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Executive Summary

The Voluntary Carbon Market (VCM) has emerged as a mechanism for addressing greenhouse
gas (GHG) emissions, particularly in sectors with high mitigation potential. This report,
conducted in support of Calyx Global, provides a comprehensive assessment of three key
project types: Coal Mine Methane (CMM), Abandoned Mine Methane (AMM), and Leak
Detection and Repair (LDAR). These projects play a significant role in reducing methane
emissions, representing a critical strategy for mitigating climate change due to methane’s high
global warming potential.

Our research examines the challenges and risks associated with the GHG integrity of these
project types through the lens of the rating framework developed by Calyx Global. Through an
in-depth literature review and data analysis, we identify major barriers to project
implementation and assess how financial incentives, regulatory frameworks, and technical
characteristics influence the greenhouse gas integrity of these projects within the scope of the
VCM.

For CMM and AMM projects, our findings highlight the regulatory and financial challenges
faced in both the U.S. and China, the two dominant markets for these projects. State-owned
CMM projects in China often benefit from government subsidies and regulations, leading to
higher non-additionality risks compared to privately owned projects. Similarly, AMM projects,
despite their mitigation potential, face uncertainties due to the complexity of ownership rights
and the lack of clear regulatory structures.

LDAR projects, particularly in Bangladesh, represent an emerging activity within the VCM.
These projects provide an opportunity to reduce methane emissions significantly across oil and
gas distribution networks. Proving financial additionality is crucial for each LDAR project, as
some may already be profitable without carbon credits. Limitations to financial incentives,
based on factors like project ownership and gas prices, can strengthen a project's argument for
financial additionality. Beyond financial additionality, other risks must be mitigated through
rigorous monitoring and verification to uphold the integrity of LDAR carbon credits.
Ultimately, this report underscores the importance of transparency, robust methodologies, and
well-structured incentives to ensure that industrial gas projects contribute effectively to global
emissions reductions. Our findings provide valuable insights for policymakers, carbon market

participants, and investors looking to support high-integrity carbon credit projects.
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1. Introduction’

1.1 What are carbon credits and the Voluntary Carbon Market (VCM)?

Over one-third of the top 2,000 publicly listed global corporations have committed to "net
zero" targets, reflecting a growing trend among major companies to set climate-related goals
(PRI & Energy & Climate Intelligence Unit, 2022). These goals generally involve publicly
committing to lower emissions through strategies like modifying processes, reformulating
products, and transitioning to renewable energy. To address any remaining emissions,
companies may also commit to offsetting them by purchasing carbon credits. Carbon credits
are financial instruments where the buyer pays another entity to develop a project to reduce

greenhouse gas emissions, and the buyer can claim the emission reduction (Lashitew, 2023).

The VCM is a decentralized platform where private entities, including corporations, non-profit
organizations, governments, and individuals, can voluntarily trade carbon credits. Project
developers create carbon projects that otherwise would be financially unattractive without the
addition of carbon credits, and sell carbon credits to other entities. The entities that purchase
the credits will use them to offset their greenhouse gas emissions (Integrity Council for the
Voluntary Carbon Market, n.d.). Unlike compliance markets, which are regulated by
governmental policies, the VCM operates without mandatory requirements, allowing

participants to take proactive steps toward mitigating their carbon footprint.

1.2 How Calyx Global Contributes to VCM

Our client, Calyx Global, researches carbon credit integrity and built a web-based platform to
display carbon credit ratings, with the purpose of allowing carbon credit buyers to make
informed decisions when purchasing carbon credits. A range of quality exists for carbon
projects in the voluntary carbon market (VCM). Our project mainly focused on the greenhouse
gas integrity of these projects, whereas Calyx Global focuses on three areas - GHG
(greenhouse gas), SDG (sustainable development goals), and ESR (environmental & social
risk). To enhance the transparency and integrity of the VCM, Calyx Global provides

independent carbon credit ratings through a peer-reviewed, three-phase approach,

' The views, analyses, and conclusions in this paper are those of the authors and do not necessarily reflect the
views, policies or positions of Calyx Global.



incorporating program, methodology, and project-level analysis of GHG integrity risks (Calyx
Global, n.d.). The research team at Calyx Global develops rating frameworks for emerging
project types that are often underrepresented in the market, including in the agriculture, waste,
and industrial gas sectors. To ensure the carbon credits truly represent real and verifiable
emission reduction, Calyx Global evaluates several risk factors such as additionality,
over-crediting, non-permanence, and leakage. Through comprehensive reporting and analysis,
Calyx Global supports investors and companies in making informed decisions, strengthening
the confidence and integrity of the VCM based on their ratings. Calyx Global also offers an
analysis of the impact carbon projects claim towards Sustainable Development Goals (SDGs)
and screenings of a project’s environmental and social risks, thus promoting high-integrity

carbon mitigation efforts that do good for people and the planet.

1.3 Importance of Industrial Gas Projects in VCM

Industrial gases play an important role in today’s energy transition sector. Industrial emissions
are the second largest contributor to greenhouse gas emissions, accounting for 30% of total
GHG emissions in 2022 (US EPA, 2025). To reduce GHG emissions and achieve SDG targets,
the VCM incorporates projects that target emissions reductions across various sectors,
including both nature-based and technology-based climate solutions. Calyx Global aims to
cover the vast majority of the VCM, so the team explores lesser-known project types and
develops new project-specific rating frameworks. Calyx Global has found that some of the
more uncommon project types, especially those in the industrial gas sector, tend to have

relatively higher carbon integrity and lower risks.

Calyx Global has recently begun rating Coal Mine Methane (CMM) drainage and utilization
projects. CMM is methane emitted by mining operations from coal and the surrounding rock
layers. (About Coal Mine Methane | US EPA, 2025). Methane has a high global warm potential
(GWP), which is 27.9 times carbon dioxide’s GWP (IPCC, 2023). Though some major
coal-consuming countries have started to reduce coal mining-related emissions through
regulations and reduction plans, there are ongoing changes in trends and uncertainty in coal
mining. Therefore, CMM abatement projects could bring more potential opportunities for

future GHG emission reduction. To further break down CMM project types, Calyx Global



developed a specific framework to evaluate Abandoned Mine Methane (AMM) projects. AMM
is methane emissions produced from diffuse vents, fissures, or boreholes by coal mines that are
temporarily or permanently closed. The emissions of AMM rose from 5.4 to about 13.3 billion
cubic feet (Bcf) from 2006 to 2015, accounting for about 1% of U.S. coal mine methane
emissions to roughly 13% (U.S. EPA, 2017).

Beyond coal mining, natural gas systems are also a critical focus in addressing industrial gas
emissions. Calyx Global has developed a framework to rate Leak Detection and Repair
(LDAR) projects in the VCM. Methane emissions caused by leaks from onshore oil and natural
gas facilities are very common. LDAR is the systematic process for identifying and repairing
small leaks (fugitive emissions) within the infrastructure of gas pipelines, storage tanks, etc.
Traditional LDAR practices vary across facilities in the natural gas industry, but may include
the use of soap bubbles or a “sniffer.”(EPA, n.d.). Some existing facilities do not employ any
LDAR measures for addressing non-urgent fugitive emissions under their business-as-usual
practices. Advanced LDAR includes technology that will measure and repair more leaks than
traditional approaches. Examples include on the ground measurement technologies like

handheld leak quantifiers (e.g. Hi-Flow samplers).

While many oil and gas pipelines have implemented the ‘bare minimum’ traditional LDAR,
there are many obstacles to advanced LDAR, especially in funding. So, carbon credits can in
some instances provide the funding necessary to build, implement, and maintain an advanced

LDAR program to reduce fugitive emissions.

In our work with Calyx Global, we focused on assisting the development of rating processes

for CMM, AMM, and LDAR project types.
1.4 Research Objectives
Calyx Global seeks to expand its coverage of the VCM by opening new frameworks to rate

these two project types, CMM and LDAR. Our study will answer several questions.

Research Questions:



1. What are the emission reduction potentials of the identified industrial gas project types
(CMM, AMM & LDAR) in the VCM?

2. What are the key risks (e.g., regulatory, financial, technical) associated with
implementing CMM, AMM, and LDAR projects within the VCM?

3. How does advanced LDAR impact a gas facility financially?

4. How do ownership structures and regional practices affect the additionality of these

project types?

2. Project Background

2.1 Industrial Gas Project: CMM
CMM accounted for 9% of global methane emissions in 2020 (EPA, 2019). As of 2017, the
United States has significantly reduced coal mine methane emissions below 1990 levels.
However, the EPA still predicts that coal mining will account for 6% of total global non-CO,
greenhouse gas emissions in 2030 (EPA, 2019). Emerging state and federal fiscal and
regulatory incentives enable coal mines to develop and operate methane (CH,) reduction
projects to gain economic and environmental returns (EPA, 2019). CMM projects capture and
utilize methane that would otherwise be emitted to the atmosphere and use or destroy the
methane (i.e., emission avoidance). Coal mines can reduce GHG emissions while gaining
economic benefits by recovering and generating electricity from the methane and/or selling

carbon credits generated from the destruction of methane?.

CMM carbon credit projects currently utilize one of three methodologies: 1) “Capturing and
Destroying Methane from Coal and Trona Mines in North America” under ACR, 2) “U.S. Coal
Mine Methane Protocol Version 1.17 under Climate Action Reserve (CAR), and 3)
“ACMO0008: Abatement of methane from coal mines” under the Clean Development
Mechanism (CDM) / the Verified Carbon Standard (VCS). Calyx Global has focused on
projects that capture coal mine methane with underground boreholes, surface goaf wells, gas
drainage, and other gas drainage from sealed areas. Despite the potential for significant
emission reductions, the voluntary carbon market features a limited number of active CMM

projects, with around ten registered projects under VCS.



Approximately ten pre-mining drainage CMM projects are currently registered and actively
issuing credits with VCS (Verified Carbon Standard), with several more projects in
development or pending validation. Every year, these initiatives produce anywhere from
100,000 to 500,000 carbon credits. Currently, there are no active CMM drainage and utilization
projects registered with either the CDM and Gold Standard.

Figure 1. Sources of Coal Mine Methane (EPA, 2019)
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2.2 Industrial Gas Project: AMM

AMM is another project type that refers to methane continuing to escape from mines when mines
are closed and eventually abandoned when coal seams are depleted or the operation is no longer
financially viable. AMM can be emitted in several ways, such as escaping from inadequately
sealed pipes or migration from strata fissures and cracks, which causes diffuse emissions.
Flooding may also affect AMM emissions. As of October 2024, there are only two projects that
capture methane from abandoned mines, and both are registered with ACR and located in the
United States. Integrating more AMM projects into carbon markets, generating tradable carbon
credits that incentivize methane capture and provide financial support for emission reduction

efforts, could reduce emissions from abandoned mines in the future.



2.3 Industrial Gas Project: LDAR

LDAR is a methodical and technological process used to identify and fix leaks in equipment and
systems that emit harmful gases, particularly methane, in industrial facilities (EPA, n.d.). LDAR
programs are essential for mitigating methane emissions from oil and gas infrastructure. In 2022,
methane emissions from the global energy industry totaled nearly 135 million tonnes, with about

5 million tonnes resulting from leaks in end-use equipment (International Energy Agency, 2023).

LDAR programs in the carbon market utilize advanced methods to identify, quantify and repair
leaks, playing a critical role in efforts to mitigate climate change. These programs rely on various
technologies, including optical gas imaging (OGI), flame ionization detectors (FID), and
methane sensors, to detect leaks with high precision. Operators can reduce greenhouse gas
emissions while benefiting from regulatory compliance, operational safety improvements, and

potential cost savings through recovered hydrocarbons.

LDAR-related carbon credit projects follow the CDM methodology: AM0023 - Leak detection
and repair in gas production, processing, transmission, storage and distribution systems and in
refinery facilities. Most LDAR projects focus on emissions reductions from wellheads,
processing plants, compressor stations, and pipeline infrastructure. Despite the potential for
significant emission reductions, the voluntary carbon market currently features a limited number

of active LDAR-based carbon credit projects, with only a handful registered under VCS.

Approximately 5 LDAR-based methane reduction projects are actively issuing carbon credits,
with additional projects undergoing validation. Each year, each of these initiatives can generate
hundreds of thousands to millions of carbon credits. While all LDAR projects active on the VCM
use the CDM methodology AM0023, some of these projects are registered currently under the
VCS carbon registry. These projects were originally developed under the CDM carbon registry
using methodology AM0023, and later transferred ownership to VCS. Their methodology as
VCS projects remains AM0023.



3. Methodology & Materials

3.1 Rating Framework
We researched Calyx Global’s existing framework for rating the GHG integrity of credits
issued to industrial gas projects. Calyx Global’s standard framework evaluates projects in terms
of four major factors (specifically for CMM, AMM and LDAR projects):

1. Additionality

2. Baseline

3. Project Emissions

4. Non-permanence

The risk of additionality is whether a project needs carbon credits in order to be developed. For
example, LDAR projects can face significant additionality risk as they are already financially
attractive without carbon revenue. The baseline is the business-as-usual scenario that the
project activity is compared against. Risks may arise if emissions under the baseline scenario
are improperly defined or quantified. For example, LDAR projects can be over-credited due to
inaccuracies in baseline measurements and leak rate quantification. Project emissions are
emissions caused by the project. For example, failures in leak repairs between LDAR surveys
could lead to increased project emissions, effectively negating prior reductions. The risk of

non-permanence is reversal of emission reduction, i.e., re-emission after credits are issued.

Using these factors, we conducted three levels of risk assessments to systematically identify
and quantify risks arising from: the inherent project level, the methodology level and the
individual project level. Each of these levels were assessed separately across the four factors

above, ensuring a comprehensive evaluation.

To strengthen our assessment, we conducted an extensive literature review at the project level
(see 3.2 Literature Review), gathering insights from existing studies and methodologies. We
then integrated our findings into an assessment framework, which provides a structured
approach to evaluate the GHG integrity of carbon credits. This framework enables us to assign

a tangible grade where projects with lower GHG integrity risks receive higher ratings.



3.2 Literature Review

We conducted a series of literature reviews to systematically examine how different factors
affect industrial gas projects in the VCM. The primary sources include government reports and
regulatory documents from organizations such as the U.S. Environmental Protection Agency
(EPA), the United Nations (UN), and other international agencies to make sure the policy and
regulatory insights are accurate and reliable. Additionally, peer-reviewed research papers from
databases like ScienceDirect provide research analysis and empirical studies on emission
reduction potential and relevant information on CMM and LDAR projects. The selected
literature is analyzed based on its relevance to project methodologies, credit issuance, and
regulatory frameworks, offering a comprehensive overview of the industrial gas project type

within VCM.

Although sources like EPA and UN provided insightful resources and data, we still found
certain limitations of publicly available data, particularly regional constraints. For example,
project data on credit performance, long-term monitoring results, and verification challenges in
countries other than the U.S. remain inadequate or face limited access which cause higher risks
of rating. This gap makes it difficult to comprehensively assess the scalability and effectiveness
of industrial gas projects in VCM. There are also potential over-crediting risks with the
uncertainty of data accuracy. Promoting transparency in reporting frameworks and more

standardized methods for credit issuance and verification is important for future research.

4. Results

4.1 Project Type 1: CMM
4.1.1 Coal Market Trend in the U.S. and China from 2000 to 2024
From 2000 to 2024, the coal market in the U.S. experienced a rapid decline. According to the
U.S. Energy Information Administration (EIA), the supply of coal decreased from 1.07 billion
short tons in 2000 to approximately 600 million short tons in 2023 (U.S. Energy Information
Administration (EIA), n.d.). Various factors, including coal power plant retirement, decreased
power demand, and lower natural gas prices resulted in a decreased reliance on coal. Figure 2

shows that the domination of coal in electricity generation dropped from 50% in 2000 to only



about 16% in 2023 due to increased utilization of natural gas, integrated renewables in the
energy system, and improved fuel efficiency (U.S. Energy Information Administration (EIA),
n.d.).

Figure 2. U.S. electricity generation by major energy source, 1950-2023 (EIA, 2024)
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China’s coal market is differentiated from the U.S. in that coal consumption has almost
doubled (from 1.36 to 4.24 billion tons) due to industrialization and urbanization from 2000 to
2013 (Lu & Qi, 2016). In that period, China became the largest coal producer and a net
exporter. Coal stayed dominant in the energy system with about 61% of electricity generation
in 2023 even though the renewable energy investments increased and committed policies to
achieve carbon neutrality (Statista, 2025). Moreover, in 2022, China leaned on coal in its drive
for energy security by emphasizing the need to increase coal production to support the
expansion of renewables (Hayley, 2023). However, recent data indicates a flattening in overall
coal usage, and its share in the energy mix is gradually declining with enhanced technology

and a potential methane recovery plan.

4.1.2 CMM Project Ownership
To understand how project ownership could affect the additionality risk of a CMM project, we
investigate the ownership status of 10 registered China CMM projects in VCS. We found that 6

out of the 10 active projects are state-owned (Figure 3). State-owned projects usually have



greater access to government funding and subsidies, which lower their dependency on carbon
credits. In addition, some of China's CMM projects may already be under some methane
reduction plan under government mandates, which means the projects may not rely on carbon
credit financing to be viable. Thus, we have concluded that Chinese state-owned CMM

projects have a higher risk of non-additionality than privately owned ones.

Figure 3. Project Ownership of CMM Projects in China

Actively Issuing CMM Projects in China

Registry ID Project Proponent Ownership Status
VCS Jinsha Yonder Southwest New Energy Development Co., Ltd. Private owner
VCS Guizhou Jinyan Energy Technology Co.,Ltd Private owner
VCS Yonggui Energy Development Co., Ltd. Xintian Branch State-owned

1) Guizhou Province CBM Development & Utilization Co.,
Ltd. Zhijin Branch
2) Guizhou Province CBM Development & Utilization Co.,

VCS Ltd. Nayong Branch Both State-owned
VCS Guizhou Panjiang CBM Development & Utilization Co., Ltd. State-owned
VCS Guizhou Shuikuang Orion Clean Energy Co., Ltd. State-owned
VCS Liupanshui Zhongding New Energy Development Co., Ltd. Private owner
VCS Beijing Yonder Environmental Energy Technology Co., Ltd Private owner
VCS Guizhou Panjiang CBM Development&Uftilization Co., Ltd. State-owned
VCS Guizhou Panjiang CBM Development&Utilization Co., Ltd. State-owned

4.1.3 CMM Project Regulation and Subsidies in the U.S. and China

Methane emissions from active underground coal mines in the U.S. are regulated by the EPA's
Greenhouse Gas Reporting Program (GHGRP). Mines emitting over 25,000 metric tons of CO-
equivalent need to report their emissions each year. The EPA also facilitates methane capture
and use by programs like the Coalbed Methane Outreach Program (CMOP) (EPA, 2025).
Currently, the EPA’s CMOP is aware of 19 active and 57 abandoned (closed) coal mines in the
United States that host methane mitigation projects. The subsidies and tax credits for CMM
projects in the U.S. depend on compliance with certain conditions, three emerging subsidies for

CMM projects are listed in Table 1 below.



Table 1: U.S. CMM Project Subsidies (EPA, 2016)

State/Federal Agency Incentives Details

U.S. Bureau of Land Royalty relief for CMM West Elk Mine operators can use CMM royalty-free for

Management (BLM) use onsite coal extraction.

Royalty
Utah Trust Lands waivers/reductions for Consideration of amendments and royalty relief for CMM
Administration CMM destruction captured and destroyed on School Trust Lands.
Oil and gas royalty relief Relief for approved flaring operations that do not

Wyoming State Lands for approved flaring constitute waste, benefiting CMM reduction.

There are various CMM-related subsidies and regulations in China, the CMM regulations for
coal mines in China are mandatory, requiring mine operators to exploit all methane
concentrations of 8% or greater and flow rates exceeding 10 m*/min for either utilization or
destruction. New coal mines must comply with these regulations by April 2025, while existing
mines have until April 2027 to meet the requirements. Additionally, direct CMM utilization
subsidies have increased, with a national subsidy of 0.3 yuan per cubic meter. To maintain or
improve these subsidies, mines are required to consume at least the same amount of methane as
they did in the previous year. Other financial incentives include national and regional funding

and regulatory incentives are listed in Table 2 below.



Table 2. China CMM Project Subsidy and Regulations

Category Incentive/Subsidy Details & Requirements
No VAT on Gas Sales Mines utilizing CMM are exempt from Value-Added Tax (VAT).

Fi . Income Tax Offsets Developers can offset 40% of capital investment against taxes.

inancial
Incentives Annual Government 3 billion RMB ($450 million USD) allocated for coal mine safety and
(Global Funding methane recovery projects.
Methane - - -

) o Mines can collect 15-20 RMB per ton of coal sold to fund degasification
Initiative Coal Mine Contributions ]
’ projects.
2019)
Direct CMM Utilization - 0.3 yuan per cubic meter of CMM used (raised from 0.2 yuan in 2016).
Subsidies - Additional local subsidies (e.g., Shanxi, Guizhou).
- Methane >8% concentration & >10 m*/min flow rate must be captured &
Mandatory CMM i
o utilized or destroyed.
Utilization (Reuters, i ) ) )
2024) - New mines: Compliance required from April 2025.
- Existing mines: Compliance required by April 2027.

Policy & Equipment Import Tax ) ] ]

oley ) Import duties on necessary equipment for CMM projects are exempted.
R Exemptions

egulatory
Incentives Accelerated Depreciation ) o ) ]

Investments in CMM technical innovations qualify for tax benefits.
& Tax Credits
Subsidy Eligibility - Developers must apply and regularly follow up to maintain subsidies.
Requirements (Global - Mines must utilize at least as much CMM as the previous year to
Methane Initiative, 2015) continue receiving subsidies.

4.2 Project Type 2: AMM
4.2.1 AMM Project Statistics in the U.S. and China

There are 524 notably "gassy" mines out of around 7,500 abandoned mines in the United

States. AMM-based power and flare projects have increased in recent years, although

historically, AMM projects in the US involved injection into already-existing natural gas

pipelines. Currently, 29% of all AMM emissions are abated via AMM emission projects

(Denysenko et al., 2019). States have different ownership regulations for various projects based

on who owns the resources. In all, there are 20 AMM projects in the U.S. in 2019, shown in

Figure 4 (UNECE, 2021). This number of projects does not reflect the number of carbon




crediting projects, just projects in general. Nevertheless, as of October 2024, there are only two
AMM projects registered with ACR and located in the US. This means a majority of the
projects were initiated and developed without carbon revenue. In that case, it is evident that

developing an AMM project without carbon credits is financially feasible.

Although there have been reports of at least 30,000 abandoned town and village coal mines in
China, the majority are probably too small to justify the creation of an AMM project.
Furthermore, 120 state-owned coal mines that have been abandoned have been identified. 50 of
them have been identified as potentially producing AMM. The potential for AMM projects in
China is, however, constrained by several factors, such as frequently high rates of flooding,
extensive mining that removes the majority of gas sources in some regions, and an unclear
regulatory framework regarding who is responsible for land, property, and resources after a
mine closes.
Figure 4. Top AMM Producing Countries

Top AMM Producing Countries

Country Number of projects Emission{s;‘\;tvgz ZC; Main AMM use
China Unknown Believed to be small Unknown
Czech Republic 10 0.36 Power generation
France 5 10.60 Industrial
Germany 40 5.71 Power generation
United Kingdom 20 0.64 Power generation
United States 20 2.70 Pipeline sales

Source: EPA, 2015, CMM Country Profiles; EPA, 2017, U.S. GHG Inventory

4.2.2 AMM Reduction Plan and Regulation in China

China plans to conduct pilot projects and explore the potential for methane emission reduction
and usage of abandoned coal mines in 2020 (Song, 2024). Yet in August 2024, China published
a draft approach to measure methane emissions in the voluntary carbon market and updated its
coal mine methane emission guidelines (Zhu et al., 2023). Emissions from closed coal mines
are not covered by either document. Though China published regulations and incentives
relevant to coal mine methane, the regulations are only limited to active coal mining and do not

specifically address methane emissions from abandoned coal mines.



According to research, prioritizing emissions reductions from gas-rich coal mines might lower
China's methane emissions by 26% by 2050 compared with 2020 levels (Liu, 2024). This
method emphasizes the potential benefits of focusing on high-emission sources, such as
abandoned mines, to achieve significant methane reductions. In conclusion, although China has
made efforts to regulate methane emissions from coal mines, there are currently no strategies to
deal with emissions from abandoned coal mines. China chould strengthen methane reduction

efforts by targeting legislation and activities that concentrate on these abandoned sites.

4.2.3 AMM-related cost and risk

The cost of managing abandoned mine methane (AMM) projects can vary greatly depending
on the mine's size, industry, methane concentration, and project scope. Establishing an AMM
capture project requires several strategies, including engineering design, infrastructure
installation, feasibility studies, and ongoing monitoring. Costs could range from $1 to $5 per
ton of CO2 equivalent, depending on the project's location and size. For tiny businesses or
those with low methane levels, economies of scale may mean greater carbon reduction costs
per unit. Technical risks associated with AMM projects include compartmentalization that
limits methane flow, challenging geological conditions, water floods, and unpredictability in

methane supplies.

4.3 Project Type 3: LDAR
LDAR programs vary across regions due to differences in regulations, infrastructure, and
enforcement. Developed countries typically have more stringent LDAR policies (Pipeline and
Hazardous Materials Safety Administration, 2023). For instance, the U.S. EPA enforces LDAR
programs to control emissions in the oil, gas, and chemical industries, while the European
Union's “Fit for 55” package mandates similar measures (Thermo Fisher Scientific, n.d.).

However, even in these countries, enforcement challenges and technological limitations persist

(EPA, 2007).

Our research focuses on LDAR projects within the voluntary carbon market, specifically in
Bangladesh, where active projects currently exist. Bangladesh has shown increasing interest in

carbon trading, as reflected in its recent submission to the United Nations Framework



Convention on Climate Change (UNFCCC), which includes LDAR projects under the Paris
Agreement’s Article 6.4 mechanism (Pandey, 2025).

When developing the framework for this project type, we focused extensively on the
assessment of additionality. Assessing additionality is especially important for LDAR projects,
because the gas savings from implementing LDAR may make the project a good investment
without carbon credits. If the project does not need carbon credits to succeed, then it is

considered non-additional.

In Bangladesh, the first LDAR project was officially registered on June 1, 2015, with a
crediting period from January 29, 2017, to January 28, 2027. There are 5 active projects in the
market currently. Before the initial project was launched, Bangladesh's gas distribution network
faced significant challenges due to aging infrastructure, leading to substantial methane
leakages. These leaks resulted in both economic losses and environmental concerns, as
methane is a potent greenhouse gas. The absence of systematic leak detection and repair
protocols exacerbated these issues, leading to inefficient gas utilization and increased
emissions. Following LDAR project implementation, leaks were significantly reduced across
large portions of the natural gas transmission and distribution networks. Across sites where

project activities occurred, methane leaks were typically reduced by over 90%.

4.3.1 Financial additionality of LDAR
Financial additionality is a critical concept in carbon credits projects, ensuring that emission
reductions are truly incremental and would not occur without the financial incentives provided
by carbon credits. In the context of LDAR programs, this means that the implementation of
advanced leak detection technologies and repair initiatives should represent a significant
departure from standard industry practices, driven primarily by the revenue from carbon
credits. This ensures that carbon financing supports genuine environmental improvements
rather than subsidizing activities that would have been economically viable or standard practice

without such incentives.



Demonstrating financial additionality for LDAR projects can be challenging due to several
factors. In some cases, evidence suggests that LDAR projects can be financially attractive
without carbon revenue due to the large gas savings from the project activity (Environmental
Defense Fund, 2016). Moreover, technological advancements and government or privately
funded pilot programs are reducing the costs of leak detection, potentially diminishing the need
for carbon financing. Operators can also mitigate capital expenditures by outsourcing surveys
to third-party service providers (Carbon Credit Quality Initiative, n.d.). Therefore, rigorous
assessment of financial additionality is essential to ensure that carbon credits are allocated to

projects where they are truly needed to achieve emission reductions.

In Bangladesh, data from LDAR projects underscore the importance of carbon finance in
enhancing the financial viability of these initiatives. For instance, in Karnaphuli Gas project,
the benefit-cost ratio increased from 20 to 50 when carbon revenue was included, highlighting
how carbon finance can transform the economic feasibility of LDAR projects.? (See Figure 5)
This significant improvement illustrates the pivotal role that carbon credits can play in
incentivizing the adoption of effective leak detection and repair protocols, thereby contributing
to substantial greenhouse gas emission reductions.

Figure 5. Benefit Cost Ratio (with & without Carbon Revenue)’

Karnaphuli Gas: BCR Over Time With and Without Carbon Revenue
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LDAR projects in the VCM are required to demonstrate their additionality according to the
criteria outlined by the project’s methodology. The CDM provides a tool for demonstrating
additionality, which all LDAR projects must follow. This tool includes investment analysis,
barrier analysis, and common practice analysis. However, while these guidelines establish a
framework, they often lack granular financial comparisons across projects. To address this, we
used the CDM documentation as a foundation and filled in key data gaps with information
sourced from publicly available reports on Bangladesh’s natural gas sector, to develop a
Benefit-Cost Ratio (BCR) comparison which enabled a more nuanced assessment of financial

additionality across LDAR implementations in Bangladesh.

Third-party auditors or validators play a crucial role in verifying additionality by evaluating
project documentation and ensuring compliance with these methodologies. Metrics such as
cost-benefit analyses, consideration of country-specific contexts, existing regulations, and
available incentives are instrumental in substantiating the additionality of LDAR
implementations (Carbon Credit Quality Initiative, n.d.). However, data challenges and
project-specific financial structures can complicate this process, necessitating thorough

documentation and transparent reporting to uphold the integrity of carbon credits.

4.3.2 LDAR Project Ownership
Implementing LDAR programs in Bangladesh may be inhibited by challenges related to
ownership and governmental involvement. The complexity arises from the intricate structure of
the oil and gas sector, where multiple state-owned enterprises operate across various segments
of the industry. This fragmentation leads to ambiguities in responsibility, making it difficult to
establish clear accountability for methane emissions and the implementation of LDAR
initiatives. Similarly, financial incentives for project development are complicated by
ownership contradictions. Since the owners of the infrastructure where LDAR occurs are
different from the owners of the gas—with the government typically overseeing gas
production—the financial benefits of LDAR implementation do not directly accrue to the
companies responsible for executing these initiatives. As a result, misaligned incentives can

hinder investment in LDAR projects, further emphasizing the need for policy interventions or



financial mechanisms to bridge this gap. In terms of the project type’s suitability for carbon
markets, the ownership complications provide a potential upside: since the gas savings don’t
benefit LDAR project developers directly, the risk of financial additionality is reduced.
Moreover, the absence of stringent regulatory frameworks further complicates enforcement, as
there is no definitive authority to oversee and mandate LDAR practices. As such, carbon
revenue may be essential to a project’s implementation, increasing the greenhouse gas integrity

of carbon credits from these projects.

Financial incentives for LDAR projects in Bangladesh are also limited. While the government
has introduced tax exemptions to encourage investments in renewable energy projects, such as
a 10-year tax benefit for renewable energy-based power facilities effective from July 2025
(United Nations Conference on Trade and Development, 2024), similar incentives for methane
abatement or LDAR initiatives are notably lacking. This absence of financial support
discourages companies from investing in LDAR technologies, which often require substantial
upfront capital. Additionally, the challenges in project identification, prioritization, and budget
allocation, as highlighted in the implementation of the Bangladesh Delta Plan 2100
(International Monetary Fund, 2023), reflect broader systemic issues that impede the effective
deployment of LDAR projects. Consequently, the combination of ownership ambiguities and
insufficient financial incentives poses significant obstacles to the successful implementation of
LDAR programs in Bangladesh, reducing the additionality risks (making these projects more

likely to need carbon credits in order to be implemented).

4.3.3 Other factors of LDAR project integrity
In the context of Leak Detection and Repair (LDAR) projects, several other factors can impact
the integrity and effectiveness of emission reduction efforts, including baseline risk, project

emissions risk and non-permanence risk.

Baseline risk occurs when emission reductions from LDAR projects are overestimated due to
inaccuracies in baseline measurements. The accuracy of these estimations depends on the

measurement technology used by the LDAR team. In general, the CDM methodology AM0023



provides stringent guidelines for the quality of equipment used to measure leaks. Only 3
methods for leak measurement are approved: (1) bagging techniques, (2) Hi-Flow Samplers,
and (3) calibrated bags. Among the approved methodologies under AMO0023, bagging
techniques provide relatively accurate leak rate measurements, with a margin of error of £10 to
15 percent (EPA, 2016). High-volume or Hi-Flow Samplers™ are considered one of the most
precise methods. These devices capture all emissions from a leaking component and adjust for
ambient hydrocarbon levels, though human error and environmental factors such as
temperature and humidity can influence results (Colorado State University Energy Institute,

2022).

In contrast, some concerns have been noted regarding the calibrated bag technique, particularly
for small leak rates. External conditions like temperature and air pressure can impact
measurements. Critics argue that conducting only 7 to 10 tests per day may not account for
fluctuations in gas leakage over time, making it vulnerable to manipulation by project
developers (Carbon Market Watch, 2009). However, calibrated bags may be appropriate for

larger leak measurements.

While these techniques offer different levels of accuracy, in general they can be implemented
appropriately by the project, and their uncertainty ranges can be accounted for in project
calculations (as required by AM0023). The greatest potential for over-crediting arises from the
mis-use of equipment or misreporting of LDAR surveys. AM0023 includes several checks
against these occurrences. Still, data should be cross-checked for each project to ensure that
measurements appear reasonable, and that follow-up surveys (after the baseline survey)
incorporate measurements from any new or re-repaired leaks. Ensuring consistent and
transparent measurement protocols is essential to maintain the integrity of carbon credits issued

for LDAR projects.

Failures in leak repairs between LDAR surveys could lead to increased project emissions,
effectively negating prior reductions. However, as long as emission reduction claims are

updated with each monitoring period, the likelihood of unaccounted reversals remains low. To



maintain accuracy and integrity, carbon credit issuances should only occur after a survey has

been conducted, ensuring that any recurring leaks are properly identified and accounted for.

Finally, a small portion of credits may incur non-permanence risks. While avoided emissions
are generally not subject to reversal, it is possible that after a catastrophic event (e.g. an
explosion along the pipeline) some of the “saved” gas will be re-emitted before it reaches the
consumer. These risks are generally insignificant, because the pipeline will not remain in
operation for more than a few moments after an explosion. The only gas that gets re-emitted
from the repaired portions of the pipeline is that gas which was already in the pipeline. Gas
generally flows almost constantly through active pipelines, so the losses from a given moment
due to an explosion will only amount to a small quantity of the total saved by the repair.
Furthermore, only around 2-3% of the gas in the repaired pipeline at any given moment comes
from leak repairs (ie LDAR gas savings), so only 2-3% of gas lost in an explosion is likely to

correspond to emission reversals of gas eligible for carbon credits.

All in all, the AM0023 methodology provides a strong foundation for accurately quantifying
real emission reductions from LDAR. However, on a project-level basis, additional research
may be needed to confirm that the project is financially additional and that measurement
techniques were conducted adequately. Addressing these factors is crucial for maintaining the
environmental integrity of LDAR projects and ensuring that the associated carbon credits

represent real, verifiable, and lasting emission reductions.

4.4 Blog Posts
Our final delivery to Calyx Global is a series of blog posts to introduce CMM, AMM, and
LDAR projects and these can be accessed from Calyx Global’s website. Our research may also

contribute to future blog posts and subscriber-only content related to the project types.


https://calyxglobal.com/research-hub/research/an-introduction-to-coal-mine-methane-projects/

Calyx Global «Q Product Approach Research hub Indices About Contact
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An introduction to coal mine methane

projects
January 16, 2025 - Research

Coal mines release large volumes of methane, a greenhouse gas with a particularly high global warming potential
(GWP), into the atmosphere. This makes the sector a strong candidate for emission reductions and mitigation. Calyx
Global will soon begin publishing ratings for projects that prevent GHG emissions from coal mines through the utilization
of methane from pre-mining drainage. A variety of viable coal mine methane (CMM) projects exist at mines above and
below ground. This blog introduces CMM, what it is and how it impacts the climate.

What is coal mine methane and why is it vented during coal mining
activities?

5. Discussions

5.1 Major Findings

This study focuses on investigating how different factors affect the GHG integrity of Coal Mine
Methane (CMM), Abandoned Mine Methane (AMM), and Leak Detection and Repair (LDAR)
projects. The main findings demonstrate that even though these projects have substantial
potential for GHG emission reduction, evidence suggests that in some contexts, such projects
still face financial and regulatory barriers which may be alleviated by carbon financing from the
VCM. Within the VCM, additionality is a key concern in both CMM and LDAR projects,
relevant to projects’ ownership and financial structures. AMM projects are underdeveloped

because of unclear ownership and a vague regulatory framework.

While financial and regulatory challenges account for many of the issues confronting these
projects, other variables may also contribute to project risks. For instance, technology constraints
in methane detection and utilization may lower project effectiveness. Furthermore, project
viability may be impacted by market fluctuations in carbon credit pricing, which could reduce

the appeal of certain projects to investors.



5.2 Importance of Findings

This study’s findings emphasize the complex interplay between regulatory structures, financial
incentives, and project viability. The importance of transparent methodologies, robust crediting
frameworks, and strong monitoring systems to ensure project credibility is clear. Methane
emission reduction is critical because of its high global warming potential, and industrial gas
projects can play an important role in reducing emissions from industrial sectors to achieve
SDGs. However, the implementation of projects requires appropriate policy support and the

realization of their intended effects.

5.3 Limitations of Studies

Most of the data and information for this study are based primarily on literature reviews and
secondary data sources, which may limit its ability to capture real-time project dynamics,
resulting in a lag in the study. Calyx Global works with experts in the field to overcome this
limitation. We were not privy to these internal conversations. Framework and project ratings may
also change at any time due to changes in regulatory regimes. In addition, this study only focuses
on CMM, AMM, and LDAR projects, and the results are not fully generalizable to other
industrial gas projects. In addition, the geographic scope of this study is limited to the major
coal-consuming regions such as China and the United States, which means that the conclusions

of the study cannot be applied to other regions as the situation may be different in other regions.

5.4 Implications and Suggestions for Further Research

This study provides key insights into industrial gas project types in the VCM, not only pointing
out the large emission reduction potential but also illustrating some indispensable challenges,
including varied national regulatory frameworks, financial additionality risk, and ownership
impact. Future improvements that would aid in voluntary carbon market transparency could
include: more publicly available project documents, publicly available data sets for emerging

markets, and more cooperation between carbon standards and ratings agencies.



6. Conclusion

Industrial gas projects such as CMM, AMM, and LDAR have great potential to reduce methane
emissions and offer a valuable opportunity to reduce one of the most polluting greenhouse gases
(GHGs). Nonetheless, financial risks and technical obstacles continue to hinder widespread
adoption and their effectiveness. Inconsistent policies across countries, ownership complexities,
and limited financial incentives create challenges for project developers, particularly for
privately owned projects. In addition, technical limitations and inaccurate monitoring complicate
project implementation. In such circumstances, the VCM can be a valuable mechanism to uplift

these projects and enable their implementation, resulting in significant emission reductions.

While each project instance is defined by a specific set of circumstances, in general CMM and
AMM projects face significant financial risks, largely due to ownership complexities and
uncertain regulatory frameworks. These barriers make their widespread implementation
challenging under current market conditions. In contrast, LDAR projects appear more feasible
overall in the short term, as they generally involve lower capital costs. CMM and AMM projects
can require more significant policies and financial interventions to become more viable, where
LDAR projects can present a more immediate and scalable opportunity for methane reduction. In
addition, LDAR emissions can be easier to quantify so that they produce high-integrity

greenhouse gas emissions reductions (and therefore high-integrity carbon credits).

Ultimately, while LDAR offers a promising pathway for immediate investment and
implementation, targeted policy support and technological advancements could help unlock the
potential of CMM and AMM projects, ensuring a more comprehensive approach to methane

mitigation in the industrial sector.

Transparent crediting techniques, and continuous project monitoring are necessary to guarantee
that projects adhere to high integrity and environmental requirements. Maintaining the trust of
investors and optimizing the environmental benefits of industrial gas projects will depend on
clear, robust guidelines for project development, verification procedures, and monitoring of
emission reductions, which, in turn, will lower the risk of over-crediting and strengthen

additionality.



The views, analyss, and conclusions in this paper are those of the authors and do not

necessarily reflect the views, policies or positions of Calyx Global.
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