2/ton of dry matter, meaning 

1 tCO2 is deducted from emission reductions for every ton of diverted dry matter. In 

ACM0005, in case where participants fail to substantiate the presence of surplus of 

additives and raw materials for blended cement in the project region with L2, a 

conservative approach assumes a full diversion, and emission reduction in that crediting 

period is counted as zero. In ACM0007, a default value is employed in the assessment 

of exhaust heat diversion. Leakage can be disregarded provided that recovered baseline 

heat is less than 3% of fuel consumption in project, or the baseline heat does not excess 

the exhaust heat recovered in project for non-power generation.  
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2 Upstream Emissions 

Leakage Source 

This leakage source is the project’s use of fossil-based energy. Upstream GHG 

emissions are associated with various stages of fossil fuel handlings upstream to actual 

project combustion. ‘Upstream’ is defined in the tool ‘Upstream leakage emissions 

associated with fossil fuel use’. The extent goes from fuel extraction at its geologic 

source right to the distribution to end users, and includes production, processing, 

transportation and storage in between. Upstream activities are a secession of several 

industrial operations involving various technologies, which are broadly differentiated 

into stages to enable an easier management based on key activities. There are a few 

exceptions made for certain types of fuel with specific production stages, applications 

or origins. For example, a type of natural gas only involves production stage and 

distribution stage.  

The upstream leakage emissions most frequently identified in methodology 

documents are fugitive CH4 emissions from the extraction, processing, liquefaction, 

transportation, re-gasification and distribution of fuels consumed in the project 

activities; and CO2 emissions resulting from fuels and electricity involved in the 

liquefaction, transportation, re-gasification and compression into a natural gas 

transmission or distribution system when LNG (Liquefied Natural Gas) is combusted 

(e.g. AM0087). Upstream emissions due to upgrading of raw natural gas stream through 

a CO2 removal technology, whereby CO2 discharged into atmosphere is included as 

leakage emissions. Leakage applies to raw gas stream undergoing upgrading treatment 

with CO2 higher than 5% in volumetric unit. Methodology documents addressing 

emissions due to CO2 removal are AM0050, AM0087, AM0089, AM0099, and AM0107.  

It is worth noting that if the upstream production stages take place in Annex I 

countries, since 1 January 2008, then upstream emissions associated with said processes 

should be disregarded in the calculation since such emissions are already subject to 

stringent carbon accounting.  

 

Leakage Calculation Method 

Upstream emissions associated with fossil fuel have a set of standardized calculation 

procedures partially based on methodological tool ‘Upstream leakage emissions 

associated with fossil fuel use’. Mathematical equations are formulated with minor 

variations, depending on specific operations, systems and types of fuels involved in 

baseline and project activities. To take natural gas as an example, the calculation 

proceeds as: the total quantity of natural gas combusted in the project activities is 

multiplied by its NCV, whereby the volume (m3) is converted into an energy unit (J). 

This converted value is then multiplied by an emission factor for upstream fugitive 

methane emissions pertaining to natural gas handlings. This gives the upstream fugitive 

methane emissions associated with the quantity of natural gas used in the project. In 

order to determine the leakage emissions attributable to the additional natural gas 

consumption, baseline fugitive methane emissions due to fossil fuel consumption which 

has been displaced by the implementation of project shall be deducted from the total 

project fugitive methane emissions.  
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The average methane emission factors are calculated by dividing the total CH4 

emissions from the various life cycle stages by the fuel produced or supplied, 

respectively, when project-specific monitored data is obtainable. Otherwise, project 

proponents can use default values provided by the IPCC, or country-specific data 

reported to the UNFCCC. 

 

3 Positive Leakage 

Leakage Source 

Positive leakage represents an unanticipated gain of carbon benefit as project activities 

inadvertently result in a decrease of GHG emissions. In practice, positive leakage is 

commonly set to zero and incremental benefits are ineligible for CERs for conservatism. 

For example, in AM0038, the enhanced utilization efficiency of raw material consumed 

in alloy manufacturing effectively reduces exploitation of raw materials at source. The 

upstream emissions and downstream waste discharge associated with the production of 

alloy is reduced accordingly. Transport related emissions are also reduced. However, 

because emission reductions take place outside the project boundary and in keeping 

with the conservative principle, they are excluded from emission reductions. In 

situations where positive leakage amounts to significant quantity, it is then accounted 

for and added to the overall emission reductions.  

Positive leakage is consolidated as one category based solely on the rationale that 

it is benign in nature, and presents no real damage to the overall CDM benefit. Positive 

leakage itself comes from varied leakage sources. For example, in AMS-III.AQ, it 

results from avoided upstream emissions associated with compressed natural gas (CNG) 

consumption. In AMS-III.AK, there are two leakage sources: an upstream emission due 

to methanol production and a positive leakage (referred to as ‘negative’, in this 

particular case) from reduced consumption of petrodiesel which effectively avoids 

leakage emissions from crude oil production and refining. Under this methodology, the 

positive leakage is accounted for only when upstream emissions arising from methanol 

production are also included. Otherwise, they cancel each other out. Notable project 

methodologies (i.e. AM0089 and ACM0017) address positive leakage sources arising 

from the avoided production of petrodiesel, in which the associated upstream emissions 

from crude oil production, refinery and domestic transport are all included as additional 

to the emission reductions.  

Noteworthy is that transnational transport (reduced consumption of bunker fuels) 

is not eligible for emission reductions. But, within host countries, the emissions reduced 

from avoided long distance transport is accounted for, based on the percentage of 

patrodiesel content in the fuel blend and the corresponding transportation emission 

factor per ton. 
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4 Transport 

Leakage Source 

Transport activities are the leakage source in this case. Usually when additional raw 

materials, energy sources or equipment are incurred as the result of project activities, 

and they are not available in the geographic proximity of project sites, then emissions 

associated with transport of increased materials are to be accounted for in the project 

carbon accounting.  

 

Leakage Calculation Method 

The leakage calculation generally takes account of the GHG emissions from fuel 

consumption of vehicles and the corresponding emission factors, the weight of freight 

carried per vehicle, the distance travelled and the number of additional trips made on a 

yearly basis. ‘Project and leakage emissions from transportation of freight’ provides 

detailed instructions. In methodology AM0079, if the estimated leakage from transport 

of the project cylinders proves less than 0.1% of the emission reductions, then it is 

deemed insignificant.  

 

5 Transfer of Equipment 

Exclusively applicable to small scale methodologies, this type of leakage source should 

be split into two cases where equipment used in project activities is transferred from 

other existing activities, or where replaced equipment is distributed to activities 

elsewhere. A brief instruction is given in the Leakage section of approved small scale 

methodologies regarding the necessity of accounting for such leakage, but no 

calculation methods are given, therefore, it suffices as a leakage source but not as 

leakage calculation method.  

 

6 Deforestation 

Leakage Source 

Deforestation activity as a leakage source applies to the situation of transmission line 

construction, electric grid expansion or interconnection of grid systems. Its very nature 

as a one-time leakage means it only needs to be considered during the first crediting 

period.  

 

Leakage Calculation Method 

According to AM0045, the leakage emissions due to deforestation can be calculated 

through a simple multiplication of the deforested area by the carbon stock per unit area, 

including above and below ground, soil carbon, litter and dead biomass (CO2 ton/ unit 

area).  

AM0104 applies a set of more elaborate calculation procedures. First, the 

transmission line is split into a number of sections with a maximum length of 5km. The 

vegetation type of each section needs to be identified based on IPCC 2006 Guidelines. 
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Deforestation related leakage shall be accounted for any sections identified as forest. 

Calculation is carried out by calculating the average area of the deforested land (Length 

× Width), which is then multiplied by value of its biomass coverage. Default values for 

aboveground biomass (carbon fraction of dry matter = 0.5 t-C/tonnes d.m.) are provided 

in IPCC Guidelines. As an alternative to segmentation, the area of different vegetation 

types and the total deforested area of aboveground biomass are determined. The total 

area of deforested plot is adjusted by a factor (0.5×44/12) as leakage emissions.  

 

7. Outside Project Boundary 

As a category, this leakage source comprises GHG emissions occurring outside the 

project boundary. ‘Outside project boundary’ implies that emissions are attributable to 

project activities, but effective countermeasures are not within project proponents’ 

reach, for example, the emission behavior of consumers who use project products, or 

the conditions under which project products are distributed. Emissions that occur 

outside of project boundary take on various forms. Subcategories are presented below 

for a closer look into the varied characteristics of leakage.  

 

7.1. Process Leakage 

Leakage sources arising from a production stage or phase, or auxiliary process during 

the life cycle of a project system, or from various types of raw materials or fuels used 

in project activities are classified under this subcategory. The applicability condition 

concerning the use of refrigerant is coded under this category on the grounds that 

refrigerant is a substance indispensable to the installing and operating of cooling 

devices. 

This class of leakage sources are commonly referred to as ‘outside of project 

boundary’ in methodology documents. They are ‘miscellaneous’ in nature and 

characterized by varied types of raw materials, energy input or intermediate processes 

involved, and different ways of leakage calculation. Some of the typical ones are 

presented below. 

 

Leakage Sources 

In 13 Waste Handling and Disposal and Agriculture sector, CH4 and/or N2O emissions 

from organic materials or wastes subject to anaerobic decay can be summarized as 

follows: organic matters that have been stabilized in an anaerobic digester produce a 

waste residue known as digestate. The downstream treatment of digestate may generate 

CH4 and N2O from composting, or CH4 due to the decomposition of digestate in a solid 

waste disposal site (SWDS) or in storage under anaerobic conditions.  

Composting is a sequence of biodegradation processes in the presence of oxygen 

(aerobic). Its end product, compost contains organic materials which can be used in 

land applications as fertilizer, soil conditioner etc. Leakage emissions associated with 

composting of digestate are mostly associated the downstream handling of compost. If 

subject to anaerobic conditions, methane emission needs to be quantified due to the 
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anaerobic decay of compost in storage or in a SWDS. 

Leakage emissions from solid matter subject to anaerobic breakdown in a SWDS, 

or stockpiles that qualify as SWDSs should be quantified as per tool ‘Emissions from 

solid waste disposal sites’. 

 

Leakage Calculation Method 

Three methodological tools are grouped under this subcategory: ‘Project and leakage 

emissions from anaerobic digesters’, ‘Project and leakage emissions from composting’ 

and ‘Emissions from solid waste disposal sites’. Their applications are inter-referenced 

and share common applications in the methodologies.  

 

One source of leakage included in methodology ACM0022 concerns the production 

processes of refuse-derived fuel and stabilized biomass (RDF/SB) outside of project 

boundary that generate residual waste, the organic fraction of which may give rise to 

leakage emissions if disposed of in a SWDS. Residual waste that is composted or waste 

from RDF/SB combustion is not part of the leakage calculation, whereas the anaerobic 

decay of residual waste should be calculated as per Application B in the tool ‘Emissions 

from solid waste disposal sites’. 

In short, waste materials, including residual waste from controlled combustion, 

gasification or mechanical/thermal treatment in project activities from the treatment 

process of waste organic matter, if subject to anaerobic conditions in storage or disposed 

of in a landfill, methane leakage emissions shall be accounted for using the first order 

decay model as per tool ‘Emissions from solid waste disposal sites’. 

 

Leakage Source in ACM0015 

The leakage source regarding the replacing of conventional emission intensive raw 

materials for alternative raw materials that do not contain carbonates in cement clinker 

production comprise three major parts. One is emissions from additional grid electricity 

consumption due to transfer of alternative raw materials by conveyor systems, and 

emissions from additional electricity consumed in various stages of treatment and 

processing of alternative raw materials. The second emission source occurs because the 

physical and mineralogical composition and characteristics of clinker are affected by 

the change in the mixture of raw material input, which means in order to produce 

blended cement with the same quality, additional electricity is consumed in processes 

such as grinding, preparation, refining. The third source also relates to the change in 

mineralogical characteristics of clinker, which may result in additional input of clinker.  

 

Leakage Calculation 

For the increase in consumption of grid electricity, the calculation is done by 

determining the additional amount of electricity consumption compared against 

baseline cases, and multiplying it with the emission factor for grid electricity. 

For the additional input of clinker, leakage source is quantified by multiplying the 

average ratio of clinker consumption in baseline to that of project activities by the total 

annual production of common-practice blended cement under the project. Related 
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emission factor for clinker production is calculated by dividing the CO2 emission in a 

given year by annual clinker production.  

 

Leakage source in AM0028 

This methodology is developed for N2O destruction technologies. The best destruction 

performance is achieved within a certain range of operating temperature. It is therefore 

a common practice in industry to pre-heat inflow of tail gas stream upstream of the 

destruction facility. If extra heat energy external to the system is utilized, leakage shall 

be accounted for in the absence of heat recovery device equipped at the end of the 

process. In the presence of a built-in heat recovery, leakage can be ignored since extra 

energy input is captured within the system boundary.  

 

Leakage Calculation Method 

Detailed calculation methods and equations are presented for the three components of 

leakage emissions: 1, emissions attributable to additional steam production in the 

project relative to baseline demand; 2, emissions from annual additional energy 

consumption due to tail gas utilization; 3, emission from additional tail gas preheating.  

 

7.2. General Guidance on Leakage in Small Scale Biomass Project 

This methodological tool ‘General Guidance on Leakage in Small Scale Biomass 

Project’ is referred to in generic terms under the PoA of small scale projects involving 

biomass. This tool provides identification and calculation methods for three types of 

leakage sources: competing use of biomass, which may result in leakage emissions due 

to increased fuel use; shift of pre-project activities outside project boundary when 

significant land pressure exists in the project region and emissions from biomass 

cultivation activities. Project participants are advised to consult the tool and see which 

one (or more) out of the three fits their circumstances. In cases where methodologies 

make specific reference to any of the three leakage sources, the leakage source on 

account of competing use of biomass is categorized as Diversion and shift of pre-project 

activity is categorized under 7.4 Activity Shift.  

 

7.3. Non-renewable Woody Biomass 

Leakage Source 

For methodologies concerning the implementation of small-scale renewable energy 

technologies for thermal applications, the leakage source is the possibility for 

households from outside of project boundary who may have previously used renewable 

energy sources to begin using non-renewable woody biomass saved under the project 

as domestic heat source.  

Under the PoA of similar methodologies addressing non-renewable woody 

biomass, a potential sources of leakage are envisaged. It relates to the use of non-

renewable biomass preserved by project efforts as part of the baseline scenarios of other 

CDM projects or the increase in the extraction of non-renewable woody biomass 
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outside the project boundary is used to justify baselines of other CDM projects.  

 

Leakage Calculation Method 

Project participants are advised to conduct surveys on local biomass consumers, e.g. 

households using firewood for cooking, and the regions where woody biomass is 

located. Leakage emissions should be accounted for and deducted in case a degradation 

of non-renewable woody biomass is detected and attributable to the project activities. 

As an alternative to survey method, a leakage discount factor of 0.95 can be used to 

deduct leakage emissions. In both cases of preserved woody biomass used as baselines, 

proponents can either perform ex post surveys to quantify the leakage or use 0.95 as a 

default leakage factor.  

 

7.4 Shift of Pre-project Activities 

Leakage Source 

This leakage source is referred to as shift of pre-project activities, mostly relating to 

A/R activities. The underlying mechanism can be summarized as the competing of land 

and land products and services. In this case, it is not only a concern in A/R sector but it 

also bares relevance to biomass extraction and biomass cultivation. In the 

methodological tool ‘General Guidance on Leakage in Biomass Project Activities’, 

shift of pre-project activities occurs as a result of overburden imposed on land capacity, 

because land under project is not able to sustain some of the baseline activities.  

The methodology AM0082 applies to projects designed for the complete or partial 

substitution of renewable reducing agents for fossil-fuel based reducing agents used in 

iron ore reduction process. The renewable agents are produced based mainly on 

renewable charcoal. The leakage source due to activity shift is engendered by the 

primary biomass extraction for which some areas of available lands, forest plots are set 

aside exclusively for dedicated plantations under the project. The lands may sustain 

pre-project activities, serving as source of livestock feeds, wood fuel for local 

households. If the corresponding dedicated plantations are not covered under a 

registered A/R project, then leakage emissions measurable and attributable to the 

project activities should be taken into account.  

As previously noted, applicability condition regarding dedicated plantation 

established for renewable biomass cultivation on degrading or degraded land is taken 

as a precautionary measure against shift of deforesting activities outside project 

boundary and is accordingly coded under this category.  

 

Leakage Assessment Guidance 

Leakage is considered unlikely in case of project activities that do not bring about 

significant change on existing land use. For example: harvesting biomass from existing 

forests, or extracting biomass residues from existing productions on which the CDM 

project has no impact, or the reuse of abandoned land. A set of elaborate leakage 

assessment and calculation methods for activity shift is presented in the methodology 

AM0082, which is developed based on the A/R CDM methodology AR-AM0005 (which 
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is not currently active).Under the methodology, project proponents are advised to make 

sure the supply of forest goods and services in the baseline scenario remain undisrupted 

by the implementation of project; and to ascertain land use change before and after the 

project. Activity shift is considered unlikely to occur, if:  

1. Countermeasures against leakage are integrated in project design and 

implementation, for which project proponents can demonstrate with document 

as part of project validation reports that emission displacement is reasonably 

avoided; or 

2. The areas outside of the project boundary to which baseline activities are 

relocated can be demonstrated by official data to have an overall biomass 

volume/carbon stock less or equal to the project land area from which the 

activities are displaced; 

3. Leakage does not occur in cases where displaced households may decide to 

resort to different livelihood options unrelated to pre-project land use.  

 

Leakage Calculation Method 

When leakage in the form of activity shift cannot be ruled out, which results in the 

unanticipated loss of carbon stock, project proponents are advised by the ‘Guidance on 

Leakage in Biomass Project’ to investigate two aspects of the potential impact induced 

by project activities: the percentage of households displaced out of the project boundary, 

and the percentage of the displaced production affected by the project activities. If the 

displacement of both entities is lower than 10%, then leakage can be assumed as 

negligible. In case of displacement percentage within the interval of 10% and 50%, 

leakage is quantified as 15% of emission reductions. If either one of the entities displays 

a shift higher than 50%, then the methodology will no longer be applicable.  

According to AM0082, project participants should focus on the direct impact of 

land use actions carried out by displaced households. They are first required to 

determine the portion of displacement directly attributable to the project activities 

because some scale of displacement may occur independently of project activities. 

Household is defined as the unit of measurement for leakage calculation and a 

distinction is made between the households displaced to neighbouring areas within a 

5km radius of the project and the ones displaced beyond that range, referred to as 

resident households and emigrant households, respectively. For the purpose of the 

methodology, leakage emissions on account of activity shift are differentiated between:  

Land use/land cover change, as deforestation or the conversion of forest to 

agriculture land, pastures or the like; 

Partial or complete depletion of biomass resource due to continued, unsustainable 

removal of wood fuel from forest. 

A representative survey method can be administered to 5%-10% of the total 

resident households, or at least 50 samples should be taken using random or stratified 

methods. In cases where the total number of resident households are smaller than 50, 

all the households should be included to minimize bias due to a limited survey 

population. Structured questionnaires and/or participatory appraisal methods are 

recommended as suitable survey methods. Other geographic information instruments 
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can be used to dynamically monitor land use changes and identify areas prone to 

emission displacement. The leakage emissions are calculated by multiplying the mean 

area of affected land per household by the mean carbon stock (MC) of living biomass 

below and above ground of the area to which the activities are shifted and the total 

number of displaced households. The mean carbon stock shall be obtained from official 

data or using the procedures outlined in IPCC. An expansion factor of 1.2-1.5, 

depending on vegetation density, is suggested to convert the mean carbon stock of 

living biomass into a value capable of representing all carbon sources. If data on the 

carbon stock of the destination area is not available, the mean carbon of mature forest 

is recommended as the best proxy. Due to the difficulties inherent in tracking behaviour 

of emigrant households, official statistics can be used to gain insight into the number 

of emigrant households and information with respect to resident households can be used 

to approximate leakage emissions caused by emigrant households, the mean affected 

land per emigrant household is assumed to equal to that of the resident households.  

For leakage from fuel wood collection, using wood fuel for domestic energy needs 

remains a prevailing practice in many rural areas, which means that a lot of the 

displaced households are expected to extract woody biomass from forest outside the 

project boundary. The prolonged, unregulated wood fuel extraction activities eventually 

deteriorate the biomass resources, resulting in leakage of net carbon stock. Under the 

methodology, leakage emissions from fuel wood consumption are not expected to occur 

provided that project participants can prove that the project is able to provide even 

larger amount of permissible wood fuel relative to that of the baseline during a crediting 

year. In addition, leakage is deemed insignificant if is displaced emissions are less than 

5% of the emission reductions.  

Assessment guidelines and survey techniques for deforestation/ land used change 

described above are useful for leakage due to biomass degradation caused primarily by 

wood fuel extraction. Information on average size of resident households (number of 

heads), demographic pattern (annual population growth rate in the case of resident 

households), as well as situation of wood fuel supply acquired by survey methods, 

market studies and official data can be used to estimate the total amount of wood fuel 

volume per capita collected from all sources and the portion of wood fuel sourced from 

agriculture and private lands. Assumptions are also made that the mean wood fuel 

consumption per emigrant household is equal to that of resident households whose 

information is accessible to survey sampling and data collection. The displaced 

emission is determined as the product of the number of persons of a household, total 

displaced household units, the mean wood fuel harvested from land (tonne/ person), a 

carbon faction of dry biomass (tonnes C). The overall leakage effects are the sum of 

displaced emissions from both resident and emigrant households.  

 

8. No Leakage 

Under the Leakage segment, a succinct explanation states that no leakage source is 

considered, expected, envisaged or deemed insignificant for the particular type of 

project under the methodology. As mentioned before, a reference of one of the three 
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applicability conditions counts as a leakage source despite no leakage is considered 

under the Leakage section. In accordance with the principle of mutual exclusiveness, 

No Leakage is not coded in the presence of any applicability conditions. Otherwise, it 

indicates that a methodology is well-designed to be ‘leakage-proof’.  

 

9. Scrapping of Equipment 

When equipment formerly used in baseline scenario is replaced by new equipment with 

higher energy efficiency or operate on fuels with lower emission intensity, the 

destruction of replaced equipment needs to be implemented in a decentralized or 

centralized fashion to prevent replaced equipment being distributed and utilized by 

users outside the project boundary. The number of scrapped equipment needs to be 

demonstrated as equal to the number of project equipment distributed by the project 

proponent. This process needs to be documented by credentials and verified by an 

independently appointed monitoring entity, by which leakage effect is then deemed 

negligible.  

 

10. Unspecified 

Unspecified category includes a few methodologies that are not exactly the right fit for 

any categories that have been established for leakage sources mentioned above. 

Unspecified leakage sources are usually exclusively applicable to just that one project 

activity and each appears only once in the entire collection of methodology documents. 

These leakage quantification methods are characterized by elaborate explanation 

accompanied by detailed calculation methods. Each individual case is presented.  

 

Table 05. Unspecified leakage sources and their applications. They are presented in the 

table because these leakage sources are dealt with in great detail.  

 

Methodology Sectoral Scope(s) Description 

AM0058 01 The project activities may reduce the amount of 

electricity supply of the project plant delivered to the 

grid, in which case other power plants connected to the 

same grid will boost their power production in 

response to the relative decrease in supply. Leakage 

emissions shall be quantified for the emissions 

associated with the fraction of increased electricity 

output from the grid system. The decrease in electricity 

supply from the project plant is calculated as the 

difference between its minimum annual amount of 

electricity supply during the three years immediate 

before the project start and the actual power supply in 

a given year.  

Conceptually, the overall power supplied to the 
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grid stays constant, whereas the decrease induced by 

the project plant will instead be supplemented by the 

grid. Therefore, the leakage emissions is determined as 

the difference between the emission factor of project 

grid and the emission factor of baseline electricity 

production of the plant. If the difference is positive, it 

is multiplied by the amount of decreased electricity 

output.  

AM0108 01 Methodology AM0108 provides guidance for project 

practitioners undertaking the construction of new 

transmission lines in order to establish or increase the 

electricity exchange through interconnection between 

grid systems.  

A minimum reserve capacity of at least 15% must 

be guaranteed in the power exporting system to the 

grid, as stated in applicability conditions in the 

methodology. Leakage emissions caused by an 

inadequate reserve margin may occur because a portion 

of electricity exported to the grid will have to be 

supplied by off-grid diesel generators. Mathematic 

formulae are included in the methodology for project 

practitioners to first evaluate the minimum margin of 

reserve capacity, and in case of leakage, to quantify 

leakage effects.  

 

11. Market Effects 

Leakage Source 

By definition, market effects are indirectly induced by project activities through supply 

and demand fluctuations, as well as price mechanisms which subsequently influence 

consumer behavior and energy productions. In principle, only manifest content is coded 

and grouped under the category. The three methodologies explicitly addressing market 

related leakage sources are AMS-II.J, AM0077 and ACM0008. The sources are 

presented below and the leakage mechanisms are analyzed in the Discussion section.  

In AM0077, guidance and tools are developed for the capture, separation and reuse 

of associated gas extracted along with crude oil from mine sites that would otherwise 

be regarded as an undesirable waste product. The identified leakage sources associated 

with project activities consist of end users outside of the project boundary and an 

unanticipated increase in fuel consumption due to the addition of processed gas to 

energy market, the latter of which is a secondary market effect. Proponents are advised 

to accordingly account for and subtract leakage from emission reductions. Though, no 

calculation method is presented.  
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Undesired secondary market effects are explicitly addressed in the applicability 

conditions of methodology AMS-II.J for energy efficiency projects. The project 

involves the substitution of high efficiency self-ballasted compact fluorescent lamps 

(CFLs) for incandescent lamps (ICLs). No further description is found as to what 

specific type of secondary effect is considered as attributable to the project activities. 

Contrary to possible rebound effects common to energy efficiency improvement in 

households where saved energy bills are spent on other forms of fuel consumption, it is 

inferred from the prevention tools in the methodology that the leakage source has to do 

with the redistribution of replaced lamps or project lamps in local market.  

Methodology ACM0008 involves the use of several extraction technologies 

aiming for the capture and recycling of coal mine methane and associated gas, as an 

alternative to baseline case in which methane is completely or partially discharged into 

atmosphere. In relation to the baseline practice of total mine gas ventilation, leakage 

source associated with an increase in coal production may occur, when technological 

or financial resources that are previously inaccessible are made available and 

subsequently constraints previously imposed on extraction capacity are lifted by CDM 

revenues generated under the project. Notably, market effects relating to coal price 

change are also mentioned in the methodology. A secondary market leakage, also 

referred to as a rebound effect, may conceptually occur, because the CDM revenues 

under the project have the potential to effect a decline in coal prices through market 

dynamics, which may subsequently catalyse a coal demand spurt and ultimately result 

in an increase in emissions elsewhere. This market effect presents a threat to the overall 

CDM benefits. However, it is specified in the methodology that the relative difficulty 

in obtaining accurate data and the uncertainties inherent in attributing the market related 

phenomenon to any specific project in a quantitative manner make reliable assessment 

currently unpractical. 

 

Leakage Prevention Tool 

As countermeasures to market leakage in AMS-II.J, replaced appliances are required to 

be exchanged with new ones on site and scrapped afterwards. Three codes of action are 

recommended: first, project CFLs are to be directly installed; project lamps are 

distributed at a reasonable price comparable to the ones being replaced; and finally each 

household within in the project boundary can have maximum six lamps. 

 

Leakage Calculation Method 

As for the leakage source in ACM0008 where CDM benefits act us subsidies and 

remove some of the cap on extraction capacity, which results in an increase in coal 

production, two remedial measures are recommended in the methodology literature. 

Project developers are advised to either estimate the increased fraction of coal output 

due to the releasing of previous constraint by CDM revenues. The CERs generated by 

the part of CBM/CMM made recyclable only because of the extra fraction of coal 

production should be excluded from the project’s actual emission reductions, or to apply 

a leakage penalty of 10%. 
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Market effects are usually quantified through equilibrium modeling on an 

international scale by simulating the aggregated effects of critical parameters such as 

demand and supply curves, cost pass-through rate, or substitution elasticity of a given 

fuel traded on global markets. Due to its nature, it is practically difficult to quantify and 

attribute secondary effects to a singular CDM project. 

Market Effects exclusively applicable to the Transport sector 

Three leakage sources are exclusively applicable to the transport sector, especially to 

large scale projects. Large Scale and Consolidated Methodologies, ACM0016 and 

AM0031 provide elaborate quantification tools for project practitioners who undertake 

the establishment and operation of mass rapid transit systems (MRTS) or bus rapid 

transit (BRT) systems, including rail-based systems (subways/metros), light rail transit 

(LRT) and road-based bus systems.  

First, project activities may bring about leakage emissions related to a change in 

load factor of baseline vehicles which have remained in operation. The assessment of 

affected vehicles encompasses the entire large urban zone of the region since the 

estimated impact is not confined to the new MRTS/BRT system. The boundary of 

affected roads needs to be clearly defined in CDM-PDD. Leakage is determined by 

calculating the difference of the average occupancy rate of vehicles before and after the 

implementation of project systems, multiplied by corresponding emission factors of 

vehicle types and distance driven.  

This leakage source is deemed noteworthy only when a reduction larger than 10% 

is observed in load factor relative to the baseline estimates, removing normal load 

variations due to factors external to the project. The occupancy rate of vehicles is 

measured by visual inspection, representative survey or sampling. The occupancy rate 

of buses is measured in relation to vehicle capacity, monitored through manual counting. 

The second leakage source relates to the two different ways in which the road 

capacity of affected areas is changed by the implementation of MRTS/BRT systems, 

depending on the specific design of project activities. 

The project allocates one or more lanes within an existing road infrastructure to be 

exclusively used by the project, rendering road space smaller for the baseline vehicles 

and the overall road capacity reduced. This in turn increases traffic congestion on the 

affected road and ultimately increases emissions. In this case, the impact of possible 

changes in congestion needs to be monitored in year 1 and 4. On the other hand, the 

project may initiate the construction of a new road, which shares traffic flow from 

existing road and may free up road space and result in reduced incidence of congestion.  

The third leakage source is rebound effects, referring to a phenomenon of 

increased mileage travelled in terms of additional distance driven and number of trips 

made for the purpose of this methodology, attributable to introduction of the MRTS or 

BRT systems, which can be explained by a change in consumer behavior in response to 

lowered travel expenses, improved service as well as an overall improvement of 

transport conditions (e.g. less congestion, reduced travel time). A rebound effect needs 

to be differentiated according to its actual effects. The average vehicle speed on the 

road needs to be measured under moving conditions and compared to baseline values 

for an accurate assessment.  
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4.2 Percentage Distribution of Leakage Sources in Each Sector 

The percentage of one leakage type in each sector is calculated by dividing the number 

of units related to that leakage type in one specific sector by the total number of thematic 

units referring to that leakage type. For example, 12 units of Diversion in 01 Energy 

Industries are divided by the total 25 units. The result indicates that 48% of the 

Diversion is distributed in Energy sector. They are presented in Table 06 and Table 08. 

In addition, the percentage of different leakage types within one sector is also calculated. 

It is calculated by dividing the number of one specific leakage type by the total number 

of units regardless of leakage types collected in one sector. No leakage category scores 

the most thematic units (71) in large scale projects, indicating that a majority of the 

methodologies are deemed as impervious to leakage risk. It is excluded from the 

percentage calculation. For example, there are 12 units of Diversion leakage source in 

01 Energy Industries; dividing it by the total 45 units gives 28%, meaning that 

Diversion accounts for 28% of all the leakage sources addressed within the Energy 

sector itself. The table of the distribution can be found in Appendix 1.  

Percentage distribution alone does not suffice to establish any reliable correlations 

between leakage types and sectoral scopes. Besides, some sectors have such a small 

number of methodologies to even make any meaningful inference. For large scale 

projects (Table 07), the top four leakage types are Upstream Emissions (27 units), 

Diversion (25 units), 7.1 Process Leakage (23 units) and Transport (11 units). A closer 

look into their respective distributions in each sector reveals that they are densely 

concentrated in sector 01 Energy Industries, 04 Manufacturing Industries, 05 Chemical 

Industries and 13 Waste Handling. It may appear plausible to suggest that Upstream 

Emissions is mainly concerned with fossil fuel switch (from coal or petroleum to natural 

gas), and Diversion addresses mainly diversion of biomass/biomass residues, or natural 

gas, so 01 Energy Industries and 04 Manufacturing Industries have a logical tendency 

towards these two leakage types, and projects in 13 Waste Handling and 15 Agriculture 

are naturally prone to Process Leakage from anaerobic digesters, composting, or 

emissions from bio-degradable materials. The former also seems to confirm that energy 

efficiency and renewable energy projects are susceptible to leakage (Chomitz, 2002). 

However, it may simply be explained by the fact that sectors 01, 04, 05 and 13 have the 

largest number of methodologies. More methodologies contribute to more units of 

leakage sources.  

The percentage pattern is slightly different in small scale projects, but the logic 

still applies. The top four leakage sources are Upstream Emissions (17 units), 7.1 

Process Leakage (16 units), Diversion (10 units) and 7.4 Shift of Pre-project (10 units), 

mainly distributed in 01 Energy Industries, 03 Energy Demand, 04 Manufacturing 

Industries and 07 Transport. Sectors 01, 03, 04, 07 happen to have the most approved 

methodologies (Table 09). Transfer of Equipment and Scrapping of Replaced 

Equipment collect the most thematic units, 51 and 32 units respectively. They are not 

considered in the ranking due to their lack of quantification methods and the fact that 

they appear in nearly all small scale methodologies.  
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4.3 Final Categorization 

Restructuring the identified 10 leakage categories (excluding No Leakage) aims to 

further simplify the patterns of leakage types. Most importantly, the exercise attempts 

to utilize Activity Shift (primary leakage), Market Effects (secondary leakage) and Life 

Cycle Leakage as a broader category scheme and to ascertain potential linkages 

between the10 types of leakage and previous findings.  

Diversion and 11 Market Effects are classified under the more generic Market 

Effects; 7.4 Shift of Pre-project Activities is placed under the broader Activity Shift. It is 

worth noting here that Scrapping of Replaced Equipment related to the redistribution 

of replaced equipment to outside agents qualifies as a leakage source of Activity Shift. 

Upstream Emissions, Positive Leakage, Transport, Deforestation and Process Leakage 

are all grouped under the overarching Life Cycle Leakage because they are leakage 

sources directly stemming from various production stages of project activities. The 

underlying rationale of this categorization is motivated in great detail in Discussion. 

The categories are differentiated in Table 06 and Table 08 by the colors of blue, green 

and yellow in large scale projects, and blue, green, red in small scale projects. The 

reason of covering both Market Effects and Activity Shift in the same shade of blue is 

elucidated later as well. Nearly all 10 types of leakage sources applicable to large scale 

projects can be neatly placed under the three broader leakage categories, with the 

exception of 2 cases of unspecified leakage sources which are incongruent with the rest 

groupings.  

For small scale methodologies, three cases need to be pointed out. Transfer of 

Equipment, 7.2 Guidance on Leakage in Biomass Project and 7.3 Non-renewable 

Woody Biomass are leakage sources exclusively applicable to small scale projects and 

they are not exactly well suited for the three larger leakage categories. Transfer of 

Equipment can be construed either as a ‘crowding out’ phenomenon similar to 

Diversion, or a case of Activity Shift, depending on whether it implies clean technology 

being transferred from existing uses or dirty technology being replaced and transferred 

to other uses, respectively. It was briefly touched on and provides no information on 

clearly identified agents or quantification method. As previously discussed, 7.2 

Guidance on Leakage in Biomass Project is more of a caution of possible leakage 

sources, and the specific type needs to be determined according to actual project. 7.3 

Non-renewable Woody Biomass identifies leakage agents as a group of local 

households, but lacks further explanation of their behavior or incentives. In order for 

an accurate portrayal of leakage categories, they are placed alongside the three existing 

leakage types, colored in a shade of red.  
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Table 06. The number of thematic units and percentage related to leakage sources 

addressed in each sector. 

 

Sectors 1 2 3 4 5 6 7 8 9 10 11 13 15 Tot. 

               

01.Diversion 
12 

48% 
  

6 

24% 

2 

8% 
  

1 

4% 
 

2 

8% 
 

2 

8% 
 

25 

100% 

7.4 Shift of 

Pre-project  

3 

43% 

1 

15% 
 

1 

14% 

1 

14% 
   

 1 

14% 
    

7 

100% 

09. Scrapping  

   Of replaced 

   Equipment 

     1 

20% 

4 

80% 

          5 

100% 

11.Market 
1 

20% 
     

2 

40% 

1 

20% 
 

1 

20% 
   

5 

100% 

02.Upstream 

  Emissions 

17 

63% 
 

1 

4% 

4 

15% 

3 

11% 
 

2 

7% 
      

27 

100% 

03.Positive 

  Leakage 

2 

40% 
   

2 

40% 
   

1 

20% 
    

5 

100% 

04.Transport 
2 

18% 
 

1 

9% 

3 

28% 
    

1 

9% 
 

1 

9% 

2 

18% 

1 

9% 

11 

100% 

06.Deforestation 2             2 

7.1.Process 

Leakage 

4 

18% 
 

1 

4% 

2 

9% 

3 

13% 
  

1 

4% 
 

3 

13% 
 

6 

26% 

3 

13% 

23 

100% 

10.Unspecified 
2 

 
  

 

 

 

 
        

2 

100% 

Total 45 02 07 16 11 0 04 03 03 06 01 10 04 112 

Legend: 

01.Energy Industries (renewable - / 

non-renewable sources) 

09.Metal Production This color is used to highlight the two 

existing leakage types: 

Activity Shift (of Pre-project); 

Market Effects (Diversion/ Displacement) 

02.Energy Distribution 10.Fugitive Emissions from Fuels (solid, 

oil and gas) 

This color is used to represent  

Life Cycle Leakage. 

03.Energy Demand 11.Fugitive Emissions from Production and 

Consumption of Halocarbons and Sulphur 

Hexafluoride 

This color represents the leakage types 

identified through the content analysis that 

do not fit with the three existing types 

identified from literature review. 

04.Manufacturing Industries 12.Solvent Use 

05.Chemical Industries 13.Waste Handling and Disposal 

06.Construction 14.Afforestation and Reforestation 

07.Transport 15.Agriculture 
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Table 07 The top four leakage types with most thematic units and the sectors where 

they are mostly concentrated (Large scale projects).  

 

 

 

 

 

01  

Energy 

Industries 

04  

Manufacturing 

Industries 

05 

Chemical 

Industries 

10  

Fugitive 

Emissions 

from Fuels 

(solid, oil 

and gas) 

13  

Waste 

Handling 

and Disposal 

15 

Agriculture 

02 Upstream  

Emissions (27 units) 

63% (17) 

 

15% (4) 

 

11% (3) 

 

   

01 Diversion (25 units) 48% (12) 24% (6) 8% (2) 8% (2) 8% (2)  

7.1 Process  

Leakage (23 units) 

18% (4)  13% (3) 

 

13% (3) 

 

26% (6) 13% (3) 

 

04 Transport (11 units) 18% (2) 28% (3)   18% (2)  

Total Units 66 28 18 9 14 4 

Total Methodologies 52 21 14 07 10 02 
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Table 08. The number of times each leakage source is applied in small scale projects. 

 

 1 2 3 4 5 7 10 11 13 15 Total 

01.Diversion 
3 

30% 
  

1 

10% 

2 

20% 

3 

30% 
  

1 

10% 
 

10 

100% 

7.4 Shift of 

Pre-project 

6 

60% 

1 

10% 
   

3 

30% 
    

10 

100% 

09. Scrapping  

   Of replaced 

   Equipment 

5 

16% 

1 

3% 

7 

22% 

6 

19% 

2 

6% 

1 

3% 

1 

3% 

1 

3% 

7 

22% 

1 

3% 

32 

100% 

11. Market   
1 

50% 
  

  1 

50% 
    2 

02.Upstream 

  Emissions 

4 

23% 

1 

6% 

4 

23% 

4 

24% 

1 

6% 

3 

18% 
    

17 

100% 

03.Positive 

  Leakage 
         2     

2 

100% 

04.Transport    
1 

50% 

1 

50% 
     

2 

100% 

06.Deforestation      2         2 

7.1.Process 

Leakage 

3 

19% 
 

4 

25% 

3 

19% 

1 

6% 
   

3 

19% 

2 

12% 

16 

100% 

7.2. General 

Guidance on 

Leakage in Small 

Scale Biomass 

Project. 

6 

67% 

1 

11% 
 

2 

22% 
      

9 

100% 

7.3. Non-

renewable 

Woody Biomass 

2 

40% 
 

3 

60% 
       

5 

100% 

05.Transfer of 

  Equipment 

13 

25% 

3 

6% 

9 

18% 

10 

19% 

5 

10% 
 

1 

2% 

1 

2% 

8 

16% 

1 

2% 

51 

100% 

Total 42 09 28 27 12 13 02 02 19 04 158 

 

 

Legend: 

01.Energy Industries (renewable - / 

non-renewable sources) 

09.Metal Production The shade of blue is used to highlight 

the two leakage types: 

Activity Shift (of Pre-project); 

Market Effects (Diversion/ 

Displacement) 

02.Energy Distribution 10.Fugitive Emissions from Fuels (solid, 

oil and gas) 

This color is used to represent  

Life Cycle Leakage. 
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03.Energy Demand 11.Fugitive Emissions from Production 

and Consumption of Halocarbons and 

Sulphur Hexafluoride 

This color highlights leakage sources 

identified from the methodologies that 

only apply to small scale projects.  

04.Manufacturing Industries 12.Solvent Use 

05.Chemical Industries 13.Waste Handling and Disposal 

06.Construction 14.Afforestation and Reforestation 

07.Transport 15.Agriculture 

08.Mining/mineral Production 

 

 

Table 09 The top four leakage types with most thematic units and the sectors where 

they are mostly concentrated (Small scale projects). 

 

 

 

 

 

01  

Energy 

Industries 

03  

Energy 

Demand 

04 

Manufacturing 

Industries 

05 

Chemical 

Industries 

07 

Transport 

13  

Waste 

Handling and 

Disposal 

02 Upstream  

Emissions (17 units) 

23% (4) 23% (4) 23% (4)    

7.1 Process  

Leakage (16 units) 

19% (3) 25% (4) 

 

19% (3)   19% (3) 

 

01 Diversion (10 units) 30% (3)   20% (2) 30% (3)  

7.4 Shift of  

Pre-project (10 units) 

60% (6)    30% (3)  

Total Units 42 29 27 12 17 23 

Total Methodologies 18 17 13 05 11 14 
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5. Discussion 

The rationale of re-categorization of leakage types by means of placing them under the 

three broader leakage categories is elaborated. The analytic focus is narrowed on these 

three newly replenished categories in relation to the applied leakage quantificat ion 

methods, specifically, their geographic reach, leakage agents and mechanisms. It 

attempts to assess the degree to which these methods address leakage applicable under 

the CDM.  

 

5.1 Activity Shift 

Transfer of Equipment can be classified as Activity Shift in case of redistributing 

replaced equipment to other users by virtue of the shift of emission-intensive 

technology to outside applications (Zou et al., 2005). However, no guidance is provided 

as to how leakage associated with replaced equipment transfer should be reasonably 

quantified. Scrapping of Replaced Equipment is a leakage prevention means to the same 

end; therefore it fits into the overarching concept of Activity Shift. 7.4 Shift of Pre-

project Activities naturally belongs to this category of leakage. Activity Shift in A/R has 

already been dealt with in great length. Two leakage calculation methods described in 

the Results section address primary leakage in which leakage agents are the displaced 

baseline households and productions (Aukland et al., 2003). The geographic scale is 

not specifically defined in Transfer of Equipment or Scrapping of Replaced Equipment, 

only loosely referred to as ‘outside of project boundary’. The project boundary is not 

stated outright in the ‘General Guidance on Biomass Project’ either. Only methodology 

AM0082 specifies that 5km is used as the criterion differentiating between leakage 

agents that relocate to the nearby forest plots from those who emigrate beyond that limit. 

These methodologies and tools regarding activity shift are developed based on A/R 

methodologies, which confirms the consistency in CDM’s focus on primary leakage 

caused by geographically identifiable agents, in a localized scale (Schwarze et al., 

2002).  

 

5.3 Market Effects 

The leakage source Diversion corresponds to the third subtype of market effects, 

‘crowding out’. The leakage mechanism here pertains to a supply that is not sufficiently 

elastic, meaning the supply of the goods or services involved in project activities does 

not respond quickly to a sudden increase in demand created by the implementation of 

projects. Though not explicitly referred to as market effects, the applicability condition 

regarding the competing use of limited resources does state that ‘in situations of 

inelastic supply […] limited resources without the possibility of expansion in a 

crediting period […] may lead to leakage’, indicating that the supply and demand 
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relation underlying the phenomenon is duly noted by the Meth Panel. According to 

Millard-Ball & Ortolano (2010), Transfer of Equipment fits into this type as well. When 

a project uses equipment transferred from off-site applications, the market condition of 

inelastic supply implies the equipment is no longer available for similar facilities which 

may have to resort to equipment with lower efficiency or ‘dirty’ technology. They 

criticize the narrow understanding of ‘supply’ as a static being rather than a dynamic 

economic phenomenon in the methodologies, and further suggest that without explicitly 

addressing the price mechanism, the presence of a surplus abundance of raw material 

can be offered at a higher price, which effectively renders the resource, though cleaner, 

less attractive to other comparable plants. As a subtype of Market Effects, Diversion is 

dealt with as a localized phenomenon at an individual project level. As in 

methodologies, a radius of 20km and 200km is recommended as a ‘bubble’ boundary, 

within which the supply situation of the concerned goods needs to be factored in the 

leakage assessment. 

In AM0077, the supply of reclaimed associated gas to the market may cause 

unanticipated increase in overall fuel consumption. The methodology is very concise 

in its description and no further calculation method is offered. The underlying 

mechanism can be tentatively attributed to the first type of market effects, fossil fuel 

price effect. In other words, the additional supply of fuel in the market may potentially 

trigger a slight downward shift in fuel price, and if the demand is sufficiently elastic, 

then consumers may react by using even more fuel and leakage of significant magnitude 

may occur. This case is comparable to methodology ACM0008 which explicitly 

acknowledges the Market Effects as a theoretically plausible scenario. The CDM 

revenues realized under the project may serve to lower the cost of coal production, and 

market reacts by increasing the overall coal consumption which offsets some of the 

carbon benefits. This is a classic case of rebound effect, the third subtype of market 

effects (Millard-Ball & Ortolano, 2010). The methodology however offers no strategy 

of quantifying this leakage source, citing the many uncertainties and difficulties in 

quantitatively attributing secondary effects to any particular project and performing an 

ex ante assessment. This decision is relevant to the context of a single project. 

Aggregated effects channeled through energy price fluctuations induced by CDM 

projects are currently not applicable in methodologies. It is worth noting that a case of 

‘suppressed demand’ where CDM revenues act as subsidies, resulting in additional coal 

production is addressed and quantification strategy is offered in ACM0008.  

    The third subtype of Market Effects, rebound effects are largely disregarded in the 

energy sectors, whereas it receives dedicated attention in the Transport sector (Geres & 

Michaelowa, 2002). As described earlier, rebound effect is addressed as a critical issue 

in the implementation of MRTS or BRT systems. Rebound effects specific to the 

Transport sector refer to the additional vehicle trips made by commuters because 

travelling becomes cheaper and road conditions become better. In methodology 

ACM0016 and AM0031, potential leakage in the form of rebound effects is described 

in great detail. Millard-Ball & Ortolano (2010) take issues with the plain inconsistency 

of the CDM Meth Panel in their approach to rebound effects. As demonstrated by the 

study, rebound effects are not accounted for as a leakage source in energy efficiency 
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projects targeted at households, when in fact an increase in energy efficiency will most 

likely cause an increase of consumption. Erickson et al., (2011) also suggest that when 

the CDM profits act as subsidy for capital costs for energy intensive sectors, for 

example, cement and primary steel manufacturing projects, the CDM plants will likely 

gain a competitive advantage, potentially crowding out other comparable, non-CDM 

plants in the market. Schneider et al., (2010) cite the adipic acid projects under the 

CDM as very susceptible to market effects because the CDM profits largely compensate 

for the cost of production, and similarly lead to a shift of production from non-CDM 

plants. These possible market effects are neglected entirely in the CDM methodologies. 

 

5.2 Life Cycle Leakage 

Life cycle leakage is referred to by Geres & Michaelowa (2002) and Zou et al. (2005) 

in their research of leakage in CDM projects. The way in which the CDM approaches 

leakage sources, baseline and project calculation, as well as emission reductions 

appears to be in consistence with a life cycle principle. Upstream emissions, along with 

Transport Leakage (not to be confused with leakage sources relating to the Transport 

sector), Positive Leakage, Deforestation, and Process Leakage can all be classified as 

Life Cycle Leakage. The life cycle concept can be usefully applied to a product in order 

to investigate its potential environmental impact in terms of input of materials and 

energy, and output of product and waste throughout its life cycle. The approach helps 

distinguish processes, stages or phases that are usually interconnected to one another 

and integrated in a product system, thereby making it easier to detect and isolate 

‘hotspots’ of intensive emissions or fuel consumption, to find windows of opportunities 

to optimize the use of resources and minimize emissions (Silva et al., 2014). In CDM 

projects, the environmental impacts of a process are expressed as its GHG emissions. 

The input-output technique has been widely used in life cycle assessment. Simply 

put, the assessment of a product system is carried out based on the input of resources 

necessary to its construction, operation and maintenance, and output of products, wastes, 

emissions and losses to surroundings. A life cycle assessment is usually exercised based 

on a generic representation of similar systems. Incremental adjustments and adaptations 

are almost always needed when applying a life cycle framework to a particular system 

under study (Nian et al., 2014).The definition and segmentation of upstream activities 

of fossil fuel use, and soil preparations prior to the cultivation of renewable biomass on 

established lands, are two examples of life cycle thinking in CDM. In AMS-I.C, the 

leakage source emanating from the collection, processing and transportation activities 

of biomass residues; in cement manufacturing projects, the emissions associated with 

the upstream production and transportation of alternative additives are counted as 

leakage source (e.g. AMS-III.AD & AMS-III.Z).  

A critical aspect of life cycle leakage concerns the distance of control. The 

management or ownership of a project facility represents a control with very limited 

reach because the manufacturing of raw materials are difficult to influence, but by 

extending the reach of control based on a life cycle principle to the extent that the 
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quantity of (fuel, gas, oil, etc.) consumed is taken into account as emission sources 

attributable to project activities (Zou et al., 2005), the project accounting boundary is 

enlarged, enabling a thorough inclusion of emission sources. According to Pawelzik et 

al., (2013), the life cycle of raw materials, energy use, and non-energy resource input 

(facilities and equipment) is integrated into the main life cycle of the product by a 

‘cradle to factory gate’ system. This is evidenced by the definition of Upstream 

Emissions of CH4 and CO2 from natural gas and LNG consumption. Their life cycle 

boundary starts at the extraction, and ends at the distribution to users and their emissions 

are calculated by an upstream emission factor representing a mathematical average of 

these upstream activities. ‘Non-energy resources’ are also recognized as life cycle 

components of a CDM project system, but they are usually disregarded in calculations. 

For example, in AM0089 and ACM0017, emissions related to the drilling and 

maintenance of oil wells, as well as oil refinery construction are touched upon, but 

disregarded in the calculation. Nian et al., (2014) suggest that the main life cycle of the 

product complies with the ‘cradle to grave’ rule. For example, the downstream 

handlings, appropriate packaging, moisture content control, storage of RDF/SE are 

stipulated in detail so that it is not subject to anaerobic conditions (AMS-III.E), and the 

CH4 and N2O emissions from land applications of treated manure needs to be accounted 

for in ACM0010 and AM0073. This helps understand the concept ‘outside of project 

boundary’ as the boundary of the main product system.  

To examine the life cycle leakage calculation methods in terms of geographic scale, 

Upstream Leakage can be understood as national, or even transnational in geographic 

reach, because fuels can be purchased from geographically unconstrained sources 

involved in international trading, and their geological sources can be remote. In leakage 

calculation, an important parameter, the upstream emission factor for the specific fuel 

used in project can be obtained from official record, or default values from IPCC can 

be used and effectively estimate the emissions associated with the upstream life cycle 

stages of fuel handling.  

Not all life cycle leakage calculation methods have a national scale. Most of the 

leakage calculation methods in 7.1 Process Leakage address emissions from raw 

material or electricity use in the confines of physical sites. Transport leakage 

calculation methods can be national in principle. The CDM rejects any consideration 

of emissions from bunker fuels of international aviation or maritime transport. The 

content-analysed methodologies and the tool ‘Project and Leakage Emissions from 

Transportation of Freight’ address only motor vehicles. Judging from the equations 

and the variables, distance travelled in kilometres and number of trips made, the freight 

carried per trip from sources to project sites, its geographical scale could well be local 

or regional.  

Positive Leakage, according to the reviewed methodologies, consists of avoided 

petrodeisel and CNG consumption and subsequent reduction of upstream emissions, 

which implies that leakage calculation is capable of accounting for life cycle emissions 

of a national or transnational scale.  

Deforestation due to the building of transmission grid is a one-time leakage source. 

The leakage, based on the two calculation methods reviewed, is determined in relation 
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to the area of land affected by the total length of the transmission line. The geographic 

scale of the leakage is likely to be local, or regional, for as long as the constructed 

transmission line can get.  

Finally, an interesting comparison can be made between Life Cycle Leakage and 

the other two, Activity Shift and Market Effects; and that is the latter two strive to 

account for unanticipated emissions directly caused by agents external to the project 

activities, be they local self-sufficiency farmers, proprietors of power plants or large 

energy consumers; they are identifiable, whereas Life Cycle Leakage accounts for 

emissions from ambiguous entities, and characterized by an absence of leakage 

mechanism. The ‘unanticipated loss of carbon benefits’ is not so unexpected after all 

because such emissions are bound to occur in the life cycle of any production. Bear in 

mind, Diversion (Crowding Out) occurs because baseline users have thermal demand 

to meet; Activity Shift occurs because local people continue relying on forest for 

livelihood; Rebound Effects occurs because commuters travel more by motor vehicles 

because the need to travel on road becomes easily fulfilled. Associated with these 

phenomena are complex leakage mechanisms related to the opportunity costs of 

forest/land tenure, energy policies specific to each country, and market characteristics 

that play important role in leakage. Contrarily, Life Cycle Leakage happens because a 

CDM project consumes fuels, uses raw materials, produces wastes that need further 

processing; it does not serve any purposes other than the project itself. ‘Outside of 

project boundary’ is probably taken too literal here as the physical boundary of project 

site, rather than the accounting boundary. If observed in a stricter sense of leakage 

definition, only a minority of CDM life cycle leakage can be plausibly interpreted to 

have leakage agents and that is Upstream Emissions. The additional consumption of 

fossil fuels, chemical reagents, additives, resources that involve manufacturing and 

require input of fuel and electricity constitutes an incentive for manufacturers 

(supposedly they act as leakage agents in this case) to continue extracting, processing, 

transporting and emitting without pronounced alteration of behavior. As for 7.1 Process 

Leakage sources such as CH4 and N2O from treated animal manure spread in soils, or 

downstream emissions of methane from further anaerobic degradation of digested 

content from anaerobic digesters, anaerobic decomposition of compost, or anaerobic 

breakdown of biodegradable wastes from RDF/SB, or even Transport Leakage and 

Deforestation due to electric grid construction, Aukland et al., (2003) state outright that 

they are essentially the result of incomplete baseline calculation or flawed project 

design. They are merely efforts to complete where the baseline and project emission 

calculations fail to include in project boundaries. Looking back at Table 06 and Table 

08, a percentage calculation shows 40% (44 units) leakage sources shaded with blue 

are leakage of ‘classic case scenario’ whilst the 60% colored green are all life cycle 

leakage sources. For small scale projects, 34% (54 units) are colored blue as the more 

‘classic case’ leakage.  
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6. Conclusion 

Centered on the topic of carbon leakage, the thesis implements a qualitative content 

analysis on methodologies covering 14 CDM sectoral scopes, which, as it turned out, 

not only better visualizes the patterns of leakage types and the associated quantification 

methods that are scattered among methodologies; but also sharpens the analytic focus 

on various leakage sources, their underlying causes with respect to project typology, 

the absence or presence of leakage agents and mechanisms, the extent of coverage of 

leakage problem. The categories synthesized through the systematic and transparent 

methods function to enable easy identification, indexing or retrieval of leakage related 

content. The categories can be expanded as methodologies are updated. The content 

analysis produces eleven categories of leakage sources, including a No Leakage 

category. Among them, Transfer of Equipment, 7.2 Guidance on Leakage in Biomass 

Project and 7.3 Non-renewable Woody Biomass are three leakage sources exclusively 

applicable to small scale projects. The rest ten types of leakage sources are then broadly 

classified as Activity Shift, Market Effects and Life Cycle Leakage. This indicates that 

the majority of CDM leakage types are variants deriving from the three overarching 

types, and they are linked by the common leakage characteristics such as agents, 

mechanisms. This also highlights that addressing leakage risk is necessary a context-

reliant task, having to do with specific project locales, affected stakeholders and 

conditions. The corresponding leakage calculation methods are in turn reviewed. It is 

evident that CDM methodologies primarily address and quantify leakage of localized 

geographic scale, attributed to identifiable agents. AM0008 and ‘Guidance on Biomass 

Leakage for Small Projects’ are two such examples of Activity Shift, the tactics 

employed are in the same vein as what has been discussed in previous researches on 

LULUCF, or A/R under the CDM. They seek to investigate the extraction behavior of 

households and productions displaced to nearby forests. The exception is some of the 

life cycle leakage sources with a national scale, thanks to the emission factor. A great 

variety of calculation methods are applied in Process Leakage (subsumed under Life 

Cycle Leakage), but as discussed, it is mainly because they quantify leakage emissions 

from different processes, fuel consumption, or residues involved in a specific project. 

This is where Life Cycle Leakage differs greatly from Activity Shift and Market Effects, 

the former being essentially an extension of baseline calculation. Nonetheless, Life 

Cycle Leakage accounts for a major share of leakage methods in both large and small 

CDM projects. 

    Two percentage calculations are performed. But no reliable correlations between 

leakage types and project typology is established.  

The leakage calculation are mostly project specific, meaning the parameters, data 

specific to individual projects should be measured on site. Standardized approach, i.e. 

the use of default values irrespective of technical specificities of projects is also offered, 

but is only recommended in cases where data is unavailable. In addition, because of the 

issuance of CERs, the CDM projects are held accountable for their individual emission 

reductions, which is corroborated by the finding that the leakage calculation methods 
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are provided for most primary leakage sources, whereas the aggregated secondary 

effects of a cluster of projects on markets are almost never considered. Market Effects 

are explicitly mentioned in a few methodologies, but no accompanying calculation 

method is presented except for ACM0008, a ‘suppressed demand’ of coal production is 

quantified. Another exception is that of Transport sector, the corresponding 

methodology goes a great length to elaborate ways to quantify leakage sources of 

rebound effects. Other than that, the Diversion could have the potential of a market 

effect known as ‘crowding out’, but it is reduced to a simpler phenomenon by 

disregarding the supply and demand relation and associated impact of price fluctuations 

have on consumer behavior. The CDM Meth Panel acknowledges the limitations of 

their treatment of leakage and they encourage project practitioners to submit proposals 

with improved ways of accounting for leakage.  
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Suggestion for Future Studies 

 

1, There is access to 7385 registered projects documents dating from 2004 to 2013 in 

the UNFCCC CDM portal. Each project has its own project design document (PDD), 

detailing the project’s boundary delimitation, baseline calculation, carbon reduction 

estimation and other technical details and the corresponding methodologies based on 

which it is developed. These documents serve as ideal textual data for computer aided 

content analysis. They can be processed by software using word co-occurrence 

approach along with statistical analysis (repetition, high frequency among co-occurring, 

paired words represent relatively high association between two concepts), or word 

frequency counts to determine the word distribution or emerging pattern associated with 

carbon leakage sources and methods in the methodologies of every individual project 

design document. It enables obtaining insights into how: 1 ， carbon leakage is 

represented and addressed in the project design documents, for which a conceptual 

mapping of leakage-related content may be generated for this massive data; 2, a time 

series trend, during the 04-13 years, how the discussion of carbon leakage is changing 

through years of practice and implementation, and which institutional, practical or 

political factors are influencing the changes if it is possible to identify any trigger events. 
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Appendix  

 

Sectoral Scope Large Scale Projects Small Scale Projects 

 AM-/ACM- AMS- 

01. Energy Industries 

(renewable - / non-renewable 

sources) 

With the largest number of 

methodologies, 10 types of 

leakage sources are identified 

in this sector, amounting to 45 

thematic units of leakage 

methods and 21 units of ‘No 

Leakage’ which is excluded 

from the calculation. 

‘Upstream Emissions’ comes 

in first with 39%, contributing 

17 units and ‘Diversion’ comes 

in third with 12 thematic units, 

taking up 28%. ‘Outside 

Project Boundary’:  

7.1. Process/Material Leakage; 

7.4 Activity Shift collectively 

accounts for 16% (7) of the 

total number of leakage 

sources. ‘Positive Leakage’, 

‘Transport’ ‘Deforestation’ 

each has 2 units, accounting for 

5%.  ‘Market Effects’ caused 

by the additional supply of 

associated mine gas into market 

has one unit.  

Five types of leakage sources 

appear here, making it 42 

thematic units in total. ‘Outside 

Project Boundary’: 

7.1. Process Leakage; 

7.2 Guidance on Biomass 

Projects Leakage; 

7.3.Non-renewable Biomass; 

7.4 Activity Shift collectively 

contributes the most to this 

number, with 40% (17 units). 

‘Transfer of Equipment’ makes it 

the second with 31%, 13 units. 

‘Scrapping of Replaced 

Equipment’ comes in third, 

accounting for 12%. Worth 

presented here are a few leakage 

types: ‘Upstream Emissions’, 

10% (4 units) and “Diversion’, 

7% (3 units).  

02 Energy Distribution Two methodology documents 

produce 3 leakage types: 

‘Scrapping of Replaced 

Equipment’, ‘No Leakage’ and 

‘7.4 Activity Shift’, equivalent 

to 3 thematic units.  

Five types of leakage sources add 

up to 9 thematic units.  

‘Transfer of Equipment’ takes 

the top spot with 34% (3). 

Notably, there are 2 cases of 

‘Deforestation’ (22%). The rest 

are ‘Upstream Emissions’ (1 

units), 7.2 Biomass Projects 

Leakage (1 units) and 7.4 Activity 

Shift (1 units), each taking up 

11%.  
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03Energy Demand Twelve thematic units are 

identified under 5 leakage 

source categories. ‘No 

Leakage’ has with 5 units and 

“Scrapping of Replaced 

Equipment” takes the second 

spot with 57% (4). The other 

leakage sources are: ‘Upstream 

Emissions’, ‘Transport’, ‘7.1. 

Process Leakage’; each 

appears once in the Energy 

Demand sector, accounting for 

14%. Respectively. 

Six types of leakage sources 

produce 29 thematic units. One 

unit of ‘No Leakage’ is excluded. 

‘Transfer of Equipment’ and 

‘Scrapping of Replaced 

Equipment’ take the top and 

second places, accounting for 

32% (9) and 25% (7), 

respectively. ‘Outside Project 

Boundary’ collectively takes up 

25 % (7) of the total share. A 

closer look reveals that it consists 

of 4 applicability conditions on 

refrigerant use and 3 cases of 

‘7.3 Non-renewable woody 

Biomass’. ‘Upstream Emissions’ 

comes in forth with 14% (4). 

Most notably, one ‘Market 

Effects’ is explicitly addressed as 

an applicability condition in 

AMS-II.J. 

04 Manufacturing 

Industries 

Six types of leakage categories 

are found, totaling 28 units of 

leakage methods. ‘No Leakage’ 

has 12 units. Then there is 

‘Diversion’ of renewable 

biomass, biomass residues and 

alternative materials, additives 

for clinker production, with 

37% (6) and ‘Upstream 

Emissions’ with 25% (4), 

claiming the first and second 

spots. ‘Transport’ for biomass 

and for additional additives 

makes up 19% (3). Three units 

of ‘Outside Project Boundary’ 

contribute to 19%. 

Six types of leakage sources 

amount to 27 thematic units of 

leakage sources. ‘Transfer of 

Equipment’ and ‘Scrapping of 

Replaced Equipment’ are 37% 

(10) and 22% (6), respectively. 

‘Outside Project Boundary’: 

7.1. Process Leakage; 

7.2 Guidance on Biomass 

Projects Leakage; 

related to biomass use and 

additives production takes up 

19% (5) as well. ‘Upstream 

Emissions’ accounts for 15% 

with 4 units. One unit for 

‘Transport’, ‘Diversion’, 4% 

each.  

05 Chemical Industries This sector has 5 types of 

leakage sources, with 18 units. 

‘No Leakage’ has the biggest 

number of units, 7. Three units 

of ‘Upstream Emissions’ 

related to fossil fuel and 

Six types of leakage sources 

produce 12 units of leakage. 

‘Transfer of Equipment’ has 5 

units, which is 42%. ‘Diversion’ 

which consists solely of 2 

applicability conditions of 
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methanol correspond to 28% 

and 4 units of ‘Outside Project 

Boundary’ make up for 37%. 

Notably, two units of ‘Positive 

Leakage’, namely AM0089 and 

ACM0017 take 18% share. 

‘Diversion’ has 2 units (9%). 

sufficient natural gas and CO2, as 

well as ‘Scrapping of Replaced 

Equipment’ each has 2 units, 

equivalent to 17% for each. 

Production of lime (CaO) from 

‘Outside Project Boundary’ is 

8% (1). ‘Upstream Emissions’ 

and ‘Transport’ each have 8%.  

06 Construction ------ 

 

 

No leakage is considered.  

07 Transport Three types of leakage sources 

are extracted from 

methodologies used in this 

sector, with 7 units. There are 3 

units of ‘No Leakage’. Two 

units of ‘Upstream Emissions’ 

resulting from additional 

vehicles in the project, and that 

is 50%. Notably, AM0031 and 

ACM0016 contribute two units 

of leakage sources (rebound 

effects) exclusively applicable 

to this sector, the other 50% 

Six types of leakage sources are 

present in this sector, producing 

17 thematic units. ‘No Leakage’ 

appears 4 times. ‘Diversion’ of 

waste oil/fat and biomass, 

‘Upstream Emissions’ and ‘7.4 

Activity Shift’ each have 3 units, 

and that is 23%. Worth noting is 

that 2 units (15%) of ‘Positive 

Leakage’ from avoided 

production of petro-diesel and 

avoided upstream emission from 

gasoline and compressed natural 

gas. AMS-III.U. uses leakage 

source related to rebound effects.  

08 Mining/mineral  

Production 

One methodology ACM0008 

addresses possible ‘Diversion’ 

of baseline thermal energy 

recovered from mine sites. 

Most notably, this methodology 

explicitly acknowledges 

‘Market Effects’ induced by 

recovery of coal mine gas 

under the project. 

------ 

09 Metal Production Four types of leakage sources 

are collected from this sector, 

amounting to 10 units. ‘No 

Leakage’ takes 7 units. The rest 

are ‘Transport’ of green anode 

purchased from off-site, 

‘Positive Leakage’ which is 

disregarded due to being 

outside project boundary. 

------ 
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AM0082 concerning ‘Activity 

Shift’ is exclusively used in the 

sector. 

10 Fugitive Emissions from 

Fuels (solid, oil and gas) 

Four types of leakage 

categories, adding up to 9 units. 

Three ‘No Leakage’ units. Two 

units of ‘Diversion’ of thermal 

energy from coal mines (33%) 

and three from ‘Outside 

Project Boundary’: 

7.1.Process Leakage (50%). 

Also, ‘Market Effects’ 

associated with coal price 

change is acknowledged but 

not included in calculation in 

ACM0008. 

Two types of leakage sources: 

“Transfer of Equipment” and 

“Scrapping of Replaced 

Equipment”, with one thematic 

unit for each.  

 

 

 

11 Fugitive Emissions from 

Production and 

Consumption of 

Halocarbons and Sulphur 

Hexafluoride 

Two types of leakage sources 

consisting of 8 units are 

extracted from the 

methodology text. ‘No 

Leakage’ has 7 units. One unit 

of ‘Transport’ of cylinders 

used in the project. 

“Transfer of Equipment” and 

“Scrapping of Replaced 

Equipment” are the two types of 

leakage methods. Each has one 

unit.  

12 Solvent Use ------ ------ 

13 Waste Handling and 

Disposal 

Four types, 14 units of leakage 

sources emerge from the text. 

Four units of ‘No Leakage’. It 

is worthwhile to notice 6 units 

of leakage source associated 

with ‘7.1 Process Leakage’ 

from SWDS/Anaerobic 

Digester/Composting; and land 

application of treated manures 

and treated residues from 

project activities (AM0073, 

ACM0010), as well as end use 

of RDF/SB. They total 6 units 

of ‘Outside Project Boundary’, 

that is 60%. Two units of 

‘Diversion’, one is solid 

materials previously used as 

animal fodder; the other being 

reversed diversion of recycled 

pulp and paper, making up 

Five types of leakage sources, 

adding up to 23 units. ‘No 

Leakage’ has 4 units. ‘Transfer 

of Equipment’ has 8 units, 

equivalent of 42%. ‘Scrapping of 

Replaced Equipment’ contributes 

to 7 units, which is 37%.  Three 

units of ‘Outside Project 

Boundary’, each source 

appearing once:  

‘7.1. Process Leakage’ associated 

with the project use of flocculants 

purchased or produced from 

outside of project boundary, 

SWDS/Anaerobic 

Digesters/Composting as well as 

Downstream emission from the 

use of RDF/SB in project.  

Finally, a unit of ‘Diversion’ 

under the applicability conditions 
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20%. ‘Transport’ is 20%.  is included in the sector. 

14 Afforestation and 

Reforestation 

  

15 Agriculture Two types of leakage sources 

are identified for this sector, 

accounting for four thematic 

units. Two units of‘7.1 Process 

Leakage’ from downstream 

and end use of treated manure 

or residues in land applications, 

as well as SWDS/Anaerobic 

Digesters/Composting, 

accounting for 65%; and 1 unit 

of ‘Transport’, making up 

25%.  

Four categories of leakage 

sources, which are 6 units of 

leakage sources, belong to this 

sector. ‘No Leakage’ has 2 units. 

‘7.1. Process Leakage’ due to 

additional energy used to dry 

inoculant carrier and 

SWDS/Anaerobic 

Digesters/Composting, 

accounting for 50%. ‘Transfer of 

Equipment’, ‘Scrapping of 

Replaced Equipment’ each has 

one unit (25%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


